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ABSTRACT

Waste derived from constructions and demolitions 
creates an opportunity to lower the carbon footprint 
of buildings. As bricks and concrete make up two of 
the most common construction materials world-wi-
de, once the buildings they are built into, reach their 
end life, a large portion of the waste becomes availa-
ble for reuse, rich in properties such as compressive 
strength and mass. If this waste is placed back into 
buildings, their carbon footprint can be massively 
reduced, while saving up on having to extract new 
raw and natural resources. 

In an effort to reduce the amount of construction 
and demolition waste (CDW) derived from the fu-
ture generation of buildings, innovation and tech-
nologies are necessary. In the past several decades, 
robotic applications have made a great impact in 
many industries. Thanks to its efficiency, automated 
processes and flexibility of use, robotics has proven 
to be successful in manufacturing and assembly pro-
cesses which can now be customized for architectu-
ral practices like the digital fabrication of new struc-
tures with the potential of implementation of new 
materials . If robotic manufacturing has the potential 
of upcycling CDW in the construction process, then 
buildings can have a smaller environmental foo-
tprint. Further research into experimenting with this 
waste material implemented into 3D printing with a 
6DOF robot arm is necessary.
 
Key words:
Upcycling, Waste material, CDW, Low-Carbon Buil-
dings, 3D Printing, AMoC, Robotic fabrication
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1 .  INTRODUCTION

The research question is: 

The majority of the existing buildings have not been 
designed for disassembly and reuse (Soustsos et al., 
2017). This means that once the structure of a building 
has reached its end of life, it has to be demolished. 
Construction waste is then the result of this action.
The built environment makes up for almost 40% of all 
CO2 emissions of which 11% come from its embodied 
energy (Architecture2030, 2021) and is responsible 
for up to 30% of all landfill waste in Europe (Soustsos 
et al., 2017). The latter derives from construction and 
demolition waste (CDW). Bricks and concrete are the 
two most common building materials in construc-
tions world-wide. In the Netherlands alone, 33 Mton 
of new concrete (roughly 15 billion m3) is produced 
yearly causing massive emissions, while 12 Mton con-
crete is demolished and turned into waste - or in a 
more contemporary perspective, becomes available as 
a new material to be used in the same industry (Villo-
ria Saez & Osmani, 2019).

According to Eberhardt et al. (2020), a circular eco-
nomy is a regenerative system where waste and emis-
sions are minimized by limiting, increasing service 
life and closing loops of materials. A linear building 
process proposes discarding waste into landfills, 
meanwhile a circular building economy promotes 
several approaches, one of which is recycling waste 
(Mylonas, 2021). 

Although CDW is the largest waste stream in the EU, 
and the average recovery rate for EU27 is below 50% 
(Soustsos et al., 2017), already in 2016, the Nether-
lands surpassed the 2020 goal with a recovery target of 
CDW of 70% setting an example for countries around 
the globe (Villoria Saez & Osmani, 2019; European 
Environmental Agency, 2022). Upcycling processes 
seek to transform waste into new materials increasing 
in quality or environmental value with the aim to re-
duce the amount of raw and natural resources extrac-
ted (Martin, Parsapour, 2012). Using raw materials to 
manufacture new building materials is a conservative 
mind-set.  

In an effort to reduce the amount of CDW derived 
from the future generation of buildings, innovation 
and technologies are necessary (Soustsos et al., 2017). 
In the past several decades, robotic applications have 
made a great impact in many industries. Thanks to 
its efficiency, automated processes and flexibility of 
use, robotics has proven to be successful in manu-
facturing and assembly processes which can now be 
customized for architectural practices like the digital 
fabrication of new structures with the potential of 
implementation of new materials (Bos et al. 2016). If 
robotic manufacturing has the potential of upcycling 
CDW in the construction process, then buildings can 
have a smaller environmental footprint.

