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A B S T R A C T   

The Madonie district, in the inner Sicily, is composed of 21 villages, custodians of heritage, traditions, and values 
that constitute the identity of this area, now exclusively entrusted to the collective memory of an increasingly 
elderly and inactive population. In the study area, full of tangible and intangible heritage, technological tools, 
can revitalize and reuse examples of architecture, especially monumental, whose main problem is a deep rising 
damp affecting the masonry. That is particularly critical for the historic/traditional architectures. This research 
implements, in one of the villages of the enclave, a new technology system, namely Information and Commu-
nication Technology (ICT) tool, like Charge neutralisation Technology (CNT), in contrast to the usual application 
of the classic and well-known resolution systems. This kind of methodology has been already applied in many 
monumental buildings in Italy with brilliant results and supporting the protection, enhancement, and promotion 
of cultural heritage. In Sicily it was never used and represents, in line with the smart village approach, a viable 
technology to be applied. The smart village model is one of the increasingly popular research topics globally and 
provides technologies aimed at preserving the identity of the territory and the historical buildings. Culture, if 
usable and accessible to all, results as an economic resource, a tourist attraction, and a factor of identity. The goal 
is to develop these inner areas through the smart villages approach by implementing smart technologies and 
establishing a synergic union of centers to be more competitive in the Sicilian hinterland, but also at the national 
level, with respect to the wise use of administrative, political, and governmental strategies. Cultural heritage and 
innovation, together, retrace the past with a view to modernity. The country’s cultural heritage recovered and 
enhanced is a virtuous strategy to safeguard the identity and value of historic places such as that one of ancient 
villages and a way to find smart resilient strategies and a sustainability assessment for future communities.   

1. The Madonie district: analysis of the area 

The Apennine mountainous massif of the Madonie [1], located on the 
northern Sicilian coast, between the two ancient Imera and Pollina 
rivers, accommodates in its 39,679 hectares twenty-one scattered minor 
historic centers. They are positioned between the minimum altitude of 
the town of Alimena, 218 m, and the maximum one of Geraci Siculo, 
1077 m above sea level. Small villages, arranged from coast to mountain 
and distant from the large centers of urban agglomeration and services 
as it is visible in Fig. 1. They are also characterized by a diffuse built 
heritage [2] strongly linked to the local building traditions of the past 
and to the traditional way of living, strictly conditioned by the territorial 
morphological characteristics. These minor centers [3] are endowed 

with a great potential for attraction and economic development that is 
till unexpressed. 

To fill up this deficit, the proposed research attemps to solve the 
problems related to the issue of accessibility of the monumental heritage 
in terms of use, rehabilitation and implementation of the necessary 
technology, expecially for the elimination of rising damp and improving 
tourist use [4]. In view of the presence of an architectural and natural 
heritage of inestimable value, it turns to be necessary that the area 
subject of this kind of research, the Madonie, is inside an 
UNESCO-recognized Geopark [5] from 2004. And therefore, considering 
the naturalistic importance of this area, it is important to identify 
possible technological solutions for the fruition and enhancement of 
cultural heritage, architectural and natural, present in these places, 
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without destroying territory and imaging compatible design strategies to 
be applied [6]. Cultural heritage has universal value for individuals, 
communities, and societies in general. Unesco has mapped all the 
world’s territories and it is possible to encounter the entire protected 
heritage divided into World Heritage Sites, Geoparks and Biosphere 
Reserves; sites selected for their naturalistic value, but above all for their 
importance in human history, moreover, it is important to preserve it 
and, more particularly, pass it on to future generations. The Madonie 
Geopark is precisely one of the largest and most protected areas in the 
southern Italy [7]. 

Often heritage is perceived as something that comes "from the past," 
but – on the contrary - it evolves through people efforts; in addition, the 
national normative plays an important role in building Europe’s sus-
tainable future [8]. This is one of the main reasons to reach out to young 
people, particularly during the European Year 2022. Cultural heritage 
comes in many forms and nuances: tangible - for example, buildings, 
monuments, artifacts, clothing, works of art, books, machines, historic 
cities, archeological sites; and intangible - practices, representations, 
expressions, knowledge, skills - and tools, objects and associated cultural 
spaces - that people value. This also includes languages and oral tradi-
tions, performing arts, social practices and traditional crafts; but also, 
natural ones such as landscapes, flora and fauna; and digital - resources 

that have been created in digital form (i.e. digital art or animation) or 
that have been digitized for preservation (including text, images, videos, 
recordings) [9]. 

