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“
“

We live in a world with 
which we must now 

find a new balance to 
cope with the next 

global challenges. 
TECLA (the next 
tech-clay home) 

represents a new 
buidling paradigm 

and, therefore, the 
foundation for a new 

sustainable way of 
living on our planet.  

The solutions to many 
of the problems faced 
by our planet “earth” 
can actually be found 

in the “earth”.

Mario Cucinella

Architect and Founder of Mario Cucinella Architects 
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Can Architects turn the current Global Crisis into an opportunity to radically 
challenge our very concept of buildings ?/

01/01
PURPOSE  . /

01/01/01
PROTECTING OUR PLANET ./

With 83 million people adding to 
the world’s population every year, 
the challenge of our generation is to 
provide safe and affordable housing 
for everybody, whilst bringing energy 
consumption down to zero.  

With Construction being one of 
the most polluting sectors by far, 
accounting for about 40% of total 
CO2 production, Architects now 
find themselves invested with a new 
fundamental role: the one of radically 
rethinking  Architecture. 
Hence, the question is: can this 
unprecedented responsibility be 
turned into an opportunity to 
explore  things we had never dared 
approaching in Architecture? 
Some new experimentations in the 
field of 3d-printing seem to answer 
this question in the affirmative. But 
is it really technology alone that will 
save us?

We must turn the 
greatest collective 

challenge facing 
humankind today 

– climate change – 
into the greatest 

opportunity for 
common progress 

towards a sustainable 
future.

 

“

”
Ban Ki-moon

While automation can certainly bring  
a foundamental contribution in terms 
of optimisation of the processes, one 
might not want to rely solely on a 
relatively new technology.

TERRA presents a vision in which 
the most compelling challenges of 
our time can be faced by mindfully 
combining technolgy with other  
(traditional) sources of knowledge.
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Fig 1
Fridays for Future
in New York

”

“

Human activities contribute to 
climate change by causing changes in 
Earth’s atmosphere in the amounts 
of greenhouse gases and cloudiness. 
The largest known contribution 
comes from the burning of fossil 
fuels, which releases carbon dioxide 
gas to the atmosphere.

As a result, a 1-degree increase in 
global average surface temperature 
has already occurred since the 
pre-industrial era (1880-1900) and 
Scientists have high confidence that 
global temperatures will continue to 
rise for decades to come.

Climate change is the 
defining challenge 

of our time. We are 
currently way off track 

to meeting either 
the 1.5 °C or 2 °C 

targets that the Paris 
agreement calls for. 
Time is fast running 

out for us to avert 
the worst impacts of 

climate disruption and 
protect our societies.

António Guterre, 2019

01/02/01
HUMAN BEHAVIOR AND CLIMATE 
CHANGE ./

Climate change and its effects are 
accelerating, with climate related 
disasters (fires, droughts, floodings, 
heat waves...) adding up, season after 
season. 

The consequences for oceans, 
forests, weather patterns, 
biodiversity, food production, water, 
jobs and, ultimately, lives, are already 
dire – and set to get much worse. 

With the aim of reducing emissions and energy consumption in the 
construction sector to almost zero (in line with what was established by the 
Paris Agreement already in 2015), while building at an unprecedented speed, 
traditional buildings will soon become inadequate and their rethinking, 
therefore, increasingly strategic.

01/02
A GLOBAL CRISIS ./

8.
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Fig 2 
Variations in 
temperature 
by year 
(20th century 
average).

Fig 3
Global CO2 

emissions by 
sector 

 (year 2019)

Construction (40%)
Industry (30%)
Transportation (22%)
Others (8%)

40%
Construction

”

“
We have an 

opportunity now to 
not just push for a 
new generation of 

environment laws, but to 
cultivate a new political 

settlement based on 
ecological principles 
of living in harmony 

with the natural world, 
understanding our 

place as part of it as 
First Peoples did for 
millenniums, with an 

economy designed to 
serve people and planet.

Tim Hollo for The Guardian (27/03/2020)

Besides, all too often Architects 
forget that buildings are not meant 
to last forever and, therefore, further 
emissions should be considered 
when looking at the life cycle of a 
building in its entirety.

Since addressing upfront carbon is 
crucial to fighting the climate crisis, 
as new construction is expected to 
double the worlds building stock by 
2060,  there is a need for coordinated 
action from across the sector to 
dramatically change the way buildings 
are conceived, designed, built, used 
and also deconstructed.

 The Paris Agreement, borne out of 
the first commitment of all nations 
into a common cause to undertake 
ambitious efforts to combat climate 
change and adapt to its effects, aimed 
at keeping a global temperature rise 
this century well below 2 °C above 
pre-industrial levels and to pursue 
efforts to limit the temperature 
increase even further to 1.5 °C.

But reducing greenhouse gas 
emissions to fight climate change will 
require drastic measures.
The building sector is one of the 
main contributor to energy use 
and greenhouse gas emissions 
(accounting for around 36% of global 
energy use and 39% of energy-
related carbon dioxide emissions 
annually, according to the United 
Nations Environment Programs). 
For these reason this sector does 
play a key role in achieving a low-

carbon economy consistent with 
the objective of holding the increase 
of the average temperature of the 
globe well below 2 °C.

Building emissions, as typically 
measured, are a combination of two 
things. First is day-to-day energy 
use —known as the “operational 
carbon emissions”- that comes 
from powering lighting, heating, and 
cooling. Globally, building operations 
account for about 28% of emissions 
annually. 
Second is the amount of carbon 
generated through manufacturing 
building materials, transporting 
materials to construction sites, and 
the actual construction process 
-what’s known as the “embodied 
carbon of a building,”- which 
accounts for about one quarter of 
a building’s total lifecycle carbon 
emissions.
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Fig 4
Duration / Energy 
Demand for each 
stage of the 
Building Process

Cutting resource use could be 
attained by converting  our 
current “Linear Economy” model 
to a “Circular” one. Instead of the 
traditional “take, make, and waste” 
system, the circular economy is a 
closed-loop regenerative approach 
of “take, make, and reuse.”

While one should not forget to push 
on Energy Efficiency (thus acting on 
the Operational Phase), processes 
such as recycling, resource recovery, 
urban and landfill mining, waste 
minimisation and material recovery 
(or biodegradability), shall become 
the very base of each design process 
aiming at significantly reducing its 
own impact on our planet.

”

“
Most manufacturers 

take resources out 
of the ground and 

convert them to 
products that are 

designed to be thrown 
away or incinerated 

within months. We 
call these “cradle to 

grave” product flows. 
Our answer to that 

is “cradle to cradle” 
design. Everything 

is reused, either 
returned to the soil as 

nontoxic “biological 
nutrients” that will 

biodegrade safely, or 
returned to industry as 

“technical nutrients” 
that can be infinitely 

recycled.

William McDonoug, “Cradle to Cradle”

01/02/02
THE BUILDING SECTOR ./

In the attempt to reduce the impact 
of the building sector, one should 
start by subdividing the building 
process into its stages and sort them.
In fact, it is only by understanding 
what are those that contribute 
the most to the overall energy 
consumption, that it is possible to 
take informed decisions on where to 
direct global attention and action.

Four main phases can be identified: 
Materials Production (including 
both extraction and processing), 
Construction, Operational Phase and 
Dismantiling.  

