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Abstract:

This paper explores the potential of Additive Manufacturing (AM) in contemporary architecture
within the context of Industry 4.0 and sustainability goals. The paper provides a historic overview of
manufacturing through classification of Industrial revolutions. It discusses the societal,
environmental, and technological shifts brought about by Industry 4.0, emphasizing its socio-
economic implications and the perspective on circular economy, a requirement for sustainability.
The integration of AM into architectural practice is examined, focusing on its role in digital
fabrication and the opportunities it may provide alternative, more sustainable design solutions
against architectural challenges. Through case studies, diverse applications of Additive
Manufacturing in architecture, ranging from sustainable construction elements to innovative
facade cladding this paper aims to demonstrate the potential of Additive Manufacturing
Technologies within architecture and design practices. Additionally, it discusses the importance of
including curricula on ‘designing for Additive Manufacturing’ in educational institutions as they play
a big role in shaping the future of architectural practice. By positioning itself within this historical
continuum, the research lays the groundwork for further exploration and innovation in digitally
manufactured architecture.

Keywords:
Digital Fabrication, Additive Manufacturing, Architectural product design, Industry 4.0, Circular
economy
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1.Introduction

Since the industrial revolution, the traditional method of manufacturing has been providing a huge
quantity of products for several industries such as Medicine, Construction and automotive.
However, during the last decade, a new digital revolution has been subtly occurring beneath the
surface. Additive manufacturing in contrast to traditional (subtractive) offers a qualitative way of
fabricating products, challenging the historical appraisal on mass production and the quantitative
emphasis. (Chapter 2)

In light of the emerging climate crisis and the mandated sustainability goals of governmental
bodies and communities, this mindset of mass production must be replaced by critically thought
and engineered designs and must become the norm in order to create long-lasting and context-
specific products. (Chapter 3)

In the realm of architecture and product design additive manufacturing intersects with digital
fabrication and advanced robotic technologies. This integration allows extensive research to
explore versatile (new,bio,multi) materials and intricate (computationally aided, designed,
scripted) forms. The iterative nature of the design-production flow allows going back and forth
between digitally modeling (computationally scripting) a design and physical prototyping with
digital fabrication machinery such as 3d printers, cnc machines and robotic arms. (Chapter 4)

This research will focus on the advancements in this technology and will explore the future
opportunities it may provide for architecture and architectural product design. This report will
introduce a brief historical overview on additive manufacturing and traditional manufacturing
methods across several industries. Especially advancements in Industry 4.0 converging with
circular economy principles renders Additive manufacturing technologies possibilities in product
development and showcases an alternative approach to how we think and design architecture.

Subsequently, it will focus on how additive manufacturing has been integrating with advanced
digital fabrication methods within architecture and product design. A brief comparison of Additive
Manufacturing and traditional (subtractive) manufacturing in terms of sustainability and clean
manufacturing will be included in this segment. Finally, outstanding case studies will be examined
thoroughly to evaluate the benefits of this technology as well as the design-to-production process.
(Structure)

This report will incorporate extensive literature reviews of publications and research papers as well
as 3 contemporary architectural case studies. Throughout this investigation, the emphasis will be
whether additive manufacturing can be an alternative sustainable solution against contemporary
challenges. The report aims to contribute valuable insights into the evolving body of research on
sustainable architectural product designs within the context of the industry 4.0 by leveraging
additive manufacturing. (Methodology)



There is a great amount of research and prototyping present in contemporary architectural and
product design practices. However, the literature and examples of this technology to this date
remain fragmented and inconclusive. This paper aims to converge all affected fields to discuss the
alternative of a more sustainable design manufacturing process. For this reason, a diagram has
been included at the end of this chapter to situate this report in the general scheme of the themes
and topics of the of the field. (Positioning)
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Figure 1: Positioning of research paper topic. Source: illustrated by author themself.



2.Historical Overview of Manufacturing

This chapter will concentrate on providing a descriptive overview of manufacturing methods
throughout history. The first industrial revolutions took place in the 1750s with the use of water and
steam for mechanical production (De Mattos Nascimento, et al., 2019).Later during the 20th
century, the second Industrial revolution leveraged the use of electricity to construct assembly
lines and mass production (Bier, 2015) (De Mattos Nascimento, et al., 2019).

