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The Digital Fabrication Lab Contribution to the Sustainable Development Goals:
Exploring Waste Materials and Fabrication Techniques
Abstract
The SDGs, commonly known as Sustainable Development Goals, unveil the shortcomings and deficiencies
of the building sector facing of the challenges of the planet. Unfortunately, the news is not positive since
the objectives established by the United Nations General Assembly should be reached by 2030. From the
17 goals and 169 targets, a case study was developed in order to test its effectiveness against SDG 9,
which deals with Infrastructure, Innovation and Industry. In this sense, technology should play a significant
role in the mapping criteria against the objective and its targets. Therefore, an overview of the potential
digital tools will be exposed, and with a later test carried out using some of these tools with a balanced
process among digital design, fabrication, and use of a material based on the waste produced at the Digital
Fabrication Lab. From a variety of trends in technology such as the BIM or the virtual and augmented
reality, a test was carried at the Digital Fabrication Lab, mixing different digital and material technologies,
in order to assess its effectiveness and deficiencies related to the SDG9. A preliminary matrix of the case
study would show the targets capable of being covered by taking advantage of such tools and systems
to provide guidelines for further steps to tackle SDG 9. Conclusions were drawn both as scientific results
and initiatives to take into consideration in order to contribute in the impact that recommendations should
cause on such an ambitious goal.
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1. INTRODUCTION
According to the United Nations, and in line with the global crisis affecting directly the
environment and the quality of life, the world is facing the challenge of achieving what it has been
adopted as the Sustainable Development Goals. In September 2015, more than 150 heads of state
and government met at the historic Summit of Sustainable Development in which they approved
the 2030 agenda (Guterres, 2019). This agenda contains 17 objectives (Fig.1) of universal
application that, since January 1, 2016, govern the efforts by countries to achieve a sustainable
world in 2030 (UN, 2015).
Achieving the goals requires drastic actions if there is really the aim to reach the SDGs by
2030. A modern management through the Sustainable Development Goals is one way of working
within clear objectives and timeframe in order to tackle some of the SDGs to reach by its deadline.
Such task requires efforts to build an inclusive and sustainable future for the people and the planet.
Though the 2030 Agenda provides inclusive and globally relevant goals and targets, a
reinterpretation of the SDGs must be conducted to simplify their implementation in construction
projects. For instance, the Oslo Manifesto proposes a sample of such interpretations where the
goals are restated as comprehensive design questions for creative professionals (The Oslo
Manifesto, 2015). Furthermore, the architecture guide to the UN 17 SDGs by the Institute of
Architecture and Technology (KADK), The Danish Association of Architects and The UIA
Commission on the UN Sustainable Development Goals offer another important reference for
design teams (KADK et al, 2018). Nevertheless, to provide further guidelines to designers, the
goals’ reinterpretation was required.
The paper is centered on one of its objectives, which addresses the design and construction
sector, and is related to "Industry, Innovation and Infrastructure". A summary on the history of
digital technology in construction will be firstly provided, in addition to the digital trends and
potential tools to consider, and its future in relation to construction performance. In addition, the
paper illustrates the importance of developing systems related to the DGGs with examples
internationally recognized.

Fig.1: The 17 Sustainable Goals
Reference: Image by United Nations Development Programme (UNDP)
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2. SUSTAINABLE DEVELOPMNET GOALS
Life on earth is facing crucial times where the sustainability will play an important role in
our destinies and of our future generations. However, what is a sustainable development? Is it a
definition to abide by in order to reach a more environmental friendly world, or is it a way of life,
which will really be able to cause a responsible and positive impact on the planet?
Sustainable development has been defined as the development capable of meeting the needs
of the present without compromising the ability of future generations to meet their own needs.
Such development requires concentrated efforts to build an inclusive, sustainable, and resilient
future for people and the planet (Bassi et al, 2019). To reach a sustainable development
achievement, a vital harmonization among three basic elements defined as economic growth,
social inclusion, and environmental protection are needed. They are interrelated elements and are
all vital for the well-being of people and societies.
In the last years, sustainability researchers with emphasis on the built environment have
regularly determined that the environmental aspects of sustainability are the greatest applications
of existing standards and tools (Díaz-López et al, 2019). It is claimed that the assessment methods
for building environmental performance are somehow being stressed with the redefinition of its
purposes and roles (Cole, 2005). However, it is highlighted that generally there are missing
indicators concerning for example the contextual, social, or economic facets of buildings, within
the available standards (Bernardi et al, 2017). This is, indeed, a good argument that puts into test
the green building rating systems’ critical comparison (Doan et al, 2017). There have been efforts
to define new outlines for sustainability in buildings and the built environment in more inclusive
methods. However, their widespread implementation has been limited (Eizenberg, Jabareen,
2017). Today, sustainable development agendas are becoming more internationalized, and
consequently receiving more attention. Such objectives are intended to become an awareness for
implementation, integrated progressively into private institutions and local practices (Pedersen,
2018).
One of the SDGs explored throughout the paper is the SDG 9. This objective has to cover
3 aspects that are the base for a series of targets that include industry, innovation, and
infrastructure. Within objective 9 there are eight targets and nine indicators that must be
understood and then covered. Among them there is the need to “promote an inclusive and
sustainable industrialization” (9.2), to “improve all industries and infrastructure for sustainability”
(9.4), or to “improve research and update industrial technologies” (9.5), among others (Fig. 2).

