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ABSTRACT

For decades, Critical Regionalism has shown architects that 
mediation between universal culture and local culture can be the 
successor to a globalized society. However, something remains 
a miss, the connection to one’s location. Not so much in the 
historical sense, but more in the biological sense. Nature has 
taken approximately 3.8 billion years to figure out, what works 
and what is appropriate for its survival, yet we as humans, who 
value our superior intelligence and technology, seem to disregard 
Mother Nature’s power of synthesis. 

The strategy behind this project is about creating an urban 
aggregate within one of the harshest climates on earth, the 
Sahara. Thus proving that as nature can thrive in territories from 
where no life seems to emerge, so can man. By reinventing the 
desert dwelling, inspired by its ancient predecessors and nature, 
sustainable societies can rise and adapt to the ever-changing 
circumstances. A group of modular maghrebis home variants and 
typologies are, therefore created to respond to these chalenges, 
eventually taking focus on a specific dwelling to reveal its interior 
dynamics. 

Desertification has proven to be one of the deadliest forces 
threatening stable ecosystems due to climate change yet the 
development of these desert societies can promote a geo-
engineering initiative to reverse this effect as well as fight climate 
change entirely while promoting cooperation in interconnected 
communities from different bioclimatic realms.
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RESUMO

Durante décadas, o Regionalismo Crítico mostrou aos arquitetos 
que a mediação entre a cultura universal e a cultura local pode 
ser o sucessor para a sociedade globalizada. No entanto, algo 
permanece em falta, a ligação com a pessoa ao local. Não tanto 
no sentido histórico, mas mais no sentido biológico. A natureza 
levou aproximadamente 3,8 bilhões de anos para descobrir, o 
que funciona e o que é apropriado para a sua sobrevivência, mas 
nós, como seres humanos, que valorizamos a nossa inteligência 
e tecnologia superiores, parecemos desconsiderar o poder de 
síntese da Mãe Natureza. 

A estratégia por detrás deste projeto é sobre a criação de um 
agregado urbano dentro de um dos climas mais inóspitos da 
Terra, o Sahara. Assim, como a natureza consegue prosperar 
em territórios de onde nenhuma vida parece emergir, o homem 
também consegue. Ao reinventar a habitação no deserto, 
inspirada pelos seus antigos antecessores e pela natureza, 
sociedades sustentáveis podem erguer-se e adaptar-se às 
circunstâncias em constante mudança. Um grupo de variantes e 
tipologias de casas maghrebinas são, por sua vez, criadas para 
responder a estes desafios, eventualmente tomando foco numa 
casa em particular para revelar as suas dinâmicas internas. 

A desertificação provou ser uma das forças mais letais que 
ameaçam ecossistemas estáveis devido a alterações climáticas, 
mas o desenvolvimento destas sociedades do deserto pode 
promover uma iniciativa de geo-engenharia para reverter este 
efeito e combater as alterações climáticas e ao mesmo tempo 
promovendo a cooperação entre comunidades interconectadas 
de diferentes reinos bioclimáticos.
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Note: Images that don’t show a source, were either taken or 
created by the author.

001. Tamnougalt, Zagora, Morocco.

002. Tamnougalt Jewish Quarter.

003. Pre-school of Aknaibich, Morocco, BC architects + 
MAMOTH, an interesting hybrid of the local with the universal. 
Source:  https://www.archdaily.com/572207/preschool-of-aknaibich-bc-architects-

mamoth/54752611e58ece3794000100-26-aknibicharchitecture-frankstabel-jpg

(Accessed: 2018/03/01) 

004. Eastgate Centreb by Mick Pearce, Harare, Zimbabwe, a 
prominent example of Biomimicry.
Source: https://livinspaces.net/wp-content/uploads/2018/06/Eastgate-center_002_

Mick-Pearce.jpg,

(Accessed: 2018/03/01)

005. Parametric, 3D printed, building envelope model. 
Source: http://www.evolo.us/wp-content/uploads/2010/01/parametric-design-1-

600x347.jpg

(Accessed: 2018/03/01)

006. Satellite view of Tamnougalt, the old town, located down 
south with the latter extension, located up north. 
Source: Google Earth

007. The Oasis, where the locals care for their crops.

008. The Seagram Building, New York, Ludwig Mies van der 
Rohe (1958), an important example of the international style.
Source: https://upload.wikimedia.org/wikipedia/commons/thumb/f/f1/

NewYorkSeagram_04.30.2008.JPG/390px-NewYorkSeagram_04.30.2008.JPG

(Accessed: 2018/03/01)
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009. Typical home found in Tamnougalt, the compressed earth 
block outlines can be seen on the wall, a manifestation of the 
local construction technique. 

010. Alleyway in Tamnougalt.

011. Exploring the ruins of old Tamnougalt

012. Northern part of Tamnougalt, where this Master Degree will 
be implemented. 

013. Overlooking the oasis and the Draa river from the ruins.

014. Tamnougalt and the Atlas mountains.

015. Overlooking the village from within the alleways, Berber 
homes aggregate into clusters that adapt to their surroundings.

016. Bagsvaerd Church, Copenhagen, Denmark (1976)
Source:  https://c1.staticflickr.com/4/3061/3069160970_d2e4c6d990_b.jpg

(Accessed: 2018/03/20)

017. Bagsvaerd Church’s, organic interior
Source: https://i.pinimg.com/ 

originals/9e/08/6a/9e086a734354a72ae3581b770f08fbae.jpg

(Accessed: 2018/03/21)

018. Bagsvaerd Church 3D Model, with interior-exterior layout 
comparison. 
Source: https://i.pinimg.com/

originals/79/08/8d/79088d3b6caae893686bc4af4e344837.png

(Accessed: 2018/03/21)

019. Säynatsalo Town Hall, the use of local materials brings out 
its true character.
Source: https://upload.wikimedia.org/wikipedia/commons/9/99/SaynatsaloTownHall.

jpg

(Accessed: 2018/03/21)
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020. Moroccan Courtyard, the surrounding walls act as a 
“fortress“ to protect its interior vegetation from the arid desert 
climate.    
Source: https://media-cdn.tripadvisor.com/media/photo-s/0d/f1/87/9b/the-

courtyard.jpg

(Accessed: 2018/04/01)
       

021. Riad Section, as heat rises and cold falls, the locals take 
advantage of high ceilings to keep their rooms cool, during the 
day.
Source: http://3.bp.blogspot.com/-cGSeAVG57zI/Tx1e12dfBWI/AAAAAAAAATQ/

usVy6q9erRw/s1600/Final+My+own+section.jpg

(Accessed: 2018/04/01)

022. New Baris Village by Hassan Fathy (1964), mud, its 
fundamental construction material. 
Source: https://media.archinform.net/m/70035501.jpg

(Accessed: 2018/04/01)

023. Pre-school of Aknaibich classroom, a mix of the old and the 
new.
Source: https://www.archdaily.com/572207/preschool-of-aknaibich-bc-architects-

mamoth/5475240ae58ece540e0000ff-06-aknibicharchitecture-frankstabel-jpg

(Accessed: 2018/04/15)

024. New Baris Village, Hassan Fathy (1964), notice how several 
buildings are designed into a single cluster.
Source: https://s3.amazonaws.com/media.archnet.org/system/sites/covers/2560/

medium/AS03905.png?1414662268

(Accessed: 2018/04/15)

025. Votu Hotel, Alessandra Araujo, an interesting example of 
biomimetic architecture for tropical climate.
Source:  https://images.adsttc.com/media/images/5a63/826d/f197/cca9/

f200/0039/newsletter/Bangalo.jpg?1516470884

(Accessed: 2018/05/05)

026. Votu Hotel, Alessandra Araujo, an interesting example of 
biomimetic architecture for tropical climate.
Source: https://inhabitat.com/wp-content/blogs.dir/1/

files/2017/09/5e277666b48aa2f95e69861fe37c7819.jpg

(Accessed: 2018/05/05)
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027. Stuttgart Airport structure’s tree-like ramifications.
Source: https://i.pinimg.com/

originals/03/29/7a/03297a2379fd4e4e43a96255f7e1fa67.jpg

(Accessed: 2018/05/05)

028. Gherkin Tower, London, Norman Foster (2003).
Source: https://upload.wikimedia.org/wikipedia/commons/thumb/4/4c/30_St_Mary_

Axe_from_Leadenhall_Street.jpg/240px-30_St_Mary_Axe_from_Leadenhall_Street.

jpg

(Accessed: 2018/05/05)

029. Venus Flower Basket Sponge, its “skeleton” inspired the 
Gherkin’s structure.
Source: http://periodictable.com/Samples/VenusFlowerBasket/s13.JPG

(Accessed: 2018/05/05)

030. The Seawater Greenhouse, can use the ocean’s cold breeze 
to bring vegetation back to depleted desert shores.
Source: https://cleantechnica.com/files/2008/02/greenhouse_wl_2423.jpg

(Accessed: 2018/05/05)

031. Eastgate Centre, Harare.
Source: https://pbs.twimg.com/media/De2qassXkAAAn_r.jpg

(Accessed: 2018/05/05)

032. Sahara Forest Project proposal, by Explorative Architecture.
Source: https://designtoimprovelife.dk/wp-content/uploads/2017/06/Sahara_Forest_

Project1.top_.jpg

(Accessed: 2018/05/05)

033. Heydar Aliyev Center, Baku, Azerbaijan, by Zaha Hadid 
Architects.
Source: https://images.adsttc.com/media/images/5285/1f2b/

e8e4/4e52/4b00/01ab/newsletter/HAC_photo_by_Iwan_Baan_%282%29.

jpg?1384455904 
(Accessed: 2018/05/19)

034. Selfridges Building, Birmingham, Amanda Levete and Jan 
Kaplický (2012) and example of blob architecture.
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Source: https://upload.wikimedia.org/wikipedia/commons/thumb/e/ec/Selfridges_

Building%2C_Birmingham_%282012%29.jpg/1200px-Selfridges_Building%2C_

Birmingham_%282012%29.jpg

(Accessed: 2018/05/19)

035. Guggenheim Museum, Bibao, Basque Country, Spain, by 
Frank Gehry (1997). One of the architect’s most iconic buildings 
and an iconic parametric monument.         
Source: https://i0.wp.com/www.guggenheim.org/wp-content/uploads/2016/05/

architecture-bilbao-exterior-daytime-2009-web-resized.jpg?w=1170

(Accessed: 2018/05/19)

036. Kartal Master Plan, Istambul, Turkey by Zaha Hadid 
architects (2007), an example of “Parametricism” defended by 
Schumacher. 
Source: https://www.patrikschumacher.com/Images/The%20Historical%20

Pertinence%20of%20Parametricism/5

(Accessed: 2018/05/19)

037. Slope calculation of the Draa Valley achieved with the 
parametric tool, dubbed “Draa Slope Filter“. The river and oasis 
areas were removed during this analysis. Buildable area (green), 
Avoidable area (yellow), Dangerous area (red).

038. Attempt at Urban cluster generation, trough landing 
buildings into a city block-shaped basin with a parametric tool 
dubbed, “Kasbah Downfall Generator“. Base home solid (red), 
basin (red), falling homes to fit (green).

039. Doha Tower, Doha, Qatar by Jean Nouvel (2012). Its 
mashrabiya-based facade delivers different levels of shade 
depending on it orientation.
Source: https://www.akdn.org/sites/akdn/files/media/institutions/aga_khan_trust_

for_culture/aga_khan_award_for_architecture/akaa-2016-qatar-doha_tower_03.jpg 

(Accessed: 2018/05/20)

040. Galaxy SOHO, Zaha Hadid Architects (2012), another 
example of the parametricism doctrine.
Source: https://upload.wikimedia.org/wikipedia/commons/0/02/Galaxy_Soho.jpg

(Accessed: 2018/05/20)

041. CNC Wood Milling. Cutting wooden 3D models with great 
precision.
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Source: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQPmxziw--

NRnA1T8_sddKnzJ5TUyyQ1gPrduTQmbVnNexbQEiQCw

(Accessed: 2018/05/20)

042. Stereolitography Printer, Formlabs.
Source: https://cdn-reichelt.de/bilder/web/xxl_ws/E400/FORMLABS_FORM2_01.

png

(Accessed: 2018/05/22)

043. 10 Hills Place, London, UK, Amanda Levete (2009)
Source: https://images.adsttc.com/media/

images/5011/6711/28ba/0d70/4200/0760/large_jpg/stringio.jpg?1361408888

(Accessed: 2018/05/22)

044. Vector Wall by Reiser + Umemoto
Source: https://i.pinimg.com/

originals/8f/67/9d/8f679d6bb8ff2593e4b7934251f52ae2.jpg

(Accessed: 2018/06/04)

045. Large Clay Printer, house printing attempt with a WASP 
printer.
Source: https://i.ytimg.com/vi/PUqyY-jU62c/maxresdefault.jpg

(Accessed: 2018/06/04)

046. WASP Clay Printer
Source: https://www.3ders.org/images2018/deltawasp-20-40-3d-printer-clay-kit-

print-high-quality-ceramic-parts-ease-1.jpg

(Accessed: 2018/06/04)

047. Thermo Bimetal Breathing Facade, DOSU Studio.
Source: https://arch3150.files.wordpress.com/2012/11/safe_image.jpg

(Accessed: 2018/06/04)

048. Japanese wood joints, CNC milling can be an effective way 
for the former’s mass production.
Source: https://images.adsttc.com/media/images/57f7/e9d9/e58e/

ce3e/7b00/00b2/large_jpg/joint_Collage.jpg?1475865041

(Accessed: 2018/06/04)

049. Pombaline Cage Structure. An interesting aspect of  
this design is the way it reuses rubble from its demolished 
predecessor to strengthen its wooden skeleton.
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Source: http://www.adn.pt/imagens/c6de18874ec77beb39e3b6bc539a78a9.
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YY68eer3TRQv7PogYRQFSvObiA (Accessed: 2018/06/05)

050. Centro de Innovación UC Anacleto Angelini, Santiago, Chile 
(2014)
Source: https://revistacodigo.com/wp-content/uploads/2014/08/CIAA_COVER4.jpg 

(Accessed: 2018/09/10)

051. Centro de Innovación UC Anacleto Angelini, cross section 
showing the central atrium.
Source: https://images.adsttc.com/media/images/5419/8e28/c07a/80ed/

f500/00b6/slideshow/Section.jpg?1410960886 (Accessed: 2018/09/10)

052. Masdar City, Abu Dhabi, UAE (under development)
Source: https://www.arabianbusiness.com/sites/default/files/styles/full_img/public/

images/2017/01/17/masdar-city.jpg (Accessed: 2018/09/10)

053. Unidentified Berber dwellings, notice the high ceilings and 
the small ventilation window near the former.

054. Windcatcher, Ganjali Khan Complex, Kerman, Iran.
Source: https://upload.wikimedia.org/wikipedia/commons/0/08/Windcatcher_at_

Ganjali_Khan_Complex%2C_Kerman.jpg (Accessed: 2018/09/10)

055. Windcather schematic.
Source: https://99percentinvisible.org/app/uploads/2017/05/wind-catching.jpg

(Accessed: 2018/09/10)

056. Mashrabiyas.
Source: https://spatialexperiments.files.wordpress.com/2016/09/mashrabiya.

jpg?w=710 (Accessed: 2018/09/10)

057. Closed Thermo Bimetal Facade, dubbed “Oculus“, by DOSU 
Studio.
Source: https://static.wixstatic.com/media/

b0257c_17b40c77512343c7b8bf901908b62c5a~mv2.jpg (Accessed: 

2018/09/11)
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058. Slightly dilated Thermo Bimetal Facade, the same expands 
and contracts depending on temperature variation.
Source: https://static.wixstatic.com/media/

b0257c_3bb8327322b64c35ba6eb8d5a2e4ffb7~mv2.jpg (Accessed: 

2018/09/11)

059. Dilated Thermo Bimetal Facade,.Higher temperatures, 
means higher dilation while lower temperatures, means higher 
contraction. 
Source: https://static.wixstatic.com/media/b0257c_

ccedec3188a94527a60ea520b344e893~mv2.jpg/v1/fill/w_750,h_563,al_c,q_90/

file.jpg (Accessed: 2018/09/11)

060. Street View of the Eastgate Centre in Harare, Zimbabew.
Source: https://livinspaces.net/wp-content/uploads/2018/06/Eastgate-center_001_

Mick-Pearce.jpg (Accessed: 2018/09/16)

061. Termite Mound Passive Ventilation and Cooling System.
Source: http://www.passivehouseplus.ie/images/stories/magimages/

Vol05-Iss05/0505-International-Selection-01.jpg?fbclid=IwAR0lZ6rE6_

MNDYn8vTSlVRjEHG8ek-BZxsEU8jYdC_0Gt13TyZRruBBw8e4 (Accessed: 

2018/09/16)

062. Interior Passive Ventilation System. Warm Air (RED), Cool Air 
(BLUE), Vegetation (GREEN).
Source: https://blog.ferrovial.com/wp-content/uploads/sites/3/2017/08/Biomimetic-

design-termite-mounds.jpg (Accessed: 2018/09/16)

063.Kasbah Taourirt, Ouarzazate, Morocco, 
architecture of subsistency.
Source: https://marocselect.ma/wp-content/uploads/2016/11/kasbah-taourirt-

580x387.jpg (Accessed: 2018/09/20)

064. Kasbah Taourirt, floorplan, rooms are heavily clustered, 
usually around an atrium for climatic protection.
Source: http://www.zeynepekim.net/wp-content/uploads/2017/03/2-ground-floor-

plan.jpg (Accessed: 2018/09/20)

065. Kasbah Taourirt, Elevation, windows are mostly small or 
when large have mashrabiyas to filter sunlight.
Source: http://www.zeynepekim.net/wp-content/uploads/2017/03/4-north-elev.