By only looking at the average 
duration of each phase (as described 
below), one might think that the only 
stage at which Architects should pay 
attention is the Operational one, 
since it lasts way longer that the 
others (70 years on an extimated 
Average total Building Useful Life of 
75 years).
However, if it is true that such phase 
is the most energy-consuming, 
it is equally true that no design 
decision should be  taken without 
also considering the others, with 
particular reference to the first 
stage (Materials Production) which, 
despite only lasting 2 years, accounts 
for about 40% of the total Energy 
Consumption.
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Fig 5
World Population 
Growth trend
(1700-2100)

Fig 6
High rise 
buildings in Hong 
Kong

01/02/03
GROWING POPULATION AND THE 
HOUSING EMERGENCY./

It took hundreds of thousands of 
years for the world population to 
each 1 billion. Then, in just another 
200 years or so, it grew sevenfold.

The current world population of 
7.6 billion is expected to reach 
9.8 billion in 2050 and 11.2 billion 
in 2100 (according to a 2017 
United Nations report), with half 
of such growth concentrated in 
just nine countries: India, Nigeria, 
the Democratic Republic of the 
Congo, Pakistan, Ethiopia, the 
United Republic of Tanzania, the 
United States of America, Uganda 
and Indonesia (ordered by their 
expected contribution to total 
growth). In fact, if the population 
of the least developed countries, 
whose fertility levels are remaining 

fairly high, is expected to double by 
2053 (or even triple in some cases), 
the developed countries are instead 
experiencing slow population growth 
or no population growth at all.

In fact, scarce, unaffordable housing 
is one of the great economic and 
political problems of our age in both 
developed and developing countries. 
 
In 2050, according to UN figures, 
75% of the world’s population will 
live in megalopolis thus further 
confirming the centrality of living as 
the main theme of contemporary  
architectural  and urban research. 
With the urban areas sprawling and 
other formerly rural peri-urban 
settlements becoming incorporated 
into nearby cities, it is the idea of 
city itself that needs to be now 
challanged and  questioned.
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In the effort to find a new balance with our planet, a lot can be accomplished 
if we mindfully combine our technological knowledge with learnings from the 
many examples of resilence surrounding us. 

02/01
WHEN TECHNOLGY MEETS EMPATHY  . /

Architecture has a 
habit of adapting its 

aesthetics to new 
technologies, whether 

consciously 
or unconsciously. 

So the question is: 
What’s going to 
happen to the 

buildings we erect 
with 3D printers?

WIRED - 6/3/2017 

“

”

02/01/01
3D - PRINTING TECHNOLOGY IN 
CONSTRUCTIONS  ./

The technology of 3D printing 
has now invested various fields of 
application, from product design to 
objects that require high precision 
and high margins of customization. 
In this sense, parametric design 
has opened up a wide range of 
applications of technology and the 
advantages of the latter are evident 
at different scales of use.  

Although the use of 3D printing 
in the construction world is still 
in its experimental phase, some 
advantages can already be foreseen 
and its future can be imagined once 
techniques and procedures meet 
innovation. The world of construction 
has always been characterized by a 
high mortality rate in the construction 
phases. About 6000 people lose their 
lives on construction sites. Using the 
printer, working conditions could 
improve in the face of an inevitable

decrease in the number of exposed  
employees.
In the construction of buildings in 
reinforced concrete. The decrease 
in contact between man and 
material will certainly result in a 
clear improvement in terms of 
safety for human health. Due to 
the printing equipment and the 
possibility of controlling it from safer 
and more comfortable spaces, it 
will be possible to open the building 
sector even to sections of the 
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In fact, the possibility to atomate the 
building process and the great speed 
of implementation offered, although 
leading to significant savings for a 
single building, may open up to the 
increase in the number of buildings.
In an era of big housing emergency 
like the one we are living, this 
technology might therefore lead 
to an unprecedented boom in 
construction and, if coupled with 
current building materials, soil sealing.
Since, unsurprisingly, most of 
the current experimentations on 
3d-printed buildings are based 
on the use of concrete (due to 
its mechanical and resistence 
properties), the overall effect of 
the introduction of such technology 
in the building sector might not 
represent an overall step forward for 
the preservation of our planet.

The point is now how we can make 
use of the benefits offered by 
such  technolgies in the attempt to 

solve the current problems faced 
by mankind in its attempt to adapt 
to the changing conditions of our 
planet, without harming it.

One of the most interesting field 
of exploration comes from the 
experimentations carried out in 
Italy by WASP (World Advanced 
Saving Project), where some 
experimentations about the use 
of local earth as the main building 
material for 3d-printed constructions 
have been carried out.
The idea to resort to such an ancient 
material, but in an innovative way, 
would give a timely answer to the 
problem of implementing technology 
towards a more sustainable future for 
the world of construction. 

Fig 7
3d printing in 
construction 
benefits

-50%
EMISSIONS

All3DP - 2015

The reduction is mainly due to the decrease 
in waste and in construction times. Further si-
gnificant reductions, calculated over the who-
le life cycle of the building, can be achieved by 
carefully selecting the printing materials.

MORE
FLEXIBILITY

If traditional techniques placed material limits 
on architects’ imagination, 3d printing, de-
pending on the technique, could potentially 
reproduce any shape, however complex, thus 
allowing for the maximum degree of freedom.

ZERO
FOOTPRINT

With the use of earth as the main construction 
material, the aim of achieving a full sustainabi-
lity could finally be accomplished. By closing 
the loop and, therefore, also eliminating raw 
materials extraction and dismantling waste, a 
zero footprint building is now possible!

population that have always been not 
considered appropriate. At the same 
time, the possibility of releasing the 
same material in a controlled way 
brings multiple benefits such as the 
reduction of waste and therefore a 
decrease in pollutants thanks to a 
saving in energy used. 

As mentioned, the construction 
sector is responsible for extracting 
an enormous quantity of materials 
that must then be transported to 
the construction site.  Printable and 
high-performance instruments allow 
for a precise and controlled release 
of the materials, thus significantly 
reducing waste. 
In the future, with a more mature 
and implemented technology due 
to the advances in robotics and 

material technology, costs will drop 
dramatically, making the technology 
accessible even in contexts of strong 
poverty.

Furthermore, construction times are 
expected to speed up, thus further 
reducing construction site costs.
The flexibility offered by these new 
technologies will also make it possible 
to innovate in design and imagine 
new possibilities. 

02/01/02
A SUSTAINABLE TURNING POINT

While the benefits of an automated 
process like the one made possible 
by 3d-printing techniques are 
undeniable, this may also raise some 
concerns.

50-70%
SHORTER TIMES

Traditional building methods, based on ma-
nual work, are not only often subject to te-
chnical delays and problems, but also cannot 
count on a continuous (24 hours a day / 7 days 
a week) processing.

E.F.A.P.Hub Institute - 2018

50-60%
LOWER COSTS

E.F.A.P.Hub Institute - 2018

3d-printing provides a substantial saving not 
only on construction materials (-30/40%) and 
on the workforce (-50%), but also on finan-
cing, thanks to the shorter times and the sub-
sequent greater control of the market (-20%).

80%
LESS INJURIES

E.F.A.P.Hub Institute - 2018

Potentially, even if there is still little experien-
ce of actual construction sites, the interaction 
between man and machine can be controlled 
with a fair degree of certainty. This, together 
with the shorter times, reduces accidents.