The third Industrial revolution began around the 1970s with digital automation of production
through electronics and Information Technology. A significant milestone marking the 4th industrial
revolution is also known as the beginning of the cyber-physical systems (CPS), an updated name
for computer-integrated manufacturing systems (De Mattos Nascimento, et al., 2019).

Itis predicted that the 4th industrial revolution has the potential to automate decision making with
artificial intelligence. It is believed and depicted in the media that Al and robots might have societal
impacts, such as the reduction of the need for workers in industrial facilities and the decrease of
human interference during the manufacturing process. De Mattos Nascimento et al. (2019) argue
that instead, more specialized individual skill sets will be required.

2.1. Pre-industrialization

Before the Industrial revolution humans primarily operated on building structures on a local scale,
closely tied to the availability of material and local workforce (Hughes & Hillebrandt, 2003). To this
day, we still refer and revise principles of vernacular architecture as itis the traditional and
sustainable way of building geographically and contextually appropriate artifacts. In the earlier
stages, construction was localized as members of the community utilized the local sources for
harvesting materials.

This is excluding the great buildings which were designed to symbolize or portray a certain ideology
or means of power, such as the pyramids, castles, mosques. For such artifacts people in charge
went to great measures to obtain large blocks of stone or marbles, which were sometimes
transported over absurd distances (Hughes & Hillebrandt, 2003).

Especially in developing countries, primarily used materials were the local variables. Natural bio
and geo-based material like timber, bamboo, stone and clay were mainly harvested depending on
the region and availability. Throughout the years various construction and assembly methods were
developed with these local materials such as weaving coconut Palms in the Nile delta and
traditional stacking of bricks in northern Europe.

With the establishment of towns, the need for the building industry increased. The development of
towns and cities brought the need for infrastructural components for transportation and
communication.



2.2. Industrial revolutions

The first industrial revolution was marked by the commercialization of the steam engine became.
Thomas Savory invented the steam engine in 1698 in England. The scale and power of steam
engines have increased immensely within a 200-year period with the technological advancements.
The production of mechanical energy through thermal energy enabled harnessing on-demand
energy without continuous human interference. Instead, surveillance and operating machinery
were required as the new skillset of the laborer in industries. (Skilton & Hovsepian, 2017).

Around the time of the 2nd industrial revolution, electricity was utilized in industrial scale
and with it came electrical motors. This enabled Gottlieb Daimler to construct the first automobile.
The Industrial revolution spanning from the 1970s until the mid-1870 and marks the period in which
humanity harnessed technology for mechanical and electrical energy sources. This led to a mode
of infrastructure to enable the new methods of production and manufacturing. By the end of the
19th century the world would face a massive increase in human population, the invention of
electricity, mass production and globalization. The effects of this period are still felt today, with
countries like India and China undergoing industrialization due to geopolitical factors, colonization,
availability of labor forces, and proximity to natural resources (Skilton & Hovsepian, 2017).

2.3. Digital revolution

In Europe mankind would move on to further scientific and technological improvements, which
would eventually break even the worldly boundaries and lead to extraterrestrial space explorations.
The first launched satellite Sputnik, in 1957 marked the beginning of the third industrial revolution
(Skilton & Hovsepian, 2017). This industrial revolution is linked closely to the digital revolution that
began around the 1950s and marks the transition of analogue and mechanical technology to
digitalization of electronics and information. Within the period of 60s to 90s the world saw
miniaturization of digital electronics, the birth of the Internet and further material, biological
developments (Skilton & Hovsepian, 2017).

Towards the end of the 20th century significant advancements were made with the Internet
spreading all over the world and enhancing telecommunication services. The birth of the World
Wide Web and immense increase of telecommunications revolutionized the operations between
people and industries on global scale, leading to the development of global databases, social
media platforms and access to knowledge.

2.4. Industry 4.0

The prognosis on the future state of the industry suggests high integration of artificial Intelligence,
machine innovation as well as societal implications and interconnected supply chains. The
networking of these domains can all be gathered under the fourth Industrial revolution a.k.a.
Industry 4.0 and marks a paradigm shift in manufacturing industries, making it smarter, efficient,
and a sustainable production process.



Klaus Schwab (2017), the Executive Chairman of the World Economic Forum, formally
described the 4th industrial revolution as a culmination of emerging technologies fusion into the
physical and biological worlds the likes of which has not been seen before.

