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Introduction

“Getting to Zero: Beyond energy transition towards carbon-neutral Mediterranean
cities” was the guiding theme of the seventh edition of the Med Green Forum, held
at the Department of Architecture of the University of Florence from February 14 to
16, 2024.

Since the first edition in 2010, the World Renewable Energy Congress and
Network has organized the bi-annual Med Green Forum to emphatize the strategic
role of renewable energy applications in Mediterranean buildings and cities. In
recent years, marked by an escalation of energy crises and an acceleration of climate
change, the regeneration of the built environment is even more recognized as a piv-
otal action not only to reduce energy consumptions and negative environmental
impacts, but also as the best pathway to improve urban resilience and quality of life.

As a mission, the Med Green Forum focuses on the distinctive and unique socio-
climatic and cultural milieu of the Mediterranean basin, where an effective imple-
mentation of Renewable Energy and Energy Efficiency Solutions (REES) should
act as a beacon of light for the rest of the world. Here, the transition of the built
environment towards lower environmental impacts has to account for the extraordi-
nary biodiversity of landscapes and cultural value of historical urban settlements,
considering the wide presence of heritage and protected buildings. As much as chal-
lenges, these peculiarities represent a huge opportunity to rethink and improve prac-
tices, tools and approaches for sustainable urban trasformations, making the
Mediterranean a living laboratory for innovation.

Within this evolving context, the Med Green Forum serves as an open and inclu-
sive roundtable for an international community of researchers, experts and enthusi-
asts to share and debate the most promising strategies and technologies able to
address the green objectives.

Envisioning ambitious future scenarios, aligned with the European Green Deal,
the objective of MGF7 was to discuss the complexities of the ongoing energy transi-
tion and to explore the new possibilities coming from innovative carbon-neutral
solutions, in order to lay the foundation of new processes and policies for sustain-
able Mediterranean cities. Here, a new balance should be found between the valori-
zation of tangible and intangible heritages, shaping the strong cultural identity of
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places, and the need to elaborate decarbonized scenarios. Since this revolutionary
process requires time, the call for change is urgent: finding solutions to rethink
human habitats from a carbon-neutral perspective to effectively reach net zero emis-
sions by 2050.

As a transversal challenge, “Getting to zero” encompasses the transformation of
territories, cities and buildings, deeply intertwined with evolving social dynamics in
emerging energy landscapes. Acknowledging the multi-scalarity nature of these
issues, the Med Green Forum collected contributions according to the following
four main sessions, framing the discourse across the levels of cities, buildings, tech-
nologies and people.

Session 1. Landscape and Cities in Transition

Characterized by an inestimable historical and cultural value, Mediterranean rural
and urban landscapes require a careful transition, addressing the global imperative
of contrasting climate change while accounting for the needs of preservation and
valorization.

The objective of zero emissions at the scale of territories can be reached by put-
ting into play the most effective green principles in the planning of rural/urban
infrastructures, public spaces as well as in the provision of innovative services.
Particular attention is given to the role of nature-based solutions in urban areas and
to the integration of renewable energy sources. In parallel, smart cities concepts
require consideration of the growing amount, variety and quality of available digital
data, enabling us to tackle complexity through more reliable processes and more
inclusive ways of working.

Topics included:

. Changing energy landscapes

. Urban resilience and climate change

. Positive energy districts/Energy communities

. Energy system integration/Scenarios for renewables
. Digital Twin, IoT, Al for energy efficiency

. NBSs and biodiversity

. Predictive planning and design

. Citizen involvement/participation

e BN B e Y R O S
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Session 2. Architectures for Tomorrow