0
WASTE

E.F.A.P.Hub Institute - 2018

Due to the precision in the determination of 
the quantities of materials needed, 3d-prin-
ting could potentially bring waste down to 
zero. However, other sources of waste (after 
dismantling) remain unaltered.
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Plants have all five 
senses possessed 
by humans: sight, 

hearing, touch, taste 
and smell, each of 

them in vegetal form, 
but no less reliable 

because of this. 
Is it therefore 

reasonable to think 
that from this point 

of view they are 
similar to us? Quite 

the contrary: they are 
extremely sensitive 
and, in addition to 

our five senses, they 
have at least another 

fifteen.

StefanoMancuso

Plant Neurobiologist

“

”

Fig 8
Plant seeking 
light

Fig 9
Cactus close up

02/01/03
THE HIDDEN KNOWLEDGE AROUND 
US ./

To pursue the objective of adapting to 
our ever-changing and increasingly 
fragile planet, there is a lot we can 
learn from the world around us.

There are plenty of successful 
stories of adaptation out there; an 
often hidden yet incredibly precious 
source of knowledge.

It has been said that plants are 
intelligent. And indeed, they have 
demonstrated an incredible ability 
to effectively adapt to almost 
any climate and location over the 
millennia (it is to be noted that plants 
have been on Earth for 510 million 
years, men only for about 250.000).
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Indeed, like plants, buildings are fixed 
to the ground but the former do not 
need to move, being autonomous 
from an energy point of view thanks 
to photosynthesis, while buildings 
are not. 

So, the question is, can the buildings 
of the future become more and 
more similar to plants? 

But plants are not the only beings 
that have been able to adapt and 
thrive on our planet: before energy 
was available, men also had to find 
clever and empathic ways of living in 
harmony with it.
It is by looking at our vernacular 
heritage, in fact, that we can learn 
other important ecological and 
sustainable lessons which have an 
enormous potential to be applied 
nowadays.

Vernacular architecture is composed 
of traditional buildings, which 
represent a morphological response 
to both environmental and climatic 
constraints, as well as to the socio-
economic and cultural characters of
societies. 

Additionally, the materials and 
architectural components used 
are climate responsive and tailored 
according to distinct locations, and 
have therefore adapted to seismic, 
geographic and topographical 
features, as well as to local climates.
Besides, it is a cost effective 
architecture, both in economic and 
social terms, self-sufficient as regards 
natural and knowledge resources and 
with a low environmental impact, 
and therefore, highly sustainable. 

Unlike contemporary buildings, 
that are similar all across the 

Fig 10
Beehive mud houses 
in Syria

Fig 11
North Pole Igloo 
dwelling type 

Besides, as shown by Stefano 
Mancuso (one of the world’s leading 
plant neurobiologists), they are 
able to find solutions to problems, 
however complicated.

In short, plants are able to do much 
more than we think. From the 
cactus, that, in order to survive in 
the hot deserts, has developed  a 
jagged outer shape that is able to 
effectively keep most of the plant 
shaded throughout the whole year 
(other than its ability to condensate 
and store water from night-dew 
through its spines), to the firs, able to 
grow by optimising the available light 
in the forest. 

In a plant, the vital functions are 
not concentrated in an organ, but 

distributed over the whole body. If we 
see with the eyes, hear with the ears, 
breathe with the lungs and reason 
with the brain, plants see, hear, 
breathe and reason with the whole 
body. That’s why you can damage 90 
percent of a plant without it ceasing 
to live.

Our organization is instead 
centralized and we have replicated 
this top-down model in everything, 
including buildings.
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technolgies that allow us to physically 
detach from the environment 
outside by sealing and conditioning 
our buildings, is definitely an aspect 
worthing some further reflection 
while re-thinking architecture.

globe, vernacular contructions 
have developed a specific and 
effective language that is very well 
recognisable in each location.

Such empathy with the climate, now 
lost due to the availability of new 

Fig 12
Matmata underground city,
Tunisia
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The challenges posed by the will of approaching a new technology are many. 
Besides, coupling it with an ancient yet paradoxically little-known material 
makes things even more complex.

03/01
NEW TECHNOLOGIES - NEW CHALLENGES . /

03/01/01
AN ANCIENT MATERIAL FOR 
ADVANCED PERFORMANCE ./

Earth constructions are widespread, 
even in seismic areas such as the 
Himalayas, Persia, Southern Arabia 
and the Andes. For thousands 
of years buildings composed of 
structural elements entirely made  
of earth have resisted earthquakes 
and the process of erosion. 

However, many regulations do 
not include earth constructions 
for structural parts, thus leading 
to a great dispersion of results 
deriving from the tests performed 
to understand the behavior of the 
material.

For this reason, the “new” 
construction material had to be 
studied almost from scratch, 
to understand its potentials 
and, possibily, to integrate its 
deficienciencies.
If the earth mixtures used for 

traditional buildings were made 
empirically, is today possible to 
accurately evaluate its composition 
and optimise its components.
The optimised mix, whose main 
components are local earth, straw, 
rice husk and lime, is  designed to 
be easily extruded through a nozzle 
to build layer-by-layer structural 
components. 
The most critical properties are 
shown to be extrudability and 
buildability (with the aim of building 
structural components without 
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”

“
Although rapid 

prototype 
technologies and 3D 

printing techniques 
have been reviewed 

in the literature quite 
extensively, only a few 

studies investigated 
the role of mix 

designs in 3D printing.

Review of Emerging Additive Manufacturing 

Technologies in 3D Printing. 

Shakor P. et al, 2019 

QR Code 01
Empirical form-
finding: one 
example

Figure 13
Main achievements 
of the research 
phase

recurring to traditional bearing 
structures that would end up, 
among other things, deminishing the 
expressive potential of such a new 
technology.

This not only to fully explore the 
potential of 3d-printing, but also 
to fully exploit the capability of the 
resulting highly automated process. 

In fact, reducing the presence of 
other materials and techniques 
in the building site means having 
constructions that can be fully 
printed on site (with the only addition 
of frames), thus significantly speeding 
up the works and reducing the errors 
resulting from the juxtaposition of 
different elements.

”

“
Although rapid 

prototype 
technologies and 3D 

printing techniques 
have been reviewed 

in the literature quite 
extensively, only a few 

studies investigated 
the role of mix 

designs in 3D printing.

Review of Emerging Additive Manufacturing 

Technologies in 3D Printing. 

Shakor P. et al, 2019 

QR Code 01
Empirical form-
finding: one 
example

Figure 18
Main achievements 
of the research 
phase

would end up, among other things, 
deminishing the expressive potential 
of such a new technology.

This not only to fully explore the 
potential of 3d-printing, but also 
to fully exploit the capability of the 
resulting of an highly automated 
process. 

In fact, reducing the presence of 
other materials and techniques 
in the building site means having 
constructions that can be fully 
printed on site (with the only addition 
of frames), thus significantly speeding 
up the works and reducing the errors 
resulting from the juxtaposition of 
different elements.

OPTIMISED
MIX DESIGN

Through a series of trials, corresponding to 
likewise laboratory tests,it was possible to 
get to the final highly-optimised mix design, 
capable of achieving the required mechanical 
properties as well as fluidity and lavorability.

Calculations allowed for the determination 
of a self-supporting shape that sould bear 
itsown weight not only once the building is fi-
nished, but also during all the printing phases 
(thus eliminating the need for formworks).