Over the past 30 years information technology (IT) systems shifted focus from an analogue and
digital machinery operating, system efficiency increasing, task organizing focus. As Personal
computers and the internet became widespread, the focus of It shifted towards a multi-media
approach which would be fueled by massive social networks (Skilton & Hovsepian, 2017). This
exponentially increased the involvement of the physical and social domains, which are
terminologies used to define Industry 4.0. Skilton et al(2017) dives in the 4™ industrial revolution in
their book by describing terms such as ‘The Internet of things'!,Cyber-Physical Systems? and
introducing the fusion of Physical, Digital and Biological domains. For the sake of brevity, this paper
will not dive into the explanation of all of these domains. Instead in the following chapter, it will dive
into Industry 4.0 and provide an overview of the technology of this revolution in alignment with
current sustainability goals.

! Definition according to Cambridge Dictionary:

objects with computing devices in them that are able to connect to each other and exchange data using the
internet:

2 Definition according to Springer:

Cyber-Physical Systems (CPS) are systems of collaborating computational entities which are in intensive connection
with the surrounding physical world and its on-going processes, providing and using, at the same time, data-
accessing and data-processing services available on the internet.



3. Industry 4.0 — a societal, environmental and
technological paradigm shift

Skilton et al (2017) states that a fundamental change has occurred to pervasive machine
automation driven by artificial intelligence into products and service, design and manufacturing
capabilities. Several studies have suggested the implementation of Industry 4.0 to enable
operational efficiency, improved control of data operations and reduction of energy wastes from
machines and processes (De Mattos Nascimento, et al., 2019).

These Technological improvements within the scope of the 4" Industrial revolution bring
skepticism in today’s society, raising the question what implications and ramifications it has for
humans. The scope of current discourse varies on topics of the reduction of human jobs to the
revolutionizing knowledge, science and human potential with augmented intelligence and robotic
technologies (Skilton & Hovsepian, 2017).

This chapter will convey the paradigm shift of the 4" Industrial revolution through the lens
of socioeconomics, sustainability and the technological improvements.

3.1 Socio-economic implications

Itis more necessary to consider the impacts of such technologies on society and the economy as it
provides a new mindset of dealing with waste generated by society, in a new circular business
model that recycles and reuses such waste with the objective of transforming it into higher value-
added products to meet the current demands of the society (De Mattos Nascimento, et al., 2019).
The Agrarian revolution brought socio-economical change with better infrastructures for the

industry and wider network of urbanized cities. It should be held into account that these initial
changes created the supply-demand and job opportunities and will keep on shifting to the social
time and need of the population. Considering this aspect, concerns are relevant related to the
positive and negative affects the 4™ industrial revolution might and is currently having. Technology
is exponentially advancing at a rate that has become uncontrollable. However, as Klaus Schwab
stated, we look at technology as a threat to our current interpretation and way of thinking, instead
we should focus on redefining what is important for the future of humanity, and this might be
through the definition of new meanings and ways of thinking. In other more cliché terminology,
change is inevitable, and this is especially true for humanity.

3.2 Sustainability perspective on circular economy

Especially in the architectural practice, sustainability is increasingly gaining importance. Principles
of circular economy and related to it circularity in design sought after in contemporary architectural
practice. However, the relationship between these concepts and how they actually translate into
architectural design is not made clear. This chapter will attempt to clarify individual terms
connected to sustainability. As a matter of fact, the term ‘Sustainability’ has been institutionalized
into the agendas of policymakers and larger cooperatives and currently is also identified with a
broad range contradictions (GeiBdorfer, Savaget, Bocken, & Hultnik, 2017). We will not be diving



into the political agendas in this research, however an effort to set this right has been made by
setting circular Economy as a condition for sustainability (GeiBdorfer, Savaget, Bocken, & Hultnik,
2017). Within circular economy the influence of natural resources on the economy through its
production and consumption was problematized. This was a challenge against the previous linear
economic models, in which outputs of waste were prevalent.

De Mattos Nascimento et al. (2019) mentions in their research that ‘true circularity’ can be
reached by combining Circular Economy practices with sustainable supply chain. Closed-loop
supply chains are considered the most feasible solution for fostering sustainable manufacturing
strategies with resource and environmental conservation. A closed loop supply chain usually
consists of recycling, remanufacturing or reuse chains as end-of-life management strategies. This
can impact the reduction of waste and emissions along the entire sustainability value chain (De
Mattos Nascimento, et al., 2019).