jpg?fbclid=IwAR2lmxFdf0Cy94d6djP7nkZ7MHngMtoq6rDNdTz5zboIjKuHW-

B4BPaKDCA (Accessed: 2018/09/20)
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066. Riad floor plan diagrams, Riads are the desert home of 
Arabs, as Kasbahs are the desert home of Berbers.
Source: https://i.pinimg.com/originals/ce/ff/fe/

cefffe36c7b4f96d46a2d61a10de4245.jpg?fbclid=IwAR1bJSlm4Ceoe_3xVGvTEM_

A1vOMEkoRsgL1fk9r_O9GqD1Xnm2ZzGX01Zk (Accessed: 2018/09/21)

067. Solar Blossom Diagram.
Source: http://www.iaacblog.com/wp-content/uploads/2016/12/open-closed-axon-

730x624.jpg (Accessed: 2018/09/21)

068. Solar Blossom Membrane.
Source: http://www.iaacblog.com/wp-content/uploads/2016/12/metabolic-design-

diagram-1-730x519.jpg (Accessed: 2018/09/21)

069. Solar Blossom Elevation according to Day & Night variation.
Source: http://www.iaacblog.com/wp-content/uploads/2016/12/open-closed-

diagram-730x446.jpg (Accessed: 2018/09/21)

070. Solar Blossom membrane, model testing (Barcelona).
Source: http://www.iaacblog.com/wp-content/uploads/2016/12/dsc0375-edit-

730x485.jpg (Accessed: 2018/09/21)

071. Preschool of Aknaibich, playground, Fez, Morocco.
Source: https://images.adsttc.com/media/images/5475/260b/e58e/

ce54/0e00/0107/large_jpg/29-AknibichArchitecture%C2%A9FrankStabel.

jpg?1416963566

(Accessed: 2018/10/01)

072. Preschool of Aknaibich, under construction.
Source: https://images.adsttc.com/media/images/5475/23ae/e58e/

c e fb / 8 90 0 / 0 0 fa / l a rg e _ j p g / 2 1 -A k n i b i c h Pro c e s _ % C 2 % A 9T h o m a s J oo s .

jpg?1416962946 (Accessed: 2018/10/01)

073. Mud bricks, being placed to dry. A typical arabic technique.
Source: https://images.adsttc.com/media/images/5475/23e4/e58e/

c e 3 7 / 9 4 0 0 / 0 0 f 9 / l a rg e _ j p g / 3 -A k n i b i c h P ro c e s _ % C 2 % A 9 F ra n kS ta b e l .

jpg?1416963019 (Accessed: 2018/10/01)
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074. Ricola Kräuterzentrum, Laufen, Switzerland (2014)
Source: https://images.adsttc.com/media/images/5562/7dc3/e58e/ce07/

f900/030e/large_jpg/portada_Ricola_Kraeuterzentrum_Construction_25.

jpg?1432518076 (Accessed: 2018/10/01)

075. Compact earth block fabrication.
Source: https://images.adsttc.com/media/images/5562/7e92/e58e/ce07/

f900/030f/large_jpg/Ricola_Kraeuterzentrum_Construction_05.jpg?1432518284

(Accessed: 2018/10/01)

076. Ricola Kräuterzentrum, building envelope assembly.
Source: https://images.adsttc.com/media/images/5562/7f0c/e58e/ce07/

f900/0311/large_jpg/Ricola_Kraeuterzentrum_Construction_19.jpg?1432518406

(Accessed: 2018/10/01)

077. Pombaline style building, Lisbon, Portugal.
Source: https://upload.wikimedia.org/wikipedia/commons/c/c4/Lisboa_-_

Edif%C3%ADcio_Pombalino_%282%29.jpg

(Accessed: 2018/10/25)

078. Pombaline Cage structure model. The St. Andrew’s cross, a 
prominent structural element.
Source:  https://upload.wikimedia.org/wikipedia/commons/5/52/Gaiola_pombalina.

jpg (Accessed: 2018/10/25)

079. Renovated Pombaline Style Apartment, Lisbon, Portugal, 
these sort of renovations can sometimes endanger the structure.  
Source: http://www.blogunlock.pt/wp-content/uploads/2018/01/Gaiola-pombalina-

fonte-pinterest.jpg (Accessed: 2018/10/25)

080. The Maghreb Region and its encompassing countries and 
provinces.
Source: http://static.newworldencyclopedia.org/thumb/e/e8/Maghreb.png/289px-

Maghrebpng?fbclid=IwAR1PTCSrVRXqIXZihlt5JdPcyPvJeFP5sN4EDYZWnP5Tojh1

osSRxYaof4k (Accessed: 2018/12/07)

081. The Sahara. The vastness of the desert knows no borders, it 
stands untamed and unbound. 

082. Tamnougalt jewish quarter ruins. Its high archs, which 
used to hold high ceilings is one of the many features of this 
architecture’s ability to adapt to its regional biome.
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083. The Main Road, connects Tamnougalt to its neighbouring 
settlements.

084. Zagora, Morocco. Like Tamnougalt, Zagora’s urban layout is 
heavily influenced by the oasis. and the ridge.
Source: Google Earth

085. Tamnougalt Urban Analysis. Old Tamnougalt (orange/
brown), New Tamnougalt (Dark brown), standard cityblock 
(yellow).

086. The Cardus-Decomanus layout, originally introduced by the 
Romans. 
Source: http://p0.ipstatp.com/large/005a6f2b351dc0959644 (Accessed: 

2019/01/10)

087. Tamnougalt Urban Analysis. The streets, marked with 
dashed lines show an irregular and open yet prominent Cardus-
Decomanus grid.

088. Axonometric Diagram of Tamnougalt studying its waterlines 
with EVE | Rain simulator (light blue). Plus, analysis of the 
“buildable“ areas of the valley (dark brown).

089. Axonometric Diagram of Tamnougalt, urban layout trial. The 
main influences for this aggregate were the previous settlements’ 
orientation as well as the oasis’ border. Overall terrain (light 
brown), Oasis (green), River (blue), Buildings (yellow).

090. Isometric Diagram of Tamnougalt’s new expansion.

091. Tamnougalt Urban Plan. Red Line indicates the “Cardus 
Generator “ in use.

092. “City Block Divider” and its adjustable parameters 
generating city-block plots.

093. “Ultimate Home Generator” creating different building 
variants on different plots.

094. One of “Ultimate Home Generator”s code strips.

095. Axonometric view of the Riverwater Greenhouses facing the 
oasis.

096. Axonometric view of the clusters, closing up on the Market 
Pavillion.
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097. Axonometric view of the attached Homes (ivory).

098. New Expansion with colours matching building height/
density (low - ivory) (high - dark brown). (Note: surrounding 
buildings removed)

099. Northern Homes divided by categories: Public Garden 
(green), Travel Residence (dark brown) and Private Courtyard 
Homes (dark orange).

100. “L” Typology.

101. “U” Typology.

102. “O” Typology.

103. Apartment Variants (left) and Palace Variant (right), both 
with commercial ground floor (dark brown).

104. The Travel Residence.

105. “O” Typologies.

106. Garden and “U” Apartment home.

107. All “L“ type homes.

108. “U“ type homes.

109. Isometric diagram of the Travel Residence, interior layout.

110. “Almaghrib“ axonometric diagram with overall interior layout

111. “Almaghrib“ Section Illustration. Indirect light slides through 
the courtyard windows down to the ground floor.

112. Ground Floor Plan Illustration, the notice the black area on 
the north side, which houses the pool tank.

113. First Floor Plan Illustration, the courtyard is slightly lowered 
with access through a few steps.

114. Second Floor Plan Illustration, the courtyard private square 
can be seen near the upper left corner with thick walls.

115. Zone Map, indicating the function of each space. Bedrooms 
(orange), living room (purple), bathrooms (blue), closets (green) 
and private courtyard (white).
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116. Rooftop illustration.

117. Floor plan highlighting the structural rings of Almaghrib, the 
defining elements of the building envelope.

118. How the thermo bimetal mashrabiya works.

119. Prickly brick layout, next to latice structure.

120. Outer shell and structure isometric render.

121. Isometric, low-poly final overview (mashrabiyas and wind 
towers, not shown).



XXIV

PEDRO MARTINS-MOURÃO / JANEIRO 2019



PART I
INTRODUCTION





3

The purpose of this Master Degree lies in understanding the 
known relationship between Critical Regionalism and Biomimicry. 
Through this research, the desert village of Tamnougalt in the 
Zagora Province in Morocco (fig. 001) will be used as a case 
study for the creation of an urban master plan. This project, will 
seek the likeness of typical Arabic and Berber Architecture fused 
to a certain extent with modern technology and biomimetic 
principles while achieving zero-energy efficiency. Furthermore, 
Parametric Design and Digital Fabrication will be the main 
tools for design and construction in order to make the final 
product both time and cost efficient. In the given context, the 
development of affordable, ecological and energy-efficient 
buildings is paramount for the accomplishment of this Master 
Degree. 

During the past two semesters, knowledge regarding a variety of 
fields was being grounded, in this process, two concepts stood 
out. The idea that architecture is forever bound to its location 
and environment integrated with universal culture (Critical 
Regionalism)(fig. 003).; and the idea that ways of mimicking 
nature can be integrated into buildings passively (Biomimicry in 
Architecture)(fig. 004). Thus, these two fields of study will serve 
as the very foundation for the development of the Tamnougalt 
Master Plan. In addition, the crossing of these fields will help 
substantiate the vision that architecture not only must be 
integrated with society, it must also be harmonized with the 
natural world.

INTRODUCTION

1.1. THEME

001. Tamnougalt, Zagora, Morocco.

002. Tamnougalt Jewish Quarter

003. Pre-school of Aknaibich, Morocco, BC architects + MAMOTH, an interesting hybrid of the local architecture with universal 
technology.
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Secondly, Parametric Design and Digital Fabrication (fig. 005) will 
play a crucial role in this Master Degree. The ability to design and 
produce on the Macro and Micro scale will push the horizon for 
the two concepts, therefore, allowing a greater level of complexity 
and detail while expanding the boundaries of form and building 
envelope, as well as how the relationship is established between 
the interior and exterior. For a remote and extreme weather 
conditioned area like the Sahara valley of Tamnougalt, quick, 
easy and mobile production technology such as the former will 
be necessary for a cost and time efficient development.

Finally, it’s of primordial importance to mention that this Master 
Degree will be done exclusively from a bioclimatic perspective, 
therefore, excluding any intention of cultural appropriation or 
juxtaposition between different groups or nations overall within 
the same climatic region, specifically, the desert realm.
As previously mentioned, the village of Tamnougalt is a 

004. Eastgate Centreb by Mick Pearce, 
Harare, Zimbabwe, a prominent example 
of biomimetic architecture.

005. Parametric, 3D printed, building 
envelope model.

006. Tamnougalt’s location, Regional Level, National Level, Provincial Level and City Level. 
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typical Berber settlement in the Zagora Province (fig. 006), 
in southeastern Morocco near the border with Argelia. 
Geographically, the land is described as a valley surrounded by 
mountainous terrain intersected by the River Draa. The latter 
generates humid fertile fields on its shores, which the local 
community uses for agriculture (fig. 007). The local population 
avoids building their homes on top of their fields usually settling 
for the nearby infertile clay grounds. The stark difference 
between the green fields and the sandy brown fields shows the 
true nature of the harsh Sahara climate. 

Tamnougalt was chosen as the area of study for this Master 
Degree due to its almost untouched character. Whoever visits 
this remote location will find an almost natural, rural culture 
completely reliant on the natural world for survival. The Oasis that 
follows the river provides the village with most of the resources 
it needs for self-sufficiency, while the desert provides the clay 
for building construction. During the past century, this location 
remained unshaken by the modernist and post-modernist 
movements that completely reshaped the Eurasian and American 
lifestyles under the premise of a “universal” way of life, therefore, 
rejecting regional cultural values (fig. 008). By keeping its 
traditional identity on display (fig. 009), it serves as the perfect 
location to implement Critical Regionalist and Biomimetic 
principles.

Another reason that justifies the importance of this location is 
its Cosmic Landscape1 and Architecture as described by the 
Norwegian Architect Norberg-Schulz (Norberg-Schulz, 1980). 
Its rigid climate and the “absolute” presence of the sun, plus 
the geometrical stark design of the local buildings, organized in 
a decentralized manner, expose the local character of the site. In 
contrast to a more moderate environment found in Europe and its 
Architecture, this location exposes a challenge to a sustainable 
and comfortable way of life. 
GOALS

1 Territory consisting of monotonous, virtually infinite land mass and open sky, examples: salt flats, desert, polar 

1.2. THE SITE

007. The Oasis, where the locals care for 
their crops.

008. The Seagram Building, New York, 
Ludwig Mies van der Rohe (1958), an 
important example of the international 
style.

009. Typical home found in Tamnougalt, 
the compressed earth block outlines can 
be seen on the wall, a manifestation of the 
local construction technique.
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This Master Degree hopes to ground the knowledge and 
workflow acquired during the exchange experience at Lund 
University, Sweden, while supporting a different approach 
focused on utilizing the natural landscape as test site and 
basis for the overall design. The project will consist of a Critical 
Regionalist Medina assembled through Parametric Design, using 
parameters that respect the following criteria: climatic conditions 
specific to the site under study, the orography and other natural 
elements (the river, the oasis, the mountains, etc.). 

Therefore, in what way can the Architectural Proposal be 
connected to the landscape of the region in question while also 
creating a synergetic relationship with the Natural World?
Based on the starting point aligned with the current research, 
an inquiry will be made into examples and elements found in 
both architecture and the natural world that better adapt to the 
region’s environment. Afterwards these elements will be used 
as parameters for the project’s design. The final goal of the plan 
will be to create a liveable, adaptable and expandable product-
module that respects the Critical Regionalist and Biomimetic 
principles of the region under study. This way, the development 
of local, affordable and energy-efficient construction becomes a 
possibility.

A number of specific requirements will be necessary to achieve 
this goal, some of these include: identifying the natural elements 
of the region, understanding how the local populace lived in the 
early years, what kind of natural phenomena can be mimicked 
to increase the passive efficiency of the buildings and the 
overall urban plan. Taking all the previous factors into account, 
parametric algorithms will be created to mix and match them in 
order to create a cohesive and rationally designed medina.

regions.

1.3. GOALS & ISSUES

010. Alleyway in Tamnougalt.

011. Exploring the ruins of old Tamnougalt
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ISSUES 

Q. I – Can local architecture and biomimicry help create 
sustainable, energy-efficient and easy to assemble buildings?

Q. II – Can the crossing of these two approaches (Critical 
Regionalism and Biomimicry) subscribe to the architectural 
project?

Q. III – Can Parametric Design and Digital Fabrication add to this 
interdisciplinary crossing?

HYPOTHESES
 

012. Northern part of Tamnougalt, where this Master Degree will be implemented.
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I – Limited resources found at the site of study, plus the lack 
of technological support we have today, forced the local 
populace to build their community in a fast and practical 
manner using whatever they could find to secure their survival 
and self-sufficiency. Meanwhile the local wildlife and plant life 
developed biological processes in order to adapt to the “cosmic” 
environment. One example, can be found in the rouged surface of 
cacti for thermal control. Studying cases like this will be crucial to 
secure the Master Degree’s prime goal.

II – The synergetic relation between the two fields of study has 
been ongoing for centuries if not for millennia. The very process 
for constructing and maintaining the community is inspired 
by the location’s natural elements and survival strategies. The 
influence brought over by the former would end up passing the 
natural character of place on to its architecture. Understanding 
these elements and their influence will be a guiding beacon for 
this Master Degree.

III – In recent times, design and production capacity suffered 
unprecedented advancements. Accordingly, this gave the 
opportunity to architects like, Frank Gehry and Zaha Hadid to 
create pioneering parametric designs. Today we have the ability 
to create from the most organic forms to the smallest details with 
only a few microns of size without any additional cost or time 
consumption. Moreover, we can now mass produce-customized 
parts under an assembly line while using a greater variety 
of materials. Going into detail we can now make adjustable 
parameters for our architectural designs in order to optimize 
material usage in buildings as well as energy efficiency. Using 
these new tools, we can enhance both space configuration and 
resource management while breaking with conventional laws 
imposed by industrial mass production. 

013. Overlooking the oasis and the Draa 
river from the ruins.

014. Tamnougalt and the Atlas mountains.
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INTRODUCTION

The approach towards this Master Degree in order to create 
an urban fabric and architectural design in harmony with 
biomimetic elements and the features that make the region, will 
imply an intensive research into a variety of sources regarding 
interdisciplinary fields (websites, books, articles, notes, etc.) 
aligned with the keywords that will be mentioned onwards. This 
project has further support from a trip previously taken to the site 
of study, plus, the experience of living in nomadic settlements 
in the Sahara. The information to be gathered should cross a 
vast array of knowledgeable topics in order to satisfy all of the 
parameters of the architectural design.

The fulfilment of the project at hand requires the investigation, 
the creation and the exhibition of charts, diagrams and maps of 
the diverse climatic, material and landscape features of the site 
of study. Moreover, resorting to the analysis made to the village’s 
architecture during the trip, understand its inner workings, how 
it’s built and how it resists the stark climate of North Africa. 
Lastly, research biomimetic cases related to the region in order 
to assist the future buildings’ passive performance. Mix and 
matching the gathered data will generate an urban aggregate 
drawing inspiration from old Berber settlements. The former 
if successful will be created and generated continuously by 
parameters applied to a parametric design workflow, which will 
align with the research mentioned earlier. Once the urban plan 
achieves a proper form and layout in accordance to both the site 
and intended living conditions, the project will start to dive further 
into detail, taking into account a specific city block’s design, 
afterwards a specific home or a block of flats and eventually 
settling on a specific biomimetic building detail.