OPTIMISED
MASSING

Fig 17 
Mix design 
optimisation 
process
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These properties are significantly 
influenced by the mix proportions 
and, above all, by the presence of 
water. 

Therefore, the aim of the research 
was maximising the mechanical 
strenght of the mixture while also 
allowing for its extrudability (i.e. 
maintaining a certain fluidity).
To achieve this result, a fluidifier was 
added to the mix, thus allowing for a 
reduction of the percentage of water 
in the mixture without compromising 
its extrudability. 

Figures 17 shows how, starting from 
an empirically-obtained base case 
and working with a series of samples 
produced and analysed in Mapei’s 
laboratories, the team was able to 
achieve the desired properties by 
finding the ideal composition.

03/01/02
SELF-SUPPORTING SHAPES

The result of the afore-mentioned 
process is a construction material 
that, despite its optimised 
performances, still has all the 
limitations of earth (i.e. no bending 
resistance). 

Most of the 3d-printed prototypes 
produced so far work with a simple 
vertical wall (the perfect shape to 
be printed layer upon layer without 
troubles). These walls are then to be 
coupled with an external structure 
bearing a traditional horizontal 
rooftop. In most of the cases, both 
the structure and the rooftop are 
made of timber.

One of the main objectives of the 
project, however, was to challenge 
this vision to achieve a fully 3d-printed 
building, without recurring to 
traditional bearing structures that 
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capable of achieving the required mechanical 
properties as well as fluidity and lavorability.

Calculations allowed for the determination 
of a self-supporting shape that sould bear 
itsown weight not only once the building is fi-
nished, but also during all the printing phases 
(thus eliminating the need for formworks).
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formwork). 
These properties are significantly 
influenced by the mix proportions 
and, above all, by the presence of 
water. 

Therefore, the aim of the research 
was maximising the mechanical 
strenght of the mixture while also 
allowing for its extrudability (i.e. 
maintaining a certain fluidity).
To achieve this result, a fluidifier was 
added to the mix, thus allowing for a 
reduction of the percentage of water 
in the mixture without compromising 
its extrudability. 

Starting from an empirically-
obtained base case and working with 
a series of samples produced and 
analysed in Mapei’s laboratories, the 
team was able to achieve the desired 
properties by finding the ideal 
composition.

03/01/02
SELF-SUPPORTING SHAPES ./

The result of the afore-mentioned 
process is a construction material 
that, despite its optimised 
performances, still has all the 
limitations of earth (i.e. no bending 
resistance). 

Most of the 3d-printed prototypes 
produced so far work as simple 
vertical walls (the perfect shape to 
be printed layer upon layer without 
much trouble). These walls are then 
to be coupled with an external 
structure bearing a traditional 
horizontal rooftop. In most of the 
cases, both the structure and the 
rooftop are made of timber.

One of the main objectives of the 
project, however, was to challenge 
this  vision, thus achieving a fully 
3d-printed building, without 

”

“
Although rapid 

prototype 
technologies and 3D 

printing techniques 
have been reviewed 

in the literature quite 
extensively, only a few 

studies investigated 
the role of mix 

designs in 3D printing.

Review of Emerging Additive Manufacturing 

Technologies in 3D Printing. 

Shakor P. et al, 2019 

QR Code 01
Empirical form-
finding: one 
example

Figure 18
Main achievements 
of the research 
phase

would end up, among other things, 
deminishing the expressive potential 
of such a new technology.

This not only to fully explore the 
potential of 3d-printing, but also 
to fully exploit the capability of the 
resulting of an highly automated 
process. 

In fact, reducing the presence of 
other materials and techniques 
in the building site means having 
constructions that can be fully 
printed on site (with the only addition 
of frames), thus significantly speeding 
up the works and reducing the errors 
resulting from the juxtaposition of 
different elements.

OPTIMISED
MIX DESIGN

Through a series of trials, corresponding to 
likewise laboratory tests,it was possible to 
get to the final highly-optimised mix design, 
capable of achieving the required mechanical 
properties as well as fluidity and lavorability.

Calculations allowed for the determination 
of a self-supporting shape that sould bear 
itsown weight not only once the building is fi-
nished, but also during all the printing phases 
(thus eliminating the need for formworks).
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These properties are significantly 
influenced by the mix proportions 
and, above all, by the presence of 
water. 

Therefore, the aim of the research 
was maximising the mechanical 
strenght of the mixture while also 
allowing for its extrudability (i.e. 
maintaining a certain fluidity).
To achieve this result, a fluidifier was 
added to the mix, thus allowing for a 
reduction of the percentage of water 
in the mixture without compromising 
its extrudability. 

Figures 17 shows how, starting from 
an empirically-obtained base case 
and working with a series of samples 
produced and analysed in Mapei’s 
laboratories, the team was able to 
achieve the desired properties by 
finding the ideal composition.
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The result of the afore-mentioned 
process is a construction material 
that, despite its optimised 
performances, still has all the 
limitations of earth (i.e. no bending 
resistance). 

Most of the 3d-printed prototypes 
produced so far work with a simple 
vertical wall (the perfect shape to 
be printed layer upon layer without 
troubles). These walls are then to be 
coupled with an external structure 
bearing a traditional horizontal 
rooftop. In most of the cases, both 
the structure and the rooftop are 
made of timber.

One of the main objectives of the 
project, however, was to challenge 
this vision to achieve a fully 3d-printed 
building, without recurring to 
traditional bearing structures that 

32
. 33

.
TERRA | an alternative building paradigm

03/

RE
SE

AR
C

H
 B

AC
KG

RO
U

N
D

03/

RESEARC
H

 B
AC

KG
RO

U
N

D
28

. 29
.

TECLA | an alternative building paradigm

03/

R
ES

EA
RC

H
 B

AC
KG

RO
U

N
D

03/

R
ESEARC

H
 B

AC
KG

RO
U

N
D



ABITAZIONI
TERRA CRUDA
STAMPA 3D

SPOSTAMENTI

BOZZA 28.3.2019

CARICHI VERTICALI

PESO PROPRIO + VENTO TRASVERSALE

ABITAZIONI
TERRA CRUDA
STAMPA 3D

SPOSTAMENTI

BOZZA 28.3.2019

CARICHI VERTICALI

PESO PROPRIO + VENTO TRASVERSALE

ABITAZIONI
TERRA CRUDA
STAMPA 3D

SPOSTAMENTI

BOZZA 28.3.2019

CARICHI VERTICALI

PESO PROPRIO + VENTO TRASVERSALE

ABITAZIONI
TERRA CRUDA
STAMPA 3D

SPOSTAMENTI

BOZZA 28.3.2019

CARICHI VERTICALI

PESO PROPRIO + VENTO TRASVERSALE

ABITAZIONI
TERRA CRUDA
STAMPA 3D

DEFORMABILITÀ PER PESO PROPRIO NELLE FASI REALIZZATIVE

BOZZA 27.6.2019

FASE INTERMEDIA – STAGE N°6

FASE INTERMEDIA – STAGE N°14 FASE FINALE

FASE INTERMEDIA – STAGE N°11

ABITAZIONI
TERRA CRUDA
STAMPA 3D

DEFORMABILITÀ PER PESO PROPRIO NELLE FASI REALIZZATIVE

BOZZA 27.6.2019

FASE INTERMEDIA – STAGE N°6

FASE INTERMEDIA – STAGE N°14 FASE FINALE

FASE INTERMEDIA – STAGE N°11ABITAZIONI
TERRA CRUDA
STAMPA 3D

DEFORMABILITÀ PER PESO PROPRIO NELLE FASI REALIZZATIVE

BOZZA 27.6.2019

FASE INTERMEDIA – STAGE N°6

FASE INTERMEDIA – STAGE N°14 FASE FINALE

FASE INTERMEDIA – STAGE N°11

ABITAZIONI
TERRA CRUDA
STAMPA 3D

DEFORMABILITÀ PER PESO PROPRIO NELLE FASI REALIZZATIVE

BOZZA 27.6.2019

FASE INTERMEDIA – STAGE N°6

FASE INTERMEDIA – STAGE N°14 FASE FINALE

FASE INTERMEDIA – STAGE N°11

Fig 15
Phase 1:
Deformability for 
own weight

Fig 16
Phase 2:
Deformability for 
own weight

Fig 17
Phase 3:
Deformability for 
own weight

Fig 18
Phase 4:
Deformability for 
own weight

The result is a building that would 
mostly withstand compression forces 
and, therefore, resist by shape. 