The regeneration challenge in Mediterranean cities lies in the renovation of the
consolidated park of existing buildings (from public to private), extremely “energi-
vorous” and sometimes characterized by poor environmental quality. While
Mediterranean architectures for tomorrow will not be new constructions, the run
towards renovation will not start from scratch: the millennia-old building traditions
of exploitation of the natural resources of sun, air, water and soil/vegetation is
increasingly regarded as the key to drive a sustainable renovation. As “construction
materials”, natural elements can contribute to reaching positive energy targets
through the integration of the most traditional and innovative technologies for the
Mediterranean climatic and socio-cultural context, from natural and passive strate-
gies to active renewable energy systems. The strategic adoption of these principles
in the renovation wave can be sustained by the advancements in digital technolo-
gies, both in the design phase and along the building life-cycle, to support a more
efficient use, management and operation, also involving the users of the future sus-
tainable, healthy, and beautiful, green buildings.
Topics include:

1. Positive energy buildings/Green architecture

2. Nature-based solutions for energy efficiency

3. Innovative retrofits, renovations and deep renovations/Energy renovation of the
cultural heritage

4. Bioclimatic and passive strategies for NZEB

. Application of digital tools for innovative design process

6. Innovative co-planning and co-design approaches

W

Session 3. Eco-technologies and Materials

To renovate the Mediterranean built environment, the design of more sustainable
buildings and living spaces requires a well balanced integration of traditional/inno-
vative technologies and materials, appropriate for the unique climatic, cultural and
socio-economic context of the Med basin.

Challenging standardized and mass-produced building systems, technological
green innovations are joining climate-neutrality goals with sustainable socio-
economic models (e.g. circular economy) towards cleaner and more sustainable
building processes, supported by the most promising digital possibilities of Industry
4.0 and beyond, such as IoT and Al

Topics include:

1. Renewable energy technologies/Green technologies

2. Eco and recycled materials/Life cycle design towards low carbon footprint
3. Active materials/BIPV

4. Digitized production of building elements
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5. Digital technologies for efficient building management/Sensors, IoTs & Al/
Adaptive process and enabling technologies

Session 4. People and Communities

“Getting to zero” can be realistically reached and sustained only by a collective
effort based on a shared awareness of how cities and buildings work and of what
their real impact is on the environment, such as on the economy and on the society.
The global run towards decarbonization requires people, from experts to ordinary
citizens passing through the young generations, with an improved understanding
and management of the living spaces, as a basis for a conscious and proactive
behaviour. More virtuous human processes can be addressed by an even more stra-
tegic deployment of the newest digital technologies for the building sector, from
sensors to IoT systems to responsive Digital Twins.
Topics include:

. Human environmental comfort and wellbeing

. People engagement for energy awareness and proactive behaviours
. Living Lab experiences

. ICT platforms for user experience of building management

. Sustainable/energy communities

. Energy for post anthropocentric society

. Educational and training

. Policies and finance

e BN I e Y R O A S

More than 100 researchers and experts from 22 countries attended the MGF7 and
actively participated to the debate: these proceedings represent the main scientific
output, comprising 85 full papers organised in the 4 identified sessions.

Ali Sayigh
Antonella Trombadore
Gisella Calcagno
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Circular Building Production in the South M)

Mediterranean Area: The Experience ke
of CUBATI Project

Maria Luisa Germana and Fakher Kharrat

1 Circular Production: A Solution Not Yet Achieved
to the Limits of Natural Resources

In the age of the Anthropocene, the production of artefacts has a greater quantitative
impact than in any previous epoch, to the extent that global human-made mass,
outcomes of technological processes, have now surpassed all the living biomass [5].
This impact is a consequence of the linear production model, which took over after
the First Industrial Revolution and was consolidated until the whole of the twentieth
century: according to this model, at one end of the production there is the subtrac-
tion of irreproducible resources from nature (raw materials, energy sources), at the
other end there is the addition of materials considered useless and undesirable
(waste). The impact of linear production has also been qualitative, to the extent that
the word ‘waste’, in its double meaning of wastage and rubbish, can comprehen-
sively identify contemporary society [9]. The awareness that the linear production
model is unsustainable is now widespread and incontrovertible. This awareness
arose in the early 1970s, based on the realisation that natural resources are finite:
essays fundamental to the advent of the very concept of sustainability were
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published in the same years [3, 10], when the first photograph of the Earth, the
famous ‘Blue Marble’ (taken on 07/12/1972 by the Apollo 17 space mission),
clearly showed even to the uninitiated the finite nature and fragile balance of the
planet inhabited by human beings.