015. Overlooking the village from within 
the alleways, Berber homes aggregate into 
clusters that adapt to their surroundings.
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Finally, an urban layout and architectural proposal following 
Parametric Design principles determined during the research and 
indications from construction processes determined by Digital 
Fabrication techniques will be published. In order to support 
an affordable, sustainable and energy efficient way of life, this 
Master Degree, must follow the criteria set out by both Critical 
Regionalism and Biomimicry.



PART II
THEORETICAL 
FRAMEWORK
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THEORETICAL FRAMEWORK

Concept

“The fundamental strategy of Critical Regionalism is to mediate 
the impact of universal civilization with elements derived 
indirectly from the peculiarities of a particular place. It is 
clear from the above that Critical Regionalism depends upon 
maintaining a high level of critical self-consciousness. It may find 
its governing inspiration in such things as the range and quality 
of the local light, or in a tectonic derived from a peculiar structural 
mode, or in the topography of a given site.” - (Frampton, 1983, p. 
21).  

Critical Regionalism can best be described by one of its 
pioneering theorists, the British architect and historian, Kenneth 
Frampton, who pushed this concept into mainstream thinking 
through his contribution to the book: “The Anti-Aesthetic: 
Essays on Postmodern Culture”. The chapter “Towards a Critical 
Regionalism: Six Points for an Architecture of Resistance” details 
how the premise of universalization, or though, an advancement 
of humanity, can lead to the destruction of the basis on which we 
interpret life, provided by the creative nucleus of great cultures. 

Regarding Universality, the Author mentions that our constant 
search for modernization creates a basic consumer lifestyle 
on a universal scale, therefore creating a stagnant mediocre 
global culture. Today, we have buildings that are so universally 
conditioned by optimized technology that creating significant 
architecture in alignment with the local lifestyle seems nearly 
impossible. 

2.1 CRITICAL REGIONALISM

016. Bagsvaerd Church, Copenhagen, 
Denmark (1976)

017. Bagsvaerd Church’s, organic interior.                         
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Regarding Regionalism, architecture remains bounded by 
traditional customs while rejecting almost all foreign influences, 
let alone the idea of a universal society. As the historian states: 
“Regionalism, by way of general definition, we can say that it 
upholds the individual and local architectonic features against 
more universal and abstract ones.“ - (Frampton, 1983, p. 20). 
From these perspectives, Critical Regionalism is born as a middle 
ground, a term coined by Alex Tzonis and Liliane Lefaivre in “The 
Grid and the Pathway” (1981) that follows a process of double 
mediation between universal architecture based on scientific, 
technical and political rationality and local traditions, individualist 
values as well as natural phenomena that is unique to a specific 
place. (Frampton, 1983, pp. 16 - 21)

Generic Examples 

Several Architects have cemented this theory through practice, 
some even before its term was coined. The Danish Architect, 
Jørn Utzon demonstrates it quite well in his Bagsvaerd Church, 
built in 1976 in Copenhagen, Denmark (fig. 016). The former 
achieves a self-conscious synthesis between universal 
civilization and world culture.  As Kenneth Frampton elaborates: 
“… a work whose complex meaning stems directly from a 
revealed conjunction between, on the one hand, the rationality 
of normative technique and, on the other, the irrationality 
of idiosyncratic form.” The church’s exterior follows a pre-
fabricated, affordable concrete block based envelope, as seen 
throughout most parts of the world; however, the interior follows 
an uneconomic mode of construction, showing a concrete cast, 
organic-shaped shell vault which signifies a sacred place and 
multi cross-cultural references (fig. 017)(Frampton, 1983, pp. 22-
23). Another practical example is how Alvar Aalto orchestrates 
the tactile sensitivity of the specific place in his Säynatsalo Town 
Hall. Working with local materials in an ingenious way, he designs 
the main route to the second-floor council chamber in brick, “The 
kinetic impetus of the body in climbing the stairs is thus checked 
by the friction of steps, which are “read” soon after in contrast to 
the timber floor of the council chamber itself.” (Frampton, 1983, 
p. 28)(fig. 019).

018. Bagsvaerd Church 3D Model, with 
interior-exterior layout comparison.                   

019. Säynatsalo Town Hall, the use of local 

materials brings out its true character.
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The Case for Tamnougalt

Tamnougalt in the Zagora Province, Morocco proves to be an 
interesting case study for Critical Regionalism in North Africa. 
Since its architecture remained essentially untouched by 
modernist forces, it shows its true regionalist roots, therefore, 
exposing the way of life and the patterns by which the local 
populace live. This community demonstrates its cosmic 
architecture in response to the cosmic landscape typical of North 
African and Middle Eastern settlements. Its urban form spreads 
out in a geometrical pattern like an open, broken grid, surrounding 
the Oasis it deems so valuable, but will never build upon. The 
housing is flat-roofed, clay and straw built, usually acting like a 
protective envelope to the harsh outside. The interior surrounds 
a central courtyard, which reflects the pleasant atmosphere of 
the green fields where the community takes care of its crops. The 
locals paint or tile their chambers with the colours that symbolize 
life (green, blue, white) and place a fountain and/or vegetation 
in their courtyard to help cool the hot air, giving the sense of a 
personal, “indoor Oasis”. (Norberg-Schulz, 1980)(fig. 020)

History has proven that shifting towards a Critical Regionalist 
mindset can be a challenge, especially in a society, which looks 
to a self-absorbed Western Civilization for guidance to the future. 
As the Dutch Architect Aldo Van Eyck describes: “Western 
civilization habitually identifies itself with civilization as such on 
the pontifical assumption that what is not like it is a deviation, 
less advanced, primitive, or, at best, exotically interesting at a safe 
distance.” (Frampton, 1983, p. 22) However, air-conditioned, 
technologically optimized, structurally ambitious Westerners 
could glance at this simple, passive way of life as both primitive 
and ignorant. However, the locals’ connection to their landscape 
could prove a much more intelligent and efficient way of solving 
problems without the use of additive and synthetic means (fig. 
021). 

020. Moroccan Courtyard, the surrounding 
walls act as a “fortress“ to protect its 
interior vegetation from the arid desert 
climate.              

021. Riad Section, as heat rises and cold 
falls, the locals take advantage of high 
ceilings to keep their rooms cool, during 
the day.
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Examples  

One of the first Critical Regionalists from the North African 
Region, Hassan Fathy, a rebellious Egyptian architect, who 
refused to conform to the ideals of universalization that spread 
at the time, pioneered critical regionalism in Egypt by using the 
one traditional material most common to his homeland, mud. In 
his book, “Architecture for the Poor” the architect explains: “… 
in every hovel and tumbledown hut in Egypt, was the answer 
to my problem. Here, for years, for centuries, the peasant had 
been wisely and quietly exploiting the obvious building material, 
while we, with our modern school-learned ideas, never dreamed 
of using such a ludicrous substance as mud for so serious a 
creation as a house.” (Fathy, 1969, p. 4)(fig. 022)

Another rather recent example is the Preschool of Aknaibich 
built in Morocco by BC architects + MAMOTH. With a budget of 
25,000$ plus an intensive study of the local lifestyle, gave birth 
to a bioclimatic learning environment built with natural materials, 
especially mud bricks and wood (Archdaily, 2014)(fig. 023). In 
addition, some regionalist features can be added to a critical 
regionalist mind-set, such as the traditional Arabic Wind Towers 
or the little windows used for ventilation found near the ceiling of 
traditional North African and Middle Eastern chambers. 

022. New Baris Village by Hassan Fathy 
(1964), mud, its fundamental construction 
material. 

023. Pre-school of Aknaibich classroom, a 
mix of the old and the new.

024. New Baris Village, Hassan Fathy (1964), notice how several buildings are designed into a single cluster.
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Concept

“Human-designed solutions, (…), are crude and additive. They 
rely on using more materials or energy to accelerate reactions—
both costly expenditures. Natural processes rely on unique 
geometry and material properties.” – Zach Mortice, (Mortice, 
2016)

American Biologist and Author Janine Benyus, founder of the 
homonymous institute, coined the modern term for Biomimicry in 
her 1997 book, “Biomimicry: Innovation inspired by nature”. Her 
contribution pushed the term into mainstream thinking, especially 
due to the lack of efficiency in developing new products, since 
their creation would usually be inspired by former products and 
designers and not from the natural world (Haubursin, Roman and 
Kohlstedt, 2017). As she states in her book, “Biomimicry uses an 
ecological standard to judge the “rightness” of our innovations. 
After 3.8 billion years of evolution, nature has learned: What 
works. What is appropriate. What lasts.” In essence, Biomimicry, 
or Biomimetics, is a science that studies nature’s models and 
processes and mimicks them in order to solve human problems 
(Benyus, 1997, pp. 6 - 8) (fig. 025/026). 

Regarding the design process, approaches to biomimicry usually 
fall into either a Problem-Based Approach or Solution-Based 
Approach. The former is achieved by looking at the natural 
world for solutions in order to solve a current problem, biologists 
need to find and mimic an organism that has solved a similar 
issue in order to tackle the situation assigned to them. The 
latter, on the other hand, is acomplished when the collaborative 
design process is initially dependent on individuals with 
biological knowledge, not the specific need to solve a problem. 
Finally, within these two approaches, there are three levels of 
Biomimicry: Organism, Behaviour and Ecosystem. 

2.2. BIOMIMICRY IN ARCHITECTURE

025. Votu Hotel, Alessandra Araujo, 
an interesting example of biomimetic 
architecture for tropical climate.

026. Votu Hotel, Alessandra Araujo, 
an interesting example of biomimetic 
architecture for tropical climate.
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As Salma Ahmar, describes in her thesis: “The organism level 
refers to a specific organism like a plant or animal and may 
involve mimicking part of or the whole organism. The second 
level refers to mimicking behavior, and may include translating an 
aspect of how an organism behaves, or relates to a larger context. 
The third level is the mimicking of whole ecosystems and the 
common principles that allow them to successfully function.” 
(Ashraf Saad El Ahmar, 2011, p. 14).

Generic Examples 

An interesting example of a Solution-Based Approach that 
acts on all three levels of Biomimicry is the Stuttgart Airport 
in Germany. According to Salma Ahmar’s table (Ashraf Saad 
El Ahmar, 2011, p. 15) its interior tree-like structure mimics a 
specific organism’s form (in this case a tree), its behaviour in 
terms of structural flow and its ecosystem due to the forest-
like appearance. “Each area is supported by a “steel tree,” 
outlined by strips of glass, with the loads passing down through 
the branches to be collected in the tree trunk. The architect 
mentioned that his inspiration came from the neighbouring Black 
Forest.” (Ahmeti, 2007, p. 29)(fig. 027). 

Looking into another example, specifically on the organism level 
of Biomimicry, is the Gherkin Tower in London by British architect 
Norman Foster (fig. 028). Its exterior hexagonal skin gave the 
building its worldwide fame as an icon of the City, however its 
true intention isn’t widely known, it draws inspiration from the 
lattice-like exoskeleton of the Venus Flower Basket Sponge (fig. 
029). “The various levels of fibrous lattice work help to disperse 
stresses on the organism in various directions and its round 
shape reduce forces due to strong water currents, both of which 
were applied to Foster’s design of the tower.” (EHSAAN, 2010)

027. Stuttgart Airport structure’s tree-like 
ramifications.

028. Gherkin Tower, London, Norman 
Foster (2003).
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The Case for Tamnougalt  

Tamnougalt, North Africa may show a rough environment, but not 
even Seth (Egyptian God of the Desert) can stop life’s ingenious 
ways of survival and adaptability, for millions of years, animals 
and plants perfected day-to-day tactics to carry on in the harsh 
desert. In 2010 British architect Michael Pawlyn gave a TED talk 
explaining some of these fascinating techniques, such as how 
a Namibian fog-basking beetle manages its water scarcity with 
its matte black shell, plus how this inspired the creation of the 
Seawater Greenhouse for arid coastal areas (Pawlyn, 2010)(fig. 
030). While in Morocco, one can observe how the Berber natives 
make Bedouin tents out of sheep or camel wool to remain cool, a 
process that might sound counterproductive given the use of the 
colour black, which attracts heat. “When the sun hits the black 
roof of the tent, hot air starts to rise above the cloth and forces air 
to be drawn out from inside the tent. This creates a cooling wind 
effect during the hot days. On rainy or snowy days the woolen 
fibers absorb water and swell, creating a thicker and tighter tent 
membrane.” (Lindström, 2016) 

Moreover, it’s possible to look into how several species of cacti, 
like the Peruvian Torch Cacti, regulate their temperature thanks 
to its self-shading surface composed of cooling ribs, irradiating 
one side to protect the other (Lindström, 2016). An interesting 
application of this technique on a building could be the use of 
these cooling ribs to avoid indoor over-heating instead of relying 
on excessive wall thickness, thereby saving resources. Searching 
for biomimetic approaches for a specific location doesn’t mean 
our range should also be bound to it, as mentioned in previous 
examples, it’s possible to cross half a globe to find solutions for 
environmental issues.

029. Venus Flower Basket Sponge, its 
“skeleton”, as shown above, inspired the 
Gherkin’s structure.

030. The Seawater Greenhouse, can 
use the ocean’s cold breeze to bring 
vegetation back to depleted desert shores.
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Examples 

Diving into detail on the Seawater Greenhouse example, 
previously mentioned (pic. 030), it captures seawater from the 
coastal breeze through its evaporator grills, therefore cooling 
the interior, allowing its plants to grow. On the opposite façade, 
the same coastal breeze is then condescended into fresh water 
(Pawlyn, 2010). Even though Tamnougalt is located inland, the 
same tactic can be used to collect water from the river Draa 
without necessarily building a damn and hindering the natural 
stream. 

Another example that can be applied in the Moroccan village 
is the natural ventilation strategy found at the Eastgate Centre 
in Zimbabwe (fig. 031). The building uses no artificial air 
conditioning, instead its design is inspired by a termite mound’s 
passive ventilation and temperature regulation system, thus 
creating a stable indoor environment. In addition, it mines and 
cleans sewer water under the building in order to mimic how 
termites use the proximity of their mounds to an aquifer for 
evaporative cooling (Ashraf Saad El Ahmar, 2011, p. 18). An 
interesting aggregation of similar biomimetic strategies can 
be found in the Sahara Forest Project, by Michael Pawlyn’s firm 
Exploration Architecture (fig. 032). A combination of a Seawater 
Greenhouse shore front, with shaded crops and concentrated 
solar power fields provides closed loop2 opportunities to help 
reverse desertification. Ultimately, following this mind-set, it 
becomes possible to rejuvenate resource scarce areas simply 
following nature’s way.  

2 Closed loop - automatic control system, regulated by feedback

031. Eastgate Centre, Harare.

032. Sahara Forest Project proposal, by 
Explorative Architecture, left.
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2.3. PARAMETRIC DESIGN

Concept

“Parametric design enables the designer to define relationships 
between elements or groups of elements, and to assign values 
or expressions to organize and control those definitions. It is 
usually applied within a three-dimensional CAD program. (…) 
The underlying principle here is of connectivity and relationship. 
Parametric design addresses the constraints of traditional CAD 
operations  by supplanting the designer’s direct interaction with 
the design elements—adding, subtracting, copying, etc.— with 
the development of a series of relationships by which elements 
connect and build up the design.” – Nick Dunn (Dunn, 2012, 
p. 54) By the start of the digital age in architecture, one tool 
quickly became the protagonist of the digital design scene, 
the spline modellers. Invented between the late ‘50s and early 
‘60s by French automotive engineers, Pierre Bézier and Paul de 
Casteljau. Through Math, they found, each in his own way, how 
to join a set of non-aligned geometrical points with a continuous 
curve, thus, beginning the era of Parametric Design. The idea 
of designing through adjustable parameters gave way for a 
more precise and efficient design of organic shapes based on 
mathematical formulas. Nevertheless, the spline is nothing more 
than a pure mathematical object; therefore it doesn’t fit with the 
real world we inhabit. 

Architects and designers can only create physical, material 
approximations of the stripped-down math based scripts they 
draw. After the success of the spline, digitally intelligent designer, 
Greg Lynn, introduced the blob, cementing his claim of using 
calculus as a primary tool for design (Carpo, 2014, pp. 169 - 170)
(fig. 034). Today, a variety of CAD-based software, both premium 
and open source, such as Rhinoceros, Grasshopper, AutoCAD, 
Blender 3D, and so on, work with Parametric Design, either to its 
full extent or just some degree. For the development of organic 
shaped details to justify biomimetic principles, Parametric Design 
will be crucial. 

033. Heydar Aliyev Center, Baku, 
Azerbaijan, by Zaha Hadid Architects

034. Selfridges Building, Birmingham, 
Amanda Levete and Jan Kaplický (2012) 
and example of blob architecture.
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Generic Examples 

The rise of Parametric Design as an important force in the 
digital age of architecture would give several architects, such 
as, Frank Gehry and Zaha Hadid the opportunity to break with 
conventional, industrial, standard, “boxy” buildings. Mario 
Carpo made a clear description of Frank Gehry’s first contact 
with Parametric Design, “(…) used computers to scan, measure, 
notate, and build irregular, non geometric three-dimensional 
shapes. From its inauguration in 1997, Gehry’s Guggenheim 
Bilbao was hailed as a global icon of the new digitally driven 
architectural style, (…)” (Carpo, 2014, p. 170)(fig. 035). 