In this section, the structural studies 
related to one of the possible shapes 
that the project can assume (the 
most challenging one) are illustrated 
with the aim of giving a hint of the 
main aspects to be considered when 
designing for 3d-printing. 

While some initial conclusions were 
drawn from a series of empirical 
experiments (small-scale trial and 
error printings, as shown in the 
-unsuccessful- attempt recorded 
in QR code 01), it soon became 
necessary to move to more specific 
and reliable simulations able to take 
into account the precise properties 
of the optimised material as well as 
seismic and accidental loads. 

The final shape is composed by a 

combination of three self-standing 
modules: two domes and a saddle.
Another aspect to be considered in 
the structural studies was that the 
building had to be printed layer by 
layer without the use of any kind of 
formwork.
This meant that it is was not only the 
final shape that needed to be self 
standing, but also all the intermediate 
ones.

The schemes related to the structure 
deformability for own weight on 
the right, show that the domes are 
able to bear their own weight even 
before the closing upper ring has 
been printed, thus also allowing for 
the printing process to be possibly 
interrupted at any stage without 
compromising the final result.

Figure 14
Small-scale study 
printings
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Fig 19
Infill main
parameters

Fig 20
Thermal simulations 
for Hot and Humid 
climate (typical 
summer and winter 
weeks) and resulting 
wall composition.

Starting from the bottom, the 
first layer is responsible for the 
achievement of both insulation 
and thermal mass properties. Its 
gaps are, in fact, meant to be filled 
with loose insulating materials. The 
second layer, instead, whose gaps 
are ventilated, contributes to the self 
shading of the building (and can vary 
across the perimeter, with higher 
width values in correspondance of 
the spots with higher solar radiation 
values).

03/01/03
FROM BRICKS TO AN ADAPTIVE 
ENVELOPE ./

Given the great flexibility allowed 
by 3D-printing technologies, it is 
now possible to overcome some 
of the construction limits imposed 
by traditional -and quite rigid- 
techniques. In particular, this opens 
up for the possibility to create an 
highly performative envelope that, 
through a parametric manipulation 
of a series of parameters, is able 
to respond to different climatic 
conditions (as well as structural 
requirements).
The proposed infill is basically 
composed of two layers 
characterised by two indipendent 
sinusoidal paths. The frequency 
of the sinusoidal path defines the 
quantity of material and therefore 
contributes to the thermal mass of 
the envelope.
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graph, such as an increase in 
the exterior “roughness” of the 
configurations as the temperature 
(and therefore the solar radiation) 
increases. Thermal mass, which is 
instead linked to the “roughness” 
of the internal layer, conversely 

experiences an increase which is 
inversely proportional to the levels 
of humidity. 

The result is a highly-flexible and 
performative envelope, specifically 
tailorable to any climatic condition.

Fig 21
Infill opimisation summary 
graph (temperature/humidity 
distribution of the case studies)

While, for illustration, only 
one of the case studies has 
been reported (Mumbai, as 
an example of Hot and Humid 
climate), some interesting 
conclusions can be drawn by 
looking at the overall summary 
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Fig 22
Traditional VS 
3d-printing 
building site

03/02/01
LIFE CYCLE ASSESSMENT ./

Earthen building materials have 
beenused worldwide since the 
Neolithic times. Their eco-
friendliness mostly lies in their energy 
and cost efficiency, biodegradability 
and high thermal mass.
Despite the generally accepted 
environmental benefits of earthen 
mixtures in construction, not many 
relevant studies pointing towards the 
impact of their production on the 
environment exist.

The main goal of this Chapter is to 
evaluate and reduce the impact of 
the project in its whole life cycle. The 
methodology used to evaluate the 
different impacts is the Life Cycle 
Assessment.
Life Cycle Assessment (LCA) is a 
method which is being increasingly 
used to evaluate the potential 
environmental impacts of products 
and services and the resource they 
consume. 
LCA can be applied to the building 
sector, where it is a crucial part 
of the assessment of buildings 
environmental sustainability. The life 
cycle approach moves focus from 
factors related to the completed 
building, involving its entire life cycle.

The building’s life cycle can be 
therefore divided into stages: 

the pre-operational stage, the 
operational stage, and the end of 
life stage; the main stages are then 
divided in sub-phases. 

The aim of the study is to understand,  
in a Cradle-to-Cradle approach 
(which means considering tha whole 
process, from the extraction of 
raw materials until the end of the 
operational and maintenance phase, 
including the end of life) whether the 
proposed process can really result in 
a closed loop where waste material is 
minimised or even reduced to zero.
With earth being the main 
construction material (and additives 
constributing for less than 5% of the 
total volume), most of the envelope 
of the building is fully natural and 
biodegradable.
This not only significantly reduces 
the pre-operational operations (raw 
materials extraction, transportation 
and processing), but also those 
related to the End-of-Life phase 
(dismantling and, above all, waste 
disposal). 

For some of the components needed 
for the construction of a dwelling, 
however, one cannot rely on the use 
of earth. Frames, plumbing, shelves 
and  sanitary ware, among other 
things, are to be constructed with 
materials of  different  nature,  due  
to  hygienic, mechanical or specific 
requirements.

With earth being the main construction material, can we actually and 
definitely close the loop in the field of constructions? Can buildings really be 
biodegradable (from the “earth” back to the “earth”), thus truly brinding their 
footprint close to zero? 

03/02
TOWARDS BIODEGRADABLE 
BUILDINGS ./
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”

”

What most people 
see in their garbage 

cans is just the tip of 
the material iceberg; 

the product itself 
contains on average 

only 5% of the raw 
materials involved in 

the process of making 
and delivering it.

Michael Braungart 

Cradle to Cradle: 

Remaking the Way We Make Things,

Fig 25
Life Cycle 
Analysis of the 
proposed process: 
the stages

Fig 23
Life Cycle of 
most of today’s 
buildings: an open 
loop

Fig 24
A possible different 
building Life Cycle: 
a closed loop 

In order not to compromise the 
overall circularity of the process, 
however, it is possible to work to 
incorporate them in such loop.
There are several ways to reduce 
their impact, selecting materials that 
are local (thus reducing the need 
for transport) or recyclable (acting 
on the post-operational phase and, 
in particular, on the waste disposal 
operations).
Besides selecting the right materials, 
design can play an important role in 
reducing inefficient operations and 
excessive material usage, both of 
which have a significant impact on 
manufacturing cost and time.