Through caring for the cultural heritage, it is possible to discover the 
diversities between the different societies and to strike up a cross- 
cultural conversation about what Madonie villages have in common 
[10]. According to Unesco principles, and recognized worldwide, cul-
tural heritage is generally ’the legacy of physical artefacts and intangible 
attributes of a group or society that are inherited from past generations, 
maintained in the present and donated for the benefit of future gener-
ations’. Tangible, intangible and natural heritage are part of the 
Madonie area, the digital one, instead, is greatly absent. Cultural heri-
tage [11] should not be left to decay, deterioration or destruction, and 
for this reason, it is important that digital tools are used to record, 
document but also to preserve cultural heritage; in this way the 
enhancement of monuments related to cultural heritage continue to 
remain accessible to citizens and future generations: it takes the tangible 
and ensures that it is documented for generations through an intangible 
medium. Cultural heritage becomes operable only if its ease of access in 
a material sense for the benefit of potential users is taken care of and 
ensured [12]. One starting point would be improved by digital tech-
nologies for raising awareness on cultural heritage. The concept of 

Fig. 1. The area of interest: A view of Sicily with the Madonie District in yellow (top); Aerial photo of the Madonie District (center); Four municipalities around the 
territory: Petralia Soprana, Castelbuono, Polizzi Generosa and Isnello (bottom from left to right). 
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accessibility is also psychological and cognitive in relation to the in-
formation available that allows even those without a scientific back-
ground to meet the cultural product. A further aspect of accessibility 
refers to the users’ welcome for the presence of ancillary, additional 
services capable of making the cultural experience easier, more 
comfortable and stimulating. 

Concrete help comes from the National Recovery and Resilience Plan 
(Piano Nazionale di Ripresa e Resilienza, PNRR) [13] that dedicates 1 
billion euros to inner areas in Italy; Digital transition and evaluation of 
innovative processes for architectural heritage use for inclusive, 
resource-efficient, safe, resilient and sustainable communities are goals 
of the PNRR - M1C3 - Investment 2.1 "Village Attractiveness" Mission: 
Digitization, innovation, competitiveness, culture and tourism; 
Component: Tourism and Culture 4.0 – SNAI - National Strategy for 
“Inner Areas” [14] and SNAMI (National Strategy for Inner Mountain 
Areas); This is one of the Italian policies that gives to these territories 
money and possibilities to implement strategies and innovative skills. 
Interventions in this area will be implemented also through the "Na-
tional Boroughs Plan" a program to support the economic/social 
development of disadvantaged areas based on the cultural regeneration 
of small towns and the revitalization, for example, with tourism. It 
concerns public built heritage and enhancement, response to climate 
change crises and the smart strategies to improve the resilience and 
sustainability of cities and urban systems. Within Italy’s museums, 
monuments and archeological areas, the specific technological expertise 
needed to produce museum products that exploit ICT is absent; this lack 
determines the need to resort to special forms of partnership with 
technology providers, i.e., universities, public and private research 
centers and companies that directly operate in this sector [15]. ICT, for 
enhancing the enjoyment of cultural heritage, aimed at improving ac-
cess to UNESCO heritage through augmented and immersive experi-
ences through their cultural heritage, history, arts and traditions. ICT 
approach can give also a new life to the past including preservation in 
terms of life [16]. The actions are based on local integrated 
cultural-based projects, activated aimed at recovering historical heri-
tage, upgrading public open spaces, and creating small cultural services, 
also for tourism purposes, the creation and promotion of new itineraries 
and guided tours will be encouraged. The financial support will be 
introduced also for cultural, creative, tourism, commercial, agribusiness 
and craft activities aimed at revitalizing local economies by enhancing 
local products, knowledge and techniques. Nowadays, the dissemination 
and application of accessibility and usability criteria are still not 
completely satisfactory, largely due to limited knowledge of the subject: 
this applies both to companies/organizations that do not always 
explicitly require it (and should be sensitized to understand the impor-
tance of these elements), and to those who design and develop computer 
applications that do not always have the necessary technical expertise 
(and should participate in technical training courses to create adequate 
skills). It is extremely difficult to find accurate statistical data, however, 
it is widely believed that there is still a low percentage of sites/appli-
cations, even from the public sector, that meet all the requirements: this 
means that access difficulties remain for various categories of people 
with disabilities/disadvantages in cities, but especially in small villages 
such as the Madonie one. In Italy more than half of the existing building 
stock is more than 40 years old [17]; a value that increases a lot, also 
considering those monumental buildings that make the wealth of the 
Italian, and Sicilian in particular, historical heritage unique in the world. 
In the center of Sicily, in the Madonie Park, there are approximately 230 
monumental heritage buildings to be preserved throughout the 
twenty-one villages. The restoration of monumental buildings, or the 
renovation of basic and diffused buildings in rural centers, must not only 
represent a need for urban redevelopment [18], but also of preservation 
and reconstruction of the identity and culture of a place. 