Exactly at the convergence of these concepts, we can situate Additive manufacturing
technologies and leverage it to redefine a sustainable way of production.

Before diving into the implications of this technology, an overview of the overarching 4.0. Industry

has been included in the section below.

3.3 New Technologies of Industry 4.0.

Industry 4.0 has revolutionized breakthroughs in science, economics, engineering, design etc. with
its pervasive technologies. Several Technologies have been classified in the book of Skilton,
however as mentioned, technology advances exponentially at this era, in which new methods
emerge yearly.

Aside from Artificial Intelligence major titles for the digitization technologies of Industry 4.0.
include Augmented Reality (AR), Virtual Reality (VR), Quantum computing. The technology extends
to the physical manipulation in material sciences in nanotech and 3d printing; to biological
interventions on the scale of genes, robotic interference during surgeries and robotic production of
prosthetics (Skilton & Hovsepian, 2017). The Technology allows the fusion of several fields and
domains which mark an evolutionary point in redefining mainstream design to production process’.

VR, AR

Machine Learning and Al

Physical, Digital and Biological Domains

Robotics

3d printing, Additive Manufacturing and Near Net Shape Manufacturing
Quantum computing

o O 0O O O O O

Cloud computing

Additive manufacturing technologies have reformed the manufacturing industry and offers an
alternative innovative approach to production and Design. In the following sections, the research
will focus on what the advantages of this Manufacturing method that translates into in the
architectural practice.



4. Additive manufacturing in Architecture

This Chapter will delve in to the advancements in Digital fabrication and additive Manufacturing
and their potential to benefit the field of Architecture. It aims to persuade the reader, that the
Architectural practice and fabrication of Architecture must align with the current societal,
sustainability and spatial concerns. Highlighting themes such as energy consumption, material
waste and scale will set a solid foundation for the upcoming case study analysis section. Additive
Manufacturing falls under the umbrella of digitally fabricated.

4.1 Digital Fabrication in Architecture and Construction

Digital Fabrication consists of several machinery processes and is increasingly being integrated
into the design and construction of products, fostering social and economic changes in
manufacturing (Augusti-Juan & Habert, 2016).

In Architecture, there is a growing interest in whether digitally fabricated architecture can
provide alternative and more versatile design solutions to architectural problems. Addressing
pressing issues in the architecture and construction industry, such as material use, energy
demands, CO2 emissions, sustainability demands, and escalating waste production, should be a
priority in contemporary architectural practice.

Combining computational-aided design with robotic fabrication has shown great potential
for the expansion of architectural design possibilities (Augusti-Juan & Habert, 2016).

Specifically, advancements in material production and optimization during design present
significant benefits, potentially leading to the elimination or substantial reduction of waste and
labor costs. Furthermore, digital fabrication has been utilized to implement additional features to
enhance aspects such as thermal heating and acoustic insulation (Augusti-Juan & Habert, 2016).
Challenges associated with additive manufacturing in architectural practice include issues related
to size, material use, energy demands, durability, greenhouse gas emissions, and waste
production throughout the building's life cycle (Augusti-Juan & Habert, 2016).

4.2. AM - a cleaner alternative for manufacturing?

Despite the increasing sustainability concerns in today's society and efforts to educate and
implement changes in company ethics, commitments remain fragmented with no cohesive
strategy (Augusti-Juan & Habert, 2016). There is a pressing need for a new type of construction
practice that aligns with contemporary societal values and meets current architectural standards.
According to Kianian & Larsson (2015), Additive Manufacturing has the potential to become a more
efficient and cleaner manufacturing method compared to traditional manufacturing. Research
show significant reduction in raw material usage and a potentially in energy consumption (Kianian
& Larsson, 2015).

One of the main advantages of AM is the change in product development process shifting
the focus towards reducing costs and time for assembly and tooling while improving product
qualities (Kianian & Larsson, 2015). This is highly linked to Additive Manufacturing promoting mass



customization as opposed to mass production, a principle dating back from the previous industrial
revolutions. The linear economy model has hardly adapted to the new sustainability goals and
consumes time, materials, manpower, space and can result in wasting of resource (Kianian &
Larsson, 2015).

Additive manufacturing offers an alternative approach to managing excessive stock by
enabling on-demand production tailored to actual market demand. This flexibility is particularly
valuable for industries dealing with machinery, medical, automobile, and aerospace components,
where spare parts and replacements are often required promptly (Kianian & Larsson, 2015).