Fig.2: The 9 targets in the SDG 9: Industry, Innovation and Infrastructure
Reference: Image by globalgoals.org/9-industry-innovation-and-infrastructure
https://digitalcommons.bau.edu.lb/csdjournal/vol1/iss2/3
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3. DIGITZING DESIGN AND CONSTRUCTION FOR THE SDG
Applying principles using tools based on information and communication technology in the
working process is what digitization somehow stands for. In the present, it is helping the
construction industry mainly in data generation, data execution and exploration of new materials,
processes that are part of the basis of the fourth industrial revolution.
Designing and building technologies are constantly developed and modernized for the fast
pace of sectors to update themselves and cope with the SDGs. However, they have demonstrated
so far to be relatively slow in affecting the construction field. Nevertheless, what is to be put to
test is not how fast these technologies are being integrated within the design and construction
processes, nor if they are becoming more or less popular, but rather how impacting they are in
relation to the goals that should lead to a more sustainable way of building, and therefore tackling
at least one of the actions among the many within the SDGs. Building, in most of cases, is
definitely not an environmental friendly process, but is a necessity for survival for some, and for
attaining a better quality of life others.
Digital technologies have caused an impact in the fields of advanced design and digital
fabrication. Such tools emerged mainly to solve design problems of formal complexities requiring
flexible and innovative computational design principles, while digital fabrication’s role was to
transform the digital principles into palpable realities. However, this field is in constant
development, and meanwhile, some tools emerged as potential ones to serve further needs of
contemporary practices looking for more suitable ways of designing, presenting, constructing, and
managing projects.
In the present and near future, the intention of digitization in the industry includes saving
time in the delivery of construction projects, increasing productivity, speed of work, quality of
documents, accelerating response time and solutions on site, and providing simpler working
methods. It is also crucial in this process to think about developing new materials and systems that
go not only according to current needs, but also in accordance with the principles that must be
followed to achieve a more sustainable environment for the present and future generations.
However, the construction industry remains one of the least digitized diligences. However,
a far more critical quarrel against architecture and architects is related to the rational and economic
conducts followed that obstruct the needed alterations towards society that is sustainable. Common
assessments of industrialized development can for example lead to massive waste and
environmental degradation, which is an illustration of a systems’ design which is not impacting.
Therefore, and supported by both professional and academic principles, the system becomes the
argument (Birkeland, 2003).
It is time for the building sector to adopt and adapt itself to the digital environment, since
digitalization has proven to be efficient and beneficial on the three main fronts: time, finance and
sustainability. It is not a question of having a modern management of digital tools, but also to think
about alternatives to link offices and sites together in a more dynamic and efficient way. According
to the Commonwealth Association of Architects, some of the guidelines that may help in
integrating of digital technologies with the SGD can be defined as:
• To develop appropriate performance indicators based on the specific site and programmatic
requirements.
• To design and construct the facility in such a manner that the construction waste is capable of
being recycled.
• Maintain at least 50% of any existing building structure and shell and 50% of non-shell (walls,
floor coverings, and ceiling systems).
• Specify salvaged or refurbished materials for 10% of all building materials required and a
minimum weighted average of 40% post-industrial recycled content material (CAA, 2006).
In this sense, there are some solutions for builders to increase operational efficiency with
digital technologies and reduce costs in innovative ways. Taking into consideration the available
technology that could start influencing any design and construction project in an efficient way,
there are the following:
• Building Information Modeling (BIM)
• Virtual Reality (VR), Augmented (AR) and Mixed Reality (MR)
• Cloud Computing
• Internet of Things (IOT) and Smart Sensors
• Drones
Published by Digital Commons @ BAU, 2020
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• 3D Printing
• Robotics
• Innovative Materials
One of the most effective tools nowadays, BIM can be used to assess the constructability of
a building before executing the project, offering data management capabilities that can keep all
project team members in full coordination at all stages of construction. In addition, it allows the
visualization of the construction model over time simulating the construction process, helping also
with early budget estimates with high level of detail and accuracy.
BIM systems are based on parametrically controlled functions that allow a certain degree
of flexibility in all the design phases of a project. However, it contrasts with the more advanced
parametric tools, such as Grasshopper, mainly due to the fact that BIM systems convey mainly on
ways of construction tending towards standard industrialization, while the other provides a
platform for creativity based on unconventional ways of developing projects. And this may be the
first setback, mainly due to the fact that conventional businesses do not always find the need for
such advanced systems at the moment. Nevertheless, both platforms provide effective systems of
management for design and construction, which could be both based on manual or automated
labors.
Another tool that is causing an impact in the design and construction sector is the virtual
reality (VR), which finds its usefulness mainly during the pre-construction stage, simulating a
realistic environment that allows designers, constructors and clients to interact with the project
before its construction. Augmented Reality (AR) comes into play once the project has begun. With
a Smart phone or a tablet, the technical documentation or 3D models are merged into real-time
images of the project, through a camera, to offer a unique perspective, mixing and merging digital
and physical data.
Cloud Computing is the future of everything digital, mainly due to the fact that it is flexible,
secure, profitable and mobile. The main benefits of Cloud Computing for construction include
powerful data processing, connected work sites, data storage, easy sharing and advanced analysis.
Internet of Things (IoT) is about the ability of any device or object with a sensor to connect
to other machines via the Internet. Objects or devices can range from trucks, excavators or carriers.
The sensors gather significant environmental data that has the potential to be used to activate an
action applicable to a welding machine for example. This system can also help in autonomous
machines at the construction site, worker safety, cost reduction, quality assessment, energy
efficiency and maintenance of materials by predicting environmental conditions.
Drones have the ability to perform aerial inspections, health and safety guidelines, and
creation of progress reports, promotional photography, laser scanning and thermal image
recording. Drone technology has also reduced the communication gap between offices and sites
and helps provide accurate measurements. With the use of drones, it is possible for construction
companies to carry out pre-project assessments and other significant monitoring performances on
site.
In addition to 3D printing, robotics and control systems are being used to execute a wide
variety of jobs from mixing concrete to polishing floors. However, one of the issues that has to be
blended with digital technologies is the search for innovative construction materials. Some
examples to explore in the present and near future are bricks that purify the air, illuminating
cement, cooling bricks, self-healing concrete, and a material that many researchers are currently
working on which is the base concrete mixtures with different types of waste.