The challenge is to preserve this heritage and make these buildings 
relevant for the new generations: no one wants to see buildings falling 
into disrepair or lying empty. After years of depopulation and, in some 

cases, complete abandonment, Italian villages are ready to reborn 
thanks to many urban and economic regeneration projects that aim to 
bring people back to these small territories which constitute an invalu-
able historical monumental heritage that must be preserved because of 
rich in ancient traditions, history and culture belonging to the Nation 
[19]. These are the places where identity, knowledge and trades are 
preserved, and they conserve a formidable tangible and intangible 
heritage of tradition and history that is unique in the world. Enhancing 
this heritage means aiming at a tourism that is not only centered on the 
great art capitals, but that is built around the thousands of cultural at-
tractions that we have in our country and that can also become a great 
growth factor. Precisely for this reason, so much is being done in Italy to 
preserve the heritage of small villages through redevelopment and cul-
tural revaluation projects. Technology applied in cultural heritage, often 
can be a possible way through which art can be enjoyed by means of 
mass media and social networks, or of the race to digitize that museum 
institutions have had to operate in recent years. Underlying this pano-
rama of still uncertain developments, however, is a set of standards and 
projects, consolidated by years of experience or still being tested, that 
allow for the effective digitization of different types of cultural heritage, 
from visual arts to archeological sites to the holdings of archives and 
libraries but less often to the technology applied on buildings to preserve 
them and bring their memory to the future. It is the GLAMs, Galleries, 
Libraries, Archives, Museums, places that preserve the identity of places, 
stories, old narratives, and the civilization that has evolved over time. 
Applied technologies range from image scanning and visualization 
frameworks to the use of augmented reality and artificial intelligence 
systems capable of restore them. The methodology used also involves 
the analysis of the territory, the involvement of stakeholders, univer-
sities and companies (that if working together can bring innovation) and 
the participation in the decision of what will be the final output of the 
project including accessibility and usability based on local peculiarities. 

Contained in the Italian Law 4/2004 [20], “accessibility” stands for 
the ability of information systems, allowing technological knowledge, to 
deliver services and provide information usable, without discrimination, 
even by those who due to disability require assistive technologies or 
special configurations; "assistive technologies" means the tools and 
technical solutions, hardware and software, that enable the disabled 
person, by overcoming or reducing conditions of disadvantage, to access 
information and services provided by information systems. 

While Usability, according to International Organization for Stan-
dardization (ISO) regulation, refers to the effectiveness, efficiency and 
satisfaction with which users achieve goals in different contexts. In 
practice it defines the degree of ease and satisfaction with which inter-
action between humans and a tool is accomplished. In a concept of a 
smart village [21,22] accessibility and usability must converge. 

In the use of these technical applications there may be barriers that 
can be taken down promoting projects for the regeneration, enhance-
ment and management of the great heritage of history, art, culture and 
traditions found in small towns in the territory, integrating objectives of 
cultural heritage protection with needs of social and economic revital-
ization, employment revitalization and counter depopulation. 

A virtuous smart rehabilitation needs the combination of both 
accessibility and usability, and a several series of projects are supporting 
this kind of operation. Intervening "at a certain point in time" in the 
history of a monument means establishing a dialog that can contain "the 
stories" that have marked various phases of the life of the monument 
itself. It means reflecting on events that marked its growth and changed, 
but it means also transcribing the thoughts of the protagonists who 
shaped before the image, the "aura" of the monument. Its spirit made of 
dreams, disappointments individual and collective, of frustrations, of 
collapses, of oblivion, of interruptions for lack of funds and of new re-
births until the moment in which it is possible to intervene, that is our 
idea of restoration, recovery and rehabilitation project with its scientific, 
its rigor and its dose of arbitrariness, of more or less calculated risk, of 
bet towards a future that you want to give back to what lives mainly 
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thanks to its past image. 
The problem of raising dump in buildings is a highly topical issue, 

not only because of typical causes resulting from environmental and 
weather conditions, but also because of the characteristics of certain 
materials and the effects that can occur over time. A condition that af-
fects old buildings made with traditional technologies and then treated 
with incompatible materials, but also more recent buildings made 
sometimes with inadequate characteristics. Water is precisely the com-
mon factor that determines the well-known effects resulting in the 
presence of raising dump and condensation in buildings. Water, in 
construction, if not properly controlled, ends up becoming a real prob-
lem, harmful to build parts and to health and well-being more generally. 

If you examine the technologies that building restoration provides 
and study the different solutions to the problem of rising damp [23–25], 
there are, in fact, a plurality of possible interventions:  

- mechanical interventions: cutting the wall at the base and inserting 
materials that block rising damp;  

- chemical interventions: creation of a chemical barrier inside the 
masonry;  

- electrosmotic interventions: reversing the direction of the water 
using an electric current;  

- evaporating plasters: macroporous plasters that, thanks to their 
speed of evaporation, rapidly absorb water from the wall and return 
it to the environment. 

The above-mentioned intervention techniques are already obsolete 
and, nevertheless, involve an enormous amount of work on the masonry, 
unlike the third proposed method, i.e. the electrosmotic intervention. 
And it is precisely this study that should be investigated, evaluated and 
proposed in interventions concerning historic buildings. 

The effect over time manifests as the masonry deteriorates, passing 
through all layers of materials in masonry [26]. A process that, if not 
properly controlled, is irreversible with the deterioration of the coatings, 
plasters and bedding mortars that bind the artifacts. 

