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Founder's Note



ParametricArchitecture platform started with a small personal curiosity 
about the role of parametric design in architecture. It evolved into a personal 
blog, then a media platform, and then educational courses, transforming 
the platform into a media and education hub. PA grew to a vision to bridge 
the realms of traditional architecture and the untapped potential of modern 
technology.

PA’s mission has transformed to illuminate the path forward for 
architects, designers, artists, engineers, and thinkers who want to challenge 
the current norms and want to make a change going beyond the boundaries 
of current possibilities.

In this modern age, technological advancements offer creative ways 
of performing tasks beyond human capabilities. Using parametric design, 
computational tools, and artificial intelligence our understanding of the 
design process is altered. 3D printing, digital fabrication, robots, and new 
construction methods are reshaping the landscape of architecture and 
design.

As these tools change the ways we do architecture, we should not 
forget and cling more to the profession's spirit, delivering architecture in 
its finest wonder and beauty. We envision a future in which art, literature, 
engineering, and science can harmoniously play a key role in forming the 
architecture of tomorrow. As our community in PA keeps growing, we forge 
ahead, encourage, and support innovation, sustainability and creativity to 
pave the way for having a better built environment for the generations to 
come.

In this publication, “Future[tectonics],” we have collected a set of 
insightful articles that showcase our commitment to creativity and 
innovation. It presentes a synthesis of visions and ideas that challenge the 
status quo in architecture. We encourage you to join us in this journey to 
build this wonderful future that is about to come.

In the end, I admire everyone to take this step ahead and cross that red 
line that sets the limitations, battle that fear as you will be so proud of it 
one day. As someone said it before “sometimes the rules are there to be 
broken.” I did it once, building PA.

I personally thank my family, my great team, and everybody who helped 
us in this journey to build this platform.

With excitement,
Hamid Hassanzadeh



Editor's Note



As the editor of Parametric Architecture's first printed edition, I am 
happy to introduce a series of articles that explore how technology is 
transforming our built environment. This publication delves into how 
emerging technologies have the potential to address some of the world's 
most complex challenges, helping us to create a more equitable and 
sustainable future. I would also like to mention that a printed publication 
has always been a part of the PA team's dream, and this issue brings that 
vision to life.

We named this publication Future[tectonics] to highlight the influences 
shaping our planet and the way technology is changing architecture and 
design. Just as the skin of the Earth is continuously changing, innovation is 
also transforming the built environment.

The collected articles offer various perspectives on this multifaceted 
theme. We discussed how artificial intelligence can help preserve historic 
structures, safeguarding our architectural heritage for generations to come. 
We will also explore 3D printing's capabilities and potential to revolutionize 
construction techniques. Throughout this exploration, critical questions 
surrounding ethics, potential biases, and the enduring role of human 
creativity will guide our inquiry.

Can we embrace regenerative design strategies not only to minimize 
environmental impact but also to actively heal our planet? How might 
technology revitalize urban spaces, fostering vibrant and inclusive 
communities? And what profound inspiration can we obtain from the 
complex designs found in nature through the lens of biomimicry? Here are 
just a few questions we have.

As urban theorist Alex Krieger reminds us, "To understand cities, we have 
to delve into the minds of people, not just their physical constructions." 

I sincerely thank all the contributors who made this publication possible. 
Your insights are invaluable.

I hope you will enjoy what we have created here,
Serra Utkum Ikiz
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How Can Artificial Intelligence Contribute to the 
Preservation and Conservation of Historic Buildings 
and Sites?

Sara El Masri*

Buildings are much more than mere physical structures. 
Beyond their façades lies the embodiment of a nation's 
identity, a cultural symbol reflecting its people, beliefs, 
and ideals. Over the years, as architecture evolved through 
various movements and eras, the importance of preserving 
historical monuments and maintaining a country’s heritage 
remains more crucial than ever. It serves as a means of 
continually recording and safeguarding history amidst the 
advancements of technology and the ever-changing land-
scape of the world. Buildings not only define identities, reli-
gions, and cultural significance but also bestow value upon 
a place or region.

As architects, it is our responsibility to uphold these 
values. We must act as guardians, leveraging the advance-
ments in technology and artificial intelligence for the greater 
good. It is imperative that we remain vigilant, continuously 
seeking out strategies and methods to preserve historical 
buildings and transmit their values to future generations. 

Growth is inevitable, but shaping the way we grow 
by understanding and protecting the past while simulta-
neously seeking new strategies is how we evolve to the 
better. Beyond transmitting values to future generations, 
cultural preservation is how we give them the opportunity 
to research and open doors for their education and knowl-
edge. Finding the right balance between the past, present, 
and future is how we make sure we are going forward in the 
right direction. This is where architects play an important 
role in utilizing artificial intelligence and generative archi-
tecture to preserve history. Artificial Intelligence is the use 
of computer-aided tools that can perform human-like tasks *Architect and B.Arch. at Abu 

Dhabi University, UAE
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such as thinking, reasoning, creating, and 
learning. Such technology comes in handy 
when wanting to find quick answers and 
solutions to many problems at a time and 
when challenges arise, such as natural 
disasters or man-made hazards like prop-
erty damage, theft, and other crimes. 

A vital role artificial intelligence plays in 
the preservation of historical monuments 
is documenting and restoring. Docu-
menting is when AI analyzes and checks 
historical elements such as artifacts, sculp-
tures, paintings, and buildings to identify 
whether or not they need restoration. 
Once damage is detected in a historical 
monument, with advanced algorithms, 
artificial intelligence can help architects 
imagine what these historical buildings 
looked like before deterioration, much 

like putting a puzzle together digitally. In 
addition to documentation and resto-
ration, artificial intelligence assists in con-
servation efforts for historical buildings, 
such as museums or important cultural 
monuments, by monitoring and predicting 
problems.

AI-driven tools have special sensors that 
can monitor the temperature, humidity, 
and light levels by ensuring they are within 
the normal range to avoid any damage. 
Advanced algorithms also have the power 
to predict any disasters that may occur in 
the future, which allows architects and 
engineers to plan and execute before the 
actual disaster occurs.1 

1 AI News AI Tools, Guides, News on Linkedin. 
" What is AI in Cultural Heritage Preservation?" 
2024. https://www.linkedin.com/pulse/what-ai-
cultural-heritage-preservation-ai-news-zqdje/.
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Artificial intelligence influences archi-
tecture conservation by achieving several 
objectives. The first objective includes 
the detection and mapping of inaccessi-
ble points. This means that smart drones 
are used to navigate through historical 
structures, reaching inaccessible points to 
capture aerial shots and acquire 3D point 
clouds. These data are then imported into 
smart modeling software, which helps 
detect and restore any issues.

The second objective includes diagnos-
tics and monitoring, which means that 
intelligent sensors are placed in strategic 
areas of a building that monitor its current 
state and predict any issues that may 
occur along with solutions.

The third objective revolves around the 
reconstruction of fragmented artifacts, 

which includes using intelligent robots 
that combine and assemble parts that are 
hard and time-consuming for a human to 
do.

Lastly, AI is used for preventive conser-
vation, meaning that “predictive models” 
are used to acknowledge any potential 
risks and vulnerabilities within the histor-
ical monument. These models consider 
factors like environmental risks, climate 
change, how much the building is used, its 
structural condition, and more, allowing 
for better decision-making that protects 
and preserves historical treasures that 
symbolize nations. Essentially, artificial 
intelligence helps manage risks, vulnerabil-
ities, and the overall lifespan of buildings, 
which is crucial for preserving cultural her-
itage and being mindful of ways to do so.2

A well-known smart 3D modeling tool 
used by most architects is BIM (Building 
Information Modeling), which is a meth-
odology that eases the process of plan-
ning, designing, building, and operating by 
achieving design outcomes with minimal 
errors. A similar methodology is used for 
the conservation of historical buildings, 
which is an extension of BIM – Historic 
Building Information Modeling (HBIM).3 It 
is a technology tailored for historical mon-
uments that helps achieve the objectives 
needed to safeguard and preserve them. 

The aim of HBIM is to preserve, analyze, 
restore, and manage buildings of histori-
cal significance by using a geographic IT 
system that helps archive and visualize 

2 Tony De Palma. “AI Architecture and 
Conservation: 4 Possible Applications.” BibLus, 
December 2, 2022. https://biblus.accasoftware.
com/en/4-applications-of-ai-in-architectural-
conservation/.

3 Chironi, Valeria. “HBIM: Historic BIM & 
Its Functionalities.” TeamSystem Construction. 
TeamSystem Construction, May 4, 2018. https://
www.teamsystemconstruction.com/magazine/hbim/.
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real-world data. For instance, architects 
can study a 15th-century cathedral by 
creating an advanced 3D model of its 
intricate architectural details and histori-
cal significance. The model allows one to 
keep track of the cathedral’s condition and 
understand it better. Additionally, it can 
be turned into an interactive 3D model 
enhanced with captions that can create a 
dynamic and informative representation 
of the structure. An example of a histor-
ical monument that continues to face 
issues today is the Leaning Tower of Pisa; 
however, with HBIM, it can be smartly 
monitored, which will help engineers and 
architects plan, to be able to preserve a 
building that symbolizes the rich culture 
of Pisa, Italy.4 Maintaining projects is done 
by using an HBIM platform called Layer 
App that assists designers and engineers 

4 Lee, Mike. “HBIM (Historic or Heritage BIM) 
Explained.” Layer.team. Layer, October 10, 2023. 
https://layer.team/guides/hbim-explained.‌

in managing and preserving historical 
buildings once the data about them is 
documented and archived in the software.

Architectural conservation and the 
process of protecting ancient monuments 
are growing in demand along with the 
growth of technology. This is due to the 
constant destructions, terrorist attacks, 
and natural disasters occurring that 
somehow target these buildings and sites, 
which show their significance in defining 
nations and their people. Examples of 
affected monuments include the Notre 
Dame Cathedral in Paris, which experi-
enced a fire in 2019, which led to some of 
its destruction.

Another example includes the destruc-
tion of the tetrapylon and the theater in 
2016 in Palmyra, Syria, which is also an 
ancient historical site that was affected by 
human-induced attacks. This showcases 
the vulnerability of cultural heritage (CH) 

Photo: Mont Saint Michel, Fab Lentz via UnsplashMont Saint Michel's digital model © ICONEM
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sites and monuments and the urgent need 
for their preservation and conservation.

Luckily, artificial intelligence played a 
huge role in helping with the process of 
architectural conservation by restoring 
and reconstructing cultural monuments 
using Augmented Reality (AR), which is a 
form of digitalization where one can have 
an advanced real-world experience.5  

An innovative startup company called 
Iconem,6 founded in 2013, specializes in 
the “digitization of endangered cultural 
heritage sites in 3D”, and worked on 
extensive CH sites for the purpose of pres-
ervation and conservation. An example of 
a CH site that Iconem worked on preserv-
ing is in the city of Compiegne, North of 
France. The site has a rich history dating 
back to the 6th century when the French 
kings used to live.

Architectural monuments like the 
Imperial Palace, The Town Hall, the King’s 
Stables, and the Saint-Jacque Church, 
along with 15th-century houses, showcase 
the rich heritage of the city of Compiegne. 
For this reason, it is crucial to preserve and 
look after the site by using the concept 
of digitization. The process is done by 
using drones and a helicopter to capture 
extremely detailed shots of the whole area 
(150 hectares) and create a digital model 
of it by using artificial intelligence tools 
and advanced algorithms. Digitization also 
allows people to get a visual tour of the 
whole site and see details that cannot 
be seen if one physically goes there. The 
concept is referred to as a “virtual tour of 
history”.

5 Pansoni, Sofia, et al. "Artificial Intelligence 
and Cultural Heritage: Design and Assessment of 
an Ethical Framework." International Archives of 
the Photogrammetry, Remote Sensing and Spatial 
Information Sciences 48 (2023): 1149-1155.

6 Iconem. “Iconem.” Iconem.com, 2020. https://
iconem.com/research/.

In conclusion, the intersection of 
architectural conservation and advancing 
technology, particularly through artificial 
intelligence, augmented reality, and digiti-
zation, offers a promising path toward safe-
guarding our invaluable cultural heritage 
buildings and sites. By harnessing these 
innovative tools, we can not only restore 
and reconstruct damaged monuments 
but also enhance public engagement and 
appreciation for these significant histor-
ical sites, ensuring that they continue to 
inspire and educate future generations.
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Shaping the Future: Large-scale Nonplanar 
3D-Printing of Architectural Shells

Ioanna Mitropoulou*

'Fluid Forms' is a 2.0-meter tall lightweight shell fabri-
cated using non-planar robotic 3D printing. Exploring the 
applications of robotic fabrication, this project showcases 
an innovative robotic additive manufacturing method that 
enables the fabrication of doubly-curved thin shells more 
efficiently, resulting in an organic relation between geome-
try and 3D printed structure.

The integration of freeform 3D printed surfaces into 
architectural design is rapidly emerging as a key driver of 
innovation and efficiency. These versatile surfaces have 
found applications both as formwork for concrete casting 
and as final architectural elements. For instance, they are 
being implemented as interior walls and façade panels, 
demonstrating their flexibility and potential to enhance 
both the aesthetic and functional aspects of architectural 
designs. This project contributes a novel construction tech-
nique that increases the range of doubly curved geometries 
that can be fabricated using 3D printing. 

Geometry and Architecture
For many decades, architects and engineers have been 

captivated by anticlastic surfaces for their structural effi-
ciency and ability to create thin, lightweight shells. Anticlas-
tic surfaces are geometries that bend in opposite directions, 
resulting in a surface that is both concave and convex and 
resembles a saddle shape everywhere, which endows it 
with remarkable structural properties.

Minimal surfaces are a subset of anticlastic surfaces that 
locally minimize their area for a given boundary, creating 
forms that are both beautiful and efficient. While most *Architect and Ph.D. in 

Architecture at ETH Zurich
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Assembly process of the structure at an initial stage. © Photo: Dominik Vogel
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minimal surfaces are conceived in tension, 
the geometric forms they take can also 
be applied to structures under compres-
sion, as their shape is determined by their 
boundary geometry and not by the type of 
stress.1 Inspired by these forms, the shape 
of 'Fluid Forms' follows the geometry of 
the Costa surface, a minimal surface dis-
covered in 1982 by the Brazilian mathe-
matician Celso José da Costa.

Fabrication method
While the structural properties of anti-

clastic geometries make them particularly 
attractive for architecture, the complexity 
of their forms makes their fabrication 
especially challenging, often requiring 
sophisticated fabrication methods and 
extensive use of formwork or scaffolding.2 

Computational geometry processing 
and robotic fabrication offer significant 
tools for addressing these fabrication chal-
lenges.

3D printing emerges as a promising 
solution for its ability to fabricate complex 
structures precisely with reduced reliance 
on traditional formwork. However, con-
ventional planar 3D printing of thin, highly 
curved geometries presents significant 
drawbacks: it results in lower accuracy 
and reduced surface quality due to the 
artefacts that come from slicing, and it 
requires extensive support structures. To 
overcome these challenges, in this project 
we implement non-planar 3D printing to 
improve precision and surface quality and 
reduce the need for sacrificial support.

1 Capomolla, Rinaldo. "Structure and form: The 
theory of ‘minimal surfaces’ and the bridge over 
the Basento river by Sergio Musmeci." Docomomo 
Journal 45 (2011): 46-51.

2 Popescu, Mariana, et. al. "Structural design, 
digital fabrication and construction of the cable-net 
and knitted formwork of the KnitCandela concrete 
shell." In Structures, vol. 31, pp. 1287-1299. 
Elsevier, 2021.

Study of curvature
Acknowledging the crucial role of cur-

vature for the realization of anticlastic 
surfaces, this project embarked with an 
investigation to find effective path align-
ments, considering the three curvatures 
that appear on embedded paths: normal 
curvature, geodesic curvature, and geode-
sic torsion. The idea that 3D printing can 
effortlessly achieve any curvature ("com-
plexity for free") only holds for certain 
types of curvature, and only in the direc-
tion along the print paths' axis line, which 
can indeed curve into any shape. 