In 2008, a prominent figure from Zaha Hadid Architects, the 
German Architect Patrick Schumacher wrote an article, entitled 
“Parametricism as Style – Parametricist Manifesto” in which he 
states: “We pursue the parametric design paradigm all the way, 
penetrating into all corners of the discipline. Systematic, adaptive 
variation, continuous differentiation (rather than mere variety), 
and dynamic, parametric figuration concerns all design tasks 
from urbanism to the level of tectonic detail, interior furnishings 
and the world of products. (…) Contemporary avant-garde 
architecture is addressing the demand for an increased level 
of articulated complexity by means of retooling its methods 
on the basis of parametric design systems. The contemporary 
architectural style that has achieved pervasive hegemony 
within the contemporary architectural avant-garde can be best 
understood as a research programme based upon the parametric 
paradigma. We propose to call this style: Parametricism. 
Parametricism is the great new style after modernism.” 
(Schumacher, 2008, p. 1)

035. Guggenheim Museum, Bibao, 
Basque Country, Spain, by Frank Gehry 
(1997). One of the architect’s most 
iconic buildings and an iconic parametric 
monument.          

036. Kartal Master Plan, Istambul, Turkey 
by Zaha Hadid architects (2007), an 
example of “Parametricism” defended by 
Schumacher. 
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The Case for Tamnougalt 

Due to Parametric Design being a rather recent practice, let 
alone Parametricism, its application been done on individual 
buildings in Western countries and Asia and only barely passed 
the concept stage on the urban scale, its no surprise that some 
if any parametric based designs can be found in North Africa, 
especially in an area such as Tamnougalt. The region’s heavy 
reliance on either industrial age reinforced concrete imported 
from the West or millenarian old construction techniques with 
little design resilience complicate the spread of such a new 
practice. Nevertheless, Parametric Design will play a prominent 
role in the overall strategy for the Tamnougalt Master Plan, 
respecting above all the local customs and following to a certain 
extent several ideals implied by Schumacker. 

Or though the main goal isn’t to build organic-shaped buildings 
for the sake of the visual doctrine founded by Parametricism 
there is one key aspect for the project at hand that the 
German Architect mentions: “The key issues that avant-garde 
architecture and urbanism should be addressing can be 
summarized in the slogan: organising and articulating the 
increased complexity of post-fordist society. The task is to 
develop an architectural and urban repertoire that is geared up 
to create complex, polycentric urban and architectural fields 
which are densely layered and continuously differentiated.” 
(Schumacher, 2008, p. 1) 

Regarding Tamnougalt, building a cohesive urban plan, which 
can oversee the very adjustment of its street dimensions, wall 
thickness, building height, overall form, building variations 
according to location, terrain features, biomimetic details, 
and so on, following a set of predetermined parameters, 
nevertheless, respecting and integrating the values that give 
Arabic architecture its natural character. The end result should be 
a dynamic, biomimetic urban fabric in which each part can relate 
to its neighbouring parts in a continuous synergetic environment, 
like mimicking plants in a prairie field. 

037. Slope calculation of the Draa Valley 
achieved with the parametric tool, dubbed 
“Draa Slope Filter“. The river and oasis 
areas were removed during this analysis. 
Buildable area (green), Avoidable area 
(yellow), Dangerous area (red).

038. Attempt at Urban cluster generation, 
trough landing buildings into a city block-
shaped basin with a parametric tool 
dubbed, “Kasbah Downfall Generator“. 
Base home solid (red), basin (red), falling 
homes to fit (green).
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Examples  

As mentioned earlier, there is little to any examples of Parametric 
Architecture directly observable in North Africa at this time. 
However, several examples of parametric designs, both 
conceptualized and fully built in the West and Asia can be 
explored and later adapted to fit the regional environment and 
landscape. One interesting case study is the Kartal Masterplan 
by Zaha Hadid Architects a 2006 winning competition proposal 
as a residential, commercial and transport hub 25 km south east 
of the city (Hadid, 2006)(fig. 036). The plan seems to resemble 
a neuron or an aggregation of nerve cells assembled to meet 
the location’s needs, organizing its roots to match traffic flow. 
Even though this project was designed for a metropolitan area, 
the principles used for the urban assembly can be articulated 
to a smaller more rural lifestyle such as that of Tamnougalt. 
In addition, other examples such as designing a wall or a 
mashrabiya pattern according to a rooms thermal mapping (fig. 
039) or a building’s skeleton managing its weakest and strongest 
point for material efficiency, show possible ways that Parametric 
Design can impact the Tamnougalt Master Plan.

039. Doha Tower, Doha, Qatar by Jean 
Nouvel (2012). Its mashrabiya-based 
facade delivers different levels of shade 
depending on it orientation.

040. Galaxy SOHO, Zaha Hadid Architects (2012), another example of the parametricism doctrine.
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Concept

“For many years, as the process of making drawings steadily 
shifted from being analog to digital, the design of buildings did 
not really reflect the change. CAD replaced drawings with a 
parallel rule and lead pointer, but buildings looked pretty much 
the same. This is perhaps not so surprising—one form of two-
dimensional representation simply replaced another. It took 
three-dimensional computer modelling and digital fabrication 
to energize design thinking and expand the boundaries of 
architectural form and construction.” – Lisa Iwamoto (Dunn, 
2012, p. 20) Digital Fabrication has gained traction in recent 
decades, essentially as a consequence of an ever-increasing 
access to Computer-Aided Design software packages and 
others of similar kind. As Nick Dunn explains: “Architecture is 
fundamentally concerned with two core activities: designing and 
making.” (Dunn, 2012, p. 6) therefore an increasing offer of digital 
design tools in the three-dimensional realm encourages a higher 
demand for fabrication capabilities. 3D/2D printers are designed 
to work with a variety of techniques from the Micro to the Macro 
scale, recently even the Nano scale. 

We’re now able to produce materials with comparable features 
to engineering-grade plastics and go to such a detail that 
we can manufacture stable structures with wall thickness as 
precise as 400 micrometres, thus beginning to blur the line 
between material and form (Beckett & Babu, 2014, pp. 113 - 
114). As machines become ever more in sync with the software 
packages we use so do their digital fabrication principles: 
Cutting (considered the most widely used method, e. g. 2D 
Laser Cutter), Subtraction (follows a milling or routing process 
to remove excess material, e. g. CNC Milling)(fig. 041), Addition 
(accumulative process of layering, e. g. Stereolitography Printer)
(fig. 042), lastly, Formation (material deformation through 
processes such as heat and steam, e. g. blacksmith) (Dunn, 
2012, pp. 88 - 89). 

2.4. DIGITAL FABRICATION

041. CNC Wood Milling. Cutting wooden 
3D models with great precision.

042. Stereolitography Printer, Formlabs.
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Generic Examples 

If one can learn to use these tools in a proper manner, impressive 
results can be achieved. Nick Dunn points out several examples 
in his book “Digital Fabrication in Architecture” such as, Hills 
Place in London by Amanda Levete Architects (fig. 043). The 
Author describes “The form is achieved through a system of 
aluminium profiles, more commonly used in the production 
of ship hulls. The façade is fabricated using curved 51⁄2-inch 
(140mm) profiles that are connected on site. The metallic silver 
coating is a high-performance paint typically applied to the 
surface of yachts. Self-cleaning glass and discreet hidden 
gutters ensure the façade retains its sculptural qualities.” (Dunn, 
2012, p. 8) 

Another example, is the way Reiser + Umemoto reinterpret 
the common wall with their “Vector Wall” design (fig. 044), 
by perforating a flexible or semi-flexible material with a laser 
cutter using multidirectional patterning (Dunn, 2012, p. 142). Or 
though these previous examples focused on the use of digital 
fabrication for a final product, some architects like Joanna Szulda 
demonstrate its use throughout their workflow. Her Scared 
Womanhood diploma design thesis saw the development of a 
final section model, explorative tools and evaluation of space 
and components in more detail through 3D printing (Dunn, 2012, 
p. 105). Digital Fabrication in sync with Parametric Design and 
Biomimicry will provide the concrete bases for the creation of a 
cohesive, architectural design.

043. 10 Hills Place, London, UK, Amanda 
Levete (2009)

044. Vector Wall by Reiser + Umemoto
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The Case for Tamnougalt 

Regarding the harsh landscape of Tamnougalt, machines can 
either be deployed on site for fabrication of hard to transport 
objects (e. g. full scale buildings) or create parts as installations 
(e.g. mashrabiyas) to be quickly transported and assembled at 
the location. The main materials of focus for rapid prototyping 
are clay, timber and metal. In some cases production on site 
for the desired result might not even require heavy machinery, 
as traditional methods of construction might be sufficient, a 
practical example can be seen in the techniques used for the 
Preschool of Aknaibich, mentioned earlier, which used locally 
made mud and straw blocks (Archdaily, 2014). 

In “Dwellings: The Vernacular House Worldwide”, Paul Oliver 
briefs on some of the ancient techniques used by the locals: 
“A mixture of mud and chopped straw is left for several days 
to cure. Later this is mixed with water to a plastic consistency 
and moulded into balls. The wall builder presses these balls 
obliquely in a spiral sequence, expelling the air and compacting 
the material. A lift of perhaps eighteen inches is completed and 
allowed to dry before another layer is added, often with a lapped 
joint between layers, which assists the throw-off of rain and 
lessens the risk of cracking and penetration. The structure may 
be required to support transverse wooden beams at roof level, 
which penetrate halfway deep into the wall” (Oliver, 2007, p. 
94). When the walls are finished either they can be given a mud 
plaster or be washed down to produce a skim, that when it dries, 
can be white washed or receive other finishing treatments (Oliver, 
2007, p. 96). One interesting experience is to 3D print an entire 
building in clay (fig. 045) the same way several companies are 
attempting to print in concrete.

045. Large Clay Printer, house printing 
attempt with a WASP printer.
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Examples  

When dealing with large designs, deploying a CLAY KIT with 
LDM WASP Extruder for 3D printing by addition walls in clay (fig. 
046), can be a quick and affordable solution for efficient house 
building, especially if it implies developing sculptural features for 
bioclimatic, biomimetic purposes, in a fast and easy manner. An 
alternative can be a fast brick-making machine using the same 
recipe as quoted earlier from Paul Oliver utilizing a ClayXYZ 
desktop printer. For other biomimetic details such as a bimetal 
“breathing” mashrabiya (fig. 047), something as simple as 
two-dimensional laser cutter and a CAD based Islamic pattern 
drawing should be enough to get the desired result. 

Mud based buildings can’t sustain wide spanning roofs without 
the use of a vault structure, thus, in the interest of keeping roofs 
and ceilings flat, for maximum use for solar-panels, a timber 
structure is integrated in to the design. In order to avoid the need 
for nuts and bolts, beams and pillars can be assembled with the 
help of Japanese wood joints, which in turn can be fabricated 
through CNC milling (fig. 048). In conclusion, a combination of all 
these factors will allow a balanced marriage between traditional 
architecture and free form design, in order to achieve, affordable, 
ecological and energy-efficient architecture. 

046. WASP Clay Printer

048. Japanese wood joints, CNC milling 
can be an effective way for the former’s 
mass production.

047. Thermo Bimetal Breathing Facade, 
DOSU Studio.
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Concept

“A net zero-energy building (ZEB) is a residential or commercial 
building with greatly reduced energy needs through efficiency 
gains such that the balance of energy needs can be supplied 
with renewable technologies. (…) Despite the excitement over 
the phrase “zero energy,” we lack a common definition, or even 
a common understanding, of what it means. At the heart of the 
ZEB concept is the idea that buildings can meet all their energy 
requirements from low-cost, locally available, non-polluting, 
renewable sources. At the strictest level, a ZEB generates enough 
renewable energy on site to equal or exceed its annual energy 
use.” – Paul Torcellini (Torcellini, Pless, Deru, & Crawley, 2006 
pp. 1 - 2) From the times of Imperial Rome until the Industrial 
Revolution, the lack of resources to build and sustain homes 
meant that the majority of the population had to live of energy-
conservative and locally available inputs for survival, only the 
aristocracy could afford luxurious spaces such as thermal baths 
and orangeries. However from the nineteenth century onwards 
wealth and cheap energy became widely diffused, therefore, 
resulted in the increasingly widespread consumption of the 
latter, disregarding the principles learnt in the past about its 
conservation. 

Simultaneously, mass production gave way to affordable 
materials and there fast transportation, nevertheless, with the 
successive oil crisis of the ‘70s the need for energy conservation 
resurfaced, thus governments were prompted to seek and secure 
alternative sources of energy to lessen their dependency on 
imported fuel, especially oil. Eventually the imperative for a green, 
sustainable design as well as zero-energy buildings would go 
beyond the need to search for alternative energy sources, and 
instead address to a full extent the global environmental crisis. 
Today, not only do we take into account the building’s energy 
consumption, yet also the ability of the former to produce it, 
thereby to a certain extent, becoming “off the grid”. (Brophy & 
Lewis, 2012, p. 1) 

2.5. ZERO-ENERGY BUILDINGS 

049. Pombaline Cage Structure. An 
interection aspect of  this design is the 
way it reuses rubble from its demolished 
predecessor to strengthen its wooden 
skeleton.
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Generic Examples 

Over the years, an increasing number of strategies and methods 
have been devised to increase a building’s overall efficiency and 
sustainability.  Some of the key areas for a green design include: 
the reuse of demolition spoils for new buildings (fig. 049) or 
maintaining old ones, measuring the relationship of open able 
area to lighting and thermal performance, maximizing available 
daylight use and passive heating and cooling techniques, 
minimizing water and electricity consumption, developing 
passive and active ventilation systems, optimizing the latter, and 
so on. (Brophy & Lewis, 2012, p. 7) 

Or though, all these measures might seem restrictive, creative 
solutions have been found to fulfil both the architect’s desire and 
the required regulations. In 2012, Chilean architect Alejandro 
Aravena and his firm ELEMENTAL won a competition to build 
the Centro de Innovación UC Anacleto Angelini with a design 
that would put most glass office buildings to shame (fig. 050). 
By turning the building’s structural mass inside out with a few 
elevated square balconies as openings, as opposed to the 
traditional central column with out reaching concrete slabs 
covered with a glass envelope, the design proves to reduce the 
interior greenhouse effect significantly. In addition, by having 
a glass covered central atrium, it allows for cross ventilation 
from the openings and promotes better interaction between 
workers on different floors (fig. 051), by comparison, typical 
office buildings usually keep floors closed off from each other 
(Anderson, 2014). 
  

050. Centro de Innovación UC Anacleto 
Angelini, Santiago, Chile (2014)

051. Centro de Innovación UC Anacleto 
Angelini, cross section showing the central 
atrium.
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The Case for Tamnougalt 

Energy Efficiency is an interesting study aspect in rural 
communities such as Tamnougalt, especially since electricity 
became part of their lives far later than in most metropolitan 
centres. Even though electrical energy doesn’t impact these 
communities’ daily life with the same magnitude as Westerns, 
who substantially depend on electricity as much as they depend 
on fresh air, they seem to show a natural cleverness when it 
comes to energy conservation. Not long ago, the United Arab 
Emirates began construction of a vast, square-shaped urban 
complex in the outskirts of Abu Dhabi to house the new Masdar 
Institute, giving the new city it’s homonymous name (Masdar, 
2014)(fig. 052). 

Masdar City is to become the first zero-waste, zero-energy 
efficient, green city, yet all the sophistication placed into 
developing the research complex seems to disregard, or neglect 
the synthesis and simplicity of the rural communities of the same 
region. For a region with very hot, sunny days and cold nights, 
aspects such as the careful use of cold colours in the interior, 
as mentioned previously, can prove to be much more efficient in 
tackling temperature than a remote-controlled air conditioner. 
Another example is designing rooms with high ceilings and small 
ventilation openings near the top to keep the heat up and out 
the cool air down and in or building very thick walls to conserve 
energy during the night and avoid heat penetration from the 
outside during the day (fig. 053).     

Moreover, designing atriums and courtyards in which the height 
is superior to the length of the former allows for better shade, 
adding in a small fountain or lake can also help cool the air. Finally, 
looking at the very introvert “attitude” a house has towards 
the outside, usually with few or no windows at all works as an 
energy-conservation technique.

052. Masdar City, Abu Dhabi, UAE (under 
development)

053. Unidentified Berber dwellings, notice 
the high ceilings and the small ventilation 
window near the former.
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“Necessity is the mother of invention.” – Plato, Republic

When it comes to survival in harsh climates, the sand dwellers3 
are highly inventive, even when faced with few options. A truly 
ingenious invention developed by Persians is the Windcatcher 
(fig. 054), high towers for catching cold wind for ventilation, in 
terms of efficiency; even the most technologically advanced 
air conditioners show some jealousy. As architect Susan Roaf 
pointed out, “In the extremely hot interiors of Iraq, the parapet 
ventilators are linked by narrow ducts to the basements rooms 
only, occupied on hot afternoons, to provide nominal ventilation 
as the air entering the spaces from the roof may well be at 
temperatures in the mid-40s C. In the cooler desert city of 
Cairo windcatchers have been used for millennia as large roof 
ventilators passing air down through the high living halls in 
conjunction with cupolas at the apices of domes above the halls 
called in Arabic Qa’a.” (Roaf, 2005)(fig. 055). 

Evaporative cooling is another area in which North African 
residents are specialists, the Mashrabiya (fig. 056), wooden 
frames that can be built in various sizes due to their modular 
nature, act like screens to filter the sun and allow privacy for 
those on the interior without necessarily blocking the view to the 
outside. However when wet, the hot dry air passing through it is 
cooled down thus cooling the interior space by evaporation. 

3 Sand dwellers - Arabs, Berbers, Persians and all people of North African and Middle Eastern origin

054. Windcatcher, Ganjali Khan Complex, 
Kerman, Iran.

056. Mashrabiyas.

055. Windcather schematic and 
respective air flow.
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Describing each one of these subjects gives us more Intel into 
how the overall urban aggregate will unravel; plus understanding 
the synergy between its elements can reveal the inner workings 
of this master plan as behaving like a polycentric organism. This 
synergy can be observed in the correlation between Biomimicry 
and Parametric Design, regarding the Tamnougalt master plan, 
mimicking forms from nature is paramount. Executing the 
practical aspect of this mimicry requires the use of parametric 
tools to properly develop, nearly mathematically precise, naturally 
generated complex shapes. Following the development of 
these nature-based geometries we can quickly locate another 
correlation, this time with Zero-Energy Buildings. 