2. Charge neutralization technology for rising damp elimination 
and prevention in masonry 

The interest in the suitable preservation of the architectural heritage 
[27], and its proper valorization, makes increasing the need for a careful 
assessment of the condition’s microclimate inside historic buildings, to 
define interventions aimed at containing the dangerous consequences of 
activating physical processes of deterioration. The solution to rising 
damp in masonry, and its related problems, is a major component within 
architectural rehabilitation work [28,29]. Since 1996, the UNI-Normal 
Cultural Heritage Commission has been studying raising dump in ma-
sonry structures, methods of its assessment, and problems concerning 
terminology and sampling in its working group (WG 19). In rehabil-
itation/restoration interventions, capillary rising damp represents one 
of the most recurring pathologies against which most of the applied 
systems have revealed not at all effective [30]. It is necessary to identify 
a system that restore masonry and stop capillary rise and the counter-
thrust of water from below without going to use plaster or other 
covering materials [31,32]. The waterproofing interventions of the 
interior spaces must, therefore, meet two needs: eliminate all the 
changes made over the years that were not consistent with the type of 
building constructive system going to create problems to the original 
arrangement, and renew various constituent technological elements 
improving the masonry state of the art [33]. In 2000, it was thought to 
develop innovative electromagnetic-electrophysical technology over 
pre-existing techniques to counter and/or reduce the effects of rising 
damp inside masonry [34,35]. This choice was mainly made because of 
the lack of a definitive solution to the problem and in the face of the 
insufficient level of effectiveness that systems once considered among 
the most advanced methods the market could offer had manifested over 

several decades of application. Today, thanks to electrophysical dehu-
midification combined with nanotechnology, we can solve the problem 
permanently. The main physical phenomena that contribute to masonry 
damage are thermal surges (expansion/shrinkage cycling), frost (vol-
ume increase/disintegration of surfaces), and wind (with the transport 
of dust produces slow sandblasting of exposed surfaces). 

Capillary rise especially occurs in old buildings, where the materials 
used for their construction usually are very porous (natural stone) and, 
hence, facilitate the capillary action. To a particular extent, it is a phe-
nomenon of decay diffusely presents in Sicilian masonry, due to the 
extensive use of calcarenite, a local material strongly present in both 
monumental and traditional architectures and foundations. Another 
major problem is a lack of insulation in the foundations of the building: 
in fact, a sheath is required on the underground masonry that is in direct 
contact with the ground to avoid proximity to any kind of water. Then 
there are secondary causes that could contribute to the presence of 
stains, dampness and plaster crumbling. Among those: water flowing in 
the ground under the building, loses electrons causing a flow of electric 
current in the walls that are in contact with the subsoil. This lead, over 
time, to a deterioration of the materials that make up the foundations. 
That is, therefore, why capillary action almost always causes the plaster 
to flake off; the presence of a highly moisture content in the flat: the 
rising water, in fact, dissolves the salts in the ground or in the masonry 
itself and brings them among the structure. As a consequence, if in 
contact with air, the water evaporates making the salts crystallizing into 
the wall. This leads to further surface wear and the presence of whitish 
stains on the plaster. Not only that, the presence of moisture can also 
lead to the proliferation of moulds and other microbacteria. As a result 
of these fungi, stains on the walls increase and the air quality in the 
home deteriorates; silicon in building materials: it is a semiconductor 
with a negative electrostatic charge that attracts water molecules. 

So, there are many causes that lead to capillary rise of water. It is 
therefore necessary to analyze the actual problem and, once the origin of 
the damage has been established, find the right solution. The lack or 
interruption of a “protective” barrier triggers most of the degradation 
phenomena of the building system, which take the form of the appear-
ance of stains on the walls, the disintegration of plaster or building 
materials or the detachment of paint layers or, more generally, the 
peeling of paint. 

The technology proposed in this research article generates an elec-
tromagnetic field inside the masonry that interacts with water molecules 
and prevents them from rising, while nanotechnology protects the walls 
from water degradation due to weathering and preserves their breath-
ability. Capillary rising damp is due to a variety of physical phenomena 
[36,37]: historic buildings, which often lack an adequate insulation 
system against this phenomenon, are especially affected. 

The Charge Neutralization Technology (CNT) is a new approach to 
the architecture that was conceived to surpass and improve the effec-
tiveness of the various electrophysical systems already in use. After a 
decade of applications doing by lots of university in Italy, today, rep-
resents the most controlled and tested solution against rising damp 
which acts not on the masonry, but on the water present by neutralizing 
its charge. Based on a principle of a totally new conception, made 
possible in 2009, the scientific principle used by this type of technology 
is based on the application of physical phenomena derived from 
experimental studies and referred to by insiders as electro-capillarity 
and electro-wetting. Rising damp has been one of the central problems 
in the restoration/rehabilitation of the built heritage. In Italy it is being 
exploring the applications for the elimination and prevention of rising 
damp in masonry and the preservation of the built heritage [38,39] that 
cannot be restored with traditional technologies such as the thermal coat 
that, of course, cannot be used in monumental buildings in which, very 
often, masonry has paintings and decorations of great value. Capillary 
rising damp is a pathology that particularly afflicts masonry of the his-
toric architectural heritage particularly affecting the conservation of 
Cultural Heritage, becomes an even bigger problem when it afflicts 
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high-altitude assets that, especially in Sicily for the use of limestone, 
subject to continuous problems that damage not only visually and 
structurally but also to health [40]. Scientific and technological research 
has shown that the mechanical and energetic characteristics such as 
strength, durability, thermal inertia of materials (i.e.: calcarenite stones, 
or usually used also in the Madonie district, strongly influenced by the 
presence of externally absorbed water) could affect the inertial behavior 
within water capillaries by neutralizing the molecule with the intro-
duction of weak electric fields. 