However, it cannot be ignored that the dominant production model globally is
still the linear one: the erosion of natural resources used as raw materials and as
energy sources remains highly unsustainable: ‘Today, the world is 7.2% circular, a
percentage that is getting worse year on year, driven by rising material extraction
and use (...). This means more than 90% of materials are either wasted, lost, or
remain unavailable for reuse for years as they are locked into long-lasting buildings
and machinery. Each year, we have smashed through the planet’s safe environmen-
tal limits’ [2], as the shortening in the calendar of Earth Overshoot Day shows: in
fact, it changed as a global figure from late December to early August in just over
fiftty years (https://www.footprintnetwork.org/our-work/earth-overshoot-day/).
Therefore, the question of how to disseminate the principle of circularity in opera-
tional reality still remains pressing, in order to reverse this nefarious trend.

This is why, first of all, it is useful to understand the reasons for the ineffective-
ness of scientific reports and appeals that have been insisting on the emergency of
resource constraints for over 50 years, going unheeded because of the ‘Cassandra
Effect’. The incomplete and insufficient adherence to circularity can be considered,
as with climate change, a ‘wicked problem’, which would require such radical
changes in the very structure of society as to be politically unsolvable and become
a taboo, to be tackled by settling for small steps: ‘But, if we cannot implement wide
sweeping, global actions, we can at least do our best to mitigate the negative effects
of the problems that the LTG (Limits to Growth) study had already identified in
1972: resource depletion, persistent pollution, and soil erosion; all symptoms of the
‘overshoot’ conditions in which the human society finds itself. Considering that the
perfect is the enemy of the good, we may consider a policy of small steps which are
still better than nothing and have the advantage of being feasible. ‘Small steps’ in
this context means pushing for measures which are flexible and which can be pro-
gressively adapted to changes in the extent of the problems and in the public under-
standing of the situation [1, p. 103].

Looking at the case of the built environment and its related interventions, the
spread of circular production is even more urgent today than it was underlined with
the European Green Deal, when construction as a resource-intensive sector was
placed at the centre of strategies aiming at climate neutrality by 2050 [4]. Indeed,
immediately after the COVID-19 pandemic, global trends saw an increase in the
consumption of non-renewable energy resources and CO, emissions.

The use of raw materials in construction has further increased and contributes to
the current environmental overload. This highlights the strategic aspect of research
into energy efficiency in the production of building materials and secondary materi-
als in construction: ‘In G7 countries alone, material efficiency strategies, including
the use of recycled materials, could reduce greenhouse gas emissions in the material
cycle of residential buildings by over 80 per cent in 2050 [13, XXI].
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Such a strategy, referring above all to the technical level, to be effective must be
accompanied by strategies referring to the technological level, acting on the entire
production process from planning to the management of interventions. This empha-
sises the role of the design phase, in which the prefigured solutions can be incisive
in many ways: (1) extending the useful life of buildings and their components; (2)
minimising construction and demolition waste; (3) reducing energy requirements
related to comfort with passive solutions for lighting, heating, cooling, and ventila-
tion without installations; and (4) maximising the integration of renewable energy
sources throughout the built environment.

Some characteristics of the building sector, such as the high complexity of pro-
duction, the multiplicity of stakeholders, the difficulty of control, and the inertia to
innovation, make the concrete adherence to the principle of circularity particularly
problematic. The many attempts that have come to a halt on a technical level hardly
succeed in affecting the majority of production processes, remaining confined to a
naive operational niche, despite the best intentions and research conducted in recent
decades. This happens because experiments aimed at the technical verification of
performance and operability of locally available construction materials often fail to
find the appropriate links with technological-productive chains, remaining alien to
economic and cultural contexts.