Biomimetic building details created with Parametric Design can 
be transformed within a range of parameters to achieve energy-
efficient means; on the other hand, such detailed forms must 
rely on rigorous machinery in charge of Digital Fabrication in 
order to materialize. Critical Regionalism, being in it a correlation 
between universality and regionalism connects with Biomimicry, 
since the main biomimetic examples under research for building 
application are narrowed down to the very region under study. 

An architectural element that will be integrated to a high 
degree in every building, especially riads, is the thermo bimetal 
mashrabiya, a combination of the regionalist mashrabiya, with 
biomimetic thermo bimetal and produced by placing a laser 
cutter on sheets of the latter. This feature allows for both shade 
and privacy, plus regulates temperature thanks to its “breathing” 
metal which works passively reacting to both heat and cool 
without requiring electricity. Applying different combinations 
depending on the various needs and issues of a particular place 
serve the fundamental basis of the Tamnougalt urban aggregate. 
It demonstrates different architectural and construction solutions 
of an expandable and affordable character, adaptable to almost 
any location within the desert realm.

2.6. SYNERGY OF THE FIVE 
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REFERENCE CASES

The “Oculus” is a responsive installation4 composed of 
thermostatic metal developed by DOSU Studio from 2016 
onwards (fig. 057). Built as a form of passive ventilation 
system, with the same principles as there previous successful 
project “Bloom”, it resembles the appearance of an Islamic 
mashrabiya following a flower pattern that opens and closes 
tirelessly and endlessly when it’s either heated or cooled down, 
respectively (DOSU Studio, 2016). How the aperture achieves 
this performance can be found in its material composition, as 
Manuel Kretzer describes it, “Bimetals are hence layered metallic 
composites, most common in the form of strips or sheets that 
consist of at least two tightly bonded components with differing 
thermal expansion rates.” – Manuel Kretzer (Kretzer, 2015). 

The project is structured by bolting layers of thermo bimetal 
sheets with specific shapes generated through parametric 
design to a frame, allowing for some areas to remain loose and 
therefore curl or stretch accordingly. Due to its overall flat form, it 
can be used as a building detail either as a mashrabiya, vertical 
or horizontal or just installed as a door or window frame, thus 
reducing or completely eliminating the need for an air conditioner 
since the material’s performance requires no electrical energy 
or artificial mechanical movement whatsoever (fig. 059). Finally, 
applying this installation in large numbers in Tamnougalt at an 
energy and economically efficient and sustainable pace would 
require cutting the sheets of thermo bimetal with a laser cutter 
according to a parametrically generated design, bolt it to a frame 
depending on where it would be fit and transport them on to the 
site. 

4 Responsive Installation - That reacts to an external factor

3.1. OCULUS 

057. Closed Thermo Bimetal Facade, 
dubbed “Oculus“, by DOSU Studio

058. Slightly dilated Thermo Bimetal 
Facade, the same expands and contracts 
depending on temperature variation.

059. Dilated Thermo Bimetal Facade,.
Higher temperatures, means higher 
dilation while lower temperatures, means 
higher contraction. 
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The Eastgate Centre is Zimbabwe’s largest office and retail 
building, located in the capital, Harare (fig. 060). Commissioned 
to architect Mick Pearce in 1991 and completed in 1996, 
the building is considered to be one of the most prominent 
examples of biomimetic architecture. Thanks to what started 
as a seemingly impossible challenge, to design a self-cooling 
structure in the middle of the hot African climate without relying 
on a standard air conditioning system, Mick Pearce would draw 
inspiration from the most unlikely of sources of the time, African 
termite mounds. 

These ingenious creatures create structures with natural 
ventilation systems that keep cool air in during the day and warm 
air during the night, plus they dig holes to nearby, underground 
water sources in order to allow evaporative cooling (fig. 061). 
The building replicates this technique by pushing cold air from 
the ground level and releasing it into its many rooms through 
the floor, while simultaneously catching hot air trapped near the 
ceiling and releasing it through the roof, moreover it pumps sewer 
water inside for treatment while allowing evaporative cooling 
to occur (fig. 061). In terms of materiality, just like the termite 
mounds the Eastgate Centre relies on materials with high thermal 
mass such as brick and concrete to maintain stable temperatures. 

Furthermore, its prickly façade mimics the rib appearance 
found in both termite mounds and cacti, that allow for better 
temperature regulation, in addition the overall building shape is 
divided into two bodies, leaving a massive gap that allows hot 
air to flow outwards, much like the courtyards found in Riads and 
Kasbahs. In conclusion applying these biomimetic principles 
allows the building to reduce its overall environmental footprint, 
keeping maintenance costs down as well as energy and rent 
prices lower than nearby buildings. (Leadmon, 2018)

3.2. EASTGATE CENTER

060. Street View of the Eastgate Centre in 
Harare, Zimbabew.

062. Interior Passive Ventilation System. 
Warm Air (RED), Cool Air (BLUE), 
Vegetation (GREEN).

061. Termite Mound Passive Ventilation 
and Cooling System.
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Kasbahs (fig. 063) were the homes built by the Berber tribes of 
North Africa and are considered today, to be part of Morocco’s 
Vernacular Architecture. As Nisrine Naciri describes in her article, 
Sustainable Features of The Vernacular Architecture: “Kasbahs 
are fortified dwellings built out of adobe mainly located in the 
hot-arid regions of North Africa. (…) Typically, These Kasbahs 
have small size windows and are built usually high and very close 
to each other. The town that counts several of these dwellings is 
called a kasr (pl. ksours), a type of fortified village. 

These Kasbahs are a skillful adaptation to the harsh climate 
in the hot-arid region. Indeed, the primary purpose of these 
constructions was to protect the inhabitants and the animals 
from the extreme sunny days of the summer.” – Nisrine Naciri 
(Nisrine, 2007, p. 3). As the author points out, kasbahs (or 
ksours when aggregated) create a microclimate, which allows 
its interior temperature to either drop during the hot summer 
days or increase during cold winter nights. Starting on the urban 
level, kasbahs are built next to each other in high density in order 
to minimize sun exposure, as mentioned above, most of these 
dwellings follow a quadrangular shape, usually leaving only 
one façade exposed to the street, therefore creating monolithic 
structures surrounded by very narrow alleys with a lower surface 
to height ratio. This type of narrow, well-shaded street enables 
the concentration of heat during cold nights and its dissipation 
during hot days, allowing the same to remain cool. (Nisrine, 
2007) 

REFERENCE CASES

3.3. KASBAH

063.Kasbah Taourirt, Ouarzazate, 
Morocco, 

064. Kasbah Taourirt, floorplan, rooms are 
heavily clustered, usually around an atrium 
for climatic protection.

065. Kasbah Taourirt, Elevation, windows 
are mostly small or when large have 
mashrabiyas to filter sunlight.
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Regarding the interior-exterior relation, these dwellings are 
introverted structures, having only a few small windows and 
almost a meter-thick exterior adobe wall, that mitigate heat 
exposure thanks to the material’s high thermal mass. A Kasbah 
alone, can go up to three storeys high, its rooms are built with a 
lower surface to height ratio around a courtyard thus, allowing 
for easy ventilation, indirect sunlight and keeping indoor 
temperatures down during the day. In addition, the courtyard can 
in some cases have a small fountain, lake or greenery to enable 
evaporative cooling. (Nisrine, 2007) 

Interestingly enough, Kasbahs and Riads (fig. 066) were built by 
different cultures (Berbers and Arabs, respectively) in the same 
region. Their most common feature, the courtyard, proves that 
both groups had a deep understanding of the climatic nature of 
their surroundings. The desert realm, surrenders to the absolution 
of sun and sand, leaving the oasis, created as an offset of rivers 
and lakes, as the only source of life. Within the courtyard we find 
one of the first examples of climate engineering. Isolating a small 
section of land between the thick walls of the kasbah from the 
ever present desert the natural conditions are brought in to bring 
part of the oasis to one’s home, in essence allowing life to bloom 
outside the oasis and within one’s quarters. The concentration of 
kasbahs and the narrowness of the streets will vary according to 
how harsh the climate where they stand is. In essence if the local 
climate is more Mediterranean, therefore more moderate, streets 
will be wider and kasbahs will stand as more autonomous and 
less dense structures, to an extent resembling more European 
dwellings. The opposite however, will see much narrower 
walkways and interdependent kasbahs to an extent that one roof 
covers several buildings. 

066. Riad floor plan diagrams, Riads are 
the desert home of Arabs, as Kasbahs are 
the desert home of Berbers.
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The Solar Blossom (fig. 067) is a thermo-reactive concept design 
parasol, developed by a group of students as a class project at 
the Institute of Advanced Architecture of Catalonia. As its authors 
state: “The project is a passive, solar inspired solution with a 
meaningful social impact. A closed system that would be an 
example of metabolic design, with no system exchanges except 
of solar energy flow into and eventually out. A situation in which 
the object is driven by the Sun, meaning that the Sun itself is 
an actor giving life and motion to the space and architecture.” 
– Francis Redman (Redman, 2016). In essence, the installation 
would allow for the assembly of plastic based umbrella-like 
structures that through the change in both state and weight of 
water stored in its ribs, due to temperature variation, would either 
expand or contract accordingly (fig. 068). 

Therefore, creating a blossom like shape, maximizing shade 
during hot summer days and creating a dome like shape, 
protecting from rain, during cold, rainy winter days. To maximize 
its effect; the prototype, consisting of one single rib attached 
to a wooden post, was tested on the beaches of Barcelona. 
After analysing the beach’s temperature variations and the 
installation’s motion throughout the day through a video time-
lapse, the experiment proved to be successful. Concerning 
its material composition, the device’s water bags are made of 
translucent polyethylene to enable sun exposure, thus allowing 
for the liquid inside to change its physical state. The ribs 
supporting these bags are made out of black polyethylene in 
order to concentrate heat, while their outline is reinforced with a 
carbon fiber rod. 

3.3. SOLAR BLOSSOM

067. Solar Blossom Diagram.

068. Solar Blossom Membrane.
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To create shade and protection from precipitation, the entire 
structure is covered in translucent polyethylene with a shading 
pattern. “Using polyethylene sheets (translucent and black), 
carbon fiber rods (3mm), and water or acetone. Hermetically 
sealing the liquid in between the polyethylene sheets with 
a plastic bag sealer and in the process several variations of 
the sealing pattern were created to find the one that gave 
the best result in terms of balance between evaporation and 
condensation.” – Francis Redman (Redman, 2016). In the end, 
the variation with four vertical channels with an extended seal 
was built and proved to be the most effective correlating motion 
with temperature variation. (Redman, 2016) For this Master 
Degree, the introduction of a similar concept design for passive 
street shading is paramount, however drastically reducing the 
use of plastic based materials and instead focusing on natural 
and organic solutions.

070. Solar Blossom membrane, model testing (Barcelona).

069. Solar Blossom Elevation according to 
Day & Night variation.
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“Aknaibich is a town in transition: the eastern old town is made 
of earthen constructions, sinusoid roads and narrow alleys, 
while the western part exists of modern, plot-based concrete 
houses built by rural-urban emigrants. In need of educational 
infrastructure, Goodplanet foundation presided by French 
photograher Yann-Arthus Bertrand aims to install a preschool 
with bioclimatic functioning, as an extension to the existing 
concrete school building in the modern part of town.” (BC 
architects + MAMOTH, 2014).

An interesting example of mud built structures in contemporary 
times is the Preschool in Aknaibich, near Fez in Morocco (fig. 
071). Standing as a prominent example of Critical Regionalism, a 
combination of modern design and technology with bioclimatic 
and local materials. Built within the plot of the earlier built 
modern school, it joins the former creating a connection between 
the modern building and the new vernacular one. Regarding 
material composition the architects describes: “The preschool of 
Aknaibich has traditionally inclined foundations of locally sourced 
nature stone, with adobe walls, a wood-and-earth flat roof and 
rammed earth enclosure walls. 

The exterior finishing is done with a “tamelass” render, a mix of 
2 earths, straw and sand, while the interior finishing is made 
of polished “nouss-nouss”, a “half-half” of earth and gypsum 
to create a breathable interior plaster which diffuses indirect 
sunlight.” - (Archdaily, 2014). Pressing the mud with straw, when 
still moist, into a wooden mould, creates the adobe bricks used 
to build the walls and then letting it dry out in the sun until it’s 
ready to be stacked (fig. 073). To a great extent the construction 
techniques used to produce this pre-school will serve this Master 
Degree in building the urban aggregate’s homes.

3.4. PRESCHOOL OF AKNAIBICH

071. Preschool of Aknaibich, playground, 
Fez, Morocco.

072. Preschool of Aknaibich, under 
construction.

073. Mud bricks, being placed to dry. A 
typical arabic technique.
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“The Kräuterzentrum is built largely out of locally sourced earth; 
it is like a geometrical segment of landscape with its dimensions 
and archaic impact heightened by the radical choice of material. 
Herbs and earth define the purpose-built, distinctive character of 
the center“ - (Archdaily, 2015) 
The herb centre designed by the Swiss firm Herzog & de 
Meuron located in Laufen, Switzerland was constructed to add 
an herb processing plant to the Ricola AG Company (fig. 074). 
The building was conceived as an elongated shape to echo all 
the steps necessary for the industrial treatment of herbs, the 
former’s strong commitment to the environment as well as the 
likeness of other buildings owned by Ricola AG. Moreover, the 
Kräuterzentrum’s contribution for this master degree lies in its 
construction technique, specifically its building envelope. Built 
as an industrial scale warehouse with a reinforced concrete 
skeleton, the latter is covered on all sides by a mass produced, 
free standing, compact earth wall in a similar technique used by 
Berber tribes. 
As the author writes: ”The prefabricated earth elements are 
manufactured in a nearby factory out of ingredients extracted 
from local quarries and mines. Clay, marl and material excavated 
on site are mixed and compacted in a formwork and then layered 
in blocks to build the walls. Thanks to the plasticity of the loam, 
the seams can be retouched giving the overall structure a 
homogeneous appearance. To arrest erosion caused by wind and 
rain, a trass mortar achieved mixing volcanic tuff (trass) with lime, 
is compacted every 8 layers of earth directly in the formwork.” - 
(Archdaily, 2015) 
The final envelope resembles a monolithic structure, however 
mindful of the existence of large circular windows to allow natural 
light in to the factory (fig. 076). In terms of sustainability, rammed 
earth’s thermal mass improves the interior climate control without 
requiring the use of machinery such as ACs, however to produce 
this kind of building element in the Swiss region one requires a 
factory with the proper conditions, something that in the hot and 
arid region of North Africa, such resources and ability to craft 
them, stands readily available.

3.4. RICOLA KRÄUTERZENTRUM

074. Ricola Kräuterzentrum, Laufen, 
Switzerland (2014)

075. Compact earth block fabrication.

076. Ricola Kräuterzentrum, building 
envelope assembly.
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The Pombaline Building is a prominent building style in Lisbon, 
Portugal (fig. 077). It gained popularity after the hazardous 
earthquake of 1755 as a way to quickly and economically rebuild 
the city, which was nearly completely levelled and it can be 
best described by its regularity, simplicity, flexible character and 
affordability (Nicolau Gomes, 2011).  The elements of interest for 
this Master Degree can be found within the walls, in its structure. 

The “Pombaline Cage” as it has been dubbed, is a lattice-
based, anti-seismic structure of wooden girders composed of 
a grid like design on its vertical planes with St. Andrew’s cross 
placed in the empty slots (fig. 078). To double the strength of 
these load bearing walls, a lot of the rubble resulting from the 
1755 earthquake and collapsing buildings was reused to fill the 
spaces left vacant within the lattice grid, thus countering the 
wood’s natural tendencies to deform. Its floor slabs stand on 
strong wooden beams designed perpendicular to the facade and 
complemented with perpendicular wooden planks to the former 
to hold the three dimensional structure in place in case seismic 
forces resurface. 

The “Pombaline Cage” remains mostly hidden bye either 
masonry or plaster walls to promote its simplicity and economy 
of construction. Although it wasn’t designed with wide-open 
spaces in mind, some of its thinner walls built with a form of 
plaster and a light wooden structure and filling, can be relocated 
since they lack a direct connection to the overbearing, anti-
seismic skeleton. Therefore giving this type of architecture a 
modular nature within a few limited conditions (Mário and Bento, 
2005).

3.5. POMBALINE CAGE STRUCTURE

077. Pombaline style building, Lisbon, 
Portugal.

078. Pombaline Cage structure model. 
The St. Andrew’s cross, a prominent 
structural element.

079. Renovated Pombaline Style 
Apartment, Lisbon, Portugal, these sort of 
renovations can sometimes endanger the 
structure.  
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Maghreb Region 

The north western part of Africa, known colloquially as, Maghreb 
(Arabic: “The West”), is a major region consisting primarily of 
Morocco, Argelia, Lybia, Mauritania and Tunisia and covers the 
north western part of the Sahara (fig. 080). To the North and 
West respectively it possesses Mediterranean and Atlantic 
shores, the former giving the northern coastline its distinctive 
Mediterranean character and abundant fertile lands, the 
remainder of the region is comprised mostly of rocky desert 
with desert scrub fading into sandy desert (fig. 081). Morocco in 
particular is home to the Atlas Mountains. 

Throughout history, the region was invaded and occupied by 
several kingdoms and empires, most notably, Phoenicians, 
Greeks, Carthaginians, Romans and Vandals, nevertheless, 
no other groups have lived in the Maghreb region for such an 
extended period of time like the Arabs and Berbers. The former 
invaded the territory during the rise of the first Caliphate and the 
latter is the direct descendant of the Sahara’s first tribes. While 
other cultures exported their own architectural style from their 
respective homelands, in most cases, incompatible with the 
harsh climate of Maghreb, their presence would not last very long 
or would remain concentrated near the shorelines. 