Application of this technology is divided in a first phase, dealing with 
the observation and data collection of the masonry subject of study, and 
after that the installation of the CNT dehumidification system [41], for a 
minimum period of two years, necessary to observations and verifica-
tions, and lastly a second phase of analysis and processing of the col-
lecting data. 

The Fig. 2 shows the CNT and the use of sensors, with a spherical 
range of 6 to 15 m, that monitor the raising dump condition of the wall 
of the entire building and, at the same time, activate an electromagnetic 
process such that the amount of water present is decreased. 

The present study examines some application cases of CNT tech-
nology [42], developed in some university in Italy, first and foremost the 
University of Matera, Turin, Padua, Ferrara, Naples and Lecce, in his-
torical buildings of national interest that, also because of their 
complexity and historical-artistic relevance, are very significant for 
appreciating the great versatility and effectiveness of the system. It’s 
important to underline some experiments that have contribute to have 
good results to the historical buildings in Italy and that can be an 
important example to apply in other contexts like inner areas [43,44]. 

2.1. Milestone case studies of CNT applications 

In Italy, one of the most important examples of application of CNT 
tool was done in Palazzo Te [45] in Mantua that was built between 1524 
and 1534 by Architect Giulio Romano and represents a typical example 
of architecture of Mannerism style. It was built under Federico II of 
Gonzaga, Duke of Mantua, and it is, today, an important International 
Center for Art and Culture. Originally the palace externally was prob-
ably also painted, but colors have disappeared, and the paintings are 
today only visible in the frescoes of the precious interior rooms. Faced 
with serious problems of rising damp that afflicted the historic building 
since historical times, several alternative technological systems had 
been experimented over several years that had not yielded appreciable 

or, at any rate, definitive good results. The rehabilitation interventions 
involving the palace in recent years have addressed the important issues 
of protection and conservation. An important and numerous series of 
interventions were planned, all aimed at restoring Giulio Romano’s 
masterpiece to the best of preservation and visibility, to offer visitors the 
opportunity, to enjoy a unique and unrepeatable cultural experience, 
equal to the international importance of the palace [46]. The virtuous 
Administration of Palazzo Te decided to implement CNT [24,25], 
instead of applying other methods present in commerce, and so diag-
nostic investigations done had shown the presence of strong aggression 
by capillary rising water on the masonry made by historic brick and lime 
mortar masonry. The phenomenon affected perimeter and also partition 
walls evidenced by widespread paint exfoliation and saline efflores-
cence. The origin due to the nature of the soils made of marshy and 
lacustrine area on which the building stands was a suggestion about the 
presence of water in the subsoil, at a short depth from ground level, 
favors a drawing and stagnation of water in the area on which the 
foundations insist, from which precisely the capillary rise was triggered 
according to a continuous and uninterrupted cycle. In January 2010, the 
system was installed with the sensors and the final thermographic 
testing verification was controlled two years later. The application of 
this methodology led to a substantial regression and disappearance of 
the pre-existing capillary rising damp. After 9 years, other tests were 
done and confirmed the maintenance of the exemplary result of the 
complete drying of the masonry. 

Another effective application of CNT was in the historic Church of 
the Confraternity of Mercy in Turin [47]; during the restoration works in 
the presbyterial area where other protection works for the safe perfor-
mance of the elimination of infill and superfetation were implemented. 
The church in recent years has undergone major restoration work that 
was completed in 2009 and restored the original lighting scheme of the 
structure and the full legibility of the stucco work. It was also evaluated 
the opportunity to eliminate the wall raising dump from capillary rise by 
applying the CNT system [26]. After the installation and through the 
protocol of acquisition and comparison over time of thermographic 
images, repetition of the thermographs on an annual basis, integration of 
thermographs with spot measurement of the wet contents of the solid 
wall by means of tests carried out in accordance with the procedure 
specified in standard rules UNI 11,121 that is about the measurement 
with calcium carbide hygrometer. 

The final thermographic 3 years after the installation of the CNT 
technology, highlighted the definitive disappearance of the previous 

Fig. 2. CNT Complete Sensors Technology (CNT Technology, www.cnt-apps.com).  
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wall raising dump from capillary ascent in all the sample areas under 
observation and showing the achievement of residual values of less than 
1 wet content, 5% and therefore corresponding to the physiological 
humidity of the solid bricks constituting the walls. The maintenance in 
operation of the CNT plant, preventing the resumption of the phenom-
ena of capillary ascent, will ensure the permanence of the conditions of 
hygrometric equilibrium reached by the masonry, Fig. 3. 