This opens the field to research that tends to address the ‘Circularity Gap’ in this
sphere, bearing in mind that construction is the synthesis of technical, organisa-
tional, and cultural aspects and that, therefore, any advancement towards circularity
must take into account the set of rules and behavioural codes that make each tech-
nological process feasible in the specific context. Such a consideration is consistent
with the concept of Baukultur [culture of construction], centred on the principle that
every intervention in the formation and transformation of the built environment is
eminently a cultural fact, which in order to be of high quality must fit appropriately
into the specific environmental and social identities of places [11].

2 The CUBATI Project in the Framework of the South
Mediterranean Area

CUBATI (Culture du bati de qualité: Recherche, Innovation et Enterprise pour la
Durabilité) was a Strategic Project funded by the EU Cross-border Cooperation
Programme Italie-Tunisie 2014-2020. The project took its name from the French
translation of the German term Baukultur, which summarises the concept that the
quality of the built environment is an outcome in which different factors are inte-
grated [12]. A multi-dimensional and multi-scalar vision, in which material and
immaterial aspects of the built environment are integrated, inspired the Project,
which was in continuity with well-established research strands both at the
Department of Architecture of the University of Palermo and at the Ecole Nationale
d’ Architecture et d’Urbanisme in Tunis. In particular, the holistic vision of the built
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environment, in which no clear distinction is made between the built heritage and
the ordinary built environment, suggested a virtual bridge between the past and the
contemporary, under the banner of sustainability.

Indeed, CUBATT’s ambition was to strengthen the links between research, enter-
prise, and professionals in the field of sustainable construction, by leveraging some
fundamental aspects of the common cross-border identity in which it is easy to
grasp, at the same time, opportunities and vulnerabilities. In fact, on the one hand,
on the Sicilian and Tunisian shores, the natural context finds many recurring ele-
ments, which since the past have nurtured parallel cultures, thanks to fruitful
exchanges (of raw materials and products, people and knowledge), across the few
miles of Mediterranean Sea that divide them. On the other hand, the consequences
of climate change are looming over the same context, with desertification, fires,
floods, and the migratory flows that precisely between Sicily and Tunisia show an
unresolved intensification, whose price in terms of human lives has turned from
emergency to ordinary.

The main activities of the Project were concentrated in three WPs: (1) Technology
Transfer (joint experimentation of building materials linked to the common identity
and models of construction elements (Fig. 1); design and construction of small
buildings for demonstration purposes in Tunisia, with the use of materials linked to
tradition). (2) Capitalisation and Mainstreaming (technical documents to facilitate
the transfer of knowledge and technologies on sustainable building materials in
Sicily and Tunisia; exchange of good practices at seminars, fairs, and through scien-
tific publications; development of cooperation protocols on the culture of quality
construction). (3) Mobility and development of common knowledge (support for

Fig.1 Joint experiments on composite materials using agro-food waste: the planning phase of the
joint protocol (Ph. CUBATI, 2023)
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cross-border mobility for the development of human capital; creation of a web plat-
form for sharing content; CUBATI Award for enterprise and professionals).

In different respects, all three of these WPs included activities of some interest
for the theme of session ‘Eco-technologies and materials’ of MGF2024. On the
technical level, joint experiments were developed to verify the main performance of
building materials for finishing mortars to be used in parts of buildings not exposed
to the weather. Building materials were selected that are linked to the common
cross-border identity and consistent with both the objective of minimising the use of
non-renewable natural resources and the principle of circular production. In fact, as
binders, geo-materials were chosen that are widely available in the region and lend
themselves to low resource-intensive production (gypsum and clay); as aggregates,
waste from production activities that are usually unrelated to construction, but
equally relevant in both regions (agriculture, livestock and aquaculture), was cho-
sen: pistachio shells; orange pulp; palm leaves; mussel shells; prickly pear
waste [7, 8].