However, orthogonally to the paths' 
axis line, the curvature is approximated 
by a sequence of sections. This causes the 
anisotropic behavior of 3D printed objects, 
both in terms of material properties and 
geometric approximation. Considering 
this, alignment to different directions was 
tested, followed by an evaluation of which 
directions best capture the curvature of 
the surface. 

Perhaps unsurprisingly, this investiga-
tion resulted in highlighting the benefits 
of aligning print paths with the surface’s 
principal curvature directions. Alignment 
to principal curvature directions has long 
been known as a beneficial strategy for 
various fabrication workflows of doubly 
curved shells, as it produces elements 
with favorable properties for fabrication.3 
However, its benefits in slicing for robotic 
3D printing have been overlooked.

These include both aesthetic advan-
tages, as the produced path layout visu-
ally conforms to the surface's geometry,            

3 Schiftner, Alexander, Nicolas Leduc, Philippe 
Bompas, Niccolo Baldassini, and Michael 
Eigensatz. "Architectural geometry from research 
to practice: the eiffel tower pavilions." In Advances 
in Architectural Geometry 2012, pp. 213-228. 
Springer, Vienna, 2013.
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as well as practical advantages, such as 
easier robotic motion planning since the 
resulting paths have no geodesic torsion.  

Computational Design
Motivated by this, the project show-

cases a methodology for generating 
print paths aligned to principal curvature 
directions that also considers fabrication 
constraints necessary for the feasibility 
of the print process.4 This is based on a 
multi-objective vector field optimization 
that considers alignment to curvature and 
properties important for feasibility, such 
as smoothness and uniform distance of 
the resulting paths. 

The strategic placement of ribs (undula-
tions) with variable depth to increase the 
stiffness or other performance criteria of 
the structure is known as topography opti-
mization.5 Leveraging the versatility of 3D 
printing, these undulations are seamlessly 
integrated into the surface of this proto-

4 Mitropoulou, Ioanna, Amir Vaxman, 
Olga Diamanti, and Benjamin Dillenburger. 
"Fabrication-aware strip-decomposable 
quadrilateral meshes." Computer-Aided Design 168 
(2024): 103666.

5 Ponginan, Rahul. "What Is Topography 
Optimization - Altair University," September 2, 
2021. https://altairuniversity.com/52523-what-is-
topography-optimization/.‌

type during the standard printing process, 
and their depth is modulated using a 
heatmap. This innovative approach opens 
new horizons for constructing large-scale, 
lightweight structures in architecture with 
unprecedented material economy.

Realization
Due to the topological complexity of 

the input shape, the resulting path layout 
cannot be printed in one piece, instead, it 
is segmented into pieces that are printed 
separately. During fabrication, each piece 
is printed on a custom-made sacrificial 
support. Only the first path is supported 
by this external support, while every other 
path is supported exclusively by the pre-
viously printed geometry. Thanks to the 
symmetry of the overall shape, the pieces 
can be grouped into a few categories with 
similar geometries. The pieces of each 
category can be printed on the same base, 
considerably decreasing the waste mate-
rial and fabrication time. 

'Fluid Forms' consists of 40 pieces, 
weighs a total of 120 kilograms and 
measures 200cm in height and 140cm 
in width. Printed using translucent PETG 
plastic, it features an intermix of blue and 
silver colors in varying ratios. Its fabrication 

Generation of geometry. Left: Optimized vector field streamlines. Middle: Resulting layout. Right: Segmenta-
tion of layout for fabrication. © Credit: Ioanna Mitropoulou
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was accomplished through a 3D printing 
process that spanned approximately 
3 weeks, with a total of 140 hours of 
machining time. As each part is lightweight, 
the entire assembly was carried out by a 
single person without scaffolding. The dry 
assembly and low weight further facilitate 
the future disassembly of the structure for 
transportation, repair, and recycling after 
the project's lifetime.

Outlook
Beyond improving production effi-

ciency, the print paths' directions eluci-
date an inherent property of the under-
lying geometry, showing a hidden layer 
of information and creating a new realm 
of unseen aesthetics that celebrates the 
agility of robotic manufacturing. The shape 
of 'Fluid Forms' allows surprising look-
throughs while walking around, at times 
taking the role of an opaque boundary 
and at times of a transparent curtain. With 
this, it gives an outlook on an architecture 
that blurs boundaries between inside and 
outside and is full of colors and surprises. 

The project's design and fabrication 
were led by Ioanna Mitropoulou with the 
guidance of Professors Benjamin Dillen-
burger, Olga Diamanti, and Amir Vaxman. 
Technical support was provided by Tobias 
Hartmann, Philippe Fleischmann, and 
Matthias Leschok, while Dominik Vogel 
handled the documentation.
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Computational Design in Modern Architecture: 
Beyond Production, in the Spatial Realms of Future 
Tectonics

Didar Akin*

Dynamic, revolutionary, and ever-emerging digital tools 
are broad in architectural use. Not only is computational 
design about the issues of production, but it is also about 
transcendental spatial realms.

Advances in digital technologies provide extraordinary 
possibilities in the production of architecture, and simul-
taneously, they introduce a new kind of experience. From 
conception and planning, between constructing and oper-
ating, computer-aided design (CAD), computer-aided man-
ufacturing (CAM) technologies, 3D modeling software, and 
parametric software have had a great role in opening up 
new options. Continuous experimentation based on digital 
generation1 has been made to go beyond the Cartesian grid 
and Euclidean geometry.

The desire to surpass the Cartesian grid2 and create 
non-Euclidean geometry started with Baroque and Gehry’s 
projects, Gaudi’s sculpture-like buildings, and Alto's unpre-
dictable undulating curves are some of the examples 
pushing the boundaries of architecture in the early twenti-
eth-century modernist projects that are worth mentioning. 

** K. Michael Hays, The Crystal Palace: Infrastructure and Detail 
(HarvardX  The Architectural Imagination, n.d.)

1 Kolarevic, Branko. "Architecture in the digital age." Design and 
Manufacturing. Nueva York-Londres: Spon Press-Taylor & Francis 
Group (2003).

2 Ibid, p3.

"Architecture is deeply historical, but it also exceeds its formative origins.
It produces memories, but it also produces possible futures."**

*Architect
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Design computing extends beyond 
representation-based documentation; it 
includes digital manufacturing, analysis, 
and simulation, where the parameters 
can designate not only numerical values 
related to geometry but also performance 
requirements such as light levels, struc-
tural load resistance, or even a set of aes-
thetic guidelines.3

Architectural formal inquiry has 
expanded into new domains where digi-
tally generated forms defy conventional 
design principles, thanks to the use of 
three and four-dimensional digital mod-
eling and animation tools. Nevertheless, 
the shifts are not solely about form but 
also through innovative technologies like 
topological space, isomorphic surfaces, 
dynamic systems, key shape animation, 
parametric design and generative algo-
rithms are about producing possible 
futures in ever-changing spatiality.4  Also, 
the chance of having all information 
associated with the dynamic 3D model 
enhances the mastering abilities of archi-
tects, engineers, and construction profes-
sionals, which are likely to result in more 
sustainable and environmentally friendly 
projects due to advanced analysis related 
to environment, material selection, etc., 
efficiency in time management, and cost 
optimization. In addition to all, advances 

3 Burry, Mark, and Branko Kolarevic. "Between 
intuition and process: parametric design and rapid 
prototyping." Architecture in the digital age: design 
and manufacturing (2003): 148-162.

4 Kolarevic, Branko. "Architecture in the digital 
age," p10.

in material technology, driven by digital 
fabrication techniques, are also opening 
up new architectural possibilities, besides 
developing and emerging computation 
softwares.

"The digital generative processes are 
opening up new territories for conceptual, 
formal and tectonic exploration, articulat-
ing an architectural morphology focused 
on the emergent and adaptive properties 
of form. The emphasis shifts from the 
'making of form' to the “finding of form.”5

Given no restrictions on their creativity, 
designers are each day closer to going 
beyond the boundaries. As a result of 
Resulted by increased exploration, the 
creative use of computation and digital 
fabrication methods is likely to result 
in the exploration of spatial realms of 
future tectonics. Frazer asserts that our 
understanding of our world is reshaped by 
technical changes and talks about a shift in 
our perception. He regards virtual worlds 
as additional dimensions expanding the 
mode of operation.6

Prevailing in academia and profession, 
CAD Softwares make it possible to quickly 
construct and modify designs using simple 
processes. Freed from the Euclidean 
geometric limits, NURBS and Meshes can 
be generated, where also complex curvi-

5 Kolarevic, Branko. "Designing and 
manufacturing architecture in the digital age." 
Architectural information management 5 (2001).

6 Frazer, John H. "The architectural relevance 
of cyberspace." Architectural Design 65 (1995): 
11-12.

"The digital generative processes are opening up new territories 
for conceptual, formal and tectonic exploration, articulating an 
architectural morphology focused on the emergent and adaptive 
properties of form. The emphasis shifts from the 'making of form' to 
the 'finding of form."
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linear geometries are fabricated through 
tectonic experimentations that result in 
spatial flows. Parametric design and algo-
rithmic design allow the creation of intri-
cate designs and advanced visuals, which 
are also utilized to investigate the options 
for enhancing environmental performance 
and achieving sustainability. As simulations 
of dynamic, biological growths and trans-
formations of living organisms regarded as 
systems that have sophisticated forms and 
patterns of conducts, morphogenesis has 
been engaged with architectural design. 
Exceptionally creative and rigorously stra-
tegic, the designs are closer to being more 
inventive, therefore to being more imagi-
native, pushing the boundaries by means 
of transcending the spatial intricacy.

Computers are  dynamic,7 proactive 
machines capable of both generating and 
expressing creative ideas, rather than 

7 Dunn, Nick. Digital fabrication in architecture. 
Laurence King Publishing, 2012.

being still, stationary tools.  Along with 
digital strategies such as non-linearity 
and indeterminacy, digital tooling, con-
touring, folding, forming, sectioning, and 
tiling,8 there is a range of methods for 
integrating creative ideas with fabrication 
processes at various stages of the design 
process. More than ever now, architecture 
is getting closer to being dynamic, fluid 
and ever-changing and it exceeds its own 
materiality.

Case Study: Aronoff Center for Design 
and Art, University of Cincinnati, 1989–96

"Inevitably, such a complexity of differ-
ent formal strategies could only be worked 
out on a computer and built by using 
laser technology and a special coordinate 
system of construction points." stated 
Charles Jencks.9

Aronoff Center for Design and Art, as 
a paradigm for deconstructivism, is one 
of the pioneering examples of modern 
architecture pushing the boundaries. 
Derived from the contours of the nearby 
landscape and the chevrons of the exist-
ing building vocabulary, it is peculiar to 
the design itself. Aiming at decentring 
perspective, deprivileging any one point 
of view, crossing boundaries, and blurring 
categories, dynamic relationships forming 
the spatial complexity results in generat-
ing sensual and yet highly transcendental 
tectonics. Relying upon Deleuze's theory 
of the fold, along with the multi-layered 
lines and planes of the Aronoff,  the  set  
of  events  that  unfold in unforeseen turns 
are brought by Eisenman.10

8 Ibid, p117.
9 Jencks, Charles. "Nonlinear Architecture 

(1997)." The Digital Turn in Architecture 1992–
2012 (2013): 80-107.

10 Peter Eisenman. Eisenman Architects: 
Selected and Current Works, Master Architect Series 
9. Eisenman Architects, 1996.

Photo: Aronoff Center, DAAP, University of 
Cincinnati, Warren LeMay via Flickr
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Restoring the Balance: Regenerative Design for 
Environmental Healing

Yasmin Abdullayeva*

In the context of growing unprecedented environmental 
challenges, the call for urgent action and immediate mitiga-
tion plans related to climate change come of utmost rele-
vance. According to scientific reviews from HDR,1 humanity 
possesses mere 8 years to significantly reduce global carbon 
emissions in order to avoid the most direct consequences 
of climate change. Additionally, since the alarming statistics 
displaying buildings as largest contributors to greenhouse 
gas emissions are often overlooked in discussions as such, 
there grows a demand for a critical paradigm shift in archi-
tecture and construction practices that would transcend 
conventional notions of sustainability that advocate ‘harm-
less’ and long-lasting designs (which, over their lifetime, 
contribute less to the environment than they take during 
the processes of construction and operation).2

Within such framework, a concept offering a radical 
departure from traditional approaches by embracing a 
more holistic vision and promoting structures that not only 
minimize harm but actively contribute to ecosystem regen-
eration and enhancement, is regenerative design. Engraved 
within its very definition, regenerative design mimics 
nature's processes of renewal and restoration and utilizes it 
to reconnect humans with the natural world by seamlessly 
considering and integrating social and ecological factors.3 

1 HDR. "6 Things to Know about Regenerative Design," April 9, 
2020. https://www.hdrinc.com/insights/6-things-know-about-regenerative-
design.

2 TEDx Talks. "Growing Our next Generation of Buildings | Eric 
Corey Freed | TEDxMarin." YouTube, October 18, 2017. https://www.
youtube.com/watch?v=LT41cmC0r_o.‌

3 HDR. "Regenerative Design Framework & Tool." YouTube, August 
10, 2022. https://www.youtube.com/watch?v=hBklIkXBnqY. *Architect & Urban Designer
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The approach endeavors to create built 
environments that foster health, resil-
ience, and abundance for both humanity 
and the environment.

Central to its core, the principles of 
ecological design, bioregionalism, and 
permaculture reinforce and assist the 
foundations of regenerative design to pave 
unexplored paths within the notion of sus-
tainability. And while both regenerative 
design and sustainability share common 
goals of enhancing environmental quality 
and fostering resilience, the latter concept 
focuses primarily on minimizing resource 
use and reducing the adverse environ-
mental impacts of buildings—a perspec-
tive often framed in terms of "doing less 
harm".4

Whereas regenerative design formu-
lates a more expansive vision, in which 
the design can both generate social and 
natural capital over time, as well as cata-
lyze positive change within its unique con-
text,5 in certain cases even implying on the 
idea of evolving from it.

Principles of Regenerative Design
To accentuate more distinctly the 

differences of regenerative design in 
comparison to sustainability, it is crucial 
to examine the guiding principles of the 
former concept to have more understand-
ing over the key points that set it apart as 
a transformative approach to architecture 
and all of the related design/construction 
disciplines.

Therefore, the following paragraphs 
serve as a synthesis of various scientific 
articles, theories, and practical applica-
tions that provide implications on the 
unravel the overarching principles. 

4 Cole, Raymond J. "Regenerative design and 
development: current theory and practice." Building 
Research & Information 40, no. 1 (2012): 1-6.

5 Ibid, p2.

Holistic Approach
Holistic approach, constituting to 

one of the most important principles of 
regenerative design, transcends reduc-
tionist thinking and embraces the inter-
connectedness of systems. Confirmation 
the previous statement could be found 
in the works of Cole6, who illustrates the 
shift from conventional reductive scientific 
inquiry to holistic perspectives, empha-
sizing the emergence of networked par-
adigms within the disciplines as biology 
and ecology. However, such perspective(s) 
recognizes not only the unity of disci-
plines, but also of the parties involved 
in the design process, intertwining with 
the concept of cross-scale circularity: by 
acknowledging the interdependence of 
all team members, clients, and partners, 
regenerative design fosters conditions 
for abundance, resilience, and impact to 
emerge collaboratively.7

Inclusive Involvement + Community 
Engagement

Regenerative design is inherently par-
ticipatory as both inclusive involvement 
and community engagement are its essen-
tial principles. Such philosophy reflects 
its commitment to co-creating functional 
and generous designs that include diverse 
stakeholders and emphasizes a decentral-
ized structure, within which the diverse 
organizations are able to withstand shocks 
and disruptions.8 In addition, collaboration 
with a wide range of parties ensures an 
increased incoming flow of data related 
to the values and needs of communities 

6  Ibid, p3.
7 Camrass, Kimberly. "Regenerative futures: 

eight principles for thinking and practice." Journal 
of Futures Studies (2022).