Others particularly significant applications on monumental build-
ings like these [48,49] were also carried out at National Museum in 
Rome, at Diocletian Bath in Rome, at Saint Sepolcre Crypt of San Vittore 
in Ciel d’Oro (Saint Ambrose church) in Milan, Capodimonte Museum in 
Naples and Villa Reale in Monza, Buon Pastore Building at University of 
Salento in Lecce, Cathedral Crypt in Lecce, Railway Museum di Pietrarsa 
in Naples, San Matteo Church in Lecce, at Crypt of San Giovanni Mag-
giore Church in Naples, Museum of Ancient Art, Orange Loggia in 
Marfisa d’Este Palace, Rectorate of the University and Ermellini Hall in 
Renata Palace di Francia in Ferrara; bringing, likewise, a more than 
inspiring result. 

These are lots of very important examples of how technology can 
help our heritage and make it usable and maintainable for the rest of the 

years without massive interventions on it. 
Italy is home to 55 UNESCO sites, a world record on par with China 

(whose territory is 30 times larger than Italy’s), and 61 places protected 
by the Fondo Ambiente Italiano (FAI). These are places that collect 
centuries of history, culture and traditions, and whose value goes far 
beyond their beauty. Italy is the country with the largest number of 
UNESCO-protected sites in the world, Fig. 4, but the terrible conditions 
they are in are to be assessed and considered, which is why the present 
research seeks to find innovative, technological and sustainable strate-
gies, such as CNT technology, to preserve and enhance it. It could be 
done not only in big cities, but also in little villages in which cultural 
heritage is still preserved and has not undergone any changes due to the 
increasingly attractive offer of big cities. 

The CNT application has been tried in many regions of Italy, from 
Basilicata to the North of Italy, but never in the South of Italy, and 
especially in Sicily. For this reason, this research focus on this kind of 
application because, precisely in the Madonie land, the research is 
intended to preserve, a priceless heritage of history, art, culture, tradi-
tion and tangible heritage that needs care and maintenance in order to 
return it to the citizens of tomorrow. Technology, when applied in such 

Fig. 3. Palazzo Te in Mantua (left) and Misericordia Church in Turin (right) (©Lombardia Segreta, 2021 and Fondazione Programma Barocco, 2017).  

Fig. 4. UNESCO site map in Italy (© Club Magellano, 2022).  
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contexts, can restore dignity to places and promise a dignified future, 
but most importantly, guard, once again, a cultural heritage of inesti-
mable value. 

3. Smart rehabilitation in Polizzi Generosa 

One of the richest villages, in terms of monumental heritage, in the 
Madonie territory, is Polizzi Generosa [50,51], known as the Florence of 
the Madonie District, due to the several numbers of monuments in its 
territory having a huge amount of cultural heritage needing protection 
to be passed over the next generations. Polizzi Generosa is a noble town 
with innumerable monumental, artistic, environmental and 
historical-cultural attractions. It rests on a high spur that, detaching it-
self from the highest peaks of the southern Madonie, juts out toward the 
Northern Imera valley. Wide and spectacular, therefore, are the views it 
offers: on one side the high peaks of the Sicilian Apennines-where some 
of the most beautiful paths of the Madonie unfold and the only speci-
mens in the world of Madonie fir trees grow in the wild-which crown the 
valley of vegetable gardens and hazelnut groves; on the other side a long 
theory of gentle reliefs that follow one another as far as the provinces of 
Agrigento and Caltanissetta [52]. Its origins are very ancient and the 
town can be reached from three different routes, and from each one, 
once it shows-just after a bend, a pass, or between forest wings-you get a 
different impression. The most beautiful view is most likely enjoyed 
when arriving from the mountain road, especially when clouds are 
layered at lower elevations creating the characteristic "swell" and the 
town seems to float in a sea of clouds, waiting to take off. According to 

historians it is the Sicilian Athens mentioned by Diodorus Siculus, others 
that it was founded by Byzantines. What is certain is, confirmed by 
numerous archeological finds from the 4th-2nd centuries B.C. unearthed 
over the years, that Polizzi has been inhabited since ancient times, while 
the present nucleus most likely developed during Byzantine rule. 
Notable development it then had with the arrival of the Normans and 
even more in the centuries to come, becoming one of the most important 
towns in Sicily and among the few state-owned towns on the island. 
Frederick II gave it the title of Generosa (meaning “the generous”) and 
over the centuries it gave hospitality to various rulers. Among them were 
Queen Elizabeth, wife of Peter II of Aragon, who founded the Monastery 
of Santa Margherita; her son Lodovico, king of Trinacria; Queen Maria, 
wife of Martin the Younger; Queen Bianca of Navarre; and Emperor 
Charles V. This fostered the growth of Polizzi and enabled it to be 
enriched with many monumental and artistic assets in 134,7 km2 of 
extension that can be admired in their splendor today. Table 1 lists the 
main historical heritage of the town. 

