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Abstract: ICARO (Innovative Cardboard ARchitectural Object) is a type of innovative building tech-
nology developed by a working group at the University of Catania, within the framework of the 
EWAS (an Early WArning System for cultural heritage) research project. It represents a tool for used 
to combat climate change thanks to the high level of sustainability of its component. The modular 
component based on ICARO technology is a pre-fabricated panel for building vertical envelopes, 
consisting of a laminated wood frame that contains corrugated cardboard boxes. In order to improve 
the panel’s structural performance, a pre-stress procedure has been adopted. The panel is cost-ef-
fective and boasts a high level of sustainability thanks to the use of lightweight, pre-cast, recycled, 
and recyclable materials. This technology is suitable for the construction of micro-architecture in 
fragile contexts. In order to test its performance, a full-scale prototype called the EP (Experience 
Pavilion) was built within the Megara Hyblea archaeological area in Sicily, which was chosen as a 
test site. A campaign to be carried out at the EP is currently being planned, which will focus on 
various issues. This paper describes the design of ICARO technology and the construction of the EP 
prototype. 

Keywords: paper-based architecture; lightweight building technology; building sustainability; ele-
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1. Introduction 
Since the 1990s, the concept of sustainability has played an increasingly important 

role in public opinion and is often attributed to services, manufactured goods, production 
processes, and more. The term sustainability refers to a development method that does 
not limit the ability of future generations to meet their own needs [1]. In the contemporary 
approach, the need to respect the principles of sustainability has continued to grow be-
cause it plays a strategic role in combating climate change [2]. 

In the field of architecture, the concept of sustainability dates back even further to 
the bioclimatic movement. Victor Olgyay was the first researcher to associate the term 
bioclimatic with architecture [3], launching a line of research that would be further devel-
oped from the 1970s onwards. Today, the building sector plays a central role in the envi-
ronmental sustainability of human activities. In fact, buildings are responsible for 40% of 
final energy consumption in Europe [4]. From a holistic standpoint, sustainability in the 
building sector must be viewed in terms of all of a building’s life stages [5], including the 
supply of raw materials and the production, operation, and final disposal of building 
components. This forward-looking vision also aimed to overcome the initial view, in 
which sustainability was mainly focused on energy savings [6].  

Within this framework, the development of innovative solutions regarding light-
weight, recycled, and recyclable materials, as well as the increased interest in pre-cast 
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methodologies involving moveable and re-usable units, have come to play an increasingly 
important role [7]. This has resulted in more effective feedback to better meet the needs of 
modern society, which sociologist Bauman referred to as the “liquid” society [8].  

In fact, in addition to being flexible and low cost, sustainable architectural objects can 
easily meet the traditional needs of society, as well as the housing needs of the more vul-
nerable social classes (the unemployed, seniors, migrants, etc.). Moreover, the availability 
of these kinds of modules makes it possible to meet new needs as well, such as the provi-
sion of service equipment in fragile areas (historical areas, archaeological sites, nature ar-
eas, etc.) [9]. 

This approach fully meets the seventeen goals established by the United Nations in 
the so-called “2030 Agenda” [10], and the strategy laid out in this document illustrates an 
even more efficient way to combat climatic change, with particular regard for target 
eleven, which establishes the need to increase the safety, inclusivity, and sustainability of 
cities and communities. 

On the basis of these considerations and on the results of the literature review, the 
necessity to define innovative and sustainable building technology has been established. 
For this aim, the main design features have been fixed as follows:  
• easily available,  
• low cost,  
• lightweight, 
• low environmental impact.  

In order to obtain these features, ICARO (Innovative Cardboard ARchitectural Ob-
ject) building technology has been developed by a working group at the University of 
Catania within the framework of the EWAS (an Early Warning System for cultural herit-
age) research project [11]. ICARO incorporates the use of recycled and recyclable raw ma-
terials. The technology is also based on pre-fabrication, which has been adopted as the 
main assembly method to reduce such activities at the building site, as well as the relative 
risks for fragile areas, such as archaeological sites. The pre-fabrication process consists of 
the creation of modular panels, which are assembled on-site in order to form the vertical 
building envelope.  