4. INITIATIVES TO ENGAGE DIGITAL TECHNOLOGIES INTO SDG9
According to the Royal Institute of British Architects’ guide to the “UN Sustainable
Development Goals in Practice”, architects can influence the sustainability of project outcomes by
integrating traditional creative and technical skills with an up-to-date understanding of
environmental, social, and economic impacts (RIBA, 2017).
At the same time, the fact that the production of enormous volumes of waste and
consumption of great amounts of energy and natural resources by the building industry is
undeniable (Mossin et al, 2018).
Initiatives to engage digital technologies into SDGs for the case study into question are
based not only on hardware and software, but also in the fusing of principles such as developing
sustainable materials or recycled materials using advanced techniques.
https://digitalcommons.bau.edu.lb/csdjournal/vol1/iss2/3
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One example deals with the idea that over the past decade, billions of tons of plastic has
been produced. After becoming waste, a very small percentage of it has been recycled. Since the
biodegradability of plastics is affected by both their chemical and physical properties, constant
solutions to proposing reuse and recycle emerge as alternative options.
One of the examples that has tackled targets related to the SDG 9 is the project called Smile
Plastics, a materials design and manufacturing community with the task of changing the
perceptions of waste through innovation. They try to mix technology and art to expose the great
potential of recycling, hoping to create more awareness about sustainability and recycling (Mossin
et al, 2018). From 100% recycled and recyclable non-toxic plastics, the materials can be used for
a variety of applications such as interior finishes or facade cladding (Fig. 3), among others.