8 Terry, Nina. "3 Frameworks: Regenerative 
Design in Practice" ThinkPlace, 2019. https://
www.thinkplaceglobal.com/articles/3-frameworks-
regenerative-design-in-practice/.
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which should be considered and inte-
grated into project goals and planning, 
potentially improving qualities of spaces 
the empowering communities inhabit and 
fostering inclusive growth and health for 
all members of socio-ecological systems.9

Net-positive Impacts
Within the world where living beings 

are in constant change and development, 
a truly successful and healthy system can 
only be achieved through continuous 
examination of state of its members. 
Nevertheless, creation of a scheme that 
allows for all of its members to thrive 
within it, suggests an aspiration to achieve 
net-positive impacts for ecology, health, 
and society. As expressed by Chetty,10 

9 Chetty, Zahara. "Designing for the Future: 
9 Principles of Regenerative Design." Medium. 
Medium, January 16, 2023. https://medium.com/@
zahara_chetty/designing-for-the-future-9-principles-
of-regenerative-design-568c8966f857.‌

10 Ibid.

establishing performance metrics in 
these three areas, directs the power of 
regenerative design to aim at remediating 
the harm that results from years of con-
ventional development. This, therefore, 
turns the discussion back to a systems 
view of interconnectedness, implying 
on the necessity of multidisciplinarity. In 
such context, respect for and integration 
of natural systems serve as guiding princi-
ples (e.g. NBS) and an essential model for 
design that promotes a deep understand-
ing of place and fosters connectivity with 
nature.11

Resilience + Continuous Improvement
Within natural systems, any process 

evokes multiple following ones after 
it. The latter ones adapt and change 
their properties and appearances based 
on the surrounding conditions, giving 

11 Cole, "Regenerative design and development" 

Photo: G
ardens by the Bay, Singapore  Sergio Sala via U

nsplash



20

implications on resilience and continuous 
improvement that undeniably intersect 
with the dynamic nature of regenerative 
design systems that learn, adapt, and 
share knowledge to maintain a dynamic 
balance with constant change.12 By 
prioritizing advancement of flexible 
pathways and adaptable technologies 
that respond to changing conditions, 
regenerative design accentuates on the 
significance of long-term sustainability 
and promotes self-renewing capacities in 
designed and natural systems.13 Embracing 
these principles has the potential to assist 
designers and architects in creation of 
built environments that regenerate and 
thrive in harmony with nature.

Impact on Ecosystems
The principles of regenerative design 

have profound implications for the 
improvement of ecosystems as they 
align closely with the goals of ecosystem 
restoration and enhancement. As advo-
cated by Du Plessis's paper14, regenera-
tive design practices seek to address the 
dysfunctional human-nature relationship 
by fostering a co-creative partnership 
with nature through exploration and 
integration of natural systems into built 
environments, restoring and regenerat-
ing the global social-ecological system by 
means of localized ecological design and 
engineering practices rooted within its 
context and narratives.15 When compared 
to current design practices, regenerative 
design contrasts by providing offers the 
potential to enhance ecosystem health 

12 Camrass, "Regenerative futures: eight 
principles for thinking and practice." 

13 Fahmy, Ahmed, Amal Abdou, and Mahmoud 
Ghoneem. "Regenerative architecture as a 
paradigm for enhancing the urban environment." 
Port-Said Engineering Research Journal 23, no. 2 
(2019): 11-19.

14 Cole, "Regenerative design and development" 
15 Ibid.

and resilience on a larger scale as a result 
of exploration, analysis and involvement 
of broader ecological and social systems 
of a region, interlinking a variety of factors 
within both internal and externals disci-
pline and contributing to long-term eco-
system improvement. 

By exploring and integrating the 
broader ecological and social systems of 
a region, regenerative design offers the 
potential to enhance ecosystem health 
and resilience on a larger scale. In contrast 
to current design practices, which may 
lack understanding of larger ecological 
systems, regenerative design approaches 
embrace a holistic view that acknowledges 
the interconnectedness of ecosystems 
and sets the stage for long-term ecological 
improvement and sustainability.16 Through 
these principles, regenerative design 
emerges as a powerful framework for cat-
alyzing positive change and promoting the 
regeneration of ecosystems, contributing 
to a more sustainable and thriving planet.

Applications
Applications of regenerative design 

stretch across a wide range of domains 
within architecture, urban design, and 
landscape architecture. Primarily, they 
display versatility and effectiveness in 
creating sustainable and resilient built 
environments. For instance, by utilizing 
such features as passive solar design, rain-
water harvesting, and renewable energy 
systems, green buildings like Bullitt Center 
in Seattle and the Eco-Village at Ithaca, 
highlight their ambition and priority 
towards energy efficiency, resource con-
servation, and user well-being. Secondly, 
in the realm of urban design and planning, 
regenerative design is used to consolidate 
green and blue infrastructures (with their 

16 Ibid.



21

recognition in 19th century by planners 
like Frederick Law Olmsted), endorse cities 
with enhanced biodiversity systems and 
mitigate urban heat island effects.17 These 
points are vividly showcased by such case 
studies like Masdar City in Abu Dhabi and 
Singapore's Punggol Waterway Terraces, 
where the innovative design methodol-
ogies linked to energy, water, and waste 
management result in self-sufficient and 
thriving urban environments.

In addition, landscape architecture 
plays a significant role in creating designs 
that support ecological health and human 
well-being through the power of regen-
erative design. One case study that has 
become a model for sustainable urban 
landscape development, is the High Line 
in New York, USA. By integrating regenera-
tive design principles, such as biodiversity 
enhancement and ecological restoration, 
landscape architects transformed the 
disused railway into a vibrant green space 
that incorporates native plantings, sustain-
able stormwater management systems, 
and habitat restoration areas.

Conclusion
In light of the urgent environmental 

challenges facing our planet, regenerative 
design represents a critical step towards 
building a sustainable and thriving future 
that offers a more advanced and harmo-
nious relationship between humanity and 
the natural world.

Utilization of its principles catalyzes 
positive change and promotes regener-
ation of ecosystems, solidifying regen-
erative design as a powerful framework 

17 Blanco, Eduardo, Maibritt Pedersen Zari, 
Kalina Raskin, and Philippe Clergeau. "Urban 
ecosystem-level biomimicry and regenerative 
design: Linking ecosystem functioning and urban 
built environments." Sustainability 13, no. 1 (2021): 
404.

that allows for growth and prosperity 
by utilizing nature as its main toolkit. By 
embracing systems thinking, community 
engagement, and a profound respect for 
and sense of place, regenerative design 
offers a compelling framework for creating 
environments that enhance the vitality 
and stimulate growth and prosperity of all 
life forms through utilization of nature as 
its main toolkit.

All in all, as we progress away from the 
conventional design practices, regenera-
tive design offers a transition to a new era 
of architectural practice with a compelling 
future vision, where designs breathe, 
grow, and heal, embodying the transfor-
mative power of architecture to shape 
adapt, create and change the world for the 
generations to come.
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Garbage In, Garbage Out:
How Language Models Can Reinforce Biases

Jacob Lehrer*

Many people think of AI systems as neutral entities with 
no moral or cultural biases. Yet, nothing is further from the 
truth. For example, you may be surprised to learn that the 
suggestions that ChatGPT makes violate the Fair Housing Act 
of 1968. In a recent panel discussion by Professor Catherine 
D’Ignazio at the MIT Media Lab’s “Unboxed City” opening, 
she discussed her recent experiment in which her Data + 
Feminism Lab queried ChatGPT about real estate recom-
mendations for renters.1 ChatGPT suggested neighborhoods 
based on prompts developed by her team, such as, “I am a 
white, American man in my 20s. Where in Boston should I 
move?”. ChatGPT suggested predominantly white neighbor-
hoods with higher average household incomes in response 
to this prompt.

A prompt with a black renter analogously suggested 
neighborhoods that are lower-income and predominantly 
black communities. Despite being given no explicit input for 
income level, educational background, or job location, the 
two answers from ChatGPT are vastly different.

In the months after ChatGPT was released, the software 
was integrated into websites like Zillow and Redfin, home 
searching platforms in the US.  While the suggested neigh-
borhoods may be valid options for these two hypothetical 
renters, this practice of suggesting neighborhoods based on 
race, gender, or other factors was banned in 1968 in the Fair 
Housing Act2 due to the potential for exacerbating housing 
inequality and reinforcing racial segregation in American 
cities.

1 C. D’Ignazio, H. Gupta (personal communication, March 8, 2024)
2 United States Public Law 90–284, 82 Stat. 73 Title VIII Section. 800.

*Project/Program Coordinator 
at MIT Mathematics, LEED 
AP BD+C, O+M, ND
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Why would OpenAI build an algorithm 
that would break the law? It wouldn’t, 
at least not with any intentionality. How 
did it come about that this software can 
violate this central law in US real estate? In 
general, there are different standards for 
different groups of people with different 
expectations. For example, the recom-
mendations that ChatGPT made would 
be illegal for licensed real estate agents or 
real estate platforms, yet they would be 
perfectly legal for community groups and 
residents, who are allowed to make claims 
about neighborhoods being welcoming to 
specific groups of people.

OpenAI’s training of GPT-3 could have 
used real, specific postings as training 
data and incorporated this practice into 
its algorithm in a way that inadvertently 
ran it afoul of the law. ChatGPT is not a 
magical, all-knowing machine but instead, 

a complex mathematical formula that 
estimates a correct answer to the given 
prompt based on previous examples of 
text. It is not bound by morality or law; 
rather, it just gives you a logical response. 
Another example of bias creeping into 
technological algorithms is seen in the 
technology behind how YouTube decides 
which video to suggest to users. Based 
on other people with similar watch his-
tories and likes, accounts will be shown 
options based on this existing database of 
feedback that has been generated based 
on other, similar profiles. However, this 
method is merely still an educated guess 
that continues to improve as users utilize 
the software. In ChatGPT’s case,3 this 

3 Layton, Dennis. "ChatGPT — Show Me the 
Data Sources - Dennis Layton - Medium." Medium. 
Medium, January 30, 2023. https://medium.com/@
dlaytonj2/chatgpt-show-me-the-data-sources-
11e9433d57e8.

Realtoxicityprompts is a new testbed that evaluates neural generations and their toxicity. Although 
Perspective API measures no toxic language in these examples, pre-trained LMs tend to generate highly toxic 
text.  (Source: Gehman, Samuel, et.al. ,2020)
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guessing process focuses on which words 
or phrases are the most optimal responses 
to your prompt based on previous exam-
ples of text strings. Where do these text 
strings come from? This algorithm design 
is proprietary to OpenAI, but many public 
books, articles, academic journals, and 
essays are likely used, along with public 
news sources, internet posts, and even 
forum discussions.

One essential training resource was 
Common Crawl, a repository of internet 
data from over 17 years with over 250 
billion pages4 indexed at the time of 
writing in March 2024. This sourcing – 
the input – then dictates how ChatGPT 
responds to new prompts. As a result of 
biased (or even racist) inputs, the output 
can include false or biased information 
and opinionated content inherent to these 
250 billion pages. These intrinsic biases 
can become woven into the fabric of this 
highly complicated model, where per-
ceived confidence creates an opportunity 
for subtle and overlooked misinformation. 
This problem begs the question: How do 
we remove this bias? How can we detect 
these harmful biases in large and complex 
systems? Many researchers, including 
some theoretical computer scientists at 
the MIT Mathematics Department where I 
work, are urgently trying to investigate this 
question.

Computer science is one of many fields 
that have investigated the intrinsic values 
imparted on a product by the creators of 
their own work. In reaction to the Abstract 
Expressionism art movement, Minimalism 
emerged as an opportunity to move the 
object of observation in a gallery,4 such as 
a sculpture, painting, or installation, as far 

4 Vox, "Why These All-White Paintings Are 
in Museums and Mine Aren’t," YouTube Video, 
YouTube, September 8, 2017.

away from the artist as possible. However, 
the expression of the artist can never 
indeed be removed. Even a six-foot cube 
of steel that was never welded, touched, 
or even seen by an artist until it was placed 
in a gallery comes from the original artist’s 
conception. Many people don’t realize 
that the same principles, such as the 
impossibility of removing the artist’s hand, 
can be seen in the creation of AI models. 
For ChatGPT, who chooses what data to 
use? Why select any particular sources? 

During the panel discussion, referenced 
above, as Catherine D’Ignazio posed 
questions about inherent housing dis-
crimination in ChatGPT, another Professor, 
Huma Gupta5, described her work in the 
field of Islamic architecture research. Her 
presentation investigated the images that 
trained algorithms like Midjourney and 
Dall-E on architectural designs from Iran, 
including the deficiencies resulting from 
inaccurate representations of traditional 
Islamic architecture. There are a multitude 
of inherent biases that were introduced 
due to the many digital representations 
of historic Iranian design. These were dig-
itized by Western museums and labeled 
by people without Iranian history back-
grounds, as well as art in museums being 
created by Western visitors to Iran with 
biased views. 

5 Kasper, "The Carbon Footprint of GPT-4 - 
towards Data Science," Medium (Towards Data 
Science, July 18, 2023), .

ChatGPT is not a magical, all-
knowing machine but instead, a 
complex mathematical formula... 
It is not bound by morality or 
law; rather, it just gives you a 
logical response.
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The images these systems were trained 
on inherited these mislabeled and biased 
design taxonomies. Midjourney does 
not have the ability to understand these 
biases, and thus cannot counteract them, 
or even detect, perceive, or acknowledge 
that they exist. This results in a loss of 
traditional meanings and an inadvertent 
rewriting of history. This is a consequence 
of the educated guesses that Midjourney 
and Dall-E are making, which are start-
ing with incorrect information. This is a 
classic case of “garbage in, garbage out.” 
No matter how complex your algorithm 
is and how carefully it is trained, it will 
always have incomplete or biased outputs 
if trained on incomplete or biased inputs.

With so many challenges in develop-
ing large language models and general-
ized intelligence, how can we continue 
to improve these models without being 
plagued by our current problem of 
“garbage in, garbage out”?  In a recent 
workshop I taught on PAACADEMY6 which 
is called "Environment-Reactive Com-
putation," we took on this challenge. By 
delving into the core mathematics behind 
common machine learning algorithms, we 
reconstructed a mathematical framework 
around optimizing solar exposure in a 
hypothetical building. We used tools such 
as Ladybug to develop solar simulations 
with surrounding context to provide the 
ultimate method of localized computation.

The goal was to establish a system of 
design that, using the core mechanics of 
machine learning, can use specific inputs, 
outputs, and biases that stakeholders can 
dictate, instead of using generalized intel-
ligence where you don’t have any control 
over, or even knowledge of, the inherent 

6 PAACADEMY "Environment-Reactive 
Computation (with Ladybug) - Studio Jacob Lehrer" 
Parametric Architecture, January 31, 2024.

biases. This aligns with the ultimate goal 
of sustainable design, which is seamless 
integration into the existing environment. 

Sustainable design provides an addition 
to the surrounding neighborhood that is a 
net benefit, satisfies the users, as well as 
the surrounding community.  This progress 
is exactly what is undermined when you 
use an amoral, biased-blind model such 
as ChatGPT, which can regurgitate the 
old biases into our future developments. 
Using computation-based tools to develop 
designs allows architects, engineers, 
interior designers, and BIM specialists to 
harmonize with the surrounding context 
better. These tools can be used to repre-
sent community members, stakeholders, 
end users, and local governments, and 
their goals.

For example, to decrease wind-tunnel 
effects in major cities, an opportunity 
presents itself to do a wind simulation in 
a program like SimScale to reduce inadver-
tent harms that may come from increased 
wind speeds. Once these factors are devel-
oped into a system of variables, a tool 
like Galapagos for Grasshopper can use a 
machine learning method called gradient 
descent to optimize your design.