Thanks to its high level of sustainability, ICARO represents a suitable tool for com-
bating climate change. 

2. Literature Review  
Due to their natural origins, cardboard and products made from cellulose in general 

are considered to be sustainable and environmentally friendly resources [12], and they 
have been used with great success in the transport and packaging sectors. Combined with 
the use of box-shaped assemblies to give the components “shape-based” strengths, mate-
rial refinements and application technology (e.g., double- and triple-wave corrugated 
cardboard configurations) have resulted in the creation of high-performance paper and 
cardboard packaging items. Their mechanical properties are comparable to those of other 
building materials [13]. In particular, corrugated cardboard has thermal [14] and acoustic 
[15] performance properties that reach significant levels. These considerations have led to 
numerous experiments on their possible use being conducted in the construction sector. 

In this regard, the main fields of research include the following. 
• Use of recycled cardboard as a component for composite materials. Examples are the 

research by Khorami et al. [16] and Haigh et al. [17] on the use of waste cardboard to 
make fiber-reinforced cement panels or for cement composites. Further examples in-
clude the research by Benallel et al. [18] and Ouakarrouch et al. [19] on the thermo-
physical characterizations of thermal or acoustic insulation panels based on waste 
cardboard and natural fibers [18]. 

• Building components made using simple, honeycomb, or corrugated cardboard pan-
els with one or more layers glued together. An example of this is the research by 
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McCracken on the mechanical characterization of sandwich-type beams made with 
a core of glued corrugated cardboard panels [20], and the research by Asdrubali et 
al. [13] on the thermal and acoustic performance of innovative panels made by gluing 
together several layers of corrugated cardboard. 

• Building components made using cardboard panels shaped to assume rigidity by 
form: cardboard configured with tubes [21]; corrugated cardboard with box-like con-
figurations [22]; or corrugated cardboard with folded geometry, as in the case of the 
TECH project roof [23]. 
Despite the numerous research experiments in the field, there are few instances of 

contemporary paper-based architecture that have received building permission. The Pa-
per House designed by Shigeru Ban and built in 1995 was the first fully functioning house 
made with paper-based components as the main structural elements to receive permanent 
permission [13]. The paper-based structural elements consist of walls made from paper 
tubes. Following that experience, Shigeru Ban worked extensively with paper tubes as 
wall elements or as elements for three-dimensional gridshells.  

In Europe, there are very few instances of permanent paper-based architecture. Ex-
amples include the Ring Pass Hockey Club in Delft [23], which has a three-dimensional 
roof structure made from paper tubes, and the Westborough Primary School, whose load-
bearing structure is made from paper tubes, while the walls and roof consist of sandwich 
panels made from wood and honeycomb cardboard sheets. 

The Wikkelhouse [24] is a proposed pre-fabricated solution that consists of corru-
gated cardboard sheets wrapped around a metal mold. The resulting self-supporting ge-
ometry will be completed with additional layers in order to guarantee the performance 
required for the final architectural object, which will be repeated in a modular manner to 
obtain larger or smaller rooms. 

In Italy, the difficulty of obtaining permission drove Shigeru Ban to alter the concept 
of the Temporary Hall designed for L’Aquila, following the strong earthquake that the 
town suffered in 2009. The load-bearing structure, which Ban had conceived using paper 
tubes, was transformed during the construction phase, with steel columns concealed in-
side the cardboard [25]. 

3. Research Methodology 
In accordance with these requirements, laminated wood and corrugated cardboard 

were chosen as the building materials. The former was used to create the panel’s load-
bearing structure. The corrugated cardboard, on the other hand, was formed into boxes, 
which were enclosed within the wooden frame. Thanks to this conformation, the panel 
was able to assume a structural role in order to support the roof.  

To increase the panel’s mechanical performance, a pre-stress procedure was also 
adopted. Therefore, the cardboard boxes did not only play a complementary role, but also 
served to increase the panel’s load-bearing capacity. In order to optimize the distribution 
of the stresses between the wood and cardboard, several prototypes of the panel were 
produced at a reduced scale. This allowed for the best pre-compression method to be de-
termined. 