4.3. Overview of AM technologies and their Industrial application

Additive Manufacturing (AM) technologies offer new possibilities for tailored production, immense
advancements in product functionality, versatility, and lowered overall production costs (Gibson,
Rosen, Stucker, & Khorasani, 2021). Several companies have welcomed AM technologies for
production manufacturing such as Siemens, Phonak, and other hearing aid manufacturers utilize
Powder Bed Fusion (PBF), Vat Photopolymerization (VPP), and Material Jetting (MJT) machines to
craft hearing aid shells (Gibson, Rosen, Stucker, & Khorasani, 2021). In the case of hearing aids and
dental aligners, precise customization is being accomplished through Additive Manufacturing.

Another state of the art example of AM being utilized in the industry is for aircraft
components. AM technology enables low-volume manufacturing, seamless integration of design
modifications, optimization of geometries, and, equally importantly, reduces the number of
individual parts, thereby simplifying product assembly (Gibson, Rosen, Stucker, & Khorasani,
2021).

The highly versatile and flexible nature of Additive Manufacturing Technologies render it to
be an important tool that responds to several industrial applications including architectural design.
AM may offer cost effective, adaptable and efficient design solutions for manufacturing
components.

4.4 Designing for Additive Manufacturing (dfAM)

Designing for Manufacturing typically means that designers should tailor their designs to eliminate
manufacturing difficulties and minimize manufacturing, assembly, and logistics costs.
(Gibson, Rosen, Stucker, & Khorasani, 2021)

Additive Manufacturing has enabled designers to think beyond the traditional way of
manufacturing mainly by providing an unconventional type of freedom alongside rapid prototyping
possibilities. This breakthrough in manufacturing has made it possible to fabricate new shapes and
geometrical features very rapidly (Vayre, Vignat, & Villeneuve, 2012). The geometrical features of a
designed object must align with the manufacturing capabilities of the technology. Considering the
various techniques within Additive manufacturing mediating the process of designing to get a result
during fabrication becomes very important.

Specific mechanisms of material dispositioning important components and properties the
operator of these technologies must understand. These aspects can vary from nozzle orientation to



speed of material disposition, the height of extrusion, heat dissipation and geometry and material
tolerances. These Aspects fall under the umbrella of Designing for Additive Manufacturing and is
essential to the design to fabrication process of Additive Manufactured products. By having
knowledge about dfAM the designer can make crucial decisions such as investigating alternative
lattice structures for optimization of lightweight designs or by simply smoothing out sharp corners
to replace them by curves to minimize unwanted acceleration and deceleration (Vayre, Vignat, &
Villeneuve, 2012).

This brings the educational importance of having a cumulative know how about designing with and
for these technologies. According to Symeonidou et al. (2013), students must not only be exposed
to the hardware of digital fabrication methods but must familiarize with the process of designing to
fabricating. A more holistic approach to digital fabrication goes through digital design, which allows
showcasing complex geometry and intricate forms ( Symeonidou, Hirschberg, & Kaftan, 2013).

This specifically makes the involvement of ‘designing for Additive Manufacturing’ in the
Architectural practice imperative, as educational institutions must expose students to the new way
of design thinking. In the following chapter 3 case study projects will be investigated as exemplary
projects displaying the potential of additive Manufacturing technologies in the contemporary
architectural practice.



5. Architectural Applications — case studies

In the previous chapter, extensive research has been summarized in the realm of Additive
Manufacturing intersecting with topics such as Digital fabrication, Industry 4.0. and Circular
Economy as sustainability practice. Several factors such as scale, socio-economic implications,
biological and physical relevance, feasibility, cultural significance, societal impact, and
sustainability have been rendered of importance. The case studies aim to explore the significance
of Additive Manufacturing applications in the architectural practice. The selection of case studies
showcases the multifaceted impacts and potentials of Additive Manufacturing. The goal is not to
draw comparisons between projects but rather to stimulate reflections on the integration of AM
into architectural practice, offering insights into its potential contributions to the evolution of
architectural design and construction processes.

4.1. Airlements — Digital Building Technologies ETH Zurich

Name: Airlements
Designer: Digital Building Technologies, ETH Zurich
Keywords: New-multi materiality, sustainable and durable alternative, architectural product scale.