Design for Manufacturing (DFM), and 
Design for Assembly and Disassembly  
(DFA) can be useful to overcome the 
difficulties and waste related to the 

manufacturing as well as assembly at 
the design stage.
Such principles aim to reduce the 
number of parts for minimising the 
assembly/disassembly time and 
waste. 

Basically, using frames as an example, 
the design should be based on a set 
of standardised pieces that can be 
assembled whilst dry. This allows for 
the total re-use and re-assembly of 
the piece (or its components) once 
the building has reached its end-of-
life stage, with very little waste.
Indeed, this can be achieved only 
if circularity is considered as a 
goal already at design stage and 
all the components are designed 
thinking not only at their first use 
and functionality, but also at its 
subsequent possible “lives”.

”

”

What most people 
see in their garbage 

cans is just the tip of 
the material iceberg; 

the product itself 
contains on average 

only 5% of the raw 
materials involved in 

the process of making 
and delivering it.

Michael Braungart 

Cradle to Cradle: 

Remaking the Way We Make Things,

Fig 30
Life Cycle 
Analysis of the 
proposed process: 
the stages

Fig 28
Life Cycle of 
most of today’s 
buildings: an open 
loop

Fig 29
A possible different 
building Life Cycle: 
a closed loop 

mechanical or specific requirements.
In order not to compromise the 
overall circularity of the process, 
however, it is possible to incorporate 
them in such loop.
There are several ways to reduce 
their impact, selecting materials that 
are local (thus reducing the  need 
for transport) or recyclable (acting 
on the post-operational phase and, 
in particular, on the waste disposal 
operations).
Besides selecting the right materials, 
design can play an important role in 
reducing inefficient operations and 
excessive material usage, both of 
which have a significant impact on 
manufacturing cost and time.

Design for Manufacturing (DFM), and 
Design for Assembly and Disassembly  
(DFA) can be useful to overcome the 

difficulties and waste related to the 
manufacturing as well as assembly at 
the design stage.
Such principles aim to reduce the 
number of parts for minimising the 
assembly/disassembly time and 
waste. 
Basically, using frames as an example, 
the design should be based on a set 
of standardised pieces that can be 
assembled whilst dry. This allows for 
the total re-use and re-assembly of 
the piece (or its components) once 
the building has reached its end-of-
life stage, with very little waste.
Indeed, this can be achieved only 
if circularity is considered as a 
goal already at design stage and 
all the components are designed 
thinking not only at their first use 
and functionality, but also at its 
subsequent possible “lives”.
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mechanical or specific requirements.
In order not to compromise the 
overall circularity of the process, 
however, it is possible to incorporate 
them in such loop.
There are several ways to reduce 
their impact, selecting materials that 
are local (thus reducing the  need 
for transport) or recyclable (acting 
on the post-operational phase and, 
in particular, on the waste disposal 
operations).
Besides selecting the right materials, 
design can play an important role in 
reducing inefficient operations and 
excessive material usage, both of 
which have a significant impact on 
manufacturing cost and time.

Design for Manufacturing (DFM), and 
Design for Assembly and Disassembly  
(DFA) can be useful to overcome the 

difficulties and waste related to the 
manufacturing as well as assembly at 
the design stage.
Such principles aim to reduce the 
number of parts for minimising the 
assembly/disassembly time and 
waste. 
Basically, using frames as an example, 
the design should be based on a set 
of standardised pieces that can be 
assembled whilst dry. This allows for 
the total re-use and re-assembly of 
the piece (or its components) once 
the building has reached its end-of-
life stage, with very little waste.
Indeed, this can be achieved only 
if circularity is considered as a 
goal already at design stage and 
all the components are designed 
thinking not only at their first use 
and functionality, but also at its 
subsequent possible “lives”.
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The envelope, the great majo-
rity of the total volume of the 
building, can be fully re-ab-
sorbed by the environment 
in a period of 50 about years.

Waste sent to landfill is mini-
mised or possibly reduced to 
zero thanks to the careful de-
sign for disassebly (and reuse) 
process.

MIXTURE
PRINTING 

Crane WASP is a modular col-
laborative 3D printing system 
(input: 220/240 V 50/60 Hz 
- absorption: 1500 W).
The gaps are filled with rice 
husks for insulation purposes.

COMPONENTS
ASSEMBLY 

The components, arriving on 
site in a specific container, are 
(reversibly) assembled by me-
ans of a series of simple tools.

USE PHASE

Performative buildings and 
the use of renewables contri-
bute to the overall sustainabi-
lity of the complex also in this 
phase, which is the longest 
one by far,

COMPONENTS
(DISASSEMBLY) 

Thanks to the highly standar-
dised design, to the durability 
of the materials  and to the 
reversible assembly method, 
most of the components can 
be disassembled and reused.

EN
D

 O
F 

LI
FE

20%

75%

5%

ENVELOPE
(BIODEGRADATION)

GENERAL WASTE
(LANDFILL)

ABOUT 2 WEEKS WITH 2 PRINTERS (for 250 m3) 75 YEARS 50 YEARS

Soil, water, fibers and bender 
are mixed together by means 
of a concrete mixer working 
in parallel with the 3d-printer.

MIXTURE
PROCESSING

WATER
EXTRACTION

Water is assumed to be pro-
vided by a well located on 
the production site. A pump 
connected to the electricity 
grid should be iconsidered for 
extraction and supply from it. 

FIBERS
COLLECTION

Fibers (rice husk and straw) 
are bio-materials deriving 
from local rice cultivation 
waste. Therefore, there is no 
extraction (and short distance 
transportation). 

FIBERS
PROCESSING

Fibers are to be stocked and 
quickly processed. Since such 
processing is purely mechani-
cal, the chemical composition 
of the materials remains 100% 
natural.

Additives (a binder for the 
mixture and a waterproofing 
spray treatment to be applied 
externally) are produced.

Windows / doors / shelf are 
produced according to a hi-
ghly standardised design con-
cept allowing for their reuse 
after dismantling.

The soil is also slightly pro-
cessed by sieving to remove 
stones and gravel. 
Clay lumps are dissolved 
through mixing with water.

SOIL
EXTRACTION

A significant amount of energy 
is used during soil extraction. 
Usually carried out by means 
of diggers (and trucks), it ta-
kes about 0.027 GJ to extract 
one ton of sand (Venta, 1998)

MID-LONG
DISTANCE

MID-LONG
DISTANCE

MID-LONG
DISTANCE

MID-LONG
DISTANCE

SHORT
DISTANCE

SHORT
DISTANCE

SOIL
PROCESSING

WATERPROOFING SPRAY

B
IN

D
ER

COMPONENTS
PROCESSING

ADDITIVES
EXTRACTION

The different components are 
extracted and transported to 
the processing center.

COMPONENTS
RAW MATERIALS
EXTRACTION

Raw materials (mainly timber, 
glass and metal) are used to 
produce all the non-printed 
elements and components of 
the building.

INSULATION

VARIABLE DURATION

ADDITIVES
PROCESSING

40
. 41

.
TECLA | an alternative building paradigm

03/

R
ES

EA
RC

H
 B

AC
KG

RO
U

N
D

03/

R
ESEARC

H
 B

AC
KG

RO
U

N
D



TECLA is an innovative 
3D-printed prototype 

for a habitat that 
responds to the 

increasingly urgent 
climate revolution as 
well as the needs of 
changes dictated by 

community needs. 
We need a paradigm 

shift in the field of 
architecture that gets 
closer to the needs of 
people, thus finding an 
answer for the “Earth” 

within the “earth”.