The gap inside the boxes can be filled with different materials to optimize indoor 
comfort conditions. By altering the type and density of the insulation material, panels with 
different thermal performance levels can be obtained [22]. 

The panel was completed with a ventilated façade in wood, which improves indoor 
comfort conditions and protects the cardboard against weathering. Different materials 
have been tested as a finishing layer in order to meet the various needs in terms of dura-
bility, workability, and landscape compatibility. 

Because most archaeological sites do not have an internal electric power grid, a series 
of solar panels were integrated into the façades. These were embedded within a light-
weight and flexible composite fabric, designed to mitigate the visual impact of ordinary 
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solar panels. The research involved the establishment of a production process designed to 
simplify the system’s customization. 

In light of the site’s considerable importance, it was necessary to minimize the build-
ing module’s impact on the site itself and to avoid performing any work activities that 
would entail altering the surface of the underlying terrain. For this reason, the interface 
with the ground was conceived with a dry system that did not entail the use of concrete 
or other in situ castings. A sheet of non-woven fabric was placed below as an interposing 
element. To combat the forces of the wind, the base was made from a steel grate element, 
which worked as ballast.  

The prototyping of ICARO technology was carried out in phases. 
During the first phase, the current panel was prototyped at a 1:20 scale, using differ-

ent pre-stress methods. After comparison, the best solution was chosen and a full-scale 
panel was created, called Panel Zero. 

During the second phase, a suitable test site was chosen. Developed within the con-
text of the EWAS research project, ICARO was designed for the valorization of cultural 
heritage, with a primary focus on archaeological heritage. For this reason, a very im-
portant site was chosen as the test site. Considering the site’s features and the needs of 
potential visitors, the design of a pavilion made from ICARO technology was drawn up. 
This pavilion was called the EP (Experience Pavilion), and the project proceeded to the 
executive level. 

Consequently, in the third phase, a set of panels were produced to build a full-scale 
EP architectural module, which was built on-site. 

A series of tests will conclude the experimentation process, the goal of which will be 
to measure the characteristics and performance of ICARO technology. 

4. Prototyping of ICARO Technology  
4.1. Creation of Panel Zero 

As previously mentioned, the basic component of ICARO technology is a pre-fabri-
cated panel made from wood and cardboard, which can be quickly assembled on-site. In 
order to verify its feasibility, the panel was prototyped. This artifact was called Panel Zero.  

Panel Zero consists of a structure with wooden uprights and noggins containing tri-
ple-wave corrugated cardboard boxes. The panel was sized to simplify the various work 
phases, such as the on-site handling and assembly of the completed panels. The panel’s 
height is equal to the inter-floor span of the architectural module itself. Its dimensions 
were thus as follows: 1.00 m wide; 2.50 m high; 0.20 m thick. The cardboard elements 
consisted of open-ended boxes measuring approximately 0.50 × 0.50 × 0.20 m. These di-
mensions prevent the material from deforming and possibly warping during the panel’s 
pre-compression phase. In addition, wooden laths outside the boxes and fixed to the nog-
gins are positioned. They are 10 × 40 mm and 1000 mm long. These horizontal elements 
prevent out-of-plane movements. 

Panel Zero contains two boxes width-wise, for a total width of one meter, and five 
boxes height-wise. 

In order to ensure that the cardboard elements are properly positioned without pro-
truding, and to render the panel more rigid, a pre-stressing system was applied.  

The panel was built using the following materials: 
• triple-wave cardboard manufactured by Cartonificio Fiorentino (called Euro 22–

24/14), whose performance levels, certified by the BFSV Institute, are shown in Table 
1; 

• laminated spruce panel, 20 mm thick. 
The pre-stressing process was carried out using two threaded rods, which are in-

serted into the middle of the boxes. These were tightened with bolts at the ends. With 
regard to the choice of cardboard type, double-wave cardboard was proven to not be 
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strong enough, as it tends to collapse inward during the pre-stressing process. The triple-
wave type was thus deemed more suitable, despite its greater cost. 