This case study presents a state-of-the-art
sustainable and durable construction alternative.
Exploring applications of digital fabrication, the
research project utilizes 3D-printed geopolymer-
based mineral foams to create lightweight
insulated construction elements that
consecutively reduces building materials, labor,
and costs (Bedarf, 2023).

This product is a two-meter-tall monolithic system
and is fabricated from recycled industrial waste
cast together with foam and coated with cement
free plaster, thus reducing carbon footprint
significantly compared to conventional foamed
concrete components. The research team has
experimented with various densities to optimize
material properties for providing good insulation
and structural integrity. Each component
classifies as light weight and can be assembled 1
week after the printing and does not require any

Figure 2: Airlement wall components prototype assembly.
intense energy draining operation. The corrugated  Sourcehttps://www.designboom.com/architecture/eth-
zurich-recycles-industrial-waste-3d-printed-mineral-foam-
construction-elements-05-18-2023/

design is meant to enhance structural integrity,
with future prototypes aiming at further
strengthening for load-bearing activities.



4.2. Tecla House — WASP & Mario Cucinella Architects

Name: Tecla (Technology Clay) House
Designer: WASP & Mario Cucinella Architects
Keywords: Circular house model, locally sourced soil, additive manufacturing

This project represents a new circular housing
model fabricated using locally sourced soil and
multiple simultaneous 3D printers. Combining
one of the oldest available materials with cutting-
edge technology, Tecla House embodies
sustainability by addressing the climate
emergency and the global housing crisis. The
material choices are explicitly made to be
adaptable to any context and emphasizes the
need for carbon neutral housing units (Bagshaw,
2024). Through Additive Manufacturing, the
construction waste is minimized, and agricultural
waste is recycled. The rapid construction time of
200 hours demonstrates the efficiency of this
approach, highlighting the potential of Additive
Manufacturing in environmentally friendly design
solutions (James Parkes, 2021). This scale of this
projectis interesting as it showcases how
architecture can be printed on site in one go as
one unit without sacrificing any aesthetical
properties and additionally creating its unique
identity through simplistic earthy image.

Figure 3: Prototype printing of the Tecla house. Source:
https.//parametrichouse.com/tecla/

4.3. Lowpoly - The Tyre Collective

Name: Lowpoly
Designer: The Tyre Collective
Keywords: Waste repurposing, pollution mitigation, 3D printing

The Tyre collective aims to mitigate impacts of tyre pollution by developing a device to capture the
tyre wear, tiny microplastic particles that arise from vehicles accelerating and braking (The Tyre
Collective, n.d.). Their objective lies in advancing research & knowledge on tyre wear and
consequently closing the loop by turning pollutive waste materials into useful products. Their end
products vary from acoustic panels, speakers to lamps as they collaborative with a diverse range of
artists through the Terra Carta Design Lab. This collective strives for a Net Zero waste vision and is



a great example for the circular economy model and aims to reduce their impact on the
environment by prohibiting major micro-plastics ending up in landfill and water bodies (Bagshaw,
2024).

Although this example is not directly
linked to architectural
advancement, it reflects the urgency
of coming up with innovative and
resourceful solutions against
pollution. This aligns with
sustainability goals and the
circularity approach of reducing
waste on our planet through closing
narrowing or reducing resource
loops. This product demonstrates

how additive manufacturing, a

manufacturi ng tool within the Figure 4: Sound insulation panels made out of 3d printed recycled Tyre wear

umbrella term of Industry 4.0. can material. Source: https://www.materialsource.co.uk/top-24-3d-print-projects-
aid innovative and environmentally ~ @nd-practitioners-for-2024/
friendly design solutions.

4.4. The New Delft Blue Archway — Studio Rap

Name: The New Delft Blue Archway
Designer: Studio Rap
Keywords: Algorithmic design, artisanal glazing, fagade components, ornamentation

With this Project, the Dutch company based in Rotterdam ~ [Iff— 2= ==~ = =
designs fagade cladding for an archway located in the J - = = :

newly built housing development area in Delft. The blue

tiles are the product of large

scale printing technologies, algorithmic Design and
artisanal glazing and can be seen as a gesture to the
historic Delft Blue porcelain craft(Bagshaw, 2024).

