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Abstract

As buildings increasingly respond to environmental, functional, and aesthetic challenges,
architectural fagades emerge as a vital interface between indoor comfort and external climatic
conditions. This study proposes an integrated strategy for utilizing artificial intelligence (Al) in
the sustainable design of fagades, aiming to combine environmental performance, energy
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efficiency, and cultural expression. Digital simulation tools, computational modeling, and
experimental design applications are used to explore how intelligent systems can support well-
informed, multi-criteria design decisions.
Facades hold particular importance both environmentally and aesthetically, as they are often
the most prominent and perceivable aspect of any building. They serve not only as physical
enclosures but also as communicative surfaces that carry environmental and cultural messages.
Facades can influence and be influenced by their surrounding context, becoming embedded in
collective memory through their aesthetic, environmental, or social functions. Sustainable
facades aim to reduce negative environmental impacts, minimize energy consumption, and
enhance indoor environmental quality. Their roles include thermal regulation, light control,
sound insulation, natural ventilation, and visual expression.
This research adopts a combined theoretical and practical methodology by developing a design
matrix that links key sustainability goals—such as thermal reduction, enhancement of
daylighting and ventilation, and integration of cultural identity—with smart systems and
responsive materials. The practical part of the study translates these strategies into conceptual
fagcade prototypes for eco-touristic hotel applications.
Siwa Oasis in Egypt was chosen as the case study due to its unique desert climate and rich
cultural heritage. The application explores how adaptive facade strategies can respond to
extreme solar exposure, accumulated heat, and the need to preserve local identity through low-
maintenance and locally sourced materials. Additionally, the study investigates opportunities
for integrating greenery and ecological systems within a desert environment.
Rather than quantitatively assessing energy or thermal performance, the study focuses on
conceptual development and visual representation of responsive fagade strategies. It aims to
present a holistic design approach that merges traditional knowledge with innovative materials
and Al-powered tools. The research reframes the fagade as a dynamic and intelligent
environmental interface—one that is sustainable, culturally resonant, and rooted in place-
specific conditions.
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Wall mass + Kershef + Solar Panels Passive cooling + renewable energy
rooftop PV
Laser-cut screen | Photovoltaic Mashrabiya Shade + cultural pattern + power
with integrated
PV
Palm wood + Kinetic Palm Screens Sun-tracking shade system
kinetic actuator
Local clay + Phase-Change Mud Panels Thermal regulation for interior
PCM comfort
Transparent ETFE Cushions with siwan Light diffusion + art + insulation
smart polymer Patterns
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Clay louvers + Green Wall with Local Biodiversity + evaporative cooling
desert greenery Plants
Mud plaster Thermochromic Mud Heat reflection + color change
with Finish
thermochromic
pigment
Adobe + Phase PCM Adobe Wall Thermal comfort through heat storage
Change
Material
ETFE film ETFE Cushion Fagade Insulation + diffused daylight
pillows
Clay blocks Hydrogel Brick Wall Passive evaporative cooling
with hydrogel
layer
Local stone Perforated Stone Panel Natural cooling + traditional pattern
Salt + natural Geopolymer Salt Panels Thermal mass + local reference
ash mix
Bamboo fiber Compressed Bamboo Eco material + shading + texture
board Board Facade
Plants + mist Green Wall + Cooling Cooling + soft greenery feel
curtain Fabric
A ey Gl ZUN prompt 4US die Lgaladin Al aanalll Ciagll Lualial) claldl) ua g (11) dse

3 sl oo fa

C.A“)JUAMZ\.AJA:LA.&A} é.\l_ml\ d}dﬂ\‘;c EAAEML\MQLP\"SZ\:}M\ UJM\L)A:\.G}AMQA.J\ ua)a.l.m.!
Midjourney- ideogram- grok- mistral - meta :lgad! s lexall Jlela}) 3 da ndial clilbh ol (<A
ai — dall-E- wonder

S Als Agdae GRS B G sa )y ¢ el Ala Al aladia) Lean) Gl e Bae & Cileal 5l el @l il

Dr.Shaimaa Samir Abdeloneam Abbas, A Strategies for Utilizing Artificial Intelligence in the Sustainable Design of Architectural
Fagades..Magallaf Al-‘imarah wa Al-Funiin wa Al-‘ulim Al-Insaniyyaf: Vol 10, Special No14, Nov 2025 96



2025 b (14) wald a3 - jdilal) alaal) - dlady) p glal) g (53l g 5 jland) dla
((Aealdiiall dpaiill g olilaaY) £lSH) — Jg¥) A9l paigall

natural local stone - smooth mud plaster treated with thermochromic pigment- Kershef
clay bricks infused with hydrogel for passive cooling in a desert-panels
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Photovoltaic Mashrabiya
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Geopolymer Salt Panels
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bamboo boards
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