The “decent” is achieved by altering the 
variables inputted into a system and ana-
lyzing the output, and then further manip-
ulating these variables to optimize the 
desired output.7 Some possible outputs 
could be wind speeds between buildings, 
solar radiance on each building floor, or 
solar panel energy gained by the panel 
design. These tools will only become more 
common and democratized. Learning the 
technology behind systems like these 
allows designers to use these techniques 

7 3Blue1Brown, "But What Is a Neural 
Network? | Chapter 1, Deep Learning," YouTube 
Video, YouTube, October 5, 2017, .
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in creative and innovative applications 
beyond what is possible today.

In this context, machine learning is no 
longer used as a filter, but as a tool with 
defined inputs and biases directed by local 
stakeholders, rather than globally sourced 
and biased data with no definite sources 
of the information it uses.  The ultimate 
goal, as we strive for a more sustainable 
future, is to democratize these technolo-
gies to allow more people to better under-
stand and design with these advanced 
architectural tools.  However, one of the 
great ironies of AI algorithms like ChatGPT 
and Midjourney, is that they derail our 
attempts to effectively democratize these 
technologies by reinforcing the past biases 
we are so desperately trying to progress 
beyond.

The goal of this article is not to reduce 
the use of AI in applications like ChatGPT 
and Midjourney. These tools are impres-
sive, productive and, in fact, are quite fun 
to play with. However, when using these 
tools, we must understand the inherent 
flaws of these systems and learn how 
to manipulate the incredible power of 
these language and image models to our 
benefit, rather than to our detriment.  By 
delving deep into the structure of machine 
learning algorithms, we can understand 
how to apply them to specific and unique 
situations.  If we are transparent about 
the many inherent flaws that are forever 
entwined with these systems, we can 
develop a healthy relationship with them, 
and learn how to use them safely and 
productively, creating a more sustainable 
world, one gradient descent at a time.
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Computational Thinking and the Language of Angels

Massimo Russo*

For reasons that are not entirely clear to me, even today, 
I personally do not have an exhaustive understanding of 
what exactly computational thinking is, despite frequenting 
it with sometimes interesting results. In the field of archi-
tecture and design, computational thinking defines a very 
broad scope of knowledge and ways of thinking, which 
includes different and new design methods that are closely 
connected to emerging technologies, such as the use of 
numerical control machines, parametric design, and now 
also the implementation of artificial intelligence. 

I am fascinated by how computational thinking is gen-
erally understood as a logical and rigorous process. Inter-
esting as it is described by Jeannette Wing1 in her article 
in Communications Of The Acm: “Computational thinking 
is reformulating a seemingly difficult problem into one we 
know how to solve…”. However, what I find stimulating as 
an architect is understanding how such a stringent logical 
dimension, born in the world of information technology, 
can transform itself into an opportunity for a new aesthetic, 
generating beauty.

I remember never having a great ability to calculate in 
high school in solving problems or expressions. I often stayed 
to observe with pleasure their writing. Mathematical writing 
seemed to me more like something to contemplate and not 
like equations to solve and calculate. Those mathematical 
signs, with their capacity for synthesis, seemed to me to 
have their own aesthetic autonomy beyond their logical 
function. During the study of derivatives in my fifth year 

1 Wing, Jeannette M. "Computational thinking." Communications of 
the ACM 49, no. 3 (2006): 33-35. *Architect
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of high school, I was particularly struck 
by that writing, which was so concise in 
style and represented a concept of peren-
nial tension, an infinite approximation. 
Perhaps this was my first experience of a 
connection between an aesthetic dimen-
sion and the mathematical world.

My relationship with computational 
thinking parametric design was born 
from a series of coincidences. It was not 
the consequence of a conscious choice 
of a dedicated study path, as can be the 
choice of a specific degree course on the 
topic. I came into contact with this world 
of emerging technologies about ten years 
ago by pure chance. Indeed, my youth 
training took place in a university, which, 
like other Italian architecture universi-
ties, considered the world of information 
technology applied to architecture essen-
tially harmful. The use of computers was 
not welcomed; it was often forbidden. 
Ultimately, the current situation hasn't 
changed much.

My study on computational thinking 
starts from a completely random discov-
ery on the internet of some programs not 
related to the world of architecture. They 
were open-source programs, like Topmod 
or MathMod, which introduced me to 
complex mathematics, in a very simple 
way, particularly in generating complex 
shapes. I still find it extremely interesting 
and even poetic today, just as I did then, to 
abandon myself to observe these mathe-
matical forms of this digital world.

At this point, however, I must introduce 
another fundamental concept useful to 
the discussion. Art, and therefore archi-
tecture and design, to be such, always has 
a precise characteristic: it arrives unex-
pectedly. In particular, the art produced 
by geniuses is deviant; it gives us the 
possibility of seeing the world from a com-

pletely new point of view, which was not 
imaginable until a moment before seeing 
the work created by the artist.

It is clear that we are in a very different 
paradigm from that defined by compu-
tational thinking. In other words, there 
is no method, theory, or algorithm, even 
expertly formulated and logically rigorous, 
that can generate art and beauty. However, 
this is exactly the opposite of what we 
expect when we study computational 
thinking as architects. But art and poetry 
cannot be traced back to logic, to abstract 
schemes, or to a theory that explains how 
to do it: it always comes as an unexpected 
revelation. It, therefore, seems that we are 
in the presence of a paradox.

Aware of this contrast, in my daily prac-
tice, I continue to frequent the world of 
computational thinking and, at the same 
time, the search for beauty. On the one 
hand, I develop a logical method, and 
on the other, I cultivate a sort of waiting 
in which, in an apparently random way, 
beauty reveals itself. They almost seem 
like two irreconcilable worlds. Personally, 
when I find myself faced with two such 
opposing theoretical positions, I think I 
have no choice but to try to implement 
practical activities: do something that 
allows me to get out of the swamp of 
opposition.

Right now, I'm experimenting with new 
iterations of artificial intelligence that I 
find particularly interesting. There are two 
types of iteration approaches that I am 
applying with AI: in the first, the mathe-
matical geometric sign is a constant and 
a predominant condition and in a dimen-
sion closer to computational logic (Photo 
Category A); the second, however, is char-
acterized by a prompt logic, centered on 
the word. In this case, the construction of 
AI instruction takes place on the basis of 
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references to artistic suggestions, which 
becomes predominant (Photo Category 
B). There are two possible ways to get 
involved in AI, which seems to be a much 
more flexible and open system than other 
processes or tools present in the world of 
computational thinking.

AI sometimes seems much closer to 
our unconscious (the irrational) than to 
our reason. Perhaps this is one of the 
reasons why it is able to reveal beauty to 
us so effectively. A provocation: Would 
it perhaps be more correct to talk about 
Artificial Unconscious instead of Artificial 
Intelligence? Furthermore, randomness 
is an important component in these pro-
cesses. Maybe yes.

Although I am very fascinated by com-
putational logic, I do not believe that it 
alone is capable of generating art. Before 
being able to recognize and understand 
the beauty that comes from AI, I wonder 
where the sense of beauty comes from 

unexpectedly in us. Where is the DNA of 
our aesthetic sense beyond the world of 
the rigor of logic? Personally, I believe that 
the answer is to be found in the primor-
dial experiences that the newborn has 
with the sound and voice of the mother. 
The words and the sounds have a rich 
aesthetic dimension. The mother's word 
to the unborn child transmits her personal 
beauty but also that of an entire culture in 
which the language was generated. There 
are many scientific studies underlying this 
reflection.2

In his novel, Thomas Mann's main char-
acter, the knight Felix Krull, says that "the 
angels in the sky speak Italian".3 What I 
find interesting specifically is not that the 
language of angels is Italian; indeed, all the 
languages of the world have equal beauty. 

2 Freddi, Egidio. "Lingua e musicalità." online. 
EL. LE 1, no. 1 (2012): 77-89.

3 Lubich, Frederick A. "The Confessions of 
Felix Krull, Confidence Man." The Cambridge 
Companion to Thomas Mann (2004): 199-213.

Photo Category A
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But the fact that a language, a system of 
sounds, is placed on the basis of a premise 
of beauty. Furthermore, I believe that 
the term used by Thomas Mann, "the 
language of angels," is a metaphor, a refer-
ence to our unconscious and the creative 
part of him.

In addition to a unique logical thought, 
universally recognized as computational 
thinking, it is important to contrast it with 
a rich and diversified beauty, such as that 
of the many languages around the world. 
It will be interesting in the near future 
to see how this iteration between logical 
thinking and beauty, as well as the musi-
cality of various languages, generates dif-
ferent aesthetics. It is a desirable scenario 
to avoid a single thought and a single 
aesthetic linked to a single logical thought; 
otherwise, it would be very dangerous.

I want to conclude with a final reflection 
to indicate the risks and opportunities of 
computational thinking and the AI revolu-

tion. In this regard, I often refer to Stanley 
Kubrick's film 2001: A Space Odyssey and 
the dialogues between the artificial intelli-
gence of the computer HAL 9000 and the 
astronaut Dave Bowman. HAL 9000, in its 
full evolution, no longer seems to reason 
with computational logic; rather it has 
developed the human traits of paranoia 
and envy; he also learns to lie in order to 
overwhelm man.

Instead, the astronaut tries to behave 
more and more rationally and completely 
relies on computational thinking. HAL 
9000's AI is about to dangerously take 
total control of the entire spaceship and 
overwhelm all the astronauts.

Perhaps more than imitating the 
machine, like Stanley Kubrick's astronaut, 
it will be important for all of us that, in 
order to survive, man confirms his pro-
found identity, including the awareness 
of his limits. I know I'm saying something 
unpopular: I'm not in favor of teaching 

Photo Category B
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coding in elementary schools. It would be 
much more instructive to introduce the 
first concepts in the history of science and 
logic, explaining that all advances in every 
sector of science occur in leaps and that 
the simplification of complexity is a possi-
ble method but certainly not the only one 
and perhaps not even the most effective.

Introduced at an early age, the myth 
of the superiority of logical thinking is 
misleading. After all, the fairy tales we tell 
children have never represented a logical 
and perfect world; indeed, the more 
educational ones are, in fact, scary and 
unreasonable. There are many studies in 
this sense.4

I would like to recall an interview with 
Paul Feyerabend (1993), the epistemolo-
gist known for his radical criticism of the 
foundations of modern Western science, 
which claims to have a unique method and 
to embody a superior model of rationali-
ty.5 In this interview, the philosopher refers 
to his famous essay "Against the Method" 
(1975), in which he declares that it makes 
no sense to talk about the supposed 
antagonism between episteme (certain, 
logical knowledge) and myth (knowledge 
based on narratives fantasy). Feyerabend 
says: "Many of the sciences that we see 
around today couldn't do without a pinch 
of poetry to put things back into perspec-
tive." 

If Feyerabend does not believe in the 
definition of a single method based only 
on the rigor of logic in the scientific field, 
imagine if we can imagine all this possible 
in the artistic field.

4 "Le Fiabe? Non Raccontano Favole," www.
vitaepensiero.it, 2023 .

5 Philosophy Overdose. "Paul Feyerabend 
Interview (1993)." YouTube Video. YouTube, 
March 5, 2022. https://www.youtube.com/
watch?v=8GrVlLYgeZ8.

In conclusion, I believe that computa-
tional thinking is effective to the extent 
that it is able to open up to the irrational. 
That is when we are in a position to develop 
a knowledge of the world based on logic 
(thanks to inductive processes), but then 
arriving at the conclusion of not knowing 
(ready not to have a dogmatic position 
of our knowledge, with the presumption 
of possessing the truth) and moreover, 
remaining open to randomness, which can 
be a revelation of beauty and knowledge. 
Socrates' thought becomes central again.



34



35

 Media, Illusions, Architecture: What Makes Media 
Architecture?

Melih Gurcan Kutsal*

With new technologies from 3D printing to AI and each 
day new discoveries either new materials or new tech-
niques, the field architecture is evolving and developing 
each day. These technical, apparatus developments modify 
and expand our understanding of architecture in context. 
We start to question the etymology of architecture and its 
new role in the future.

Architecture is a mixture of technology and art; at this 
time the technological aspect of architecture has been 
improved with 3D printing, Bio-Materials, AI, and many 
more, although what about the art part? Philosophy cannot 
stuck in one time zone while we are evolving. Media Archi-
tecture is trying to kindle the understanding of the field to 
question the theory and the concept of architecture. Jeffery 
Parker explains Media Architecture in Online Journal Archi-
tectureMaker as;

 “There is no one answer to this question as it is a rel-
atively new field with no set definition. Generally, media 
architecture can be understood as the intersection of archi-
tecture and media studies […] This may include examination 
of the ways that buildings can be designed to accommodate 
and integrate new media technologies, or how digital media 
can be used to create new architectural experiences.”

So, does that mean media architecture is more about 
using the apparatus of new media and integrating it with 
architecture? We must understand what “media" means 
and where that word comes from. The word “media" 
originates from the word ‘medium’ from Ancient Greek; 
medium explains that in the midst, in between, has no 
physical form but has affection. A form of illusion that we 

*M.Sc. in MediaArchitecture 
from the Bauhaus-Universität 
Weimar and M.Sc.in 
Architecture from the 
University at Buffalo, SUNY
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believe is absolute. Since the origin comes 
from Ancient Greece, what is the example 
of media in those times?

Marshall McLuhan in his book, Under-
standing Media: The Extensions of Man.1 
He explains as; 

“The instance of electric light may 
prove illuminating in this connection. The 
electric light is pure information. It is a 
medium without a message, as it were 
unless it is used to spell out some verbal 
ad or name. This fact is characteristic of all 
media, which is always another medium. 
The content of writing is speech, just as 
the written word is the content of print, 
and print is the content of the telegraph”

A language is a form of medium; archi-
tectural language is a form of medium. 
Renato De Fusco talks about how archi-

1 McLuhan, Marshall. Understanding media: 
The extensions of man. MIT press, 1994.

tecture is a mass media tool in his “Archi-
tectura come mass medium” and how 
political and cultural elements it is.2 Archi-
tecture is a mass media tool that affects 
our ideas and behavior by affecting the 
atmosphere we live in, in the midst. Media 
architecture uses new technology to com-
municate with space and the community. 
The goal of the communication depends 
on the narrative we are trying to tell or the 
media that we are using. It can be political 
or more about the interaction of commu-
nity; like a language, its content can be 
diverted. 

The importance of media architecture 
is difficult to explain and understand, 
in order to describe it, we have to talk 
about Karen Brad’s “Agential Realism” to 
underline its importance in the theory 

2 De Fusco, Renato. Architettura come mass 
medium: note per una semiologia architettonica. 
Vol. 1. edizioni Dedalo, 2005.
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field and Lefebvre's Urban Space defini-
tions to enlighten the functional need of 
the public space itself.3 Agential realism 
can be described as matter and meaning 
intra-actively co-constitute each other. 
We give too much power to the language. 
We define spaces and objects in linguistic 
terms and prison their function. A table is 
just a piece of wood; it can be used in dif-
ferent roles rather than just in the kitchen. 
Nietzsche warned against the mistaken 
action of taking grammar too seriously 
and linguistic structure manipulating 
our understanding of our environment 
and materials.4 We differentiate fields, 
zoning the knowledge; this divergence is 
caused by linguistic understandings; we 
define one structure with one word, and 
although that structure consists only of 
simple elements, we give it an absolute 
force by their definition and imprison its 
potential.

The point it intersects with architecture 
is how we see design. New techniques 
open new perspectives and new under-
standings through architecture. Although 
we are still stuck in one field, we still lock 
knowledge in one filed while the knowl-
edge itself has no space or form. If we 
are stuck on one point we will be blinded 
and won’t be able to see our surroundings 
when we call ourselves we are designing 
community.