Table 1. Performance levels of Cartonificio Fiorentino Euro 22–24/14 triple-wave cardboard. 

 Triple-Wave Cardboard Euro 22–24/14 
Bursting Strength data 3500 kPa 

Wet Bursting Strength 1050 kPa 
Puncture Resistance 20 J 

Edgewise Crush Resistance 17 kN/m 
Test Report No. 3768A/19 

The assembly of the panel consisted of preliminary stages involving the preparation 
of the cardboard boxes and the cutting and drilling of the uprights and noggins. The as-
sembly of the parts began with the assembly of the support base for the first row of card-
board boxes, the fastening of the same to the uprights, and the positioning of the threaded 
bars, which act as tie rods, connecting the first and the last wooden noggins for the pre-
stressing process. At this point, the corrugated cardboard boxes and the intermediate nog-
gins could be positioned. During this phase, the screws on the noggins must not be tight-
ened excessively in order to allow for vertical displacement along the slotted hole for pre-
stressing purposes. The positioning of the uppermost noggin involved the application of 
a preliminary compression force in order to settle the assembled system (causing it to 
move slightly downwards) and to allow the wooden board to be inserted. Finally, the tie 
rods’ end nuts could be tightened to the desired compression values (compatible with the 
system) using a torque wrench, and the screws on the uprights’ noggins could be screwed 
in. 

Before the realization of Panel Zero, its working procedure was established by devel-
oping some reduced scale models of the panel, as shown in Figure 1.  

  
(a) (b) 

  
(c) (d) 

Figure 1. The reduced scale model of the panel and phases of positioning the cardboard boxes and 
noggins: (a) basic components; (b) beginning the positioning of the cardboard boxes and the assem-
bly of the panel and the bars for pre-compression; (c) completion of the assembly of the panel; (d) 
setup of the complete panel. 
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For the double skin of the envelope, the research focused upon a solution consisting 
of wooden elements rendered weather-resistant using exclusively natural treatments. The 
identified technique relies upon the principles of the traditional Shou Sugi Ban technique, 
in which the wooden boards are subjected to a superficial burning process to form a par-
ticularly durable sacrificial surface. This process, together with the subsequent impregna-
tion with natural oils, renders the elements more resistant to bad weather (Figure 2). 

  
Figure 2. Panel Zero during assembly and with the finishing panel setup. 

The construction of Panel Zero showed the effectiveness of ICARO technology in or-
der to obtain a low-cost, lightweight, low environmental impact building. In order to test 
the output of the EWAS project, and namely ICARO technology, the archaeological site of 
Megara Hyblaea was chosen, based on its high level of importance. 

4.2. The Megara Test Site and the General Concept of the EP 
Megara Hyblaea is the oldest Greek colony in Sicily, founded by colonists from Meg-

ara Nisea in 727 BC. In the early 5th century BC, it was destroyed at the hands of Gelon 
(483 BC), and a smaller Hellenistic city was built on its ruins (late 4th–3rd century BC). 
After its final destruction at the hands of the Romans in 214 BC, the city was not rebuilt 
[26]. 

Megara Hyblaea was a prosperous city, especially during the Archaic age, and is full 
of magnificent monuments. Most of them are located near the large Agora, where the 
city’s main axes intersect [27]. 

In order to integrate the EP prototypes, a new layout of the area was designed (Figure 
3). In this plan, the entrance is located near the west gate of the ancient city. This path 
extends all the way to the coastline. The site’s current entrance only remains open to the 
workers and people with disabilities. When the path arrives in the ancient city, it overlaps 
the main West–East axis and intersects with the city’s secondary North–South axis in the 
Agora. These are highlighted with an elevated walkway and form the main visitation 
route [28]. 