According to the studio, 3d printing allowed a degree of
freedom for complex design which could translate into
high qualitative architecture. The tiles imitate the nature
inspired leaf patterns on historic Delft porcelain plates

and renders them in the shape of a timeless architectural

gateway (Ravenscroft, 2023).

Figure 5: Studio Rap - The New Delft Blue Archway
Source: https://studiorap.nl/New-Delft-Blue



Ter Hall (2023) appreciated the process of 3d printing in saying they gain more control over the final
design, time planning and building costs. This is closely related to Additive Manufacturing enabling
iterative design through prototyping. In addition, Additive Manufacturing technologies require no
access material, as the printing process only adds layer on top of each other until the end form is
reached, not creating any waste. The ceramic ornamentation showcases the potential of Additive
manufacturing in creating complex and aesthetically pleasing architectural components.

4.5. MX3D bridge - Joris Laarman

Name: MX3D bridge
Designer: Joris Laarman
Keywords: metal printing, bridge design, parametric design, digital fabrication, prototyping

The MX3d bridge in the Amsterdam stands as a testament and fuses the historic past of the city
with technologies of the future (Laarman, 2017). Designed with functionality, environmental
considerations, and metal printing capabilities in mind, this bridge exemplifies the potential of
Additive Manufacturing in creating custom structures tailored to specific locations. By choosing a
classical artifact such as a bridge, Joris Laarman labs showcase the innovative character of
Additive Manufacturing technologies with focus on mass customization and efficiency aspects.

¥ il | %] ?\jﬁ E!i : BY _‘ il =< 1 T LN e
al l - Ll 4 ) S %

‘ 5 : ’). = . o Yy - . 3 b oS = l
Figure 6: MX3d bridge placement image in Amsterdam. Source: https://mx3d.com/industries/mx3d-bridge/

6. Conclusion

The aim of this paper was to assess the potential of Additive Manufacturing within the
contemporary architectural practice and its applications. Fundamental topics discussed in this
paper include a historic overview of manufacturing and the progression through previous Industrial
revolutions. In the present, we find ourselves amidst Industry 4.0. consisting of mass
customization, robotics, internet of things, artificial intelligence, and additive manufacturing in the
form of digital fabrication. This has caused a paradigm shift in the industry enabling the fusion of
biological and physical worlds through advanced technology leading to a smarter, more efficient,
and sustainable production process. While contradictions arise on the implications of the current



technological advancement, itis crucial to seek ways into making this change beneficial to
humanity.

With the climate crisis at bay, the building Industry, along side others are operatingon a
linear economy model, resulting in suboptimized resource utilization, increasing co2 emissions
and high costs. The architectural practice is making great efforts to define sustainability principles
in alignment with the emerging new technologies to provide an alternative to deal with the
ramifications of previous industry models. Circularity principles are being adopted to rethink
resources and explore alternatives prior to the exhaustion of raw materials. Closing such resource
loops or at least narrowing them down should be an objective for designing sustainable
architecture. In this context AM emerges as an alternative manufacturing technique for designing
architectural elements. These design objects have potential to tackle several issues
simultaneously across various scales such as energy consumption, material waste, functionality,
durability.

The case studies analyzed in this research exemplify a diverse number of aspects that are
covered during the iterative design process. Additive Manufacturing can be leveraged to converge
historical values with advanced technologies and create new architecture and architectural
components which showcase innovation and reflect the contemporary state of society. Both
individuals and industries are striving for a sustainable practice, reducing theirimpact on the
world. recycling, waste materials as well as some of the case studies have displayed. AM
technologies offer significant potential in terms of socio-economic and sustainable implications,
yet they often fail to receive the recognition they deserve from the industry, potentially due to deep-
rooted norms from previous industrial revolutions.

One possible explanation for this lack of recognition might be the insufficient information
and training offered by educational institutions. These institutions serve as the backbone of
architectural practice and have the power to shape the qualifications of future architects,
researchers, engineers and designers. By integrating education on designing for Additive
Manufacturing, institutions can foster an environment that inspires designers to explore further
possibilities of this technology in the field of architecture.

In conclusion, this paper has attempted to summarize key insights regarding additive
manufacturing in contemporary architecture. Moving forward, future research can delve into
specific architectural challenges and explore new material combinations to increase sustainability
efforts can be investigated. By positioning itself within the historical continuum dating from the pre-
industrialized times to today’s digitally manufactured architecture, this research lays groundwork
for the continuation.
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