Furthermore, consecutive attempts to subjugate the local Berber 
tribes by these same cultures would prove to be futile, however, 
this status would change with the arrival of the Arabs, who like 
their Maghrebis subjugates were also descendants from sand 
dwellers. (Sampaolo, 2018) Curiously, Janine Benyus’ previously 
mentioned statement on Biomimicry reflects the evolution of 
Vernacular architecture, in this case Maghrebris Vernacular 
Settlements. As nature learned through a timespan of 3.8 billion 
years, what works and what is appropriate, it’s possible to state 
that Berber tribes studied their own homes in a similar dynamic 
of trial and error over a timespan of thousands of years. (fig. 082) 

4.1. GEOGRAPHICAL CONTEXT

080. The Maghreb Region and its 
encompassing countries and provinces.

081. The Sahara. The vastness of the 
desert knows no borders, it stands 
untamed and unbound. 
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Thus, if one ever visits these vernacular ruins, as nature 
is capable of near perfect and adaptable geometries over 
time for survival, so are the millennium-old local populace 
in understanding and designing near perfect and adaptable 
homes for their region. In essence, every stone, every dimension, 
every space and every window serves a purpose, not only 
on a bioclimatic perspective, yet also on unravelling the very 
Genius Loci5 of a particular place. Likewise, looking at a broader 
context, other indigenous groups applied the same method as a 
survival tactic even if it implied changing climatic region through 
migration. Unfortunately, as empires throughout history have 
imposed their own cultures on subordinate groups, colonialism 
was no different; in most cases European Empires disregarded 
the remarkable achievements made by the locals and imposed 
their own urban designs, which they viewed as far superior. 
However one begins to recognize the importance of vernacular 
housing, especially Berber and Arab settlements and their ability 
to survive and thrive under the harsh, arid weather.

Tamnougalt Settlement

Within Maghreb a small Berber settlement by the name of 
Tamnougalt serves as the hypothetical test site to implement the 
urban and architectural project. Besides being the visited study 
site for the exchange semester, another factor had an important 
impact on the selection of this Moroccan village as a case study, 
its Geographical Context. This Saharan valley located both near 
the city of Ouarzazate and the Moroccan-Algerian Border, mostly 
in ruins today, shows a continuous and progressive relationship 
of the different topological elements found in the desert realm. 
Starting from the flat, oasis-sheltered river, passing through the 
oasis itself, then advancing through a nearly flat yet ascending 
rocky desert and ending on the steep, high mountains, thus, the 
village itself stands on the middle ground between these two 
extremes (fig. 012).

5 Genius Loci - Spirit of place 

082. Tamnougalt jewish quarter ruins. 
Its high archs, which used to hold high 
ceilings is one of the many features of this 
architecture’s ability to adapt to its regional 
biome.
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All of these features give Tamnougalt the optimal conditions to 
serve as test site for this Master Degree Project since it reflects 
the overall environment of the Maghreb Region, both settled and 
unsettled by man. Therefore giving the final design an adaptive 
character to each existing settlement one chooses to add this 
project on to. 

The location of the village and the synergy it establishes with 
its surroundings doesn’t happen at random nor is it arbitrary, 
the locals will not build on the oasis since such an action could 
threaten their very survival by resource scarcity, on the other 
hand, building to close to the steep mountain side can threaten 
the very stability of the building due to constant downfall from 
the unstable rocky ground. Plus, the settlements should be as 
close as possible to the Oasis in order to minimize both the 
time and the effort necessary to collect resources and benefit 
as much as possible from the paradisiacal conditions the harsh 
desert attempts to deprive. In addition, by following the River 
Draa in either direction, it’s possible to observe many other 
settlements along the way that respect the same geographical 
principles as those seen in Tamnougalt, several examples 
include the neighbouring village of Tafergalt and the village of 
Zagora (fig. 084), which like Tamnougalt is built along the river 
Draa and despite having heavy European influence, one can still 
understand the urban logic of its vernacular neighbourhoods. 

084. Zagora, Morocco. Like Tamnougalt, 
Zagora’s urban layout is heavily influenced 
by the oasis. and the ridge.

083. The Main Road, connects 
Tamnougalt to its neighbouring 
settlements.
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4.1. URBAN MORPHOLOGICAL ANALYSIS 

The village of Tamnougalt is comprised of two different urban 
aggregations. The first aggregation, dubbed “Old Tamnougalt”6, 
was developed around the settlement’s founding by Berber 
tribes, today in ruins and mostly uninhabited. It can be described 
by its distinct Berber architecture of subsistence, very compact 
rammed earth housing, narrow and well shaded streets and 
how the oasis heavily influences its urban layout, since the 
former stands so close to the latter. Due to its organic layout, 
this first settlement did not require any urban planning since it 
expanded over time with each resident adding and/or adapting 
its home to the overall aggregation depending on the location’s 
circumstances. 

The second aggregation, dubbed “New Tamnougalt”7 was 
created much later, around the 1960’s, as a modern expansion, 
built with a mixture of both rammed earth and some elements 
of rebar, narrow yet not so well shaded streets due to mostly 
low height, ground floor buildings; a deviation from Berber 
architecture to Arab architecture, specially with the use of the 
courtyard in almost every home and shows a much more distinct 
urban layout than its predecessor. While Old Tamnougalt is built 
overtime as an open and ever-expanding organic grid, New 
Tamnougalt’s urban layout’s origin seems unclear, since an urban 
arbitrary pattern can be identified yet a natural adaptation to the 
hillside’s water streams can also be observed (fig. 085). 

Unlike more chaotic and multidirectional urban layouts, like the 
one found in the old medina of Marrakech, Old Tamnougalt, New 
Tamnougalt and other nearby villages demonstrate a common 
unidirectional, almost rational growth pattern, as if expanding 
further away from the Oasis. Architect Norbert Schulz, while 
examining cosmic grids of Islamic cities explained how the urban 
dynamics of these sand dwellers would create such a rational 
growth pattern (Norberg-Schulz, 1980). 

6 Old Tamnougalt - Name given by the author

7 New Tamnougalt - Name given by the author

085. Tamnougalt Urban Analysis. Old 
Tamnougalt (orange/brown), New 
Tamnougalt (Dark brown), standard 
cityblock (yellow)
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Streets were progressively built in a decomanus-cardus-like 
system (fig. 087) to minimize getting from point A to point B, the 
latter usually referring to either the Oasis or the marketplace, thus 
the resulting urban layout matches the ones found in New and 
Old Tamnougalt. Since the locals depend mostly on the Oasis 
for work and survival, water is scarce, days are mostly hot and 
nights are mostly cold, all of this makes outdoor life in the desert 
difficult and sometimes life threatening, in most cases due to 
dehydration. This can explain the rational design of the streets 
to minimize both time and distance from one’s home to the Oasis 
and the ingenious techniques used to lower temperature and 
humidify one’s courtyard. 

Thus, how the landscape is built around these settlements will 
inevitably distort and influence its final layout in order to preserve 
the rational logic mentioned earlier. Moreover, Tamnougalt’s 
two urban grids stand side-by-side, however, they remain 
unconnected since mediation was never established between 
the two, yet both manifest an open and cosmic grid without a true 
centre as most vernacular Maghrebis settlements do.

087. Tamnougalt Urban Analysis. The 
streets, marked with dashed lines show an 
irregular and open yet prominent Cardus-
Decomanus grid.

086. The Cardus-Decomanus layout, 
originally introduced by the Romans. 
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089. Axonometric Diagram of Tamnougalt, urban layout trial. The main influences for this aggregate were the previous settlements’ 
orientation as well as the oasis’ border. Overall terrain (light brown), Oasis (green), River (blue), Buildings (yellow).

088. Axonometric Diagram of Tamnougalt studying its waterlines with EVE | Rain simulator (light blue). Plus, analysis of the “buildable“ 
areas of the valley (dark brown).
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TAMNOUGALT BIO VERNACULAR URBAN AGGREGATE

5.1. URBAN LEVEL

Overview

The Tamnougalt Urban Aggregate is designed as an expansion 
of the existing settlement to close a gap left between the former 
and the main road that serves it, in a position both central to 
the settlement and the Oasis-Mountain Range Axis. Due to 
poor documentation of the village’s surroundings, most of its 
knowledge was either acquired by the visit taken to the location 
or satellite map readings and 3D terrain extraction with third-
party programs. Nevertheless, the principles for generating this 
new, bioclimatic aggregate are valid for all of Maghreb as a desert 
realm as long the territory can prove to hold sedentary structures. 
In addition the project at hand isn’t strictly bound to Tamnougalt 
and can adapt to a variety of changes if such are verified.

Parametric Composition

Several attempts to generate the new urban layout were tested 
with different codes, some of which ended up on the final 
combinations, others were either integrated or were left behind. 
Conceived with a combination of several parametric tools in four 
stages, the new urban layout stretches some existing alleys and 
creates new ones following the prominent decomanus-cardus 
system, mentioned earlier, in adaptation to the elements of the 
valley. The first stage brings to hand a parametric tool, dubbed 
the “Cardus Generator”8 that creates or extends the north-
south wise streets through five specifically defined points of an 
attractor curve (fig. 091). The first point can be parametrically 
adjusted along a line, which represents the main road as the 
first extreme and the second point follows the same method on 
the opposite end, the mountain ridge. The third and fourth point 
measure the respective level of influence exerted by either one of 
the two extremes, on the attractor. The fifth and final point acts 
as a hypothetical, external factor as well as a mediator in case the 
two extremes risk deforming a curve to a point where generating 
an alley becomes impractical. 

8 Detailed explanation in the attachment “Bio Vernacular Design meets Augmented Reality“

090. Isometric Diagram of Tamnougalt’s 
new expansion.

091. Tamnougalt Urban Plan. Red Line 
indicates the “Cardus Generator “ in use.
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Thus the cardus-inspired street rails are complete, moreover, the 
decomanus-inspired streets are either determined manually or by 
reusing the parametric tool as a “Decomanus Generator”9 with 
two nearby streets as extremes. The second stage picks up on 
the formerly generated street rails and sweeps a shape through 
them to determine the streets acceptable width. If the shape 
is crossing through a vernacular alley and intersects a ruin, the 
latter will flash in a lighter colour signalling to diminish the width’s 
parameter. In the end, depending on the width results, some 
streets can allow vehicles to pass while others remain exclusively 
pedestrian due to being narrow alleyways. 
The third stage implies isolating the resulting boundaries that 
form the city blocks and using a parametric tool, dubbed “City 
Block Divider”10, to divide the surface area according to a 
minimum and maximum length appropriate to house the new 
buildings (fig. 092). Since the generated grid within the city 
blocks follows a constant pattern, handcraft as well as parametric 
adjustments are required to achieve a monolithic structure of 
chaotic nature. Lastly the fourth and final stage uses a parametric 
tool, dubbed “Ultimate Home Generator”11, which requires one 
to pick up four points that form a plot, in a counter-clockwise 
manner, within the city block and a three dimensional form rises 
from there (fig. 093). Next, by adjusting a set of parameters 
within the code one can assign, a variety of attributes to turn 
the risen form into a home variant out of a substantial number 
of different possibilities, the latter will be addressed on the next 
chapter. In addition, this parametric tool also includes a garden 
generator that can create a walled field with any shape and any 
number of points, as long as the selection remains counter-
clockwise, otherwise the code won’t generate properly.

9 Detailed explanation in the attachment “Bio Vernacular Design meets Augmented Reality“

10 Detailed explanation in the attachment “Bio Vernacular Design meets Augmented Reality“

11 Detailed explanation in the attachment “Bio Vernacular Design meets Augmented Reality“

092. “City Block Divider” and its 
adjustable parameters generating city-
block plots.

093. “Ultimate Home Generator” creating 
different building variants on different 
plots.

094. One of “Ultimate Home Generator”s code strips.
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Resulting Aggregate

The resulting aggregate integrates perfectly with the surrounding 
settlement almost as if it was built during the same time as 
the former and in the same progressive manner. The new 
layout consists of three different areas, three Riverwater 
Greenhouse fronts down south, four freestanding Courtyard 
Homes Clusters or simply, clusters above and three clusters 
integrated with vernacular structures on the north most part. 
The Riverwater Greenhouses serve as a variant of the previously 
shown Seawater Greenhouses and are built as a south-
facing, temporary light structure on rails for a biomimetic geo-
engineering experiment, to see if its possible to further expand 
the Oasis on demand and provide more fertile land, eventually 
reaching the urban aggregate’s south front (fig. 095). 

The freestanding clusters are designed with the purpose of 
testing out different configurations both with homes and special 
buildings such as gardens and market places, for example the 
western most cluster has a public, walled garden that allows 
crossing from one street to the other through the cluster, while 
the central eastern cluster has a wide open area in its centre that 
serves as an open pavilion-like market place sheltered by a huge 
light filtering tensile structure (fig. 096). Lastly, the two northern 
clusters demonstrate a smooth passage from the new structures 
to the old ones (fig. 097). 

Although these clusters show a chaotic mash up of houses, 
there’s actually an urban logic to it, one that is influenced by 
shade, density and commercial flow. The homes on the southern 
front are by demand the highest variants to help diminish sun 
exposure to northern neighbours, have the highest density due 
to its proximity to the Oasis and have storefronts due to facing 
the main road. Besides this factor, the marketplace serves as the 
main attraction point for highlighting these attributes while the 
surrounding vernacular structures diminish them. 
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???. Northern 

095. Axonometric view of the Riverwater Greenhouses facing the oasis.

096. Axonometric view of the clusters, closing up on the Market Pavillion.

097. Axonometric view of the attached Clusters.
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Therefore, taller buildings, with higher density and storefronts will 
concentrate near the market place, while, shorter homes that lack 
storefronts and have much lower density will disperse near the 
new aggregates’ borders, therefore creating a smooth “staircase 
effect”12 between the old and the new (fig. 098). The clusters 
overall, develop as monolithic structures, hence, minimising 
surface area exposure to the sun and arid climate and blurring the 
line where one home begins and the other one ends.

12 Staircase Effect - Overall, most buildings increase their floors incrementally, from the outskirts to the center

098. New Expansion with colours matching building height/density (low - ivory) (high - dark brown). (Note: surrounding buildings 
removed)
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Cluster Level 

Within the urban aggregate, the two north most clusters were 
selected, based on their centrality to the compounding elements 
of the valley and their attachment to local structures, thus the 
focus here is to dive further into the interior living dynamics of the 
desert realm. Following the premises of Critical Regionalism and 
Biomimicry to achieve bioclimatic and sustainable architecture, 
three building categories serve the basis of this architectural 
program: Public Spacing, Collective Housing and Private 
Housing, which respectively translate into a Public Garden, a 
Travel Residence and Private Courtyard Homes (fig. 099). 

The Public Garden, located on the larger of the two clusters with 
its north side facing a vernacular structure, is designed with an 
outer wall to conceal its oasis like environment from the harsh 
weather. It features a fountain in the center as place of reunion 
and tranquillity, plus a small shaded playground with access 
to public toilets in the far back. The Private Courtyard Home or 
PCH is the only category that spans both clusters and can be 
divided into three typologies based on how the building envelope 
surrounds the courtyard. In essence, the “L” type (fig. 100), the 
“U” type (fig. 101) and the “O” type (fig. 102), the latter being the 
most traditional as the rooms that comprise the building’s interior 
completely embrace the central exterior dwelling. 

5.2. ARCHITECTURAL LEVEL

099. Northern Homes divided by categories: Public Garden (green), Travel Residence 
(dark brown) and Private Courtyard Homes (dark orange).
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Furthermore, these typologies are then separated into two 
interchangeable variants, “Palace Home” and “Apartment Home”, 
made possible by their modular skeleton and envelope, thus one 
Palace will always be equal to two Apartments in both surface 
area and volume (fig. 103). Within the Apartment variant, the 
upper floor apartment lacks access to the courtyard’s ground 
floor, nevertheless receives exclusive access to the roof top 
as compensation, the opposite being true for the lower floor 
apartment, moreover, the Palace variant enjoys access to both 
the courtyard and the roof top. 

Variants can be switched in a very cost-efficient way since they 
don’t interfere with core structural elements, the very introverted 
nature of these homes can also be shown here since an outsider 
can never tell a PCH’s configuration from the exterior. Moreover, 
it’s also possible to have these homes elevated to include a 
ground floor for stores, garages or storage, however, adding this 
level on a previously completed PCH will require much heavier 
labour than a variant switch since an entire new storey must be 
constructed from scratch, let alone elevate the older ones. Interior 
living dynamics follow a common pattern a cross all typologies 
though with slight differences. 

Vertical accesses to these homes concentrated in the (or in 
one of the) corner(s) and distribution being done through the 
gallery that surrounds the courtyard are just a couple of the 
common attributes. Although a similar functional distribution 
exists between these modules, their configuration takes on 
proper meaning when in contact with the location where they’re 
implemented. Thanks to the marvels of computing, parametric 
tools were created to allow for an adaptable generation of 
schematic floor plans from which a new PCH can rise, have 
its orientation, room depth and width as well as the number 
of compartments quickly adjusted according to a range of 
parameters. Therefore, hundreds of PCHs can be generated 
within the available typologies and variants and yet no two are 
the same, since no two places are ever the same, thus these 
differences are what allow the Genius Loci to flourish. 

101. “U”  Typology.

100. “L” Typology.