Several multipurpose modules are distributed along these two axes in order to im-
prove the on-site facilities and to attribute greater value to the main monuments. In fact, 
by using ICARO, micro-architectural modules can be placed close to the ruins themselves, 
as the disturbance factor has been greatly reduced and the costs are extremely low. These 
modules allow visitors to learn more about the ruins. Their shape came from the 
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projections of past monuments to highlight what is no longer there. Each one is therefore 
created based on the projections of the nearest monument’s layout [28]. These mini-archi-
tectural modules are thus elements that can take on different configurations depending 
on their locations and functions, including seating, shelters, information totems, ideal ob-
servation points, and pavilions containing exhibits or services. In total, nine mini-archi-
tectural modules were positioned. The one in front of the ancient Stoa is the EP module, 
which was prototyped at full scale to test ICARO technology (Figure 4). 

 
Figure 3. The layout of the Megara Hyblaea archaeological site. 

  
Figure 4. Positioning of the Experience Pavilion and ruins of the Ancient Stoa. 

The EP is a parallelepiped about six meters long, two meters wide, and four and a 
half meters high. The layout is generated by the projection of the ruins of the ancient Stoa 
along the main axis. The EP has two doors to facilitate a linear flow of visitors from one 
end to the other. The indoor space is rectangular. On the outside of the EP, there’s a sort 
of platform, which connects the entrance and exit with the pathways of the archaeological 
site itself. The roof is flat and is not accessible. 

The inside is unfinished, and the cardboard and wood are exposed. The outside is 
finished in burnt wooden slats, mounted on the panel. This type of wood, also called Shou 
Sugi Ban, is highly durable [29], and was even chosen for its color, which goes perfectly 
with the site’s surrounding landscape. On the eastern side, the ruins of the Stoa’s roof are 
represented by a series of laths, thus giving visitors an idea of the ancient building’s shape 
(Figure 5). 
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Figure 5. Rendering of the EP, seen from the east side. 

Inside the EP there are two types of information systems: analogue and digital. The 
first one consists of a number of panels along the walls containing information about the 
various phases of Megara’s history. A model of a portion of the excavation is also located 
inside the EP, which was obtained by hollowing out a solid wooden block using a CNC 
(computer numerical control) machine. The digital information system, on the other hand, 
consists of two multimedia devices: the first provides a virtual reconstruction of the Stoa, 
which is considered Megara’s most important monument, while the second shows a video 
about the EWAS project, ICARO technology, and the EP (Figure 6). 

 
Figure 6. Axonometric cross section of the EP. 

4.3. Design and Construction of the EP 
The multipurpose EP module was designed in detail based on the repetition of the 

ICARO panel and was built (Figure 7). 
The sizing of the structural elements was carried out in accordance with Italian reg-

ulations (Technical Standards for Construction, Ministerial Decree 17 January 2018). The 
inclusion of the pre-stressed corrugated cardboard boxes was overlooked as Italian regu-
lations do not allow cardboard to be used as a structural element. Therefore, the 
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fulfillment of the mechanical performance requirements was attributed to the wooden el-
ements only. As a result, for the ICARO panel, 42 × 400 mm technical class SWP/2 S L3 
wooden upright elements were adopted (Table 2), while the beams were 21 × 240 mm. 
Between them and the finishing layer, which is aligned with the upright, there remains a 
sufficient gap for the ventilated façade. The fastening between the uprights and the beams 
is achieved via slotted holes in order to yield shifting during the pre-stressing phase (Fig-
ure 7a). Once the pre-stressing phase is completed, the uprights and beams are fastened 
together by screws (Figure 7b). Based on the module’s use and the brief duration of the 
same, filling with insulating material can be avoided.  

Table 2. Performance of the SWP/2 S L3 wood panel (Annex III of Regulation (EU) No. 305/2011). 