How can bricks 
and concrete 
from CDW help 
reduce the carbon 
footprint of 
buildings through 
the aid of robotic 
fabrication?
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2 .  THEORETICAL 
FRAMEWORK

In a time where sustainability is crucial for our future 
generations, architecture and engineering must play 
a significant role in the built environment to reduce 
the negative impacts already made and make sure 
damages are reverted and buildings are future-proof. 
Moving into an era where an increasing amount 
of buildings are surging due to the demand for ur-
ban growth, the main concept of this project is born 
through the idea of making use of this abundance of 
materials, that have been considered to have reached 
the end of their useful life cycles, and to create a new 
material by upgrading its current state (found in the 
landfills) while adopting the existing embedded CO2 
and finally taking advantage of its physical properties. 
Fundamental questions for this research are: What 
happens currently to the waste and what negative 
impacts does it create? What new material can deri-
ve from the waste? What important attributes does it 
offer? How can it be used for buildings? How can it be 
applied through robotic applications? Which robotic 
application?

It is important to dive into analyzing these two main 
materials, bricks and concrete, to further understand 
their composition, where they derive from and their 
potential in terms of physical and mechanical pro-
perties and potential in new designs and their impact 
when integrated in a circular economy.

Some challenges that come with recycling CDW are 
that the exact source of CDW is oftentimes either 
completely unknown or it is known but the history 
behind it isn’t, combining concrete of various grades, 
ages and compositions (Mylonas, 2021). In order to 
also achieve a local circular economy, it is therefo-
re important to consider using the CDW of a donor 
building nearby, where the mechanical and chemi-
cal properties can be tested and known prior to reu-
se. However a common practice in the Netherlands 
is that the re-use of CDW is generally correlated to 
backfilling and re-use in low-grade implementations, 
such as under roads, doubting the competence of 
recycling in the building industry (Eerland, 2022). 
There’s also an emerging need to create a common 
protocol for utilization of CDW recycling due to in-
consistent standards varying per company, city and 
country (Krysinski, 2017).

Crushing waste into fractions is an common method 
used in the Netherlands, a process which transfor-
ms larger portions into, for example, coarse (CRCA, 
CRBA) and fine (fRCA, fRBA) recycled concrete and 
brick aggregates respectively. Coarse aggregates are 
those in the particle distribution size of 4-64mm, 
while fine aggregates are smaller and range between 
0-4mm (The Constructor, 2022).

Bricks and concrete from CDW (Fig. 01)

2 .1  Construction 
and Demolition 
Waste (CDW) 
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More than 4 billion tonnes of cement is produced 
each year, which represents around 8% of global Co2 
emissions (Lehne & Preston, 2018). Unfortunately, 
the amount of concrete needed depends on and is at-
tributed largely to: urban growth. The demand for this 
is attributed to the need for new homes, but also for 
new infrastructure, construction of roads, dams, wa-
ter supply, sanitation, energy services, among others 
(Deloitte, 2017).

This material is not only polluting once it closes its 
linear cycle and is in disuse, but also, as pointed out 
by Ovacen, “concrete is responsible for 9% of indus-
trial water withdrawals worldwide” (Ovacen, 2020). 
This impact contributes to droughts and water stress, 
in addition to its high energy consumption.

Concrete is probably still one of the most used ma-
terials in construction and urban planning due to its 
characteristics, but there are decisions that can be 
taken to reduce its negative impact through its value 
chain. As stated in the report “A sustainable future for 
the European cement and concrete industry” by the 
European Climate Foundation, cutting-edge techno-
logies can be used to reduce the impact of concrete, in 
addition to efficient use, recycling and structural opti-
mization. The report shows that if in the future all the 
stages of the value chain are considered, it is possible 
to reduce up to 80% of CO2 emissions, compared to 
the 1990 figures, being achievable by 2050. (Favier et 
al., 2018)

There is a challenge in the market, where the cost of 
alternatives to recycling are considerably low. When 
looking at recycled concrete, the use of fRCA may 
make the prices become higher than regular concre-
te products, however the performance might also be 
at a higher-end. Usually when fRCA is integrated in 
a mix, the amount of cement increases significantly 
in order to balance out and control the quality of the 
material. Although this might contribute to sparing 
the consumption of natural raw resources, this con-
tradicts the efforts towards a more sustainable outco-
me, as the carbon footprint and energy consumption 
derived from the cement poured into the composition 
can well be increased (Mylonas, 2021). This can also 
potentially be the case with fRBAs.