102. “O” Typology.
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The Travel Residence is, by far, the most intriguing category, 
since it isn’t necessarily an independent structure on its own, 
rather a hybrid of two typologies of the previous category, 
standing as proof of the versatile nature of these buildings. 
Working as an informal hostel, it spans the two PCHs almost as 
if it was conceived not as project from scratch but as a building 
rehabilitation of two adjacent homes (fig. 104). This mind-set 
serves the basis of this particular structure, to allow for either a 
refitting of the project back to two autonomous entities if need be 
or a further expansion to neighbouring PCHs. 

In conclusion, the metrics for the parametric development of 
these Houses allow for its modular nature to flourish both inside 
the home and a cross several homes regardless of its introverted 
boundaries and of course, keeping the street dweller oblivious 
to the true nature of its interior dynamics. With the exception of 
the Public Garden, all homes have accessible flat rooftops that 
can either house outdoor furniture or add extra quarters to one’s 
home, these however, should not have their own roofs extended 
beyond the inner wall in the direction of the courtyard, since 
they risk diminishing the already minimized sun exposure to the 
courtyard’s ground floor.

Within the cluster’s configuration, two “O” type PCHs (fig. 105)
comprise the smaller cluster, the northern one serves as an 
apartment variant with two homes, each one with four rooms 
therefore housing a family aggregate of up to eight people. The 
southern home however, is a palace variant with eight rooms, 
thus displays a housing capacity for up to sixteen people and 
features a commercial ground floor. Regarding the larger cluster, 
the previously mentioned public garden faces west, while turning 
its back on a “U” type apartment variant with its courtyard facing 
south and its street front facing east, each apartment has three 
rooms and can house up to 6 individuals (fig. 106). 

105. “O” Typologies.

104. The Travel Residence.

103. Apartment Variants (left) and Palace 
Variant (right), both with commercial 
ground floor (dark brown).
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South of these two buildings are three “L” type PCHs each one 
diverges significantly from its brothers, the west facing PCH 
is an apartment variant with a northeast facing courtyard and 
a mercantile ground floor. The latter holds the smallest family 
aggregate, supporting up to two people sharing one room. The 
middle home is a palace variant with two rooms and houses up 
to four people with a northwest-facing courtyard and the only 
building completely enclosed by its neighbours having only a 
small and discrete, south facing alley to connect to the street. 
The final, east facing PCH, has a southwest facing courtyard 
and a storage ground floor, yet dodges the variant attribute since 
it serves as the northern half of the previously mentioned travel 
residence (fig. 107). 

Southwest of this line of “L” type PCHs sits a “U” type, palace 
variant home, with five rooms, sheltering up to ten people, with a 
north facing courtyard and features a commercial ground floor, in 
addition it faces the previously described alley way to the east. 
Finally, on the opposite side of the alley, lies the “U” type home 
which serves the remainder of the travel residence, summed up 
the hybrid structure has only eight rooms, although, depending 
on how they’re displayed can house from a total of sixteen 
individuals up to thirty-two people (fig. 108). 

Both homes united share a storage/mercantile ground floor that 
features a reception and garages, however their atmosphere 
changes on the upper level. The southern courtyard is 
surrounded by public restrooms, a kitchen, a dining and living 
area plus a swimming pool, while the northern courtyard is much 
smaller and secluded, being embraced only by bedrooms to 
create a more peaceful environment. The level above, or though 
it only features bedroom suites, it nevertheless replicates the 
previous floor’s atmosphere, since the wall that separates the two 
courtyard reaches the roof top and generous gathering areas are 
built on the south side, as opposed to a small number and more 
secluded gathering areas. (fig. 109)

106. Garden and “U” Apartment Home.

107. All “L“ type homes.

108. “U“ type homes.
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109. Isometric diagram of the Travel Residence, interior layout.
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PCH Level

Of all the previously mentioned homes, a dive into further detail is 
taken on the O type palace variant on the smaller cluster, dubbed 
“Almaghrib” (lit. translation: Maghrebis), a home designed for 
a large Arabic family with substantial mercantile dealings (fig. 
110). It is important to mention that the ideological stance of 
this Master Degree on cultural appropriation or juxtaposition 
has not shifted and that the cultural attributes of the inhabitants 
are selected randomly, therefore allowing for individuals of other 
cultural backgrounds to also inhabit these homes if such a switch 
occurs. Almaghrib’s ground level has its eastern and southern 
side, facing streets and respectively composed of a series of 
stores and a series of garages, the southwestern one being used 
primarily to stock the series of warehouses on the ruin-facing 
western blind side. The PCH-facing north blind side harbours 
the upper level’s swimming pool tank and adjacent machinery. 
The southeast corner houses Almaghrib’s formal entrance and 
staircase. 

A common corridor, which surrounds a central vase that sustains 
the elevated courtyard, connects all of these spaces; in addition 
the courtyard is slightly lowered by a few steps to allow for 
natural ventilation and indirect lighting to cross into the corridor, 
without ever breaking the former’s privacy (fig. 111). As seen from 
above, the natural distribution of a PCH is presented once more, 
even though the ground floor isn’t used for the family’s domestic 
lives and the courtyard area is a filled volume instead of a hollow 
space. Although the south facing garages interrupt the free 360 
degrees circulation around the vase, completing this journey is 
still possible though crossing usually closed doors is necessary 
(fig. 112). 

110. “Almaghrib“ axonometric diagram 
with overall interior layout

111. “Almaghrib“ Section Illustration. 
Indirect light slides through the courtyard 
windows down to the ground floor.
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Upon arriving on the first floor; one can access the elevated 
courtyard with a fountain by crossing the lobby and thus entering 
the domestic interior dynamics of Almaghrib. These dynamics 
follow a common spatial pattern to formerly described homes, 
such as laying out bedrooms and living rooms facing the 
courtyard’s perimeter and concentrating spaces that require 
piping such as bathrooms and kitchens on the corners. However, 
this layout isn’t designed at random, since more collective 
spaces, specifically the dining and living room, are concentrated 
next to the lobby on the south side and staircase on the east 
side respectively. The kitchen and office/library stand on the 
southwest corner and northeast corner respectively, therefore 
directly serving the dinning and living room accordingly. The two 
guest bedrooms are built on the western side of the courtyard 
and stand between the kitchen on the south end and one of the 
bathrooms on the north end. Lastly, the pool is designed on the 
north side of the PCH and serves the courtyard directly while 
standing next to the floor’s two bathrooms and the office/library 
to the east (fig. 113). 

Upon reaching the upper floor, in the same manner as the former, 
the corridor, which a storey ago stood just a few steps above 
the courtyard, now stands way above the latter and becomes 
a balcony serving six different variants of rooms and a second 
floor living room (fig. 114). The first two variants are the smallest, 
share a common bathroom and have south facing mashrabiya 
balconies, while one has a private closet, the other, the most 
compact has only space for a large wardrobe. The east side of 
the PCH, has one room, north of the living room with a private 
bathroom and east facing mashrabiya balcony. The north side 
shows an intriguing room and closet combination, the eastern 
room has access to a private closet to the west and a private 
bathroom to the east while the western room reflects the latter 
with the exception of the bathroom, which not only has a 
different layout its separated from the western room by a second 
closet, thus making this variant the only one with two closets. A 
particularity of these two rooms is that by having the two central 
closets slightly retracted, they give way for an outdoor gathering 
place with an overall view of the storey (fig. 115). 

113. First Floor Plan Illustration, the 
courtyard is slightly lowered with access 
through a few steps.

112. Ground Floor Plan Illustration, the 
notice the black area on the north side, 
which houses the pool tank.

114. Second Floor Plan Illustration, the 
courtyard private square can be seen near 
the upper left corner with thick walls.
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The final variant is the “presidential suite” located on the western 
side; it features a closet with access to a private bathroom and 
a private, secluded courtyard of its own. Half of the rooms lack 
standard cross ventilation due to being located on a non-street-
facing side, thus forcing all windows and doors to turn to only 
one side of each room, here is where the openings positioning 
come into play. Concentration of narrow windows and doors on 
the extremes of a courtyard-facing wall allows for both intimacy 
and cross ventilation, since it also leaves space for a central and 
private wardrobe as opposed to centralised wide doors, which 
expose a room entirely. Although this might be understood as 
a more cultural aspect of the local inhabitants a functional and 
intimate aspect is also recognised, the absolute presence of 
the desert and sun that constitute a continuous exposure to the 
elements, can remind one of how important privacy and intimacy 
truly is. Lastly, the accessible rooftop of Almaghrib is designed 
with a Greek-inspired concept in mind, the impluvium13. The roof 
is designed with a slight tilt to allow any rainfall to be directed 
to the courtyard for it to be collected and treated properly for 
domestic use. In the end, we can see a hybrid design between 
the typical Arab/Berber flat rooftop and the Greek impluvium. A 
Greek roof that conducts its water mixed with the flat, walk able 
and sun diverging Arab/Berber roof (fig. 116). 

13 Impluvium - Sunken part of the atrium in ancient Greek and Roman homes

115. Zone Map, indicating the function of 
each space. Bedrooms (orange), living 
room (purple), bathrooms (blue), closets 
(green) and private courtyard (white).

116. Rooftop illustration.



70

PEDRO MARTINS-MOURÃO / JANEIRO 2019

Generic Configuration

Just as Almaghrib follows the same spatial logic as the other 
riads regardless of typology or variant, so too do its building 
materials and respective composition. Throughout this master 
degree there have been many references of both Critical 
Regionalism and Biomimicry, however, it is here on the material 
level that the relationship becomes most apparent. From a 
Regionalist perspective, readily available, local materials would 
serve the totality of the building, yet when one adds the “Critical” 
part of this mind-set, elements from other cultures are integrated 
to better serve these societies, this is the basic concept behind 
what allows these homes to stand and create liveable spaces. 

The outer walls, which form the outermost ring of “Almaghrib“ 
combine the protective and thermal mass capabilities of adobe 
blocks with the anti-seismic and versatile nature of Pombaline 
wood structures. This method is further replicated on the inner 
ring of the home and creates a bridge with its outer twin through 
a series of wooden perpendicular beams that form the various 
storeys of the building (fig. 117). In addition, these beams are 
further extended to support the inner balconies facing the 
courtyard, this way a freestanding facade can be independently 
added, allowing for the latter’s aesthetic freedom. On top of these 
sequences of wooden beams, insulation and tiling is laid to allow 
indoor life to proceed, furthermore separation of different spaces 
is achieved by plaster and wood, light walls that are erected 
and relocated between the two master walls in a perpendicular 
setting. 

5.3. BUILDING DETAIL LEVEL

117. Floor plan highlighting the structural 
rings of Almaghrib, the defining elements 
of the building envelope.
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This modular nature is once again imported from Pombaline 
architecture with the use of local Maghrebis materials, however 
certain spatial elements that diverge from the double ring wall 
logic can be added but most likely require greater upkeep. 
The staircase and entrance take on a structural and vital role 
when it comes to interior spatial displacement; they mark both 
the beginning and end of the indoor living ring on each floor. 
Therefore being enclosed in large structural walls with the same 
function and density of the outer and inner ring walls. Another 
example is the previously described cavity on the second 
floor’s courtyard-facing north side, although a pleasant outdoor 
gathering place, its structural enclosure bears a heavy load on 
the lower floors. Thus an exception to the variable capacity of 
the home is taken by erecting vault like structures above the pool 
area on the first floor to sustain the heavy walls from the cavity 
above. 

The pool tank itself is surrounding by master walls so that any 
weight from above can easily disperse down to the ground 
floor. Nevertheless, this situation isn’t necessarily the most 
complicated since two exceptional, rigid elements stand 
directly above each other; hence their own design is taken with 
each other’s presence in mind to create a coherent image and 
function. The hardest situation comes when a rigid element 
must cross its vertical path with modular elements, such as 
the presidential suite’s private courtyard. Beyond its master 
walls, two perpendicular walls that enclose the space, which 
would normally be light and modular, become structural and 
rigid to protect the neighbouring rooms from the harsh outdoor 
environment. This design defines the structure of the lower floors 
and thereby interrupts the adjustable character of the interior 
walls, however its removal can be done without fear of collapsing 
the double ring walls and allows this portion of the interior space 
to regain its modular nature if need be. 
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Colour also plays an interesting role in the interior space, cold 
colours are used in gathering areas to help cool and expand the 
space, while hot colours are used for more private spaces such 
as rooms to concentrate both the space and heat. Although, the 
issue of cross ventilation has been formerly addressed, a foreign 
element can be added to ease this process, the Persian-inspired 
Wind Catchers. These ingenious passive ventilators tower over 
the riads to catch cold air and bring it down to the very base of 
the rooms, soon after, this same air heats up and rises to the 
ceiling where it’s then expelled on to the courtyard by overhead 
grids on windows and doors, thus completing a full cycle. Along 
with other piping utilities, these wind catchers are sandwiched in 
the outer shell of Almaghrib and can be placed almost anywhere 
along these walls. This ventilation tactic used by Persians 
and Egyptians a like, is a critical regionalist element as it is a 
biomimetic one.

Biomimetic Aspects

From a Biomimetic perspective, one needs not to add features 
and treat this subject as a separate entity, yet as a continuation 
and compensation of the former. Shape and material behaviour 
are the main principles applied on these housing clusters. One 
example can be seen when one climbs the stairs, a top-down, 
passive, temperature sensitive, floral patterned, thermo bimetal 
facade will be noticed. The same is responsible for regulating the 
interior temperature of the staircase and filtering light, it achieves 
this by opening or curling in and closing or extending out its 
bimetal petals according to temperature variation. In other words, 
when temperatures rise, usually during day light exposure, the 
biomimetic mashrabiya will open giving it a unique light filtering 
display and allowing the interior where the staircase lies, to 
breathe, yet during the night, as temperatures usually drop the 
metallic facade will close, containing what little heat it can inside 
(fig. 118). 

118. How the thermo bimetal mashrabiya 
works.
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All of this is done passively through the material’s natural 
thermal behaviour and without ever requiring the need for an 
electromechanical source. In addition a parametric tool, dubbed 
“Oculus”14 was developed to simulate the sculpture’s behaviour, 
likewise it can be quickly produced with the aid of digital 
fabrication through laser cutting. Returning to the master walls, 
shape-based Biomimicry can be seen by the facades prickly 
brick layout, an efficient and passive way of diverging sun rays 
during the day and concentrating heat indoors during the night. 
These adobe-based bricks follow standard shapes and sizes 
with an additional fifth corner that points outwards on to the 
streets, yet designed with either an obtuse angle or smoothed 
out to minimise danger to street dwellers. The latter can be 
achieved by adding kerf-bending attributes to the wooden mould 
used for brick making (fig. 119). 

When addressing the inner ring walls a more standard and 
smoothed surface is maintained since the PCH’s own mass can 
turn the courtyard into a private climate with less stark conditions 
than the street or open desert, which it tries to protect itself from. 
The prickliness of the outer shell acts as a retardant for heat 
loss while the inward looking flat surface radiates it outwards 
more easily to warm the courtyard during the night. The same 
process happens indoors, as the thick walls slowly accumulate 
heat during the day thanks to its thermal mass, it keeps the 
dwellings cool. Eventually, when night falls and temperatures 
drop the process is reversed and heat will radiate into the rooms, 
regardless of cold, outside temperatures. In conclusion, the main 
focus of these building details being mostly readily available, 
passive and sustainable materials, serves the basis of this Master 
Degree in successfully developing affordable, ecological and 
energy-efficient societies in some of the most arid regions of the 
world, such as Maghreb. 

14 Detailed explanation in the attachment “Bio Vernacular Design meets Augmented Reality“

119. Prickly brick layout, next to latice 
structure.

120. Outer shell and structure isometric 
render.
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PART VI
CONCLUSION
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CONCLUSION

6.1. FINAL CONSIDERATIONS 

A long road has been crafted from setting the hypothesis of 
connecting Critical Regionalism with Biomimicry to developing 
a full Bio Vernacular Urban Aggregate. It’s important to mention, 
once more, that this versatile, urban aggregate isn’t forever 
bound to Tamnougalt and can be repurposed along any 
settlement that faces a fertile source, such as a river or an oasis 
and has a rocky surface capable of sustaining a structure within 
the Maghreb region or other desert realms around the world. 

As biomes exist in an interconnected and smooth relationship 
with each other, so to, should our architectures to achieve 
healthier, more sustainable societies. The “Critical” part of 
Regionalism is what creates the gradient, blurred and soft 
relationship between different cultures as means of mediation. 
When one looks at a map of the world’s landscape or simply 
steps outside into the wilderness, borders can never be seen 
because each individual element acts as continuation of the 
former and latter regardless of size or shape. Even when walking 
on to the sea, which on a map might be understood as a border, 
we don’t hit deep sea levels spontaneously after reaching the 
beach. Critical Regionalism and Biomimicry together, follow this 
natural path. Architecture, not based on a specific visual style 
or material, yet on the combination of what each location can 
provide in correlation with universal ideas and natural synergy. 
Bio Vernacular Architecture doesn’t pierce the landscape to 
impose its idiosyncratic will, neither is it completely consumed 
by its surroundings or other cultures, thus exists in harmony 
with both its biome and neighbouring settlements. It passes 
a message of its own and also learns from others, therefore 
vernacular Maghrebis architecture can be understood as a form 
of Biomimicry in itself.
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Parametric Design plays a role at the urban and architectural 
when we want to replicate  this approach to a different site with 
different conditions and a minor role at detail level. Regarding the 
urban layout, it proved important in conceiving the streets, city-
blocks and basic concept for each home or public space. On 
the architectural level, it served as a time efficient tool in quickly 
generating the home’s adjustable, schematic floor plan. As for 
the detail level, it allowed for a practical simulation of the thermo 
bimetal mashrabiya and the prickly brick mold’s adaptive shape. 
Digital Fabrication, on the other hand, was far less used than 
its predecessor; its most practical use would be to craft thermo 
bimetal mashrabiyas in record time and ceramic windcatcher 
spires. This happened since vernacular handcraft, proved 
to be much more efficient when conceiving building blocks. 
However, opportunities remain open, as manufacturing specific 
types of wood planks with CNC milling might be useful for the 
buildings’ proto-Pombaline structure. This is only one of the 
main ramifications from which this Master Degree can proceed. 
Nevertheless, the prevalence of vernacular construction 
techniques over digital fabrication helps reduce costs, instead of 
transporting and using heavy machinery on site.