 3layer solid wood panel softwood as structural component for interior or protected 
exterior use in dry and humid conditions SWP/2 S L3, softwood 17–60 mm 

  

Significant Characteristics Performance 
harm. 

technical 
Specification 

  

Strength and stiffness for structural 
use [N/mm2] 

Nominal 
thickness range 

[mm] 
  >30–42  

Panel loading 

EN
 1

38
96

:2
00

4+
A

1:
20

15
 

Bendingstrength 
fm,o 
fm,90   

16 
9  

Bendingstiffness 
(modulus of elasticy) 

Em,0 *) 
Em,90 *)   

7600 
1500  

Shear strength (panel shear) 
fv,o 
fv,90   

3.5 
2.5  

Shear modulus (panel shear) 
Gv,o *) 

Gv, 9o *) 
   470 
   470 

 

Bendingstrength (planar shear) 
fp,o 
fp,90   

12 
12  

Bending stiffness 
(MOE planar shear) 

Ep,0 *) 
Ep,90 *)   2400 

4700  

Tensile strength ft,o 
ft,90   6 

6  

Tensile stiffness 
(MOE) 

Et,0 *) 
Et,90 *)   2400 

2900  

Compression strength fc,o 
fc,90   10 

16  

Shear strength 
(planar shear) 

fr,o 
fr,90 

  1.2 
1.4 

 

Shear modulus 
(planar shear) 

Gr,o *) 
Gr,90 *) 

   41 
   41 

*) All stiffnesses (MOE) are stated as mean, reduce the mean values by a factor of 
0.85 to get the characteristic values: 

mean × 0.85 

As a foundation, a steel grid base was adopted. It was formed by a series of galva-
nized S275 UPN (European standard U profile) 140 mm twin main beams and UPN 100 
mm secondary beams (Figure 7c). The profiles will be bolted on-site to reduce the weight 
of the beams, as they will be transported onto the archaeological site manually. The up-
rights of the ICARO panels were fastened in the gaps between them, with a steel plate 
used to improve the contact area (Figure 7d).  
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 7. Construction of the full-scale EP prototype: (a) assembly of the panels; (b) storage of the 
panels; (c) steel grid base; (d) setup of the panels; (e) indoor space of the pavilion; (f) the pavilion, 
before the setup of the ventilated façade. 

In order to ensure perfect leveling and to avoid direct contact with the ground, the 
base is placed on top of a system of wooden planks and is secured to type SUPL 115220 
adjustable ROTHOBLAAS PVC supports, which have a sufficient excursion to cover the 
height differences on the laying surface (115–220 mm). The supports were secured 
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underneath to concrete tiles, which in turn rested upon a layer of non-woven fabric to 
guarantee that there would be absolutely no alteration in the underlying soil.  

The covering consists of a grid of wooden beams, connected to the uprights (Figure 
7e). Their connection is provided by nine M10 through bolts with a strength class of 8.8. 
On the top is a laminated wood panel floor. The force of the wind, which is the greatest 
horizontal stress, is countered by a system of X-shaped diagonal stiffeners made up of 10 
mm steel rods. 

In order to evaluate a thermo-physical model, the environmental data of the site were 
imported into the Grasshopper parametric-modeling software with the related plugins 
(Ladybug and Honeybee). The output suggested taking advantage of natural ventilation. 
In order to allow this, a series of openings were made in the base of the EP, protected by 
metal vents. These vents are closed during the winter.  

4.4. Finishing System 
The flooring of the EP, both indoors and on the external platform, consists of Siberian 

larch planks. These are affixed directly to the steel grid using self-tapping screws.  
The finishing of the EP’s vertical envelope was derived from the construction of Panel 

Zero itself. On the inside, the vertical wall was left uncovered so it is possible to see the 
wooden framework and the cardboard boxes (Figure 7e). Both of these have been treated 
with the two-component, water-based, transparent and colorless, fireproof bottom coat 
Firewall Y01000 Renner. On the outside, there is a ventilated façade, consisting of panels 
in carbonized oiled larch wood. In Figure 7f, the wooden sub-structure is visible before 
the setup of the finishing panels. In Figure 8, it can be seen that the finishing panels have 
been installed. In order to withstand greater wind forces, the panels were affixed to the 
wooden uprights using self-tapping screws. In order to show the outline of the roof of the 
ancient Stoa, a series of laths were attached to the panels.  