Brick belongs to the family of ceramics or fired clay 
products. It is defined as a rectangular prism that has 
the quality of being able to be handled with one hand. 
Its raw material is clay, which in a dry state has an 
earthy appearance and when fired up not only chan-
ges its solid state but also changes its color due to the 
minerals found in it, which provides a durable color 
that never decreases (Brick Industry, 2006). It is used 
mainly in the construction of walls, arches, vaults, do-
mes and many other structures (Bueno de la Cuesta, 
2018). Some of the main brick types are perforated 
bricks, solid bricks, tiles or manual bricks, flat bricks, 
hollow bricks and facing bricks.

The life cycle of a brick consists of 4 main stages, which 
allow us to evaluate the impacts and environmental 
load, which are production phase, transport and com-
missioning phase, use and maintenance phase and the 
end of the useful life cycle. (Díaz Rubio, 2011).

Like most building elements found in our buildings, 
bricks also leave a carbon footprint. It produces 23.2kg 
of CO2/m2 brickwork, derived mainly from process 
emissions and direct emissions from fuel combus-
tion (Manley, 2016). To put it in context, compared 
to roughly a 30% contribution to CO2 emissions in 
the construction sector, brick is responsible for nearly 
20% of the total emissions.

The compressive strength and absorption of bricks di-
ffer between the clay used, the manufacturing method 
and the firing temperature (GOBRICK). This means 
that once bricks become waste, it is very probable that 
they create different physical effects in a same compo-
sition of materials in a mix when using different types 
of bricks. 

2 . 2  Concrete and 
Recycled Concrete 
Aggregate (RCA) 

2 . 3  Bricks and 
Recycled Brick 
Aggregate (RBA)
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There are several types of production of concrete and 
bricks around the world. The following production 
processes are most commonly found:

In most of these processes, the machinery is tailored 
to the production of the product, limiting the flexi-
bility of production the materials can offer. In other 
words, if an upgrade of the process/ end-product is 
developed, it would potentially either require to make 
modifications in the machine itself or even have the 
machine replaced. Also, in most of these processes, 
there is much labor required to load and unload, ma-
neuver and intervene in the process. For instance, the 
assembly of the molds and placement of the reinforce-
ment for in-situ casting involve physically demanding 
labor (Bos et al., 2016).  In contrast, robotic applica-
tions may present more flexible solutions and be less 
labor intensive.

2 . 4  Production 
and Technology in 
Construction 

In-citu: concrete

Extruded: brick

Molded: brick

Dry-pressed: brick

Precast: concrete

Extruded: concrete

(Fig. 02) 

(Fig. 03) 

(Fig. 04) 

(Fig. 05) 

(Fig. 06) 

(Fig. 07) 
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Using raw materials to manufacture new building 
materials is a conservative mind-set. As mentioned 
before, current building processes and procedures 
that deal with (virgin) concrete and bricks are signi-
ficantly labor, cost and time intensive. Robotic pro-
cesses have the potential to increase not only the effi-
ciency of production, leading to reduction of costs 
and time, but also the accuracy in which the proces-
ses are executed. Digital fabrication through robotics 
can provide the tools to become a fully integral part 
of the construction process. There are several robotic 
applications being implemented in many manufactu-
ring processes for construction elements, such as the 
unloading of brick after firing (Brick Industry, 2006). 
The aim of the project is to combine this technolo-
gy to aid the process of upcycling brick and concrete 
waste into a new building element in order to reduce 
the environmental impact of constructions. So, which 
robotic applications can help in this specific process 
of building with this CDW? There are a number of ro-
botic applications suitable to become part of the up-
cycling process of CDW into building components, 
from sorting to manufacturing to assembly. For this 
project, different robot applications were taken into 
consideration for assessment in the theoretical pro-
cess of upcycling CDW.