The experiments were conducted on the basis of a common protocol, in order to
obtain comparable results and provide the basis for research on other mix designs in
future research [6]. Samples of the experiments were exhibited at trade fairs and
then in permanent form at various locations of the project partners (Figs. 2, 3, and 4).

The construction of a pilot building at the headquarters of CITET (Centre
International des Technologies de I’Environnement de Tunis) is connected to the
WP Technology Transfer. This pilot building was built to contribute to the knowl-
edge of the potential of the materials tested. For the structures, compressed earth
blocks (CEB) were used, a material already produced and marketed in Tunisia, fin-
ished with plasters containing the mortars from the experiments conducted (Fig. 4).

Fig.2 Exhibition of the specimens, Headquarters of CITET (Centre International des Technologies
de I’Environnement de Tunis) (Ph. CUBATI 2023)
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Fig. 3 Stand of the CUBATI Project at the ‘Salon de 1'Ecoconstruction’ held in Tunis (3-5 May
2023), during the visit of Mme Sarra Zaafrani Zenzri, Ministre de I’Equipement et de I’Habitate, and
of Mme Leyla Ben Jeddou, President of OAT (Ordre des Architectes de Tunisie) (Ph. CUBATI 2023)

Fig. 4 The pilot CUBATI building constructed at the CITET headquarters in Tunis (Ph.
CITET 2023)

Among the activities of the other two WPs, some included the involvement of
Sicilian and Tunisian entrepreneurs operating in the production of sustainable build-
ing materials, through the organisation of workshops for enterprises (Fig. 5), par-
ticipation in seminars and trade fairs (Fig. 3), cross-border exchanges (Fig. 6), and
the joint production of dissemination publications.
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Fig. 5 Workshop on raw earth plasters, with the cooperation of Guglielmino S.r.l. Misterbianco
(CT) (Ph. CUBATI, 2023)

Fig. 6 Workshop on reinforced concrete diagnostics, at CITET in Tunis, by TEMLAB (Palermo)
(Ph. CUBATI, 2023)
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Fig.7 A moment of the CUBATI Youth Atelier, held at IEMEST in Palermo, where young partici-
pants were involved in the preparation of bio-based building materials, using agro-food waste and
low-energy binders (Ph. CUBATI, 2023).

Fig. 8 Inauguration of the CUBATI Technoteca, at the Department of Architecture of the
University of Palermo on 13th December 2023, in the presence of 50 children aged around 11 years
old participating in the CUBATI Youth Atelier (Ph. CUBATI 2023)

It is expected that the echo of the CUBATI Project’s activities will extend over
time, thanks to the involvement of young people (Fig. 7) and the creation of demon-
stration models placed in the project partner universities, in dedicated spaces, vis-
ited on educational and orientation occasions aimed at schools (Fig. 8). The focus
on involvement with the younger generations is consistent with the intergenera-
tional vision that underlies the very concept of sustainable development.
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3 Conclusion

The CUBATI Project was a short but intense experience and certainly could not
have provided exhaustive answers to the Circularity Gap problem in the construc-
tion field. In spite of all its limitations, worsened by general administrative and
managerial circumstances that have placed quite a few obstacles in the way of proj-
ect realisations, the CUBATI experience has paved the way for future developments
in cooperation, above all by indicating the need not to circumscribe circular produc-
tion to mere technical flows of construction materials, but to focus on the manage-
ment of these flows, which involve people and organisations.

Circular production, in the field of construction as for any artefact, should be
based on the renewal of the cultural paradigm underlying every technological pro-
cess, integrating tangible and intangible aspects and overlapping as much as possi-
ble the spheres of the users and the experts.

The presence of a rich and stratified built heritage, which in the southern
Mediterranean represents a strongly connoting element of local identity with mul-
tiple cross-border commonalities, certainly constitutes a potential driver towards
sustainability through circular production.
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