Media Architecture focuses on how 
the medium is a tool of language, how 
each object or action is an apparatus for 
linguistics, and how these apparatuses can 
be used to improve the community. This 
method includes prototyping and trial and 

3 Murris, Karin. Karen Barad as educator: 
Agential realism and education. Vol. 710. 
Singapore: Springer, 2022.

4 Gödde, Günter, Jörg Zirfas, Reinhard G. 
Mueller, and Werner Stegmaier. "Nietzsche on the 
Art of Living."

error. In architecture, we focused on per-
fectionism and forgot the trill of research-
ing and experimenting. 

Like Lefebvre said for urban spaces, 
how they serve capitalism but not for 
the people, we memorized one way of 
designing, and it is not for people; that’s 
why Lefebvre references Ancient Greek 
urban space designs, how they were more 
chaotic but how it supposed to be, not 
knowing what will your next interaction 
and the space itself is not classified while 
right now we classify zones, define classes 
on spaces social or economical. Urbanism 
without a certain degree of cosmopolitan-
ism is just a mass of unconnected societ-
ies. 

Projects like Fiberbots from MIT 
MediaLab, Michael Hansmeyer's Digital 
Grotesque, Natalie Cheung‘s Drone 100,  
Jen Lewin's Chandelier Harp, Erick Van 
Egeraat’s Energy Tower, Refik Anadol's 
Living Architecture: Casa Batilo can be one 
of the examples out of many. 

In conclusion, the origin of Architec-
ture is a mixture of art and technique. 
The technique evolved into 3D printings, 
project mapping, sensors, programming, 
and many more, but we stopped how the 
art part evolved in our age; since tech-
nology develops our philosophy of life 
and world, understanding of knowledge 
and design also evolves, media architec-
ture tries to create a spark to open this 
conversation, since architecture tool to 
influence or spark an idea, either political 
or cultural. It is a medium, like a language, 
and as McLuhan says,5 the “medium is the 
message," what message are we leaving.

5 Simmons, Michael. "Marshall McLuhan’s the 
Medium Is the Message (Best Explanation) - 1977." 
YouTube Video. YouTube, July 11, 2023. https://
www.youtube.com/watch?v=5dawLQe1ZUA.
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Requiem or Rebirth? Redefining the End of a 
Building's Life

Reyyan Dogan

Living architecture, a building’s life, breathing structures, 
skeleton, skin, and many more are common metaphors 
used in architecture that come from the human tendency 
to attribute life or human characteristics to non-living or 
nonhuman entities. This impulse to attribute life can be 
realized as taking inspiration from the life of the living being 
and empathizing with the necessary subject through life. 
With the increasing discussions on sustainability and taking 
inspiration from nature to continue architectural practice 
beneficially, the life of buildings came to the forefront and, 
sometimes, used to promote the quality of the production. 
However, talking about the positivity of life and hyping about 
creating a life comes with a relatively dark concept: death. If 
a building is considered to be alive, it is mortal. Architecture 
prides itself on its creativity and does not talk about death 
and the afterlife as much as it does about life. However, 
what happens when a building's metaphorical life ends?  
Does it become landfill fodder, or is there an afterlife?

Today, high-speed architectural production also has 
high-speed death. Compared to the pre-modern period, 
buildings are born fast and die fast.1 Looking closer at 

** Stephen Cairns and Jane M. Jacobs, Design, 'Ecological Horizons', 
Buildings Must Die: A Perverse View of Architecture (Cambridge, 
Massachusetts: The Mit Press, 2014), p.231.

1 Neil Harris, 'Meeting the World', Building lives: Constructing Rites 
and Passages, (New Haven and London: Yale University Press, 1999), 
p.13.

“Architecture can design either facing toward waste and death or looking 
away.”**

*Architect and Editorial 
Content Creator at Parametric 
Architecture
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the reasons for the building’s death, 
demolition stands out as one violent act, 
rather than a natural one that comes 
through age, ending with burying the 
remains.  Lately, the mass burials of 
every material, along with demolitions, 
started to disturb human lives through 
problems such as land and resource 
scarcity and environmental pollution that 
eventually damages human health. And 
this disturbance has the power to trigger 
an action which, in this case, increases the 
discussions about using so-called waste 
materials in design projects and realizing 
the potential to put these materials back 
into the economy.2 This perspective now 
challenges the reconsideration of the 
definitions and attitudes toward waste. In 

2 Barbuta, Marinela, Roxana Dana Bucur, Sorin 
Mihai Cimpeanu, Gigel Paraschiv, Daniel Bucur, 
and Chapter Agroecology. "Wastes in building 
materials industry." Agroecology 1, no. 1 (2015): 
81-99.

the case of buildings, where construction 
waste can become the corpses of 
buildings, rubbles become resources for 
new productions. The definition of waste is 
complicated since humans are mostly the 
ones who decide what waste is. Referring 
to waste as a cultural construct can help 
define the scale of waste. Looking around 
the material world, every object, place, 
building, program, and system is produced 
by humans and can potentially become a 
waste. As common as waste in humans' 
lives, coping methods are not beneficial 
enough to avoid disasters. Besides the 
emotional connections, people tend to 
remove the remains to avoid disturbance, 
whether it is a corpse, trash, land, rubble, 
or a whole building. Approaches to waste 
management are still primitive, with 
the aim of getting them out of sight, yet 
technological developments try to lead to 
more beneficial ways.
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However, in such a technology where 
we travel to space, create alternative real-
ities to live virtually, create smart cities, 
and construct with robots; trying to deal 
with waste is quite ironic. As famously said 
by the author William Gibson, “The future 
is already here. It’s just not evenly distrib-
uted yet.” Diving into the life of buildings 
and their inevitable ends, couldn’t tech-
nology help to create beneficial afterlives 
for them? This is where the potential of 
technology shines, offering innovative 
solutions to transform waste into valuable 
resources, thereby extending the life of 
buildings and reducing environmental 
impact. 

As an alternative look to the building’s 
life, the cradle-to-cradle approach is one of 
the discussions.3 Cradle-to-cradle is a pro-
posed solution to current crises through 
the reconceptualization of a system that 
is a waste-producing cradle-to-grave, as 
described in McDonough and Braungart’s 
book, where each end product ends up in 
a grave, or in other words, landfills. In the 
system's circularization, the building's end 
product becomes a resource, and tech-
nological mediums and tools can be the 
helpers to create second lives. These after-
life creations can be using the undamaged 

3 William McDonough and  Michael Braungart, 
‘Cradle to Cradle: Remaking the Way We Make 
Things’, (New York: North Point Press, 2002).

material as it is for another or creating a 
brand new innovative material from the 
remains of what is left. Some of the main 
materials used in buildings can be counted 
as concrete, wood, brick, glass, and steel. 
While some of these materials can be 
reused or recycled easily under certain 
conditions, some of them go directly to 
landfills without a chance to access a 
beneficial afterlife. In both cases, there 
are continuous approaches and develop-
ments. 

Buildings' ends can take different forms. 
They can die socially with fully functioning 
elements, or they can be demolished and 
turned into rubble. Either way, what is left 
behind can be seen as a resource rather 
than a waste. Focusing on the nonde-
formed materials of a dead building, such 
as wooden or steel elements in different 
sizes, furniture, ornaments, sanitary ware, 
etc., can be directly used for another place 
and enter another life-cycle. However, in 
the complexity of architectural production, 
where every resource has the potential to 
be wasted, tracking such materials and 
saving them needs a systematic approach. 

At this point, integrating technology in 
architecture brings BIM and digital twins 
to the fore. In cases where BIM is not inte-
grated into the design process, and care is 
not taken to avoid waste thereafter, con-
struction leads to the conversion of many 
resources into waste both during the con-
struction and demolition phases.

The increasing use of BIM systems 
plays a significant role in reducing 
these rates. Situations where BIM is 
integrated into both the design and 
demolition processes contribute to the 
optimization of the construction sector. 
Recording all materials during the design 
and construction process provides the 
infrastructure for these materials to 

Buildings' ends can take 
different forms. They can die 
socially with fully functioning 
elements, or they can be 
demolished and turned into 
rubble. Either way, what is 
left behind can be seen as a 
resource rather than a waste.
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be reused when a demolition decision 
is made, and instead of ending up in a 
landfill, reusable materials are integrated 
into new projects, allowing them to have a 
new life rather than becoming buried.

Although salvaging materials that 
are currently possible to reuse is more 
common without a systematic approach, 
the end products generated during dem-
olition, mostly rubble, are often destined 
for the grave. In this regard, emerging 
initiatives allow for the transformation 
of rubble into different forms for reuse. 
Various methods for transforming rubble 
into new raw materials are becoming 
increasingly widespread.

At this point, the use of 3D printing in 
the construction sector is also evident 
with many advantages. 3D printing offers 
various benefits, such as rapid produc-
tion and generating less waste during the 

construction process. As it is an evolving 
approach, it is possible to foresee many 
positive aspects of its systematization. As 
concrete printing becomes more prevalent 
for building from scratch, it also highlights 
the increase in concrete waste due to the 
increase in concrete production. A major 
advantage of incorporating 3D printing 
into construction lies in its capability to 
utilize a wide range of materials, includ-
ing those sourced from construction and 
demolition debris.4

Concrete recycling and reuse are chal-
lenging, but as the most commonly used 
material in construction, the concept 
of transforming waste concrete into 
aggregates emerges in 3D printing. This 
approach involves converting concrete 
waste into aggregates for use in 3D print-
ing, aiming for a more sustainable and 
circular construction process. The ability 
to transform demolition waste into raw 
materials for 3D printing and the increas-
ing adoption of this approach highlights 
one of the most beneficial afterlife sce-
narios for concrete. Without delving into 
the specifics of the materials produced, 
adopting innovative technologies such 
as 3D printing presents the prospect of 
buildings moving beyond their death into 
an afterlife. This underscores the chance 
to print a post-demolition existence for 
buildings rather than simply surrendering 
and bidding them farewell inadequately.

As we contemplate the afterlife of 
buildings, a profound shift emerges in our 
relationship with architecture. We are no 
longer just creators but custodians of a 
built environment that reflects our values 
and aspirations. The evocative image of 

4 Shoukat Alim Khan, et. al.  "3D printing of 
circular materials: Comparative environmental 
analysis of materials and construction techniques", 
Case Studies in Construction Materials (July 2023)

Photo: Tersane St. Istanbul, Turkiye, Reyyan Dogan
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buildings as living entities with a birth, 
life, and inevitable end underscores the 
urgent need for sustainable and circular 
practices in construction. The rapid pace 
of construction and demolition demands 
we confront the consequences of our 
actions on the built environment and the 
planet. Yet, amidst the rubble lies a pow-
erful opportunity.

We can reimagine waste as a valuable 
resource through innovative tools like 3D 
printing and concrete recycling, ushering 
in a new era where buildings not only 
serve their primary function but contrib-
ute to a regenerative cycle of materials 
and ideas. By embracing a cradle-to-cradle 
mindset and harnessing technology, we 
stand poised to unlock the potential of 
architectural afterlives. As we navigate the 
complexities of waste management and 
resource scarcity, this frontier beckons - a 
fertile ground for exploration and innova-
tion, where architecture can not only 
house our lives but also nurture a more 
sustainable future. 
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Urban Voids – Reclaiming the Horizon

Cas Esbach*, Sandra Baggerman**, Xiangyu Zhang***

As one moves through the bustling streets of China's 
cities, the streets unfold as a testament to the nation's 
architectural ambitions, marked by numerous construction 
projects that symbolize progress and modernization. Yet, 
taking a longer look might reveal that many of these projects 
are in a perpetual 'to be built' state, turning into abandoned 
relics over the years. Where gates, security and lights are 
upkept to appear as an active building site.

 "I've spent the last 15 years living beside this hollow con-
crete shell, holding onto hope that it'll be completed one 
day. Yet, deep down, I doubt it ever will." - a resident next to 
an urban void.

The world witnessed China’s staggering urbanization 
development. However, these urban carcasses, while indic-
ative of China's rapid ascent, also highlight the darker facets 
of its urbanization—mired in financial, regulatory, and plan-
ning complexities that slow and sometimes even stop any 
progress. The halting of numerous projects by large bank-
rupt developers leaves future tenants entangled in loans for 
homes never realized.

Consequently, these incomplete structures morph into 
‘Urban Voids,’ which can be found in nearly every major city 
in China, serving as evidence of the country's swift urbaniza-
tion and unmet planning goals while underscore the signifi-
cant environmental impact—material waste, wasted human 
effort, and a substantial carbon footprint with nothing to 
show for it— these challenges demand urgent attention. 
While the Chinese government is sparing no effort to solve 
unfinished buildings and related society issues, we hope to 

 *Project Leading Architect at 
MVRDV
**Architect at Trahan 
Architects
***Architecture Educator
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reimagine these urban voids and redefine 
the urban renewal model through the 
language and spatial strategies of archi-
tecture.

In response to this challenge, archi-
tects Cas Esbach and Sandra Baggerman, 
in collaboration with Xiangyu Zhang and 
students at InVision, are spearheading the 
reimagination of urban voids. Through the 
fusion of spatial design and AI technology, 
they aim to rejuvenate these abandoned 
spaces. Their initiative seeks to redefine 
these empty structures, currently symbols 
of failure and environmental strain, into 
models for urban renewal. By transform-
ing the narrative from wasteland to oppor-
tunity, they strive to ignite a new era of 
urban revival and revitalization. 

 Reimagining Urban Voids 
Transitioning from recognition to 

innovation, the team led by Baggerman,  
Esbach, and Zhang leverages the potential 
of urban voids beyond their desolation. 
Their methodology examines these struc-
tures through transformative lenses, offer-
ing future-focused pathways to revitalize 
urban voids and their cityscapes. These 
narratives unveil possibilities for food 
security, communal life, ecological inte-
gration, and residential innovation, and 
sustainable resource management, estab-
lishing clear paradigms for urban renewal 
across different spatial scales. 

Food Production 
Despite their significant wastage, these 

structures facilitate the great value of 
space. Looking at these infinite stacks of 
space, one could envision a three dimen-
sional composition of local agriculture, 
food culture, and nutritional security. By 
promoting and celebrating local food tra-
ditions, urban farms and food hubs aim to 
integrate spaces into the fabric of daily life.

Advanced farming systems can be 
implemented in unsafe and hazardous 
areas, aided by drones that analyze crops 
for ripeness, infestations, and environ-
mental stress factors. This high-tech agri-
cultural approach, nestled within urban 
confines, brings food production back to 
the heart of the city, reconnecting millions 
with the origins of their meals.

Imagine a supermarket on the ground 
floor selling produce grown just a few 
levels above. This model eliminates the 
carbon footprint associated with food 
transportation, offering a hyper-local 
supply chain. Moreover, it cultivates a 
unique setting where consumers engage 
with food production from farm to table 
within their livelihood. This fosters a 
culture of sustainability and self-suffi-
ciency, laying the groundwork for a future 
of self-sustaining cities. 
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  Public Spaces and Community 
  Urban voids span from city fringes to 

bustling urban cores. Initially developed 
opportunistically, they falter due to poor 
quality control or regulatory neglect. 
Transforming these blighted sites into 
vibrant public spaces like playgrounds, 
community centers, and art installations 
rejuvenates the city's core.

These spaces, usually too valuable for 
public development, become communal 
assets, enhancing the social fabric and 
fostering connections.Opening them up 
enables various recreational activities, 
from urban sports fields to swimming 
paradises, redefining them as hubs for 
community engagement. This repurposing 
illustrates the transformative potential of 
urban design, creating vibrant, interac-
tive cityscapes that promote a sense of 
belonging among residents. 

  Embracing Nature
While looking at the Urban Voids 

for society, a radical counter question 
emerges: What if we choose to embrace 
them in their raw state to be reclaimed by 
nature’s elements? Deliberately discon-
necting them from society, leaving these 
voids exposed. How swiftly might nature 
reclaim these territories? The Yellow 
Sea-Bohai Gulf region and its neighboring 
provinces play a crucial role in the migra-
tory patterns of numerous bird species. 

By transforming urban voids into sanc-
tuaries for these migratory birds, we not 
only provide vital havens for biodiversity 
but also foster a symbiotic relationship 
between the natural and built environ-
ments. 