 
Mario Cucinella

“

”

Drawing inspiration from the many examples of adaptability surrounding us, 
and thanks to the unique flexibility offered by technolgies, TECLA proposes a 
new concept of building that can evolve and become a unique performative 
piece, tailored for the location and the occupants for which it is conceived.

04/01
THE NEXT SUSTAINABLE HABITAT . /

04/01/01
AN INTEGRATED CONCEPT ./

If buildings can adapt to the specific 
location,as well as responding to 
the needs of its own occupants, 
one could imagine them being 
“generated” by a set of inputs.
Such inputs may constitute the very 
first premises of the project and lead 
to a great variation of parameters.

Once the location is defined, the 
relative data are extracted and, as 
a consequence, a series of climatic 
strategies -to enhance both indoor 
and outdoor comfort- are defined.
The location also helps define the 
construction materials (which are 
meant to always be as local as 
possible) and the possible available 
resources (mainly in terms of 
renewable energy).
The combination of the afore-
mentioned information defines the 
characteristics of the envelope 
(i.e. thickness, conformation of the 
layers, materials, shape...).

Parallely, from the definition of 
the occupants, another set of 
information can be derived according 
to the proposed classification of 
the users (family size and number 
of rooms needed, but possibly also 
specific needs and aspirations).
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The combination of the afore-
mentioned sets of information 
defines both the conformation 
of the base module (which is an 
elaboration of the envelope) and 
the masterplanning aggregation, that 
takes into accunt not only theclimatic 
conditions, with the aim of providing 
outdoor comfort, but also the social 
aspects.

The parametrisation of the design 
process also allows, as a last step, to 
develope a “toolkit” that includes all 
the elements that cannot be found 
on site like earth and, therefore, 
should be brought separately 
and assembled once the printing 
operations are completed.

04/01/02
FLEXIBILITY AND ADAPTABILITY ./

Coming to the buildings, the design 
concept puts technical issues first, 
with the aim of achieving a prototype 
which is, first of all, very easy to print 
without formworks.
   
As a consequence, the first step of 
the concept consists in the creation 
of a simple dome, the self-supporting 
structure for excellence. 

Fig 26
Design system map
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Figure 27
Concept development 
(fuor possible 
examples of climate 
adaptation of the 
basic “cell”)

5: 
The hot & humid 
climate design

Since the main need 
in a very humid 
climate is flushing 
the building (and the 
occupants) through 
generous ventilation, 
the resulting shape is 
stretched to achieve 
an enhanced  chimney 
effect.

6: 
The hot & arid 
climate design

The wide daily 
temperature swing 
calls for the use 
of thermal mass. By 
placing the building 
underground, this 
can benefit from that 
offered by the soil 
while also being  
effectively shaded.

4: 
The cold climate 
design

Compactness is one of 
the key-strategy to 
tackle rigid climates. 
To benefit from low 
sun-rays the opening 
is moved towards the 
lower part of the 
building, thus also 
offering more support 
to snow loads.

Always due to the same structural 
requiremens, the upper part 
of the dome is then cut off. 
This is due to the difficulty of 
3d-printing a quasi-horizontal 
portion of structure without 
resorting to formwork. 
The resulting hole also allows for 
natural daylight penetration and 
becomes one of the characterising 
elements of the project.
 
This porthole, in fact, is the driver of 
a series of transformations that the 
initial “cell” is called to perform in 
order to efficiently adapt to different 
climates. 
This basic “cell”, always fulfilling 
structural and technical purposes, 
has some of its parameters modified 
to better respond to external 
conditions or different needs.

For the purpose of this work, such 
modifications have been grouped 
into 4 cases, one for each macro-
climatic zone (as defined by the 
Koppen Climate Classification), but 
other inputs could be added, thus 
achieving an even wider range of 
possible shapes and characteristics.
 
Different “cells” can subsequently be 
grouped to host functions that differ 
from the basic ones and require 
wider spaces (or families with more 
than 2 members). 
These aggregations can in turn be 
grouped according to adaptive 
principles that are similar to those 
applied to the basic unit, thus 
responding to external conditions 
also at masterplan level.

1: 
Self-supporting 
shape

The technical 
challenge of printing 
the building without 
any formwork becomes 
the main  driver for 
the design of the 
base “module”, which 
is therefore shaped 
as the most classic 
self-supporting 
architectural shape: 
the dome.

3: 
The temperate 
climate design

In mild climates, 
solar protection in 
summer is just as 
important as solar 
access in winter. The 
top hole is therefore 
moved to achieve such 
balance while also 
channeling rainwater 
in dedicated areas.

2: 
Lightening top 
holes

The upper part of the 
dome is cut to allow 
daylight penetration.
The “cell” can now 
evolve to adapt to the 
different external 
inputs (climate/
location...). Once 
this process is over, 
they can be aggregated 
to form a masterplan. 
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Permeability to
Summer Breezes

Protection from
Cold Winds

Fig 28
Temperate Climate:
possible masterplanning 
aggregation of the basic “cells”
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Fig 29
Temperate Climate (with map):
possible masterplanning 
aggregation
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Protection from
Cold Winds

Comfort Pockets
(for outdoor living)

Low Sun
Penetration

Fig 30
Cold Climate:
possible masterplanning 
aggregation of the basic “cells”
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Fig 31
Cold Climate (with map):
possible masterplanning 
aggregation
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Max Wind Permeability
in both directions

Fig 32
Hot and Humid Climate:
possible masterplanning 
aggregation of the basic “cells”
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Fig 33
Hot and Humid Climate (with map):
possible masterplanning 
aggregation
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Protection from
Sand Storms

Solar ProtectionRainwater Collection

Fig 34
Hot and Arid Climate:
possible masterplanning 
aggregation of the basic “cells”
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Fig 35
Hot and Arid Climate:
possible masterplanning 
aggregation
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Fig 36
Hot and Arid Climate:
possible masterplanning 
aggregation
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Fig 37
Temperate Climate:
Internal layout

Fig 38
Temperate Climate:
Components

A few examples of possible 
aggregations are provided in order 
to get the sense of the flexibility of 
the concept and of the possibility to 
adapt to different climatic and local 
conditions.

Each Design Concept has been 
developed in all its aspects, from 
the external envelope, to the frames 
and the systems. Also furniture, that 
is of course non essential, has been 
designed to be integrated in the 
printing phase. The in-depth study 
of the components has been carried 
out in order to evaluate to what 
extent they can be found on site and 
how much material should instead 
be shipped (and how) or purchased 
on site (which is to be ecouraged).
The resulting Toolkit (an example is 
given on page 76-77) shows such 
breakdown, also illustrating what 
happens at the end of the Useful Life 
of the Building. 

The aim is to minimise the share of 
components ending up in landfills, 
promoting those that can be reused 
(mainly through the afore-mentioned 
complex process of standardisation 
of the pieces and their components), 
recycled (by selecting  appropriate 
materials right from the start) and 
bio-degradable (as the vast majority 
of the earthen envelope).
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Fig 39
Temperate Climate:
internal layout

68
. 69

.
TECLA | an alternative building paradigm

04/

W
EL

C
O

M
E 

TO
 T

EC
LA

!