There are different types of existing robotic processes 
involved in manufacturing and assembly. The most 
common are: (Aushermann, 2019)

- Articulated robots (4-7 Degrees 
of Freedom)

- Cartesian/gantry robots
- Selective Compliance 

Articulated Robot Arm (SCARA)
- Delta robots

2 . 5  Potential Robotic 
Applications in 
Upcycling of Waste

Articulated robot  

Cartesian robot

SCARA

Delta Robot

(Fig. 08) 

(Fig. 09) 

(Fig. 10) 

(Fig. 11) 
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Demolition

In order to assess which robot is most suitable, it is 
crucial to know which are the most important steps 
in the process of upcycling concrete and brick waste. 
Something like the following would be the order of 
such a process:

An assumption was made for the types of robot that 
have the potential to support the following processes 
due to their characteristics and main use:

- Storage >→
   Articulated robot, Cartesian robot, SCARA

- Sorting > 
   Articulated robot, SCARA, Delta robot

- Producing/ Manufacturing >
   Articulated robots, Cartesian robots, Delta robot

- Storage and Shipping > → 
   Articulated robot, Cartesian robot, SCARA

Storage

Sorting

Size reduction 
(Crushing)

Screening

Mixing

Producing

Storage and 
Shipping

The production and manufacturing phase of the pro-
cess is where the design can make the most impact. 
An articulated robot of 6DOF was chosen for this sta-
ge of the process due to its high level of flexibility of 
use and availability at the faculty of Architecture. The 
following are some of the possible applications and 
examples this robot can offer for the manufacturing 
of the upcycled brick and concrete waste.

- 3D Printing: 
- 3D Printed Mold or Eggshell Mold
- Smart Dynamic Casting
- Mesh Mold
- CNC Milling
- CNC or Hot-wire-cut Formworks
- Ball Pressing
- Rammed Earth Technique
- Spray
- Sand-cast
- Planar/Non-.Planar Filament on Membrane For-

mwork
- Jamming: Coreless Filament Winding
- Extruded Printing
- Assembly of Parts

(Fig. 12) 
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A set of criteria was laid out in order to get a better 
overview of which robotic application was capable of 
fabricating a set of common building elements nee-
ded in buildings. This is mainly based on assumptions 
and should be looked into more deeply to gain better 
and more accurate results. 

The following chart shows the potential each applica-
tion has when fabricating with the UBCW:

Personal Preference

Second Personal Preference

Most Criteria Fulfilling 

Second Most Criteria Fulfilling

The chosen robotic application for the manufacturing 
stage of the process in upcycling this waste is the Ad-
ditive Manufacturing of Concrete process with an ar-
ticulated robot arm, mainly due to the availability of 
the end effector needed, which matched the with one 
of the highest resulting criteria.

2 . 6  6 Degrees 
of Freedom 
applications for 
construction

(Fig. 13) 
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3 .  METHODOLOGICAL 
FRAMEWORK

Through the research method of “experimentation”, 
brick- and concrete waste from demolitions were the 
main materials looked into and the medium with 
which the (theoretical) fabrication process occurred 
was through the use of Additive Manufacturing of 
Concrete with an articulated robot arm with 6DOF. 

- So far, until my P4, I haven’t been able to experiment 
with the articulated robot arm with 6DOF, however 
if there is enough time, I intend to have some sort of 
experiment by P5, therefore, this part remains theore-
tical for now. -

Brick waste was rescued from demolition and trans-
formation projects broken down with the use of a jaw 
crusher, separated in specific sizes of aggregates by 
means of a mechanical sieve and sorted by physical 
appearance (color). Concrete waste on the other hand 
was provided by a third party in charge of separating 
construction waste and filtering the resulting aggre-
gate sizes. In a conventional process, the material is 
cleaned of foreign components, such as metals, wood, 
plastics, soil and the like. This third party then crus-
hes down the bricks into a certain granulate size and 
processes the concrete granulate into sand, gravel and 
cement stone powder. The sand and gravel have an 
80% clean surface. This makes them suitable for use 
as an aggregate for new concrete. The cement stone 
powder is a filler, which can best be compared to li-
mestone flour. This filler is suitable for use in the con-
crete industry for the production of self-compacting 
concrete (Insert, 2018). Recycled mineral aggregate 
may present a number of contaminations which can 
limit its use in structural concrete (4). For the sake of 
the research goal, the chemical composition was not 
taken into account, it is therefore assumed the CDW 
used is not contaminated.