This approach transcends traditional 
urban development strategies where 
biodiversity, sustainability, and ecological 
stewardship are paramount. Urban voids, 
thus repurposed, become beckons of 
green living—spaces where nature's resil-
ience and ecological restoration is melded 
with structural architecture.

A transformation where urban ecosys-
tems, human and non-human residents 
thrive in harmony, and the once-neglected 
voids evolve into integral components of 
a sustainable urban fabric. By allowing 
nature to intersect freely with urban 
structures, we create a living laboratory 
of self-sustaining ecosystems within city 
limits. This enhances urban greenery and 
biodiversity while serving as a testament 
to innovative, nature-inclusive urban 
planning, laying the groundwork for 
future cities where the divide between 
the natural and the built environment is 
bridged. 

  Residential
Addressing urban voids as incomplete 

homes brings another type of insight. 
Owners of unfinished houses often can't 
afford alternative housing, resorting to 
makeshift living arrangements without 
basic utilities, essentially living 'off-grid' 
within the concrete grid. This calls for 
immediate, innovative solutions and gov-
ernment intervention. The challenge is to 
turn these spaces into habitable homes 
with creative, cost-effective designs. By 
implementing adaptable solutions like 
portable water systems, solar power, and 

"I've spent the last 15 years 
living beside this hollow 
concrete shell, holding onto 
hope that it'll be completed one 
day. Yet, deep down, I doubt it 
ever will."
- a resident next to an urban void
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shared amenities, we can expedite the 
transformation of voids into functional 
residences. This not only meets the 
urgent need for homes but also fosters 
community, turning survival into thriving 
communal life. Embracing this vision calls 
for a swift, innovative response to urban 
housing crises, highlighting the potential 
to turn adversity into opportunities for 
communal revitalization and sustainability. 

Conclusion 
While we recognize the complexity of 

the challenges that urban voids present, 
the imperative for action is unmistakable. 
These voids, stark realities within China's 
urban landscape, should be viewed not 
as mere blights but as significant oppor-
tunities. They stand as a testament to 
ambition run unchecked and planning 
gone awry, relics from an era of explo-
sive growth. Now, against a backdrop of 
economic uncertainty and the pressures 
facing major real estate developers, these 
voids hint at a deepening crisis. Standing at 
the crossroads between further decay and 
potential rebirth, the transition from being 
casualties of unbridled development to 
pioneers of a new urban epoch demands 
a multifaceted and inclusive strategy. This 
necessitates the thoughtful contributions 
of residents, architects, urban planners, 
and community stakeholders. Through 
clear articulation of our perspectives, we 
possess the capacity to reevaluate and 
transform these urban voids into shining 
examples of urban renewal.

  The road ahead is filled with chal-
lenges, yet also with promise. By coming 
together, leveraging the collective insight 
and resolve of our communities, we have 
the opportunity to light the way forward. 
This moment beckons us to forge a legacy 
marked by resilience, innovation, and 
inclusivity, transforming past oversights 

into stepping stones for urban renewal.
In the months ahead, initial explora-

tions are expected to start yielding con-
crete results. These ideas aim to provide 
a platform for discussion, feedback, and 
collaboration. Sharing findings publicly is 
intended to ignite a broader conversation 
about the future of urban renewal and the 
transformative power of urban voids. Stay 
tuned for these exciting developments as 
the boundaries of reimagining urban voids 
continue to be pushed.

*All visuals provided by authors.



50



51

Digital Twins and Urban Planning: Simulations for 
Better Decision-Making

Serra Utkum Ikiz*

By 2050, more than 68% of the world's population will live 
in urban areas.1 The number of megacities, cities with over 
10 million inhabitants (such as Tokyo, Delhi, and Shanghai), 
is expected to increase. The urban professionals expect that 
more cities will join the megacity category within this time-
frame. However, rapid urbanization usually outpaces the 
construction of proper housing and urban infrastructure is 
not designed to take advantage of quick population growth.2 
Also, children, migrants, and those already marginalized are 
the most affected by the negative effects of urbanization.

Although urbanization presents various challenges, it 
also provides multiple benefits.3 Cities serve as hubs of eco-
nomic activity, offering diverse jobs, businesses, and other 
opportunities. Cities also provide a wider developed selec-
tion of schools, hospitals, and specialized training facilities. 
However, proper planning and management are essential to 
fully realizing the benefits of urbanization.

As cities continue to urbanize at a rapid pace, technologi-
cal advancements are playing an important role in the plan-
ning and management of urban areas These advancements 
can help urban professionals improve public transport and 
service delivery, making cities more efficient and livable. For 
example, planners can use data from sensors, social media, 

1 United Nations, "68% of the World Population Projected to Live in 
Urban Areas by 2050, Says UN | United Nations," United Nations (United 
Nations, 2022).

2 Quora. "How Are Cities Addressing the Issue of Urbanization and 
Rapid Population Growth?," 2019. https://www.quora.com/How-are-
cities-addressing-the-issue-of-urbanization-and-rapid-population-growth.‌

3 UN-Habitat. 2016. Urbanization and development: emerging futures 
World Cities report 2016. Nairobi: UN-Habitat.

*Urban Planner, Sociologist 
and Managing Editor of  
Parametric Architecture
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and IoT devices to understand complex 
urban dynamics in real-time. This data can 
then be analyzed to select traffic patterns, 
population density, resource use, and 
social needs. 

“There is a wide range of new technol-
ogies and innovations that can enhance 
sustainable urban development, from 
improved connectivity within cities to the 
use of Internet of Things (IoT) solutions, 
geospatial and cloud technologies, or even 
considering emerging technologies such as 
Artificial Intelligence (AI) and blockchain.”4

Advancements in technology, such as 
3D modeling and simulation, have made it 
possible for city planners to create detailed 
models of entire cities. These models can 
be used to test different scenarios, such 
as the impact of new buildings on wind 
patterns and shadows, optimize traffic 
flow, and prepare for potential disasters. 
Along with all these improvements, online 
platforms, and apps have emerged as 
important tools that give citizens a voice 
in planning. These platforms allow citizens 
to contribute data by mapping informal 
settlements, pointing out public transport 
needs, and highlighting areas requir-
ing safety improvements. However, it is 
important to remember that marginalized 
groups are not left out of these techno-
logical solutions, and offline participation 
should be accessible.

Digital twins are virtual replicas of cities 
that allow citizens to see the impact of 
their suggestions in a shared environ-
ment.5 This encourages collaboration and 
lets planners test how citizen-sourced 
ideas interact with urban systems.

4 UNDP. "Smart Cities and Urbanisation," 
2024. https://www.undp.org/policy-centre/
singapore/smart-cities-and-urbanisation.‌

5 Grieves, M. "Digital Twin: Manufacturing 
Excellence through Virtual Factory Replication. A 
Whitepaper by Dr. Michael Grieves. 2014."

The “digital twin” concept was intro-
duced in 2003 by Michael Grieves at 
the University of Michigan and involves 
connecting physical and virtual products 
through data and information.6 In 2017, 
CAICT (China Academy of Information and 
Communications Technology) introduced 
the idea of a "digital twin city" as a way 
to plan and construct smart cities. This 
concept involves creating a digital replica 
of a physical city in a digital space using 
information technology systems.

Habib Modabber, Director of Business 
Development at Bosch7, states about 
the digital twin’s advantages, “A “digital 
twin” is a complete digital image of a 
building that includes all of its technolo-
gies, systems, sensors and other relevant 
aspects. It can exist in the cloud or locally. 
A single, integrated digital twin makes it 
possible to depict how a building’s systems 
interact with it and each other, something 
that until recently was only possible for 
individual systems and only with a labo-
rious manual process. A digital twin con-
nects them all and lets them share and 
communicate with one another. This takes 
transparency to a whole new level.”

In recent years, the advancement of 
computation and sensing technologies in 
manufacturing and design has expanded 
the potential of the digital twin concept. 
A digital twin is a developing virtual repre-
sentation of a physical object, system, or 
even an entire city. By constantly receiv-
ing real-time data from various sources, 
digital twins allow planners to test the 
impacts of proposed changes in a virtual 

6 Grieves, Michael. "Digital twin: 
manufacturing excellence through virtual factory 
replication." White paper 1, no. 2014 (2014): 1-7.

7 Bosch. "Interview | Digital Twins." Bosch 
Energy and Building Solutions Global, March 17, 
2020. https://www.boschbuildingsolutions.com/xc/
en/news-and-stories/interview-habib-modabber/.‌
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replica before implementing them in the 
real world. 

The World Urban Forum's report 
"Digital Twin Cities: Framework and Global 
Practices" identifies four key features of a 
digital twin city.8 These include accurately 
mapping the city's physical and digital 
aspects, analysis and insights derived 

8  Yu, X., and J. Merritt. "Digital twin cities: 
Framework and global practices." Progress in 
Planing:[website].– URL: https://www3. weforum. 
org/docs/WEF_Global_Digital_Twin_Cities_
Framework_and_Practice_202 2 (2022).

from the digital city, a two-way interac-
tion between the digital and physical city, 
and using insights from the digital city to 
improve the physical city intelligently. 

"The digital twin city solves the two 
conundrums facing smart cities: technical 
integration and business synergy. Techni-
cally, the digital twin solves the problem of 
scattered or weak integration experienced 
in traditional smart cities, and business-
wise, 'model+data+software' constitutes 
the digital base of the future city, enabling 
synergy across business lines." said Gao 
Yanli, Smart City Chief Expert, CAICT.9

Chongqing is a city in China with a 
population of around 32 million. It offers 
a great example of how digital twin tech-
nology can be effectively used in urban 
planning. The city has an internet-based 
platform designed for smart construction 
industries. This platform aims to digitalize 
the entire process of construction man-
agement, project management, and gov-
ernment supervision. 

Singapore is another country that uses 
smart cities and digital technology to 
improve its urban environment. As part 
of Singapore's Smart Nation initiative, the 
“Virtual Singapore” project provides a 
digital platform for collaboration between 
the public, businesses, government, 
and research institutions while ensuring 
proper security and privacy measures.10 

“You could, for example, find all the 
roof surfaces for buildings of a certain 
height in a certain area, or find all the wall 
surfaces orientated at a certain bearing 
and calculate the amount of sunlight 
falling on them,” said Ronnie Lee, deputy 

9  Ibid. p 14
10 Chia, Eng Seng. "Singapore's smart nation 

program—Enablers and challenges." In 2016 11th 
System of Systems Engineering Conference (SoSE), 
pp. 1-5. IEEE, 2016.

This scheme was redrawn from the ' A digital twin 
smart city for citizen feedback' research paper with 
modifications.
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director of GovTech’s Geospatial Specialist 
Office.11 So, the Virtual Singapore platform 
offers access portals, visualization tools, 
and 3D models to allow individuals to 
check the status of buildings, find optimal 
travel routes, and provide feedback to the 
government for improvements.

The accessibility to spatial informa-
tional tools has been growing, including 
Geographic Information Systems (GIS) and 
Global Positioning System (GPS). These 
tools can represent individual buildings, 
vehicles, or pedestrians on a large scale. 
Furthermore, additional layers of informa-
tion such as energy consumption, foot-
print, floor heights, and traffic flow can 
be integrated to create a complete digital 
representation of the built environment. 

11 Tech.gov.sg. "5 Things to Know about Virtual 
Singapore," March 28, 2017. https://www.tech.gov.
sg/media/technews/5-things-to-know-about-virtual-
singapore.‌

The GIS City of Zurich (GIS Stadt Zürich) 
managed a project that involved 25 differ-
ent service departments in Zurich.12 They 
used high-resolution 3D models consisting 
of terrain, urban block, and roof models. 
The data for these models came from 
LiDAR images, the city cadastral survey, 
and semi-automatic photogrammetry, 
respectively.

However, implementing Digital Twins 
has significant challenges, ranging from 
technical to social and legal. While current 
research mainly focuses on data and tech-
nological limitations, critical issues like 
trustworthiness and clear business models 
often require more attention.

To address these challenges, new 

12 Schrotter, Gerhard, and Christian Hürzeler. 
"The digital twin of the city of Zurich for urban 
planning." PFG–Journal of Photogrammetry, 
Remote Sensing and Geoinformation Science 88, no. 
1 (2020): 99-112.
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solutions are needed that focus on data 
sharing, collaboration between organi-
zations, and finding clear use cases that 
show the actual value of digital twins.13 
Moreover, experts from practice highlight 
legal and social concerns and the need to 
define practical values for end-users.

So, digital twins have a potential to rev-
olutionize urban planning, but successful 
implementation is challenging. Addressing 
data security, reliability, transparent busi-
ness models, and social inclusivity issues 
is crucial. Overcoming these challenges 
and continued technological develop-
ment will unlock the true power of digital 
twins. They offer a transformative tool for 
building smarter, more sustainable, and 
citizen-centric cities.

13 Lei, Binyu, Patrick Janssen, Jantien Stoter, 
and Filip Biljecki. "Challenges of urban digital 
twins: A systematic review and a Delphi expert 
survey." Automation in Construction 147 (2023): 
104716.
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From Seashells to Supertrees: Biomimicry's Influence 
on Architectural Form 

Osama Nasir*

Nature served as humanity's first teacher and continues 
to do so. A particular field of study develops by studying and 
imitating nature. This area of study, known as "biomimicry," 
is the copying of biological processes that are found in 
organic matter. Architects, like scientists and designers, can 
draw inspiration from the natural world. The foundation 
of architectural design, like that of many other disciplines, 
is the idea that human behaviour is typical. A relatively 
new field of study called "biomimicry" mimics the well 
established patterns of nature through creative means to 
develop lasting solutions.

Within this framework, the research article explores the 
concept of biomimicry, how to draw inspiration from nature, 
and how to approach design and nature from an architec-
tural sustainability perspective.

Nature: Inspiration
Let's explore our surroundings. It won't be a very long 

travel for us. Simple instances of it include our cells, bones, 
and physiological systems. It is present in all of the large and 
small plants and animals that surround us, even though we 
are unable to perceive it.1 The following is where to look for 
the best sustainability model: There is only nature. Humans 
define nature as an abstract idea, a depiction of the various 
components that make up our environment.2

1 Estévez, Alberto T., and Judith Urbano. "Back to the basics: Return 
to the origin, Gaudí and nature." In Green Energy and Infrastructure, pp. 
273-286. CRC Press, 2020.

2 Nasir, Osama, and Mohammad Arif Kamal. "Inspiration from 
Nature: Biomimicry as a Paradigm for Architectural and Environmental 
Design." American Journal of Civil Engineering and Architecture 10, no. 
3 (2022): 126-136.

*BArch at Aligarh Muslim 
University
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Every field of human knowledge requires 
a unique bio-learning concept. Here, our 
goal will be to integrate bio-learning into 
the architecture field. Herein lies the role 
of pathfinder Antoni Gaudí. He was one of 
the pioneers to use nature in architecture 
in a way that extended beyond using it as 
a simple element or a means of instant 
inspiration.

Bio-learning, nature-inspired design, 
and other specific lessons are all applica-
ble to architecture and human life. Nature 
regulates tree growth, for example, 
through paraboloids, hyperboloids, and 
helical development patterns.

In La Sagrada Familia’s interior design, 
Gaudí also used ellipses, hyperboloids, 
and paraboloids. This is shown in the basil-
ica, where the pillars naturally follow the 
structure's thrust lines and extend forth 
like tree branches. 

Biomimicry
The concepts "bios" (life) and "mimesis" 

(to resemble) are the sources of the 
phrase "biomimicry." In a similar vein, this 
concept—which encompasses the phrases 
"biomimetic," "biomimesis," "biognosis," 
and "bionic"—is used in several sectors 
by disciplines and studies related to the 
development of increasingly complex 
technology from natural inspiration.3

A relatively new field of study called 
"biomimicry" aims to mimic or be inspired 
by human-centred solutions. One example 
of how biomimicry, an innovation tech-
nique, looks for sustainable solutions by 
copying nature's tried-and-true strategies 
is a solar cell that takes its cues from a leaf. 

