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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:

	1.	 Changing energy landscapes
	2.	 Urban resilience and climate change
	3.	 Positive energy districts/Energy communities
	4.	 Energy system integration/Scenarios for renewables
	5.	 Digital Twin, IoT, AI for energy efficiency
	6.	 NBSs and biodiversity
	7.	 Predictive planning and design
	8.	 Citizen involvement/participation
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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
	5.	 Application of digital tools for innovative design process
	6.	 Innovative co-planning and co-design approaches

�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 AI.

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 & AI/
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:

	1.	 Human environmental comfort and wellbeing
	2.	 People engagement for energy awareness and proactive behaviours
	3.	 Living Lab experiences
	4.	 ICT platforms for user experience of building management
	5.	 Sustainable/energy communities
	6.	 Energy for post anthropocentric society
	7.	 Educational and training
	8.	 Policies and finance

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.

�   Alì Sayigh  
 �   Antonella Trombadore  
 �   Gisella Calcagno  
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1 � Biophilic Theories and Methodologies

The environmental regeneration project of areas characterised by heavy anthropisa-
tion processes is a thematic area which at the Palermo headquarters, over the last 15 
years, has brought together the results of multiple research projects. Acqua dei 
Corsari is the coastal area south of Palermo, whose highly urbanised coastline pres-
ents conditions of environmental degradation at all levels. This is a portion of terri-
tory in which ‘generational environmental amnesia’ finds its highest social 
expression (Figs. 1 and 2). ‘The urban coastal landscape is now at the centre of new 
attention as a result of the cultural, social, but also economic and real estate evolu-
tion of the first urban redevelopments of port areas. The Waterfront cannot be con-
sidered a simple demarcation between water and land but is a portion of territory—the 
mainland—that has a strong connection with the sea, and that man, over the centu-
ries, has shaped with urban settlements and infrastructure’ [8].

In this perspective, the studies were conducted on the one hand in terms of 
knowledge and documentation of the critical issues of the built environment from a 
phenomenological point of view (land consumption/illegal building), on the other in 
design and experimental terms according to the criteria and tools of Biophilic 
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Fig. 1  TU_Nature Acqua dei Corsari: the context of analysis

Fig. 2  TU_Nature Acqua dei Corsari: Study of building curtains (facing Messina Marine 
road west)

R. M. Vitrano



439

Design (BD).1 The theoretical foundations of the BD concern a human inclination 
to affiliate with nature: this is necessary for human physical and mental health and 
for the very survival of the planet. To achieve the goals of environmental regenera-
tion, design must be grounded in an understanding of nature and its ecosystems, as 
well as a sense of place [22].

Adopting biophilic strategies results in the creation of habitats that are healthy 
for inhabitants because they are structured by biological organisms, which restore 
or improve mental health and physical well-being. It is in these schools of thought, 
born out of the territories of urban ecology, naturalistic engineering and environ-
mental psychology, that ‘biophilia’, originally used by the German philosopher 
Erich Fromm (1900–1980) to describe that tendency to be psychologically attracted 
to everything that is natural, alive and vital, is introduced.

The concept was developed as an innate affinity of human beings with all forms 
of life by the sociobiologist Edward O. Wilson, who also coined the term biodiver-
sity at Harvard in 1986. According to Wilson, biophilic design supports the cogni-
tive function, creativity and psychophysical well-being of the people who inhabit 
such spaces [14, 20]. Salingaros also argues that there are special affinities and 
geometric properties found in the structure of nature and in the built environment, 
which have a positive influence on the physical and mental condition of humans, 
and that these properties applied to architecture can improve the quality of life in 
urban centres. This process is called the ‘biophilic effect’ by Salingaros [16].

Beatley extended the concept of biophilic design to the urban scale, imagining 
and encouraging biophilic cities, i.e. supporting the experience of nature on an 
everyday basis as an integral part of urban life itself [3].

But even though the urbanised environment possesses a broad platform of oppor-
tunities for the integration of biophilic practices, ‘there is rarely a one-size-fits-all 
solution. Rather, the ‘correct’ solution, (...), is one that is appropriate for the loca-
tion and responsive to the contingent situation’ [13]. Some evolutionary theories: 
l’Ipotesi della Biofilia [20, 21], l’Ipotesi della Savana [11], la Teoria dell’Habitat, la 
Teoria della Prospettiva-Rifugio [2] and e la Matrice di Preferenza [13], clarify that 
architecture-nature connection preferences and landscape ‘desire’ are influenced by 
human evolution, while empirical research shows that such preferences are influ-
enced by cultural processes and constructs, local experiences and socioeconomic 
factors [23].