These waste materials were stored and divided into 
buckets, ready to be used in the experimentation pha-
se in search for the right material balance between 
both and to be mixed as a material usable by the robot. 
The material underwent iterative sampling and analy-
ses, in order to achieve a more comprehensive over-
view of the potential these two materials can provide 
when combined. The architectural expression was 
explored by looking at the color and texture of the 
mixes. To arrive at a usable material for the building 
of components, the samples that came out of the fo-
llowing series of experiments, were tested on the basis 
of one key aspect: compressive strength, in order to 
determine if it is capable of carrying loads.

If there is more time after the P4, the goal is to look 
into more aspects of this material and undergo a se-
ries of experiments through the use of robotic arms.

3 .1  Experimental 
Research

(Fig. 14) 
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The aim with sampling of materials is to explore the 
mix of materials in search of unique architectural ex-
pressions as well as to determine the correct mix for 
Additive Manufacturing of Concrete (AMoC). The 
following first 3 steps are the procedure taken for both 
goals of sampling. The next steps diverge into two di-
fferent processes.

3 . 2  Material 
Sampling

a) Exploration of Architectural 
Expression:

(Fig. 15) 

(Fig. 18) 

(Fig. 19) 

(Fig. 17) 

(Fig. 16) 

Step 1: 
Harvest waste-bricks from demolition sites. Select 
the bricks by hue and only if found in larger 
batches of up to 4-5 bricks in order to use the same 
properties of that brick type and be able to perform 
any experiments on them. As the concrete-waste is 
provided by a third party and already sorted into a 
particle distribution size of 0-4mm, this was to be 
used in further steps.

Step 2: 
Crush the bricks using a jaw crusher (provided 
by the faculty of Civil Engineering at TU Delft). 
Sort by color into buckets. The crushing should be 
performed to reduce the fraction size of the brick to 
<32mm.

Step 3: 
Sort by particle size distribution. By means of a 
mechanical sieve (provided by the faculty of Civil 
Engineering at TU Delft), the goal is to sort the 
fractions of the aggregate into 3 categories: (0-2mm) 
, (2-4mm) and (4-16mm). 

Step 4a: 
In a plastic rubber mold used to bake, a series of 
experiments were made to begin to understand 
how the two materials react when mixed together. 
Varying in quantities and ratios of brick, concrete, 
cement and water.

Step 5a: 
In custom-made molds, the samples were made with 
the intention of understanding possible applications 
in terms of building components, such as walls, 
facade elements, tiles, etc.
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Step 6a: 
In a further attempt to find out the different 
expressions this new material might provide, a 
sample was taken out from the core of a small 
cylinder to see how the aggregates look like on the 
inside.

Step 4b: 
Define the specifications. As for the binder, 
Portland CEM III was used as cement, as it is the 
most commonly used in practice. The concrete 
mixtures were designed with the aim to obtain 
an environmental class of XC3 and a compressive 
strength grade of C25/30, as they are widely used 
in the industry. Examples that provide these classes 
were compared with to provide an indication 
of water:cement ratios. Then it is important to 
determine the aggregate amount and the particle size 
distribution to be used in the mix.

b) Determining of CDW Concrete 
Mix for AMoC:

Step 5b: 
Create four different mixes to be analyzed. To 
reach this step, the amount of liters that fits in the 
desired mold needs to be translated from volume 
to weight. A mold of 150x150x150mm was used 
because of its standard dimensions for compression 
testing. The mold holds 3.375 liters of volume. A 
typical water:cement ratio is between 0,3 and 0,6. 
The particle size distribution for the 4 samples was 
kept at 0-4mm. The following four mixes were then 
created:

M1: 10% Cement, 85% Aggregates (50-50% brick-
concrete), 5% Water

M2: 20% Cement, 70% Aggregates (50-50% brick-
concrete), 10% Water

M3: 30% Cement, 65% Aggregates (50-50% brick-
concrete), 10% Water

M4: 20% Cement, 70% Aggregates (25-75% brick-
concrete), 10% Water

Step 6b: 
Add grease to the mold before pouring the mix. 
Once the mix sets inside, use an industrial vibrator 
to get all the air pockets out of the mix. Let the mix 
set and dry for 7 days before testing (minimum 
drying time for testing). Once 7 days is up, use a 
pressure gun in the bottom socket of the mold to 
release the sample from the mold.

