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The Italy-Tunisia Cross-Border Cooperation (CBC) Programme 2014-2020, adopted 
by the European Commission, aims to contribute to the overall ENI objective of 
progressing towards "an area of shared prosperity and good neighbourliness 
between EU Member States and their neighbours". The objective of the programme 
is therefore to promote fair, equitable and sustainable economic, social and territo-
rial development in order to foster cross-border integration and enhance the 
territories and resources of the two participating countries.
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la Durabilité
Programme Priority 2.1 - Promotion and Support of Research and Innovation in Key 
Sectors
Programme Thematic Objective OT2 - Support for education, research, technologi-
cal development and innovation
Programme Outcome R2.1.b - Strengthening links between the business community 
and researchers working on innovation in key sectors
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DESCRIZIONE DELLO SCARTO
L’opuntia ficus-indica, comune-
mente conosciuta come fico d’India 
o nopal, è una pianta appartenen-
te alla famiglia delle Cactaceae. 
Originaria dell’America centrale e 
settentrionale, è stata introdotta 
in molte altre parti del mondo per 
i suoi molteplici benefici e impieghi, 
soprattutto all’interno del bacino 
del Mediterraneo in zone come la 
Sicilia e l’Africa del nord. La sua dif-
fusione è stata favorita dall’eleva-
ta adattabilità a climi aridi e dalla 
capacità di sopravvivere in terreni 
poveri. La pianta è caratterizzata 
da fusti appiattiti a forma di seg-
menti, chiamati cladodi, che pos-
sono raggiungere una lunghezza 
di diversi centimetri. Questi cladodi 
sono ricoperti da spine e piccoli peli 
e contengono una polpa succosa. 
Per la produzione dei frutti la pian-
ta viene sottoposta a potatura dei 
cladodi che producono un abbon-
dante scarto.

APPLICAZIONI ESISTENTI
• Alimentazione umana
• Alimentazione animale
• Produzione di coloranti
• Usi medicinali

BIBLIOGRAFIA
Harrak H., Assessment of technolog-
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des at four ages of growth (2021);

Trabelsi A. et al., Mechanical proper-
ties and impact resistance of a 
high-strength lightweight con-
crete incorporating prickly pear 
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Aquilina A., The application of Natural 
Organic Additives in Concrete: 
Opuntia ficus-indica (2018).
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Within the framework of the
CUBÂTI Project, on the initiative
of the Scientific Responsible M. L.
Germanà and the joint project of
the partners Ecodomus Con-
sorzio and the Department of
Architecture of the University of
Palermo, two demonstration
models of environmental design
applications were realised to be
placed in the Technology Library
of the same Department.
This is an attempt to clarify some basic
tools for the application of the
bioclimatic approach to architectural
design. In spite of sixty years since
Victor Olgyay's fundamental
contribution 'Design with climate' and
the current availability of software that
allows for complex representations of
environmental data, such as airflows
and solar radiation, the realisation of
tangible three-dimensional models has
been considered a still didactically valid
tool. On the other hand, it is known
that low-impact materials (because
they are local and oriented towards
circular processes) are not sufficient to
fully achieve a high-quality building
culture (baukultur), if the bioclimatic
approach, which is indispensable for
the sensible reduction of energy
requirements for the comfort of indoor
and outdoor spaces, is not applied
consistently.
The first model realised represents (on
a plane of multi-layered birch wood
with a diameter of 80 cm) a "polar sun
diagram": the projection on the
horizontal plane of the apparent solar
path referring to the geographical
coordinates of building 8 of the
Department of Architecture of the
University of Palermo (38°10551N;
latitude; 13°3485067° longitude).
This representation is fundamental for
an optimal orientation of the buildings
and for the

design of passive systems (which do
not use energy installations) as it helps
to know the position of the sun during
the seasons and times of day,
understanding the interaction of the
built environment with the sun's
radiation. The diagram depicts the
height of the sun with concentric
circles and the azimuth (the distance
from the N-S axis) with rays. The
model represents the sun's trajectories
in the summer and winter solstices and
simulates the sun's irradiation with
direct light with the help of a lamp. An
additional device with an adjustable
linear light source helps to simulate
diffuse light.

>Above, solar polar diagram referring 
to the geographical coordinates of 
Building 8 of the Department of 
Architecture in Palermo, taken from 
www.sunearthtools.com and 
reworked by F. Provenza.Bottom, 
model of the solar diagram in the 
design and execution phase (render 
F. Provenza).



1.1 IDENTIFICAZIONE DELLO 
SCARTO
MATERIALE: Pale di fico d’india
DIMENSIONE: 0 – 1 mm dei cladodi 
triturati
PRODUTTORE: Azienda agricola 
siciliana (Santa Margherita Belice e 
San Cono)
PESO SPECIFICO: 5395 N/m3

1.2 PREPARAZIONE DELLO SCARTO
1. Essiccazione in forno statico a 

60 °C per 72 h;
2. Frantumazione meccanica per 

mezzo di trituratore elettrico;
3. Setacciatura del materiale non 

trattato.

1.3 MIX DESIGN DELLA MALTA (per 
100 g di gesso)
• GESSO | 100 g
• PALE DI FICO D’INDIA 0-1 mm 

| 150 g
• ACQUA | 200 g

1.4 PREPAZIONE DELLA MALTA E 
DEI PROVINI
1. Inserimento delle polveri e 

dell’acqua nel Mixer;
2. Miscelazione per 2 min alla 

velocità di 140 giri/min;
3. Inserimento della malta negli 

stampi per il confezionamento;
4. Stagionatura per 7 gg in am-

biente controllato.

1.5 RISULTATI
Lavorabilità: 10 cm
Densità: 676 kg/m3
Flessione: 1.48 MPa
Compressione: 0.30 MPa
Conducibilità: 0.11 W/mK

1.6 POSSIBILI APPLICAZIONI
1. Intonaco di rinzaffo/arriccio;
2. Pannello isolante termoacu-

stico;
3. Pannello isolante in materiale 

sfuso.

> Gesso. > Fico d’India 0-1 mm.
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The second model is a 'solar chimney',
a device that exploits the chimney
effect (air flow triggered by a
temperature and therefore pressure
difference) mainly for 'passive
ventilative cooling' of rooms (while at
the same time constituting a form of
direct solar gain, useful for passive
heating in cold seasons).
Not to be confused with wind towers,
traditional Persian elements brought up
to date in some contemporary projects
(which capture the prevailing cool winds
and blow them inside), the Solar
Fireplace, on the other hand, extracts
warm air, activating an exchange and
movement of air inside. The Solar
Chimney works even in the absence of
wind because it is activated by the
temperature difference between the top
of the chimney and the communicating
room: this is why the model uses black
colour for the sloping roof of the Solar
Chimney, as the minimum albedo (index
of incident solar radiation reflected in all
directions) maximises heat absorption.
The model schematises the solar
chamber with an L-section volume
made of birch plywood (plan 33 x 33
cm and h 30 cm), with the two side
faces made of transparent Plexiglas to
allow observation of the interior. The
sloping cover includes a heating
element that allows the temperature to
rise, triggering the release of air from
inside the mo- ment. Operation is
manifested by inserting a small
amount of smoke material at the base
of the model. A lamp projecting light
onto the roof serves as a reminder that
the mechanism is activated by solar
radiation, without the aid of
equipment.

>The 'Solar chimney' model. 
Design and executive 
representations

>(render F. Provenza).

The models of the solar diagram
and the solar chimney were produced
by the company 'Fablab Palermo APS',
which was also entrusted with the
executive design following a call for
tenders.