Zero-energy buildings, was a topic indirectly addressed 
throughout this thesis on almost all aspect of bio vernacular 
architecture mostly thanks to the passive behaviour of its 
materials. Most inhabitants rely on electronic appliances to live 
out most of their daily lives; electrical energy remains a necessity, 
yet these homes can be connected to state power grids or 
harvest their own energy through a variety of means, such as 
rooftop solar panels, therefore achieving a truly “off the grid” 
status. A possible vision for a more sustainable future can be a 
combination of the two former alternatives into a decentralized 
energy grid in which those who produce excess energy can sell it 
to neighbours and vice-versa.  
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In conclusion, vernacular architecture does benefit from the 
synergetic relationship with universal culture and Biomimicry, 
however, this is only the kick-start to introducing the possibilities 
and opportunities of Bio Vernacular Architecture into mainstream 
thinking and practice. These bioclimatic aggregates are versatile, 
even when it comes to population density thanks to their modular 
nature. Although different home variants usually correlate with 
different family aggregates, this doesn’t necessarily mean that 
larger variants are by default more luxurious. Moreover, these 
communities can help to reverse desertification by acting as a 
colective geo-engineering experiment to counter climate change 
or create local affordable housing to shelter refugees. BIM15 in 
connection to parametric design helped bring this project to life 
and in the near future can be the driving force behind its entire 
lifespan, economy and material management within a global 
decentralized network, such as the internet of things. Some of 
the possible expansions of this field of study can include the 
creation of vernacular Martian architecture, if the latter ever gains 
a proper atmosphere of its own. Another example can be simply 
expanding and adapting bio vernacular architecture theory to 
other regions of the world with the long-term goal of creating 
nature-friendly interconnected societies on a global scale. As 
John Lennon once wrote: “You may say I’m a dreamer, but I’m not 
the only one. I hope someday you’ll join us and the world will live 
as one.” Hence, a great journey lies ahead. 

As a final and personal reflection: As humanity was conceived as 
a reflection of nature, its creations too are built in its image and 
function. 

15 BIM - Building Information Modeling

121. Isometric, low-poly final overview 
(mashrabiyas and wind towers, not 
shown).
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Medina - Typical old arab city, currently used to describe the 
proposed aggregate.
Hovel - Simply constructed dwelling
Scarcity - In short supply
Diving - Going into
Briefs - Explains
Imperative - Necessity
Tackle - make determined efforts to deal with a particular task or 
problem
Mashrabiya - Architectural element, usually a wooden screen 
with patterns to insure ventilation and privacy
Bimetal - Object composed of two different metals, not an alloy
Passive - Reaction based on its own conditions, not requiring an 
electromechanical propulsion
Quarters - Homes, rooms
Paramount - Of high importance
Realm - Region composed mostly by a particular ecosystem, in 
this case the desert
Downfall - Heavy fall of rocks
Mediation - Connection
Cluster - Group of houses, closely positioned 
PCH - Private Courtyard Home
Marvels - Wonders
Almaghrib - Name given by the author to the specific home 
being described
Vase - Large cubic container filled up with earth, mostly used to 
store plant roots
Upkeep - Maintenance
Kerf-bending - Series of cuts on wood in a particular region to 
allow for easier bending.
Stark - Severe
Prickliness - Spikyness, referring to the facade’s bumpy surface 
relief

6.2. GLOSSARY
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6.4. ATTACHMENTS

Bio Vernacular Design: A Parametric Guide

Parametric Design was crucial for the development of this Master 
Degree; therefore, this document is presented as a visual guide 
for the parametric procedures used to conceive the final design. 
The codes used have been arranged into the project’s three 
phases: Urban, Architectural and Detail.

Urban

At the Urban Level, five codes were developed and used in the 
following order: “3D Slope Calculator”, “Cardus/Decomanus 
Generator”, “Street Width Classifier”, “City Block Divider” and 
“Courtyard Home Generator”.

The 3D Slope Calculator code strip

Slopes are given their colour depending on each face’s steepness (RED - Steeper) (GREEN - Flatter)
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Afterwards, yellow and red regions get filtered out leaving the green “buildable“ area available.

The Cardus/Decomanus Generator code strip

The First Components work as an arbitrary Road and Ridge line, moreover projecting them on to a surface (as shown in red).
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The Packed Element generates a line influenced by five factors, which are then displayed on top of their respective points as shown.

The Final Part creates an adjustable region (circle) where the street axis is then cut down to its necessary size. 



89

ATTACHMENTS

The Street Width Classifier code strip, is composed of five component clouds, each one for generating a specific street width (from 1m 
to 5m), each line is initially tested and filtered depending on which width turns a nearby building bright red. Once the latter happens, the 
steet’s width must be diminished. Afterwards, street widths between 1m  and 3m  are classified as pedestrian only streets (BLUE), while 
street widths between 4m and 5m are classified as both pedestrian and vehicle streets (GREEN).
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The City Block Divider code strip. Picking up the oultines from the previous street widths and connecting them to form city block 
boundaries will give you the shapes necessary to kickstart this parametric tool.

The first three components set up the block’s surface, the remaining one set up the grid’s maximum and minimum possible lengths for 
division (The sliders go from 13m to 24m)

The last components set up the grid according to the previous coordinates and the various line that cross it through polyline and flip 
matrix components.
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The Coutyard Home Generator code strip. Unlike previous strips, this one is divided into four independent strips, the first one being for 
the “O” Typology Courtyard Home, the second for the “U” Typology, the third for th “L” Typology and the last one for the Walled Gardens.

The “O” Typology Courtyard Generator code strip, is one of the smallest in this pack.
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Within this specific strip, the first component groups are in charge of setting up the overall building perimeter and the courtyard 
perimenter respectively.

The component groups shown here, set up the interior surface of the building and then extrude it to form the first floor, the last group 
holds a slider to determine the number of floors, being the maximum number, two.
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The remaining component groups set the option of having a ground store front floor, while the final component group attributes different 
colours to different floors.

The second code strip generates the “U“ Typology Home and is the longest strip within this pack. It follows the same workflow pattern 
found in the first strip, yet has to take into account the outer wall width to properly generate the courtyard.
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As previously explained, the first component group, generates the outer perimeter while the following groups, generate the outer wall 
thickness and determine the courtyard’s orientation.

The first component group within this section determines the courtyard’s perimeter with previously defined orientation, while the second 
one attempts a first extrusion. 
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The first component group on this final section will create a boolean with the courtyard’s shape, thus giving the standard floor its final 
appearance. The remaining component groups follow the same workflow from the previous code strip, giving the building its final volume 
as well as the floors’ colour code.

The third code strip generates the “L“ typology home. 
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Once again, the first component groups handle the building’s perimeter as well as the home’s overall orientation



97

The first component group in this section offsets the two lines responsible for the interior perimeter in accordance to the previously 
established building orientation. The second component group proceeds to scale and trim these lines to fit the walls’ interior perimeter 
frame.
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The final component groups shown follow the same workflow as previously shown code strips, the first two make up the standard floor 
while the remaining ones create the building’s floor array and optional ground store front floor. The very last component group distributes 
the colour scheme.

The last code strip within the Courtyard Home Generator pack as well as the collection of parametric codes for the urban phase. The 
following generates the walled gardens. 
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This last code strip is far more simpler than its predecessors, as seen above, the first component groups determine the building’s 
perimeter and wall thickness.

The final component groups extrude the entire area, moreover subtracting the wall perimeter from it and in the end adding the perimeter’s 
surface to finalize the building. This particular code strip has greater flexibility since it can take any number of points, thus create a garden 
in almost any flat shape.
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Architectural

Regarding the architectural phase, a single parametric pack was 
created. The former consisting of three code strips one serving 
each typology, previously discussed.

This pack of code strips follows the same logic shown in the previous pack, except while the former would set up the floor plan up for 
extrusion, this one works out its interior matrix.
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The first code strip generates the “O“ typology’s floor plan matrix.

The first component groups focus, mainly, on identifying the building’s perimeter and establishing its interior wall thickness and interior 
space depth.
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The following ramifications isolate the interior space and expand the inner lines for future trimming.

These components are responsible for exploding the shown curves and offseting their extremities, thus creating the first interior walls
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These components are responsible for filling the first interior walls in order to trim the various perimeter rings. Moreover, the last 
component sorts out the resulting lines.



104

PEDRO MARTINS-MOURÃO / JANEIRO 2019

These Room Dividers divide up the interior space between the corners, therefore creating adjustable compartments through the number 
slider. The lower component determines the inner exterior wall thickness as well as the balcony’s width and its guardrail space.
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The final component groups trim the compartment lines in order to make them closed polylines and compile everything to give the 
floorplan matrix its intended look.
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This code strip generates the floor plan matrix for the “U“ typology.

The first component groups determine the building’s perimeter as well as the outer wall thickness, the interior depth and isolates the wall 
to which the courtyard turns to when the orientation is determined.
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The following component groups set up the courtyard’s features, specially the balcony and extend the same lines for trimming.

The following component groups trim the courtyard lines and join them all together to form the perimeter of the interior space, moreover, 
lines are sorted out for the next phase.
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The cloud of component groups shown above create the extremities of the three interior “sleeves“ of spaces for future division.
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The remainder of the cloud of component groups shown above divide up the space according to the same compartment logic as seen in 
the previous code.

The last component groups trim and close the interior compartments, compile everything up and give the parametric floorplan matrix as 
shown above to the right.



110

PEDRO MARTINS-MOURÃO / JANEIRO 2019

The last code strip creates the “L” Typology floor plan layout.

The first component groups, just like the last strips, set up the perimeter, wall thickness and, depending on which orientation is choosen, 
which walls the courtyard faces.



111

The next component groups set the courtyard’s features, including the balcony and trim any extended lines against their opposite walls.
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The component groups that follow trim, separate and close lines to make up the three main areas of circulation: the interior space, the 
balcony and the courtyard. The interior space is then exploded and sorted.
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The component group cloud shown above isolates the only fully interior corner and determines its walls.
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The shown component groups set up the walls that divide the interior space into their needed compartments.
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The last components compile and join all the elements, thus giving the floorplan matrix its desired appearence.

Building Detail

Lastly, the Building Detail used two parametric codes to create the Thermo Bimetal Mashrabiya and the 
Brick Mold Generator respectively.
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The Bimetal Mashrabiya Generator code strip

The first component groups, set up the hexgrid, moreover focusing on a single cell, deconstructing it into points.
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At this point, the code strip separates into two similar ramifications, one builds one iteration of metal petals, the other builds the second 
one, making both codes identical in workflow. Therefore focus will be taken to only one of them.
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The following component clouds map out the iteration’s petal surface.
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The component clouds shown finish the petal’s shape and explode it, while also creating the adjustable bend arc.
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The components shown mark the end of the iteration by bending the petal and making a polar array around the cell. It then reunites with 
its twin iteration.



121

The twin iterations, once rejoin complete the flower which is then cloned and oriented on to the Hexgrid cells.
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The Brick Mold Generator code strip

The first component groups set up the basic plan for the mold.
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The first part of this greater component aggregation focus on finishing the mold’s basic geometry and showing the kerf bending regions 
through the curvature effect.
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The second part of this greater component aggregation sets up the bent areas and their cuts to allow for a proper kerf-bending.
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The last component groups compile and trim all the lines to give the mold’s finished plan and the extrude it into a workable mold.
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Bio Vernacular Design 
Meets Augmented Reality

“Augmented reality, in computer programming, a process of 
combining or “augmenting” video or photographic displays by 
overlaying the images with useful computer-generated data. The 
earliest applications of augmented reality were almost certainly 
the “heads-up-displays” (HUDs) used in military airplanes and 
tanks, in which instrument panel-type information is projected 
onto the same cockpit canopy or viewfinder through which a 
crew member sees the external surroundings.”  - William L. 
Hosch, (Hosch, 2009)

Augmented Reality or AR for short, as described above is a type 
of technology responsible for superimposing three dimensional 
images and models onto a user’s world-view typically through 
a lens or screen and using a “marker” image as a guide for the 
object’s generation. Following the principles of Bio Vernacular 
Design societies should be built in an ecological, economical and 
energy-efficient way, therefore, these same procedures have 
been taken into account when developing the very presentation 
of this Master Degree, here is where AR comes into play.

Developing Augmented Reality Architectural Models enables 
a greater understanding of a project’s information without 
necessarily wasting too much money on physical models. 
Moreover, saving the environment by avoiding, common toxic 
materials, such as Styrofoam and preventing old models from 
piling up as garbage after presentations. Plus, if one acquires 
or has a pre-developed 3D model from a previous phase of 
their workflow the development of AR models becomes a very 
time efficient task, since the hardest part has been surpassed. 
Furthermore, depending on the level of interactivity and 
information one wishes to attach to their AR model, adding 
several coding components to achieve this will, most likely, 
increase both time and effort into producing the end result.
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Of course, like any other innovative tactic, AR doesn’t come 
without its disadvantages. For a successful composite between 
a “marker” image and its computer-generated counter-part a 
personal device or tablet is always required. This can complicate 
a model’s showcase to a wider audience. Ways of curbing 
this issue might require connecting one’s device to a projector 
or mirror the former’s screen to the latter through third-party 
applications. Four AR Apps were developed for the presentation 
of this Master Degree each focused on a different level of 
understanding of the former. The Urban Level, the Aggregate 
Level, the Architectural Level and the Building Detail Level.
At the Urban Level the AR model was designed to showcase the 
three types of urban developments planned. At the Aggregate 
Level to showcase the housing clusters with three different 
informative set ups, the first displaying the building typologies, 
the second each one’s variant and lastly the number of people 
each home can house. At the Architectural Level to show a 
single home’s interior through its sections. Finally, at the Detail 
Level, four different building details are displayed, three of them 
biomimetic and one critical regionalist.

In conclusion, AR can be a very time and cost-efficient 
technology when it comes to an accurate and highly detailed 
model presentation. Furthermore, adding extra information 
through interactive elements can further expand the user’s 
perception of one’s project, specially, if done with eye-catching 
visuals. However, the application of these features can be done 
independently of the designer’s theme. Bio Vernacular Design 
and Augmented reality share some basic principles which enable 
greater theoretical cohesion. Nevertheless, as mentioned earlier, 
this isn’t a necessity for most projects as the application of AR is 
mostly versatile to any given theme and overall is mostly used to 
increase the showcase of vital information, without requiring too 
much physical equipment.

Source: Hosch, W. L. (2009) augmented reality | computer 
science | Britannica.com, Encyclopædia Britannica, Inc. Available 
at: https://www.britannica.com/technology/augmented-reality 
(Accessed: 2 April 2019).
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The top image focuses on the physical Urban Model while the bottom image, focuses on the tablet showing the AR Model’s display and 
functionalities.
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Screen capture of the Urban AR Model without any buttons activated.

Screen capture of the Urban AR Model with the Riverwater Greenhouses Button activated.
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Screen capture of the Urban AR Model with the Market Place Button activated.

Screen capture of the Urban AR Model with the Housing Aggregate Button activated.
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The top image focuses on the physical Aggregate Model (South View) while the bottom image, focuses on the tablet showing the AR 
Model’s display and functionalities.
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The top image focuses on the physical Aggregate Model (North View) while the bottom image, focus on the tablet showing the AR 
Model’s display and functionalities.
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Screen capture of the Aggregate AR Model, south view.

Screen capture of the Aggregate AR Model, northeast view.
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Screen capture of the Aggregate AR Model, with the Typology Button activated.

Screen capture of the Aggregate AR Model, with the Variant Button activated.

Screen capture of the Aggregate AR Model, with the Family Aggregate Button activated.
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The top image focuses on the physical Home Model (North View) while the bottom image, focus on the tablet showing the AR Model’s 
display and functionalities.
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Screen capture of the Home AR Model.

Screen capture of the Home AR Model showing the ground floor (notice the construction details on top of the floor).
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Screen capture of the Home AR Model showing the first floor (notice the construction details on top of the floor).

Screen capture of the Home AR Model showing the second floor (notice the construction details on top of the floor).



138

PEDRO MARTINS-MOURÃO / JANEIRO 2019

Screen capture of the Home AR Model showing the south facing section/elevation.

Screen capture of the Home AR Model showing the east facing section/elevation.
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The top image focuses on the physical Detail Model while the bottom image, focus on the tablet showing the AR Model’s display and 
functionalities.
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Screen capture of the Detail AR Model showing the Thermo Bimetal Mashrabiya animation.

Screen capture of the Detail AR Model showing the Fake Facade Installation animation.
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Screen capture of the Detail AR Model showing the Windcatcher Ventilation animation.

Screen capture of the Detail AR Model showing the “Prickly“ Adobe Brick fabrication animation, as well as the overall wall composition.
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Variant Study.

Biomimetic Urban Study

Miscellaneous Images
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Section and Isometric Sketch of the 
passive ventilation system.
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Perspective study of prickly bricks layout.

Thermo Bimetal Facade study.
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Sketch addressing room layout and  
resolution of odd dark corners.

First render, riad section.
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Perspective drawing of “L” type home 
comparing maximum and minim interior 
modules.

Sketch addressing the staircase as 
defining element of the buildings.
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One of the first adopted urban logics for 
the project.

Sketch of thermo passive solar blossom, 
a part of the project that was unfortunetly 
placed on hold.
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Sketch testing several variant layouts.

Axonometric Diagram of an early urban 
block.
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