Recently, the municipality of Polizzi Generosa, Fig. 5, won the 
chance for urban regeneration through participation in several calls 
made available by the Ministry of Culture for inner areas participating 
with the ranking of "Local Projects for Cultural and Social Regeneration 
within the framework of the investment Attractiveness of Villages pro-
vided for by the PNRR". Among the Madonie municipalities on the 
ranking list it is one of the 229 Italian villages that the state intended to 
regenerate with Culture and Beauty, along with Isnello, Gratteri and San 
Mauro Castelverde Municipalities. It is important to emphasize that the 
choice of Polizzi falls on the important possibility compared to the 
twenty-one municipalities in the Madonie area that have submitted 
additional projects, which unfortunately have not been financed. 
Moreover, Polizzi Generosa is currently the only municipality in the 
Madonie area to have an agreement with the University of Palermo 
aimed at improving the urban environment and developing strategies 
for the recovery and enhancement of the town. The project presented by 
the Administration entitled "G.A. Borgese Genius Loci. Discovering the 
Territory and Traditions. Culture and Beauty for the Regeneration of the 
Borough in the 140th Anniversary of the Birth and 70th Anniversary of 
the Death of Giuseppe Antonio Borgese" is among those eligible for 1.6 
million euros in funding. With this call of the National Office of Culture 
(Ministero della Cultura, MIC) it was just the opportunity to put 
everything in place and make finally a virtuous project achievable. The 
project proposal passed the evaluation and so Polizzi won the challenge 
on which it had staked everything with the help of seventeen private 
partners, thirteen private and four public. 

Events related to intangible values of the town including concerts, 
music and theater festivals and reviews, art exhibitions, seminar and 
residential and other meetings to be held year-round and for 5 years. 
Four are the tangible interventions on cultural heritage, including the 
construction of a new accommodation facility, upgrading part of the 
urban center of Cilluffo Street, the musealization of the Palace of Culture 
with the realization of an immersive museum as well as also in the 
Borgese house, the realization of the Music Park in the Municipal Au-
ditorium, the infrastructure of the urban center with the realization of 
literary paths air in the footsteps of the texts of G.A. Borgese, the real-
ization of coworking stations at the Municipal Library in Umberto I 
square. Through a subsequent call, additional resources, amounting to 
800.000 euros, will be allocated to support businesses that carry out 
cultural, tourist, commercial, agribusiness and craft activities located in 
the financed municipalities or that intend to settle in the same villages 
selected for the implementation of cultural regeneration projects. Polizzi 
Generosa, in these years, has also received fundings also for the recovery 
of the Church of Santa Maria Jesus Lo Piano, Fig. 6, a virtuous process to 
restore the building and to give attention to one of the most important 
places of the village and for the whole community. Projects that make 
Polizzi a regenerated and enhanced town center capable of becoming an 
attractor and offering more opportunities to those who live and work 
there. An unprecedented prospect of regeneration now opens for the city 

Table 1 
List of monumental and artistic heritage in Polizzi Generosa, investigated and 
prepared by the author based on a literature review and research on state of the 
art.  

Typology of buildings Name of Buildings 

Churches and Religious 
Buildings 

1. Cathedral S. Maria Assunta (Santa Maria Maggiore) 
2. Santa Orsola Church 
3. Carmine Church (Chiesa della Misericorda o del 
Santissimo Crocifisso) 
4. Santa Maria delle Grazie Church (called also Badia 
Nuova) 
5. San Francesco Auditorium 
6. San Gandolfo la Povera Church 
7. Santa Margherita Monastery and Church (Badia 
Vecchia) 
8. Santa Maria del Castello Church 
9. San Girolamo Church 
10. San Gandolfo Hermitage 
11. Commenda Church 
12. San Nicolo De’ Franchis Church 
13. Santa Caterina Church 
14. San Pancrazio Church 
15. Udienza Church 
16. Santa Maria Lo Piano Church 
17. S. Antonio Abate Church 
18. Santa Maria della Porta o degli Schiavi Church 
19. SS. Trinità dei Cavalieri Teutonici Church 
20. Annunziata Church 
21. San Domenico o del Santo Spirito Church 
22. San Nicola dei Mulini Church 
23. Pietatella Church 
24. Collegio di Maria Church 
25. S. Giuseppe Oratory 
26. Ruins of Commenda dell’Ordine Sovrano Militare di 
Malta Church 
27. Compagnia del SS. Rosario Oratory 

Civic and Historical 
Buildings 

28. Town Hall (ex Convento dei Gesuiti) 
29. Lancia di Brolo e Museo del Giocattolo Antico 
Municipal Library 
30. Civic Archaeological Museum 
31. Ex Palace Notarbartolo - Madonite Environmental 
Museum M.A.M. 
32. Gagliardo Palace 
33. Carpinello Palace  
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and a long, complex but fascinating path that will engage the next 5 
years and that will have to see the whole community involved and 
united in an unprecedented and close relationship between public and 
private so that from this scenario a concrete opportunity for develop-
ment and regeneration can really emerge [53,54]. 