Fig.3: Example of façade cladding technology from recycled plastic
Reference: Smile Plastics

More scientific approaches have been dealing with concrete mixture technology. Replacing
a proportion of the common concrete mix with some waste materials might be beneficial, even
though it affects its performance. For example, part of the natural aggregates of the mix are being
replaced by plastic aggregates or fibers in the tests (Gu, Ozbakkaloglu, 2016). Therefore, a balance
between performance and environmental protection are constantly under exploration throughout
the experiments carried away. For instance, and despite the reduction in compression, the concrete
may gain some thermal and acoustic properties.
With workshops, publications, and community-based projects, the academic institutions try
to feed the SDG at all levels. For instance, projects that support a specific industrial sector, provide
developments at the urban scale to correct certain deficiencies, motivates municipalities to conduct
good practices, enhance public spaces with students helping in designing and manufacturing,
developing advanced equipments for experiments, developing smart applications, conducting
students competitions with the aim of developing potentially sustainable business plans, or
developing smart applications are some examples conducted academically and which can
contribute to reaching the goal. International bodies supported by the United Nations have also
shown interest in integrating their support with the academic institutions.
However, there must be a dramatic change and reform in the design education for the design
approaches to attain greater relevance to environmental concerns. Since the beginning of the 21st
century, and in line with the SDGs, the role of design is changing from an architype of
transforming nature, for example, to one of transforming society towards sustainability by
Published by Digital Commons @ BAU, 2020
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improving the life quality of, and relationships between all living things, communities and the
natural/built environment (Birkeland, 2003).
A re-examination of human needs in addition to the appropriate setup of objectives,
prioritizing social equity and ecological sustainability are examples of the priority set of essential
actions. Knowledge integration from fields of ecosystem and human health concerns are also
required, in addition to the promotion of new technologies, systems of production, and
construction systems that do not depend on elements such as harmful chemicals or fossil fuels.
Within the digital trends in architecture, one of the main proposed actions to integrate itself
within the SDG was to increase the influence of the digital fabrication lab with more experiments
and global events that would motivate students to innovate. In the last two years, a participation
in international Global Summer Schools was carried on in order to test the values, influences, and
the impact of technology on the contemporary trends dealing with some of the SDGs. Urban
furniture has been taken as the typology to develop due to mainly its controllable scale and needs
in many urban contexts, in addition to time limitations that such events take place. Previous
experiments with the development of topologically modified surfaces were built from concrete to
carbon fiber. However, since efforts were inducted towards SDGs, the need to develop more
sustainable designs and constructions was lately adopted.
There is usually a mismanagement of materials, and construction waste proves to be
generally abundant. Construction waste constitutes the largest discarded stream by weight in many
countries, presenting considerable problems for being disposed in many parts of the world. In the
last two decades, waste minimization has been emphasized through the use of strategies such as
waste-prevention planning and design, recovery-orientated construction, reparability, recyclables,
and reuse (DETR, 2000).
Therefore, the late experiment has been defined as a research project with the objective of
obtaining a mixture based on concrete with waste materials of sufficient properties to enable the
manufacture of street furniture based on a series of complex shaped designs. In these types of
works, innovation, and optimization of time and cost, in addition to the effects of materials on the
environment were explored, and therefore, basing the study on some of the concepts of
sustainability.

Fig.4: Prototype of a wall cladding/flowerpot produced from waste materials and concrete
Reference: Image from Louay Tannir

Some of the intended learning outcomes of the experiment are related to the ability of
investigation and appraisal in the selection of an alternative constructional and material systems
relevant to architectural design. The experiments dealt with the recognition of basic characteristics
and physical properties of building materials, components, systems, and their environmental
impact.
https://digitalcommons.bau.edu.lb/csdjournal/vol1/iss2/3
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Changing perceptions about waste through innovation, using art and technology to expose
potentials in recycling is a challenge, especially when developing strategies to provide a sense of
awareness to students. However, such move is done in hope to inspire more people on
sustainability and recycling.
Most of the previously developed mixtures were based in the proportional reduction of
coarse aggregates from the standard concrete mixture and replaced with recycled plastics of
different categories. However, since the intention was to develop a mixture that was not needed to
be structural, the decision to use throughout the tests a series of materials such as recycled plastic,
sawdust, the remains of polystyrene, and the dust of the stone cut, which normally contains water,
was taken since most of these materials were available in the fabrication lab. Some of them could
be reused and recycled, while some could be disposed in ways that could be contaminating to the
environment. The mixtures were cast using plastic concrete cylinder molds of 10cm diameter by
20 cm height. Taking into consideration the volumetric size of the cylinder mold, a standard
concrete mixture with the proportions of 1 part cement, 2 sand, and 3 gravel should provide an
approximate weight of 3.75kg. Based on this number, which was attained 28 days after casting,
the basic assumption was that as the amount of waste increases, the weight of the mixture and its
strength would considerably decrease.