(Fig. 20) (Fig. 24) (Fig. 23) 

(Fig. 25) 

(Fig. 22)(Fig. 21) 
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The results of the compression tests in the 4 samples 
conclude that the material has the potential to be 
used in the building sector. The following results of 
the samples:

3 . 3  Material 
Testing

M1: 
Inconclusive. Sample exploded in the compression 
machine before it could register a strength score. 
This is due to the lack of binding material in the mix. 
5% of water is also very low for the full mix.

M2: 
The average result of 3 samples made was: 228kN 
// 10.13Mpa. This result is too low for structural 
purposes. However it could be interesting to see 
what other possibilities it could be used for. Perhaps 
the porosity tests lead to a good facade material. To 
be further explored.

M3: 
The average result of 3 samples made was: 581 kN // 
25.82Mpa. This result is close to the aimed strength 
grade. However, the increase in cement is not 
desirable, as one of the main goals is to reduce CO2 
emissions.

M4: 
The average result of 3 samples made was: 770kN 
// 34.25Mpa. This leaves the sample to surpass the 
strength class of C25/30. This mix, in contrast to the 
other mixes, did use more concrete aggregates than 
bricks, leading to the conclusion that brick is weaker 
in terms of compression when used in such small 
fraction sizes.

(Fig. 26) 

(Fig. 28) 

(Fig. 29) 

(Fig. 27) 

M1 M2 M3 M4

10
.1

3M
pa

25
.8

2M
pa 34

.2
5M

pa

(Fig. 30) 
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This sub-chapter of the research presents a theoretical 
approach to implement this material in construction 
through an AMoC process with a 6DOF articulated 
robotic arm. The AMoC, also known as 3D Concrete 
Printing (3DCP), is suitable for the manufacturing of 
building elements due to the cementitious character 
of the upcycled brick and concrete waste. With this 
application and material, and due to its fluid state 
before setting, the potential for fabricating free-form 
load bearing structures emerges (Bos et al., 2016). 

Not only the form can be designed and optimized, 
but also its texture. The robot arm has an end effec-
tor called a print head or nozzle, where the content is 
extruded through and then layered on top of to crea-
te the desired outcome. The direction and velocity of 
the extruded content varies, giving different effects in 
terms of quantity of printed material and the quality 
of it (Bos et al., 2016). In the design, some attempts to 
create a design with this material have been carried 
out, however more research is necessary to unders-
tand what the boundary conditions are in this pro-
cess and how to effectively extrude and 3D print with 
this material. Some questions to be further researched 
could be: How much time does it take for the mate-
rial to bind once extruded? What is the shrinkage % 
of this material? What is the right composition and 
temperature for this extruded material not to crack? 
How effectively does this material bind to its adjacent 
layering?

When analyzing the particle size distribution and 
comparing with standard 3DCP mixes, the size must 
be even more specific in the range of 0-2mm instead 
of 0-4mm as tested previously. Sample mix M4 was 
inserted in different manual extruders with a nozzle 
diameter that matched that of the nozzle from the ex-
truder available at the faculty of Architecture, howe-
ver, the fraction was too large for the content to pass 
through and effectively be extruded. In order to be 
able to extrude this material, it is recommended to 
decrease the particle size distribution and test the 
compression strength once again to determine what 
suits best as a load bearing character.

In further attempts to reach the results desired in ter-
ms of digital fabrication, the final material would have 
to be experimented on and put to test through thte 
execution of prototypes caried out through AMoC. 
As the research shows much potential in the material, 
other tests such as viscosity, permeability and elastic 
modulus would have to be looked into in order to 
improve on the printiability of the material. Printing 
tests with different nozzle sizes, nozzle angles and la-
yer heights would have to be studied to reach a more 
controlled result.