In order to save the rest of the monumental heritage, the opportunity 
of the CNT in this kind of territory could be a smart strategy to preserve 
the remaining part of monumental heritage today not included in founds 
received. 

Through the application of this kind of technology it could be 
possible to preserve, enhance, protect and manage the built heritage. 
The preservation of cultural heritage is ensured through consistent, 
coordinated and planned study, prevention, maintenance and 

restoration activities. Starting with monitoring everything that has been 
left out of funding, through the CNT method, which moreover also 
provides a resolution to the problem, albeit not in a short time frame, 
can be a smart and cutting-edge strategy to guard what gives value to the 
place and the community while making it usable and in excellent con-
dition for more substantial interventions in the future. 

That is why it is important, especially now, to integrate advanced 
technologies for heritage monitoring and preservation into a future 
vision in which the ferment and desire to move forward at a fast pace to 
achieve great results is strongly present in the area, both on the part of 
the administration and citizens. In this way about 35 historical proper-
ties can be saved, but, first of all, the past of Polizzi Generosa, the story 
and the culture can still be projected into the future and form a solid 

Fig. 5. Aerial view of some monumental buildings in Polizzi Generosa.  

Fig. 6. PNRR Project of Polizzi Generosa and a Drone Photo of Polizzi Generosa (on the left), Rising dump plaguing one of the monuments of the municipality of 
Polizzi Generosa (on the right) (@FAI - Fondo Ambiente Italiano, https://fondoambiente.it/luoghi/chiesa-santa-maria-gesu-lo-piano?ldc). 
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foundation for future generations [55,56]. 

4. Implementation of technology as a best practice to enhance 
the territory of Madonie 

Thinking about the amount of assets that can be recovered and 
maintained over time also thanks to the further use of technological 
tools such as the CNT, it is really possible to imagine, Polizzi Generosa, a 
new cultural hub to be appreciated both as citizens and tourists. Capil-
lary rising damp is a problem that exists in all historic buildings and 
cannot be always solved by traditional methods. Such technology en-
sures durability, recovery and maintenance of the historical asset, but 
most importantly longevity by ensuring its permanence for future gen-
erations. Very important for the history and cultural identity of our 
country, Italian villages are experiencing an increasing process of 
depopulation, which threatens their survival. For this reason, the Italian 
Government has launched lots of possibilities: the idea is to transform 
Italian villages into boroughs of the future in which to concentrate all 
available technologies, digitizing public administration and turning 
them into places where the impact of innovation on society can be 
assessed, while amplifying their potential to attract tourists [57,58]. 
Villages in our country that have already opted for digital innovation are 
so not so much. Technology allows us to rediscover and return to our 
past, if only for a vacation. An opportunity for small centers, which can 
revive a new offer aimed not only at tourists but also at workers, as an 
opportunity to improve the quality of life of residents. A revitalization of 
the attractiveness of these centers, which needs to be accompanied not 
only by the regeneration of spaces, but also by the organization of tar-
geted reception services. A process that will also find support with 
dedicated funding lines, activated both at the central and regional level, 
to encourage digital transformation and innovation in smaller realities. 
A change also aimed at rethinking the connection with urban centers, to 
develop new synergies and encourage a reduction in the gaps between 
cities and inland areas. It is necessary to lead the administrative entity in 
a path of co-design that, starting from the analysis of contextual con-
ditions, leads to outline for priorities of action for the revitalization, 
promotion of the cultural heritage in villages and the systematization of 
new models of reception with the reworking and development of tech-
nical elaborations, useful for the programming of processes and the 
involvement of the local reality [59]. The community of Polizzi Gen-
erosa is having a great opportunity, and the application of these systems 
is not only useful for the protection of the monumental assets present, 
but to collect and preserve the identity of a place like the historic village. 
History, art, culture tradition, in so few square kilometers that make the 
Madonie a unique cultural center like few in Italy. Among the best 
practices to be implemented, certainly, in addition to the technological 
part and the application of the CNT system for masonry restoration [60], 
the involvement of administrations, citizenship, of participatory pro-
cesses of co-design, stakeholders, scientific partners such as the uni-
versity, can bring great breath to a little village like Polizzi Generosa and 
make it a new attractive pole for the Madonie. The union also of busi-
nesses and third sector societies reactivate the local economy by 
fostering virtuous paths of social, economic and administrative renewal. 
If then the step taken by Polizzi were to be extended to the other twenty 
villages in the territory, then yes, one could speak no longer of a smart 
village, but of a virtuous enclave of smart villages working together with 
a single purpose: the revitalization of the Madonite territory. Physically 
preserving cultural heritage is certainly the first step, but the possibility 
of the enjoyment of these artistic assets should certainly not be lacking. 
Promoting culture also means spreading awareness of our own cultural 
heritage, in line with what Article n◦9 of our Constitution. An active 
community is also intelligent when everyone can do his or her part to 
contribute to a common goal: the good of the city and the rebirth of a 
place that is as beautiful as it is important to the history of Sicily, and of 
course, Italy. 
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