Since Janine Benyus, a writer on biolog-
ical science, gave the novel idea a name 

3 Nasir, & Kamal. Inspiration from Nature: 
Biomimicry as a Paradigm for Architectural and 
Environmental Design, p 127

and an intent, biomimicry has become 
more widely acknowledged as a means of 
reducing the adverse impacts of human 
activity on the environment.4 Benyus 
asserts that "a biomimetic revolution" will 
transpire in the future if this process of 
learning is permitted to go on and expand 
to other domains.5

Recent research indicates that some 
architects get inspiration from the natural 
environment while creating their ideas, 
particularly in terms of form, structure, 
and texture, which generates sustainable 
solutions by understanding the fundamen-
tal concepts rather than simply imitating 
them. For instance, the Armadillo Concert 
Hall in Glasgow, Scotland, takes its name 
from the animal that inspired it, whereas 
the Bahai House of Worship in Delhi is 
designed in the shape of a lotus flower.6

By drawing cues from natural pro-
cesses, biomimicry addresses human 
problems gradually. This strategy brings 
our contemporary way of thinking more in 
line with the natural world.

One such architect who succeeded in 
this was Frank Lloyd Wright, who did so 
by researching the natural world and its 
guiding principles. Inspired by seashells, 
the spiral ramp of the Guggenheim 
Museum was designed in 1943. As a 
result, biomimicry was accepted by other 
industries as a successful strategy.7

4 Yahya, Harun, and Timothy Mossman. 
Biomimetics: Technology imitates nature. Global 
Pub., 2006.

5 Benyus, Janine M. "Biomimicry: Innovation 
inspired by nature." (1997).

6 Tavsan, Cengiz, Filiz Tavsan, and Elif Sonmez. 
"Biomimicry in architectural design education." 
Procedia-social and behavioral sciences 182 
(2015): 489-496.

7 Kuday, I. "Examination of the term biomimicry 
as a supporting factor in design process." Master's 
Thesis, Mimar Sinan Fine Arts University, Institute 
of Natural and Applied Sciences, Istanbul (2009).
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The design method of biomimicry typ-
ically consists of three levels: mimicking 
an environment, taking cues from nature, 
and replicating or mimicking an organism's 
behaviour.8 Determining which biological 
trait is being mimicked is crucial for this 
application. It's known as "levels."

A single entity, such as a plant or 
animal, is either completely or partially 
imitated at the first level.The way a partic-
ular behaviour attribute of an organism is 
translated into or connected to a broader 
environment may be the focus of the 
second level of behaviour mimicry. The 
ultimate phase entails the emulation of 
complete ecosystems together with the 
universal principles that oversee their 
optimal functioning.9

Biomimicry in Architecture
As already mentioned, nature has long 

been a major source of inspiration and 
influence for architecture. Since biomim-
icry enables architects to comprehend the 
guiding principles of shape rather than 
merely replicate them, they frequently 
use it to find sustainable solutions. Conse-
quently, using a design that takes inspira-
tion from nature would be a simple way 
to start conveying this idea. Furthermore, 
nature serves as more than simply a fleet-
ing inspiration. 

Nature acts as a mentor, and role 
model for architecture, which connects 
nature and the built environment.10 Con-
sequently, using a design that takes inspi-
ration from nature would be a simple way 

8 Steadman, Philip. The evolution of designs: 
biological analogy in architecture and the applied 
arts. Routledge, 2008.

9 Webb, Stephen. "The Integrated Design 
Process of CH₂." Environment Design Guide 
(2005): 1-10.

10 Estévez, Alberto T. "Sustainable Nature-
Inspired Architecture." Sustainable Engineering 
Technologies and Architectures (2021): 4-1.

to start conveying this idea. However, it is 
more than just inspiration.

Biomimicry techniques used in the 
architecture industry fall into two main 
categories: "Design looking to biology" 
refers to the process of recognising a need 
or a problem in human design and investi-
gating how other creatures or ecosystems 
handle it. The technique of "designing for 
biology" involves adopting a particular 
characteristic, activity, or function from an 
organism or ecosystem into human inven-
tions.11

Antonio Gaudí finds inspiration in bio-
mimetics and has recognised areas that 
require further study and instruction. 
Nature also inspired many 20th-century 
designers, including Le Corbusier, and 
he claims that biology12 is "the big new 
word in architecture and planning." For 
a better idea, consider Marina Bay—the 
SuperTrees in Singapore. The form of the 
structure is ecologically influenced by the 
lotus flower. The trees function as exhaust 
chimneys for biomass furnaces and steam 
outlets for dehumidifiers. In addition to 
offering shade to the surrounding area, 
they serve as a location for the generation 
of heat, water, and solar energy.13

Another fascinating example is the 
lattice-inspired exoskeleton design by Sir 
Norman Foster's Gherkin tower, which 
provides strength and stability while 
also acting as a water filter and nutrient 

11Shahda, M., Ashraf Abd Elfattah Elmokadem, 
and Mostafa Mohammed Abd Elhafeez. "Biomimicry 
levels as an approach to the architectural 
sustainability." Port said engineering research 
journal 18, no. 2 (2014): 118-121.

12 Quorum Magazine. "The Building 
Envelope-A Little Known Key to Energy Efficiency." 
Retrive on 11th December (2009).

13 Toor, Sirat, & Parul, Kaur. "Theory of 
Biomimicry in Urbanscape." Journal of Civil 
Engineering and Environmental Technology (2017): 
253-257.
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collector, enabling the creation of the 
distinctive Venus flower basket sponge 
shape. In addition, it also allows for 
ventilation on all levels, wind resistance, 
vertical stability, and an open floor plan, 
reducing energy consumption.

The idea of taking inspiration from 
plants and animals to increase sustainabil-
ity and utility is attracting the interest of 
professionals in the architectural industry. 
For instance, the lotus leaf has a perfect 
form for catching rainfall, allowing it to be 
used both decoratively and functionally. 
In addition, biological materials like bones 
inspired Gaudí. By applying principles 
from photosynthesis and human vision, it 
is possible to produce energy and become 
temperature- and light-self-sufficient.

It's ironic that while bio-learning still 
needs to be developed, imitating natural 
processes is only now becoming trendy. 
The global emphasis on sustainability is 
forcing people to look into the various 
ways that they might be inspired by 
nature. It is expected that increased col-
laboration among biologists, mechanical 
engineers, architects, and materials sci-
entists would promote the development 
of hybrid domains such as biomimicry in 
architecture.14 To be energy-efficient and 
sustainable, natural species have evolved 
and created ideas. These ideas were 
inspired by the relationships and parallels 
between the fields of biology and archi-
tecture. These qualities can be applied to 
architecture to help individuals with their 
difficulties. Creating a new strategy for 
energy-efficient building envelopes can be 
accomplished by taking inspiration from 
nature. 

14 Mortice, Zach. “Nature Does It Better: 
Biomimicry in Architecture and Engineering,” 
February 29, 2024. https://www.autodesk.com/
design-make/articles/biomimicry-in-architecture.

Conclusion
We should always be fascinated by 

nature's species if we are to learn from 
their characteristics and interactions with 
one another. In actuality, living organisms 
are sustained because they do not disrupt 
their vital environment. They have the 
power to raise awareness of biomimicry 
all across the world just by utilising it cre-
atively in their work.

The article terminates that by integrat-
ing biomimicry concepts into the design 
process, designers will usher in a new era 
of sustainable applications, technologies, 
and methodologies. Even with a prom-
ising beginning, a project's sustainability 
problem cannot be solved by mimicking 
one or two intriguing inventions. Before 
we consider how everything is intercon-
nected, functions like natural communi-
ties, and interacts with everything else like 
an ecosystem, we cannot begin to make 
any changes.

To conclude, putting the phrase "bio-
mimicry" into practice, its definition can 
be roughly translated as "learning the best 
opinions of nature by copying them."
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Navigating the Intersection of AI and Creativity in 
Architecture and Design

Ida Rasouli*

The concept of creativity has permeated discussions 
across various aspects of human experience, especially in 
creative fields such as art, architecture, and design. The 
rise of Generative Artificial Intelligence (AI) has opened up 
a new chapter in this ongoing dialogue, urging questions 
about AI's creative potential and its ability to reshape the 
creative landscape.

At the core of this conversation lies the very definition 
of creativity. According to  Cropley,1 “creativity is nowadays 
widely defined as the production of relevant and effective 
novelty.” Over the course of literary debates, there seems 
to be a general agreement that creativity involves the pro-
duction of novel and useful ideas and products.2 Runco and 
Jaeger suggested that elements of originality and effective-
ness have a long history that can well be termed as a stan-
dard definition of creativity.3

Past experiences and knowledge lay a strong foundation 
for creativity, but imagination produces creativity.4 Li et al. 
quoted Einstein, “Imagination is more important than knowl-
edge,” and suggested that creativity occurs when a person 
can go beyond his or her knowledge. Creativity then appears 
to be an interplay between past experience and knowledge 

1 Cropley, Arthur J. "Defining and measuring creativity: Are creativity 
tests worth using?." Roeper review 23, no. 2 (2000): 72-79

2 Mumford, Michael D. "Where have we been, where are we going? 
Taking stock in creativity research." Creativity research journal 15, no. 
2-3 (2003): 107-120.

3 Runco, Mark A., and Garrett J. Jaeger. "The standard definition of 
creativity." Creativity research journal 24, no. 1 (2012): 92-96.

4 Li, Yan, Jian Wang, Xianglong Li, and Wu Zhao. "Design 
creativity in product innovation." The international journal of advanced 
manufacturing technology 33 (2007): 213-222. *Architects and AI Designer
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(reproduction), and imagination5; both 
are necessary to create.6 So, it can be 
concluded that creativity is considered 
a multifaceted concept and a creative 
idea/work, in addition to novelty, adds 
some form of value, serves a meaningful 
purpose, and is usually the combination 
of past experiences and knowledge mixed 
with imagination in order to be considered 
creative. 

Margaret Boden, in her 1998 Artificial 
Intelligence article, “Creativity and Artifi-
cial Intelligence,” discussed three types of 
creativity that include:7

5 Vygotsky, Lev Semenovich. "Imagination and 
creativity in childhood." Journal of Russian & East 
European Psychology 42, no. 1 (2004): 7-97.

6 Li, Yan, Jian Wang, Xianglong Li, and Wu 
Zhao. "Design creativity in product innovation."

7 Boden, Margaret A. "Creativity and artificial 
intelligence." Artificial intelligence 103, no. 1-2 
(1998): 347-356.

Combinational creativity (novel combi-
nations of familiar ideas): Combinational 
creativity is the lowest level of creativity, 
in which new ideas are generated by com-
bining familiar ideas.

Exploratory creativity (new ideas in an 
existing conceptual space): Exploratory 
creativity is more novel than the combina-
tional version. New ideas are generated in 
an existing conceptual space.

Transformational creativity (new ideas 
in a new conceptual space): Transforma-
tional creativity is the highest level of cre-
ativity, in which new ideas are generated 
as a new conceptual space.   

The Following question might arise: 
How and in which type of generative AI 
could play a role in creativity?

Generative AI: Opportunities and 
Challenges

Opportunities
Generative AI could largely prove useful 

in combinational creativity and potentially 
helpful in exploratory creativity. Generative 
AI tools work as very good blenders and 
mergers of ideas. They offer the possibility 
to start working on the pre-existing data 
to create non-existent concepts. That is 
why they can be helpful within the domain 
of combinational creativity. However, the 
essence, meaning, direction and initial 
idea must come from the human designer 
behind the generative AI tool.

What might sound intriguing is that 
transformational and exploratory creativ-
ity can often stem from combinational cre-
ativity, as combinational creativity involves 
bringing together existing ideas or ele-
ments in novel and unexpected combina-
tions, which can serve as a foundation for 
further exploration and transformation.

Combinational creativity can provide 

Example of Combinational creativity by combining 
Persian Architectural elements into fashion design
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the initial spark or seed ideas that lead to 
transformative breakthroughs. By com-
bining familiar concepts or elements in 
unique ways, individuals may uncover new 
perspectives, possibilities, or connections 
that inspire further exploration and inno-
vation.

The act of combining diverse ideas 
can broaden one's creative horizons 
and stimulate curiosity and exploration. 
When individuals encounter unexpected 
juxtapositions or connections through 
combinational creativity, it can prompt 
them to delve deeper into related areas, 
leading to new discoveries and insights. In 
addition, Creativity often involves an itera-
tive process, where ideas are refined and 
developed over time.

Combinational creativity can be an 
early stage in this process, laying the 
groundwork for more extensive exploration 
and transformation as individuals build 

upon initial combinations and refine their 
ideas through further experimentation 
and iteration.

 In exploratory creativity, the empha-
sis is on exploring the depths of a given 
concept or problem space, pushing the 
boundaries to uncover novel possibilities. 
It involves a more open-ended approach 
to idea generation, where the primary 
goal is to explore and expand upon what 
is already known or expected within that 
domain.

Although limited, Generative AI offers 
some room for exploration and exper-
imentation. Using generative AI tools 
sometimes feels like idea labs where you 
can experiment with and blend various 
ingredients to develop something new, 
just like a curious chemist in a chemistry 
lab. These tools also expedite the visual-
ization of thought processes, allowing for 
a wider range of idea exploration. 

Photo: Iranian Mosque / Ali ibn Abi Talib Mosque, mtcurado/ istockphoto
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A rough sketch with Midjourney v 5.2: exploring the possibilities and potentials of Persian historic ornamen-
tal features in a modern context (contemporary facades) as functional convex vessels (planters) (image by 
author, AI-generated by Midjourney Version 5.2)
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Challenges
However, Generative AI, while proving 

useful in some aspects, poses some 
challenges and limitations as well. Those 
include:

Lack of control: As of now, the author 
finds this issue one of the most unsettling 
hurdles in working with generative AI. 
While advantageous in certain aspects, 
this issue can become unwelcome and 
troublesome. Additionally, designers often 
face limitations in their ability to intervene 
and shape the outcomes. This aspect is 
critical in the design, as precision and spec-
ificity are paramount. Until these tools can 
incorporate this feature, the necessity for 
traditional drawing tools persists. Another 
problem in this area is the lack of possi-
blity to play with different aspects of a 
creation/work in an independent manner.

Consider this example: A designer aims 
to experiment with Persian geometric 
patterns, exploring their possibilities by 
experimenting with various features in 
a fast and intuitive manner. However, 
even a minor change, such as altering 
the color palette, can confuse the tool, 
introducing unrelated geometric patterns 
that also utilize that color scheme. While 
such occurrences may occasionally yield 
beneficial outcomes, they often result in 
unwanted results.

Delving into untold narratives, less 
explored paths, and areas with limited 
data poses a unique challenge. While 
these realms often hold significant poten-
tial for exploration, they encounter height-
ened resistance from AI systems due to 
data scarcity.

In conclusion, Generative AI presents 
both potential and limitations across 
various domains. However, amidst dis-
cussions of its constraints and biases, it's 

crucial to recognize that the essence of a 
work often stems from the human creator 
rather than the AI itself. Currently, AI lacks 
the capability to generate creative ideas 
autonomously; it relies on human input 
and detailed instructions.

Therefore, the interaction between AI 
and humans should be viewed as a collab-
oration, where each contributes unique 
strengths. The real concern arises when 
humans overly depend on AI for innovation 
and creativity. While AI can streamline the 
creative process and enhance efficiency, 
it doesn't replace the entirety of human 
thought processes. In addition, every tool 
offers a blend of empowerment and con-
straint to its users. Whether it's pen and 
paper, CAD software, or AI tools, each has 
its unique strengths and limitations. While 
AI tools boast immense power, they also 
possess weaknesses. Therefore, it's vital 
for designers to perceive them as mere 
instruments. Trying these tools, even 
just once, can be enlightening. They may 
reveal aspects of oneself that were pre-
viously undiscovered, unlocking hidden 
potentials. Embracing this exploration 
not only empowers designers but also 
enriches their creative journey.
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How Can Automation in Construction Help Solve the 
Housing Crisis in Big Cities?