Fig.5: Parametrically designed variation for the accommodation of plants and flowers in a
wall cladding tile
Reference: Image from the Digital Fabrication Lab

Preliminary studies suggested that modifying certain characteristics of the structural
concrete would result in a potential scenario to integrate the waste that was being generated in
some way into the products. Figure 4 shows an example of a proposal under development by a
group of students at the conceptual level, where the integration of not only form, but also function
and material, would provide the possibility of creating components of diversified functions, even
though the properties of the material such as compressive strength, would be dramatically reduced.
Using Grasshopper, a parametric definition was created for a customized tile to enlarge or
reduce its pocket, created to accommodate plants and flowers, so that, whenever needed, it would
be possible to embed them in the tile and add a layer of greenery to a building façade (Fig. 5). The
parametric tools provide the option of abiding by either one customized form constantly repeated,
or a unique component that creates a non-standard procedure for later fabrication that can be
updated in real time and according to needs.
A total of eighteen tests were carried with different replacement proportions. In one of the
tests (Table 1), it has been detected that the concrete mixture was able to be replaced with an
amount close to 51% of waste materials. There is in addition, a substantial reduction in weight
compared to the standard mixture. For the next phase, the compression test will help decide the
scale by which this mixture will be able to be used, with the intention of casting outdoor benches,
garbage bins, plant pots, and depending on its properties, outdoor tiles.
Published by Digital Commons @ BAU, 2020
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Table 1: Weight results of the different combinations of material mixes after casting
Reference: Source from the Author

5. CONCLUSIONS
It is a matter of time that technologies such as drones or brick-laying robots become
somewhat ordinary to the point that maybe plans won’t be needed anymore on construction sites.
Meanwhile, what needs to be stressed now is how to act in such a way that sustainability becomes
way of life, especially with such an ambitious agenda like the SDGs. Our job is to create initiatives
for everyone to realize, be aware of the issue, and engage in actions. But we have to start with
ourselves to see what we can accomplish within this objective, and what our deficiencies are and
how to strengthen them.
In addition to the commitment of various governments, the education sector will be very
involved. Satellites of collaboration among educational institutions must be enhanced as proved
in the international activity devised for the experiment. This will motivate cross cultural
cooperation in reaching results in a more efficient way since the SDGs are a universal challenge.
A collaborative expansion among other academic and professional institutions is definitely needed
if the proper recommendations for the SDGs are to be ready by 2030. Activists play an important
role in creating awareness for the people, but a level of maturity must be developed fast in order
to take actions for the future generations.

Fig.6: Matrix mapping the intentions for covering SDG9 against its targets
Reference: Image from Author
https://digitalcommons.bau.edu.lb/csdjournal/vol1/iss2/3

8

Halabi: The Digital Fabrication Lab Contribution to the Sustainable Devel

At the same time, the building industry is consuming large sums of energy and natural
resources, and producing massive amounts of waste. Therefore, proper management is required.
In addition, innovative ways of reusing such waste can lead to considerable reductions. The
mixture will play an important role in the next phase, in fusion with digital technologies, and with
the possibility of creating customized objects through advanced design and digital fabrication.
The case study showed that the experiment has the potential to motivate students, fresh
graduates, and professionals to come up with innovative design, building, and later business ideas,
which could be later developed within start-ups or incubators. The study was capable to tackle
some of the research themes related to the SDG9 (Fig. 6), in addition to nurturing potential
stakeholder engagement. However, a stress on training through cross section disciplinary and
experiential learning should be enhanced in order to later promote an inclusive and sustainable
industrialization.
Some of the next parameters to put into test during further exploration is the increase in
scale of the objects to be built, their structural performance, and their durability related to changes
in weather conditions, in addition to exploring the potential relation of the waste materials to
vernacular ones, raising questions about the hidden processes behind sustainable development.
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