04/

            W
ELC

O
M

E TO
 TEC

LA!



Fig 40
Temperate Climate:
internal layout

Fig 41
Temperate Climate:
Toolkit
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Wall stratigraphy
height: 300-400 cm

Wall stratigraphy
height: 150-300 cm

Wall stratigraphy
height: 0-150 cm

ISOLAMENTO A BASE 
DI LOLLA DI RISO

STRATIGRAFIA MURO
ALTEZZA: 0 - 150 cm

STRATIGRAFIA MURO
ALTEZZA: 150 - 300 cm

STRATIGRAFIA MURO
ALTEZZA: 300 - 400 cm

CANALI DI VENTILAZIONE 
NATURALE

570

600

490

STRATIGRAFIE DELL’INVOLUCRO STAMPATO

Insuation
Rice husk

Natural Ventilation

de
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04
Climate strategies/ envelope

SOLAR RADIATION
21 June

scale
0 to 550 kWh/m2

Temperate Climate, Bologna, Italy

de
sig

n

04
Climate strategies / envelope

SOLAR RADIATION
21 September

scale
0 to 550 kWh/m2

Temperate Climate, Bologna, Italy

350

kWh/m2

0

Further parametric fine-tuning 
procedures can be applied to the 
skin that has already been developed 
for the specific climate (see specific 
Chapter).

The external skin of this Case Study, 
for example, is conceived in order to 
be smoother in the zones where no 
or little solar radiation is present and 
proportionally gain “roughness” in 
the most critical areas (in particular 
the upper areas of the domes, which 
are the most affected ones). 

The skin, characterised by a vertical 
pattern, is also useful to effectively 
convey rainwater towards the ponds 
and tanks located in specific spots 
around each masterplan.

In fact, rainwater is an element that 
can be potentially dangerous for the 
earth structure of the building and 
should therefore never stagnate 
close to it,

QR Code 02
Prototype small 
scale printing

Figure 43
Prototype Wall 
section

Figure 42
Prototype Skin 
Definition
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Fig 44
Prototype detailed 
Plan / Section

Fig 45
Building site 
layout

04/02/01
THE CASE STUDY ./

As mentioned, the aim of the 
project was to have one of the 
Prototypes actually printed on site 
to demonstrate the feasibility of the 
process and, by so doing, bringing 
the project a step forward towards 
its extensive production. 

For this reason, MC A - Mario 
Cucinella Architects and WASP (Italy’s 
pioneering specialists in 3D printing) 

have begun the construction of 
TECLA in Massa Lombarda (near 
Bologna), Italy. 

Since 2012, WASP (World’s Advanced 
Saving Project) has been developing 
viable construction processes based 
on the principles of circular economy, 
that will create 3D printed houses in 
the shortest period of time, and in 
the most sustainable way possible. 

Built using Crane WASP – the latest 
innovation in on-site 3D construction, 

Many experiementations around 3d-printing are being carried out around the 
world. Not many of them , however, have been carried up to the building site. 
Therefore, the aim of the work was, from the beginning, to have a full-scale 
prototype printed, thus actually bringing the project a step forward.

04/02
TESTING ON SITE./
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Openable Skylights
Allows for climate control through 
Natural Ventilation

Performative Envelope
With optimised insulation, ventilation 
and thermal mass

Movable shading system
Allows for adaptive control of Solar 

Radiation and Sunlight

Self Shading Pattern
The pattern allows for Solar 

Radiation control on the envelope

Water Dreinage
The particular shape allows for 
water collection and dreinagle

Fig 46
Detailed axonometric view of the 
Prototype
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Fig 47
Mock up picture

TECLA shall  now represent a step-
change in the move towards eco-
housing, being the first habitat to be 
built using multiple collaborative 3D 
printers, offering a greater scope of 
scale than ever before.
The Final Design drawings, that are 
shown here, illustrate the details 
of the Prototype and its main 
components, thus preparing to the 
printing operations.

A mock-up slice of the structure 
has been already printed just before 
commencing on site, in order to 
identify the main challenges posed by 
such an innovative building process 
and, eventually, take some further 
time to fine-tune the overall design 
project as well as its technical details.

Designed by MC A and engineered and 
built by WASP, TECLA was developed 
using in-depth research undertaken 
by the SOS - School of Sustainability 
with the support of MA students from 
the Sustainable Environmental Design 
programme at the Architectural 
Association School of Architecture in 
London. The project has also counted 
on the support of several important 
partners: Mapei, a worldwide 
producer of construction materials, 
has studied the clay materials and 
identified the key components within 
the raw earth mixture to create 
the final highly optimised printable 
product. Structural tests were 

carried out by Milan Ingegneria, a 
Milan-based engineering consultancy, 
which worked on the optimisation of 
the shape in order to create a self-
supporting structure.  The frames, 
customised and highly-efficient, 
have been engineered and produced 
by Capoferri, a company specialised 
in architectural frames and always 
at the forefront of technological 
advances, while the landscaping 
has been curated by Frassinago, 
a multidsciplinary company that 
includes a design studio that deals 
with landscape architecture, and 
a firm specialized in the gardening 
and outdoor sector. RiceHouse 
provided technical consultancy 
about bio-materials deriving from 
rice cultivation waste (rice husk and 
straw), which affected the thermal 
performance and living comfort of 
the building envelope. The lighting 
project, developed both internally 
and externally with the aim of 
achieving the maximum flexibility 
and sustainability of the intervention, 
has been developed by Lucifero’s. To 
conclude, the energy efficiency of 
the complex and of its systems was 
assessed by Ariatta, a Milan-based 
engineering company.

TECLA is expected to be completed 
in June, with the building site 
commencing right after Covid-19 
emergency is over.
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Fig 48
Mock up picture

Qr code 3
3d printing on site

Fig 49/50
(next pages)
TECLA: the completed envelope

28/01/21, 09:50QR Code Generator | Crea il tuo QR Code Qui

Pagina 1 di 1https://it.qr-code-generator.com/?ut_source=google_c&ut_mediu…gclid=EAIaIQobChMIhqebsJ--7gIV0-3tCh3j-w45EAAYASAAEgLWrfD_BwE
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04/03
CONCLUSIONS./

With approximately 150 million 
people already homeless across the 
globe and population set to soar 
exponentially in the coming years, we 
must urgently seek new responses 
to housing; preferably ones which 
do not do more damage to the earth 
than they can fix. 

TECLA shows how some age-old 
construction techniques, combined 
with a series of resilience lessons 
we can learn from the natural world 
around us, can once again be an 
answer to the problems of our time.

Based on the principles of the 
circular economy, TECLA is both 
biodegradable and recyclable, 
and because the materials can be 

procured from the local terrain, its 
carbon mileage is negligible.

This opens up to a brand-new 
scenario, where man will be finally 
able to survive and thrive on our 
planet without causing harm to it.
By finding another balance with the 
environment and possibly without 
leaving any trace on it, we can 
actually allow future generations to 
have the same opportunities and 
make use of the same resources.

The possibility of producing a 
continuous loop of “transformation” 
of local terrain into buildings, that 
can then go back to the soil, is now 
a fact and new possibilities are to be 
immediately explored.

Fig 51
Sketch by Mario
Cucinella
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Fig 55
50 years after dismantling

Fig 54
Life in TECLA

Fig 53
Building site

Fig 52
Before the construction
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