3 . 4  6 Degrees of 
Freedom Concrete 
Printing

3 . 5  Prototyping 
(materials + 
robotics)
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4. CONCLUSION

The built environment makes up for almost 40% 
of all CO2 emissions of which 11% come from its 
embodied energy (Architecture2030, 2021) and is 
responsible for up to 30% of all landfill waste in Eu-
rope (Soustsos et al., 2017). The latter derives from 
construction and demolition waste (CDW). In the 
Netherlands alone, 33 Mton of new concrete (rou-
ghly 15 billion m3) is produced every year while 12 
Mton concrete is demolished and turned into waste - 
or in other words, becomes available as a new mate-
rial to be used in the same industry (Villoria Saez & 
Osmani, 2019).

Waste derived from constructions and demolitions 
creates an opportunity to lower the carbon footprint 
of buildings. As bricks and concrete make up two of 
the most common construction materials world-wi-
de, once the buildings they are built into, reach their 
end life, a large portion of the waste becomes availa-
ble for reuse, rich in properties such as compressive 
strength and mass. If this waste is placed back into 
buildings, their carbon footprint can be massively 
reduced, while saving up on having to extract new 
raw and natural resources. 

The architectural expression that this waste can pro-
vide when combined into one homogeneous material 
is limitless. The gamma of colors that the different 
bricks provide as pigmentation and the texture it 
gains through different molding and casting shows 
how creative one can get in order to reach different 
results. The compression strength results from the 
concrete mixes show that the integration of this 
waste at regulatory levels is possible. However, it is 

necessary to look into these mixes through other 
rounds of experimentation such as elastic modulus, 
durability, porosity, water absorption and viscosity, 
in order to have a fuller overview of the material and 
how it reacts or if it has any side effects through time. 
There seems to be much potential for CDW to be 
implemented as a building material through the use 
of robotic fabrication such as 3DCP with a 6DOF 
robot arm. This technology provides a wide range 
of flexibility and precision to production. In order 
for this waste to be 3D printed, new tests are neces-
sary to evaluate which composition or mix is the 
most adequate, if at all. Some of these tests may be 
extrusion, binding, shrinkage, printable composi-
tion, temperature, cracking and layering. Perhaps 
a series of experiments with different fraction sizes 
of the recycled aggregates is also necessary for the 
implementation of 3DCP. Ultimately, the advanta-
ges of using a 6DOF with this material compared to 
other robots has not been realized in this report. This 
would be interesting to look into, as well as exploring 
the possibilities of the material through the applica-
tion of a 6DOF.
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5. DESIGN

The project tackles a transformation and exten-
sion of a building where the process from demoli-
tion-to-manufacturing-to-assembly is the outcome 
of the research by design. 

With the ambition to stimulate urban growth and 
revitalize the North part of the city Apeldoorn, the 
large brownfield Zwitsal undergoes a phased trans-
formation in the next 18 years. Many buildings are 
demolished to increase the value of the land and new 
buildings erect in their place. The concrete and bric-
ks of the demolished buildings are downcycled for 
other more basic purposes, dismissing the potential 
of their properties. New buildings mean new mate-
rials, meaning more embodied carbon.

A new approach needs to be proposed in order to 
push for local circular economies. A series of buil-
dings pertinent to the former factory are demolished; 
they become waste. With the ambition to create a 
circular economy at a local scale, the goal of the de-
sign is to design the transformation of three existing 
buildings through the upcycling of the demolition 
waste. The material outcome of the mix between 
concrete and bricks harvested from the selected 
donor buildings are used to create new modular 
building components through the implementation of 
robotic fabrication processes found on site, in order 
to create adaptive and flexible buildings for the futu-
re. The design tries to stimulate sustainable lifestyles 
and cater the needs of the new users of the plot while 
connecting the district together. 

The idea, next to designing the extension and trans-
formation of the above-mentioned building, is to 
design a prototype made of brick- and concrete-was-
te through robotic manufacturing, in order to provi-
de insight to new ways of integrating this unwanted 
robust material back into the built environment!

(Fig. 31) 
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