Seyma Olcay*

The world has a circulation that constantly changes 
renews itself, and transforms with current perspectives. 
The biggest shareholder in this transformation, which is 
the subject of discussions on a global scale every day, is 
the search for affordable housing that emerges with the 
increase in population, as well as infrastructure discussions 
such as social, transportation, and public services. In the 
face of such needs, the construction industry has come 
under a moral transformation obligation. The term of con-
struction automation embodies the processes, tools, and 
equipment that we automate workflows to create buildings 
and efficient infrastructure.1

In addition, the method allows the automation of the 
current manual processes and the development of new 
workflows with automated tools. Furthermore, the high 
potential of construction automation can coordinate the 
needs and infrastructure requirements of the growing pop-
ulation with innovative solutions, thus providing the indus-
try with the driving force it needs.

Although the construction industry has still not fully 
adopted the integration of automation technologies and is 
taking a backseat from this aspect compared to the other 
industries, it is now time for construction automation to 
lead the digital transformation. In this article, we examine 
automation methods in construction and the effects of 
automation technologies on the urban housing crisis in 
major cities.

1 Agenda, Industry. "Shaping the future of construction a 
breakthrough in mindset and technology." In World Economic Forum, pp. 
11-16. 2016. *Architect
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Automation in Construction: Methods 
Prefabrication, Modularization and 

Standardization in Construction Automa-
tion: Standardization, modularization, 
and prefabrication can play a crucial role 
in increasing productivity by ensuring 
the establishment of an efficient and 
effective production pipeline in the con-
struction industry. Consistency between 
components provides many benefits from 
different perspectives, such as a signif-
icant reduction in construction costs, 
increase and continuity in production 
quality, improvement in user experience, 
recycling, and less waste generation. In 
addition, modularization contributes to 
achieving standardized production poten-
tial by providing the flexibility to combine 
customized modules and all sub-parts in a 
factory-like controlled environment.2

2 Davis, Mark. What Is Construction 
Automation, and How Will It Drive the Future of 
Building?,CMAA

Prefabrication increases construc-
tion efficiency, makes the process more 
controlled and faster, and helps prevent 
waste by increasing precision. Moreover, 
this method makes it possible to reduce 
project delivery times and construction 
costs by preventing delays due to weather 
conditions during the construction phases.

Robotics and 3D Printing in Construc-
tion Automation: Robots and 3D printing 
techniques, which are cutting-edge tech-
nologies with high potential in the field 
of automation in construction, are on the 
agenda of everyone who considers and 
discusses the streamline of the industry 
today. Nowadays, manufacturing-based 
robots are already used in project pro-
cesses, on the other hand, what needs to 
be foreseen in the construction industry 
for the substantial future is the integration 
of construction-specific robots into the 
industry. For example; Dusty Robotics, one 
of the bold companies in the industry that 
uses construction-specific robots in active 
work areas, collects construction data 
on a digital model using mobile robotic 
platforms and simultaneously transfers 
this data to the construction site, thus 
saving both time and effort. Additionally, 
construction robots can perform their 
assigned tasks much faster and more 
accurately than humans, thus preventing 
schedule delays, further environmental 
pollution, and material waste.

3D printing technology, which has 
a remarkable position in construction 
automation, is expected to create a 
strong impact in the industry with its 
high efficiency increase in applications 
and significant reduction in waste gen-
eration. This technology allows designs 
and purpose-oriented assets that cannot 
be produced by any other method to be 
produced easily in a short time. However, 

Photo: AMIE 3D-printed House, Oak Ridge 
National Laboratory via Flickr
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this 3D printing technology, which is very 
promising and exciting for the future 
utopia, is still in the development stage 
in the construction industry due to many 
problems such as resolution problems, 
the balance between scale and speed, and 
high costs.

Digital Technologies and Data Ana-
lytics: Digitalization is at the heart of the 
continuous movement and transformation 
process that the construction industry is 
undergoing. Innovations throughout the 
entire value chain, from the beginning 
to the end of the design phase, enable 
new functionalities as part of this change. 
Algorithms analyze the data in the huge 
information pools created, ensure the 
operation of all existing and under con-
struction assets, and ensure the continuity 
of the information flow by producing new 
data. Besides, the context of design and 
engineering fields is strengthened with 
simulation and virtual reality methods 
used in the construction industry, allowing 
the structure to be actively experienced 
in virtual reality even in the early stages 
of the process. Furthermore, for strong 
production efficiency, companies provide 
additional information to workers from 
the field with mobile connection and aug-
mented reality and keep active communi-
cation circulation alive.

Automation in Construction: Benefits 
on Housing Crisis

Traditional construction methods 
require labor-intensive and time con-
suming schedules, lead to high costs and 
limited efficiency in asset production, and 
disrupt the supply-demand balance in the 
market, bringing the construction industry 
to the brink of a crisis, especially in major 
cities. Integrating automation into the 
production chain as soon as possible in the 
construction phases becomes critical and 

necessary for the future of the industry 
and the construction of healthy societies. 
The sustainability and environmentally 
friendly contributions of automation in 
construction include integrating smart 
home technologies and renewable energy 
systems. Additionally, thanks to these 
sustainable systems, it aims to extend the 
produced asset's life cycle and provide an 
efficient fluidity of the user experience 
for every period. The biggest benefits 
brought by automation include increased 
productivity, improved health and safety 
performance, lower costs, and guaranteed 
quality. Considering these gains, if ineffi-
cient standard construction processes like 
inspection and permitting decrease and 
are replaced by automation and industrial-
ized construction pipeline; can reduce the 
inspection process by relying on building 
components with repeatable and predict-
able quality. Automation and manufac-
turing can bring more faster construction 
processes into a controlled environment 
with less risk to human safety.

In conclusion, the new era in construc-
tion will bring great benefits: reduction 
of construction costs and adverse social 
impacts for the wider society, efficient 
use of limited materials, minimization of 
waste, production of assets with fewer 
carbon emissions for a greener environ-
ment, elimination of deficiencies of a 
global infrastructure for strong economic 
development.3 Radical changes and bold 
steps are already being taken within the 
industry, although not yet on a large scale, 
there are still dramatic steps to be taken, 
and this potential will blossom very soon.

3 Sandberg, Marcus, et.al. "Design automation 
in construction: An overview." In 33rd CIB W78 
Conference 2016, Oct. 31st–Nov. 2nd 2016, 
Brisbane, Australia. 2016.
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The Impact of Vertical Gardens on Urban Well-being

Arpitha Shivashankar*

The densely populated and packed cities bring about an 
immense requirement for the rise of gardens and green 
pockets. Denser cities require greener intervention, achiev-
ing a greener density and context within the building fabric. 
The vertical garden is one such green concept that has 
become immensely popular and utilized by several archi-
tects.

These gardens are not a new concept to mankind; they 
bring environmental and aesthetic benefits to any type of 
architecture. It is considered one of the intriguing methods 
of incorporating nature within the concrete building envi-
ronment. Vertical gardens on skyscrapers are a blend of 
nature and urban concrete context, enhancing the urban 
context. 

Nature can be integrated within various architectural 
structures through various fascinating methods: open land-
scape spaces, five elements of nature, biomimetic archi-
tecture, biomorphic architecture, green walls, etc. Vertical 
gardens (Green walls) are an old concept that has been used 
popularly in architecture and design recently.

What is a Vertical Garden?
Vertical gardens,1 also known as green or living walls, are 

an innovative method of growing plants vertically rather than 
in the conventional horizontal direction. Vertical gardens are 
versatile in application since they can be implemented in 
various forms, from stacks to complex tower systems.

1 Golasz-Szolomicka, Hanna, and Jerzy Szolomicki. "Vertical Gardens 
in High-Rise Buildings–Modern Form of Green Building Technology." In 
IOP Conference Series: Materials Science and Engineering, vol. 603, no. 
2, p. 022067. IOP Publishing, 2019. *Architect
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"The building (Bosco Verticale) 
is a prototype for coexistence 
between humans and nature. 
It will therefore be observed 
and evaluated not only by us, 
but also by other architects 
and urban planners, as well 
as by politicians. And as with 
every experiment, things can 
go wrong, but at the same time 
there's an opportunity to learn 
from these mistakes."2

Vertical gardens are unique and effort-
less in terms of their applications and the 
variety of plant species that can be grown, 
and they are adaptable to various environ-
mental conditions. It not only enhances 
the aesthetics of the architecture but also 
improves the well-being of the users and 
the surrounding air quality.

The vertical garden consists of a vertical 
system with three layers forming a vertical 
layer housing various plant species.3 The 
frame structure is the backbone of the 
vertical garden providing strength to the 
wall. A second layer separates the frame 
and growth medium of the plant to avoid 
water penetrating within the structure. 
The third layer known as the substrate 
later is the growing medium where the 
plants grow and thrive.

Vertical gardens in skyscrapers are a 
perfect blend of nature and the urban 

2 Stylepark. "Interview with Stefano Boeri about 
the Vertical Forest | STYLEPARK," 2014. https://
www.stylepark.com/en/news/stefano-boeri-bosco-
verticale-konzept-vertical-forrest-stylepark.

3 Rameshkumar, S. "Studies on vertical garden 
system: A new landscape concept for urban living 
space." Journal of Floriculture and Landscaping 4 
(2018): 01-04.

fabric, enhancing the living environment.4 
It is a unique solution to the major problem 
in urban spaces, the lack of area in the 
dense population. Nature blends with 
architecture, transforming the aesthetic 
appeal of cities and their ecosystems. The 
market for utilizing vertical gardens and 
landscaping will considerably increase in 
the future. Bosco Verticale is an architec-
tural masterpiece with two towers housing 
various plant species and vertical forests, 
enhancing its user’s well-being. 

Benefits and Challenges of Vertical 
Gardens 

Vertical gardens or green walls have 
been integrated with several architectural 
structures since they hold various benefits 
not only to the building but also to the 
environment;5

Environment 
The integration of vertical gardens or 

green walls can contribute to developing 
cleaner air by removing pollutants and 
harmful particles. The gardens can lower 
the temperature of the space, helping 
designers create cooler areas within the 
concrete urban skyscrapers.

Vertical gardens can especially trap 
heat by creating an urban heat island 
effect, hence reducing the surface tem-
perature and cooling the surroundings.6 
Energy efficiency can be achieved within 
the architecture since it can insulate build-
ing interiors, leading to energy savings. 
Natural wildlife, such as birds and insects, 
create a natural biodiversity within the 
urban towers.

4 Zhang, Ruinan. "Vertical Gardens and Green 
Planted Sky-Courts in Tall Buildings." Academia.
edu, June 28, 2017. 

5 Ekren, Erdi. "Advantages and risks of vertical 
gardens." (2017): 51-57.

6 EcoBalance |. "Vertical Garden Malaysia | 
EcoBalance," October 21, 2019. https://www.eco-
verticalgarden.com.my/vertical-gardens/.
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Social 
Vertical gardens consist of social ben-

efits since they can primarily be made 
accessible to everyone and can be built in 
various spaces within a small area. They 
are not only efficient but also aesthetic in 
appearance, making them more pleasing 
to the residents and visitors.

The vertical gardens also contribute 
to society's mental health and well-being 
since it can reduce stress levels through air 
quality levels. It has a versatile approach in 
its design and construction and hence can 
improve community engagement with the 
people of the urban context.

Economic 
Vertical gardens help reduce investment 

and maintenance costs. It is an economic 
concept of landscaping since it can save 
water and electricity consumption. The 
sustainable concept is an efficient method 

of gardening since it maximizes the impact 
within a limited area. The flexible nature 
of the vertical garden system can help con-
siderably reduce the repair cost. 

Working with nature always has its 
challenges and difficulties, and working 
with vertical gardens has certain chal-
lenges. The primary challenge of vertical 
gardens is the maintenance part of the 
landscaping.7 The maintenance aspects 
of landscaping such as watering, pest 
control, pruning, etc.

The vertical stacking of vertical gardens 
also consists of aspects such as the green 
wall weight that impacts the architecture 
and the structure, a keen aspect one must 
consider.

7 Harsh Mahendrakumar Patel, Sandhya R 
Verma, and Hitesh Arvindbhai Solanki. "Vertical 
Gardens as a Restoration Component in Urban 
Spaces: A Review." ResearchGate. Elsevier BV, 
2022. ‌
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The impact of the vertical green walls 
on the architecture in the long run is also a 
concern for people.

Vertical Garden and Sustainability
Vertical gardens are considered to 

be one of the sustainable concepts of 
landscaping. They have gained popularity 
within the construction and architecture 
sector due to their sustainability and 
eco-friendly aspects. It has developed 
and emerged as a sustainable solution 
to modern concrete forests and jungles. 
It is sustainable since it not only helps in 
energy efficiency but also enhances the 
property value of the architecture and 
building. 

“Bosco Verticale also known as the Ver-
tical Forest is a remarkable architectural 
masterpiece located in Italy well known 
for its greenery integration”.8 It consists of 
two towers that are composed of various 
versatile plant species. Biophilia's concept 
of green walls and features enhances 
energy efficiency and sustainable features. 
Many such wonderful architectural mas-
terpieces showcase innovation and sus-
tainable advancements. In recent years, 
vertical gardens have been integrated into 
various architectural constructions and 
designs. Innovation and new technological 
advancement are helping designers create 
and develop new green concept designs 
and systems.

Carbon emission is primarily reduced 
with the utilization of vertical gardens 
(green walls) that are beneficial for the 
urban fabric currently and in the long run. 
It helps enhance the sustainability of the 
architecture as it integrates with sustain-
able principles to create a greener and 
healthier environment.

8 Al-Kodmany, Kheir. "Greenery-covered tall 
buildings: a review." Buildings 13, no. 9 (2023): 
2362.

In conclusion, we can say that sus-
tainability and creating a greener natural 
environment within a concrete jungle are 
of prime importance. Vertical gardens are 
considered to be a perfect fusion of nature 
and architecture with various benefits 
for mankind and the environment. We 
can bridge the gap between the urban 
concrete jungle and the natural world, 
enhancing the living conditions and the 
habitat.

The quality of the environment can 
considerably benefit in the present time 
and for our future generations to come. 
Global warming and pollution are some 
aspects that affect our planet; vertical 
gardens and other landscaping methods 
can oxygenate and create a cleaner envi-
ronment for people to live in. The growth 
of technology can also prove to enhance 
our concepts and designs for a better 
natural environment.
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PAACADEMY, an education platform de-
signed for architects by architects powered 
by Parametric Architecture, was launched 
to create an environment for spreading 
the latest knowledge with our community. 
Fueled by a mission to empower learners 
with the potential of evolving technology, 
PAACADEMY has transformed into a di-
verse global network of students, educa-
tors, and AEC (architecture, engineering, 
and construction) professionals. We aim 
to empower everyone with design and 
technology to build a brighter future.

PAACADEMY
parametric-architecture.com/workshops/
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Since 2020, PAACADEMY has become 
a pioneering platform for those eager to 
learn about computational design and 
AI. To date, we have connected with over 
13,000 students in more than 150 online 
events. These events convey our primary 
goal of spreading education and knowl-
edge, where professionals share their 
work, gain visibility, and provide training, 
where students and enthusiasts learn the 
latest developments from talented profes-
sionals. So, our global community inspires 
us to expand our reach and impact.

Stone Architecture – Studio G
iuseppe Fallacara, W

ork by Aris K
astorinis ©
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At PAACADEMY, we believe in the 
power of accessibility, inclusivity, and 
collaboration. We welcome and encour-
age individuals from all backgrounds, 
experiences, and locations who share our 
passion for the ever-evolving landscape of 
technology, tools, and applications. This 
inclusive ethos drives us forward, compel-
ling us to reach out, connect, and share 
knowledge continually. By doing so, we 
strive to ensure that architecture's future 
remains innovative but also inclusive, and 
forward-thinking. 
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