The southern façade is different from the other three. In fact, this side supports the 
solar panels used to generate electricity for the EP’s devices and for lighting the EP. Each 
high efficiency panel consists of fifteen 125 mm × 125 mm solar cells in monocrystalline 
silicon (manufactured by SunPower Maxeon). The system is patented [30]. The production 
unit is made up of two paired panels. Based on the hypothesized usage scenario, the EP 
was equipped with three units. In order to render the module self-sufficient even on 
cloudy days, it must also be provided with a backup battery [6]. 

 
Figure 8. View of the full-scale EP prototype. 



Sustainability 2022, 14, 16099 12 of 14 
 

5. Results and Future Developments 
As previously mentioned, the construction of the EP using ICARO technology took 

place in several phases. Most of these have already been completed and for the others, a 
timetable has already been set. 

The preliminary studies on ICARO technology and the small-scale prototyping of 
several panels took place several months ago. These were followed up by the construction 
and testing of Panel Zero.  

The architectural design of the EP followed and was carried out in appropriate stages: 
general concept; detailed design; and executive project. 

Today, the full-scale EP prototype is nearly complete, as shown in Figure 8. In par-
ticular, the portions that have already been built are the following: the base grid and the 
relative ballast; the vertical building envelope, which is also the load-bearing structure; 
the horizontal roof; the surrounding platform; and the finishing façade system. The doors 
and indoor equipment, as well as the energy plant and the renewable energy sources em-
bedded, will be installed in the coming weeks. 

The test campaign on the EP is currently being planned and is already under devel-
opment. Various issues will be taken in consideration, including: 
• indoor comfort; 
• structural safety; 
• durability of the building components; 
• user satisfaction; 
• applicability in different contexts. 

As for the first task, a representative week for each season will be chosen. During 
these, a heat flux sensor will be placed inside the module in order to record the values of 
the main comfort parameters. The analysis of the data collected will allow us to verify the 
improvement of the interior comfort conditions and the protection that ICARO technol-
ogy provides to users.  

As for structural safety, the strength of the EP will be tested. The base component of 
ICARO is a vertical panel, which works both as an envelope and as a load-bearing struc-
ture. The strength of the connection between the panels and base and the panels and roof 
is very important in ensuring the right level of safety. To verify the efficiency of the con-
nection, an external load will be applied to certain parts of the module while measuring 
the displacement. The values will be compared with the displacement predicted during 
the structural model.  

As for the durability of the components, a sample of the ICARO component will be 
made to undergo artificial aging. Other similar samples will undergo natural aging. The 
aging cycle will be determined by comparing these samples. This will allow us to simulate 
a larger time span over just a brief period in order to determinate how ICARO’s perfor-
mance changes over time. 

As for the last issue, a user satisfaction survey will be submitted to the EP’s visitors 
in the coming months in order to collect their opinions about the ICARO system’s 
strengths and weaknesses.  

Based on these results, a series of simulations will be carried out to verify the ICARO 
system’s applicability to different building types and in different locations. 

6. Conclusions 
This paper presents the main output of the EWAS project, which is the ICARO build-

ing system. It represents an excellent tool for combating climate change. This is due to two 
important features of this technology: its high level of sustainability, and the fact that it 
can be used to improve the safety, inclusivity, and sustainability of our cities and commu-
nities. 
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The basic component is a panel made from both wood and cardboard, which forms 
the vertical building envelope. Thanks to its conformation, the panel is even able to as-
sume a structural role in order to support the roof. 

The archaeological site of Megara Hyblaea, due to its high level of importance, was 
chosen as a test location for the practical application of ICARO technology, which is the 
realization of a full-scale pavilion called the EP. In order to integrate the EP prototypes 
into the site, a new layout of the area was designed. The pavilion yielded an innovative 
way to visit an archaeological site because it is able to support different information sys-
tems, including both analogical and digital ones. 

Today, the full-scale EP prototype is nearly complete, while the test campaign is still 
under development. Based on these results, a series of simulations will be carried out to 
test the ICARO system’s applicability to different building types and in different locations. 
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