Generational Environmental Amnesia2 and Ecological Aesthetic Theory explain 
to us that perspectives vary, evolve and manifest differently between countries and 
countries, between cities and towns and even between neighbourhoods within the 

1 The last decade has seen constant growth in the work and intersections between neuroscience and 
architecture, both in research and practice; sustainable building standards have also started to 
include biophilia, mainly due to its contribution to internal environmental quality and connection 
with place.
2 Generational Environmental Amnesia is a concept developed in the early 2000s by the American 
psychologist Peter Kahn.
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same city. To analyse and understand the biomimetic potential and opportunities3 of 
a given contingent context, biophilic practice directs us to pattern frameworks: A 
Pattern Language [1], Designing with People in Mind [13] and Patterns of Home 
[10, 15, 16]. For Christopher Alexander, patterns: ‘...describe a problem that occurs 
repeatedly in the environment and then understand and solve that problem, so that 
the solution can be reused many times but in a different way’ [1]. Kellert defined 
and described six biophilic design patterns and seventy attributes that were then 
summarised for practical application in the design of built environments (Fig. 1). 
Salingaros suggests ‘extracting one’s patterns as they appear... building one’s foun-
dation and logical skeleton upon which future growth can be based’ [15].

From this knowledge framework, from which the remarkable creative capacity 
of biophilic thinking has been derived, the research defines its own methodologies 
and objectives. The regenerative/restorative solutions adopted are elaborated on the 
basis of specific HNE (Human Nature Environment) environmental parameters: in 
particular, a subjective parameterisation (multi-criteria analysis resulting from user/
inhabitant satisfaction indicators) is carried out post-project evaluation related to the 
case studies, and an objective parameterisation (Biophilic Criteria for Evaluating 
Green Project Management) resulting from the physical-environmental indicators 
found in the survey contexts.

2 � Acqua dei Corsari: Environmental Factor 
and Eco-Sustainable Use

To identify regenerative strategies, it is necessary to identify the performance needs 
of the place and the reference population. These needs relate to the physicality of 
the place, the climate, the geography, the needs of users and the presence of infra-
structures (public green areas, rest areas, equipped spaces, cycle paths, car parks, 
etc.), but also in relation to cultural/ social conditions and conditions of building and 
urban degradation.

The applicative potential of the research concerns the regeneration of the urban 
coastal landscape aimed at environmental/social well-being with a view to a sub-
stantial change in intervention scenarios based on the possible re-balancing of natu-
ral and artificial systems. In terms of socioeconomic impact, recognising economic 
development as a factor that sometimes exerts strong environmental pressures (on 
human health and ecosystems), the research intends to propose new status and inci-
dence indicators (amount of pollution, over-exploitation of resources—soil water 
and genetic diversity of tree species) that will make it possible to identify undesir-
able changes to be combated (concentrations of nitrates, pesticides in the water 

3 The pioneer of Biomimicry (Biomimetics) was the Swiss biologist Otto Schmitt in the 1950s, 
who studied biological systems to inspire technological innovation, and later the American Janine 
M. Benyus to whom we owe the concept of Biomimicry. In 2006, Benyus and Bryony Schwan 
founded the Biomimicry Institute to make biology an integral part of the design process.
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environment, etc.), but also contexts to be preserved (habitats valuable for biodiver-
sity, diversified agricultural landscapes, etc.), i.e. the elements that have a negative 
and positive impact on the environment [18].

Once the status and incidence of pressures have been established, they must be 
linked to the determining driving forces, since it is these driving forces that are the 
means of responding to environmental pressures that can generate a new and more 
balanced development of the coastal area. In terms of scientific/strategic impact, the 
research is elaborating and testing the use of new ‘specific’ sustainability and 
response indicators, elaborated as possible models that contain to varying degrees 
all the peculiarities of the Mediterranean coastal landscape and its regeneration 
potential. From the integrated representation of several indicators, we will derive the 
ecological index, which is capable of assessing multiple and combined impact agent 
sand effects, including the chemical-physical characteristics of the environment and, 
in particular, both the biological components living in it and the ecological processes 
taking place, and the pressures and impacts acting in the system, in order to assess 
the intensity of the degradation of all these components [17]. Such a multi-metric 
index, i.e. based on different indicators and patterns, will make it possible to assess 
different and competing elements: territory, natural resources, landscape, also in its 
aesthetic and cultural value and healthiness as a living condition (Figs. 3 and 4).

Patterns analysed:

•	 Air quality (removal and/or absorption of polluting substances—reduction of the 
concentration of bacteria and contaminants)

•	 Relative and surface temperature and humidity values (active and passive strate-
gies for regulating the hygrothermal environment)

•	 Visual comfort (shielding or filtering solar radiation incident on building cur-
tains—colouring and/or covering the façades of buildings)

•	 Acoustic comfort (intercept and absorb sound and noise, limiting transmission 
and reverberation phenomena)

Fig. 3  TU_Nature Acqua dei Corsari: study of building curtains (facing Messina Marine road est)
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Fig. 4  TU_Nature Acqua dei Corsari: study of greening Messina Marine

•	 States of comfort associated with open spaces—investigation, prediction and on-
site verification capable of identifying seasonal critical issues, in relation to 
microclimatic changes, to outline appropriate solutions aimed at resolving/miti-
gating the main aspects of environmental discomfort detected

•	 Connection with natural elements—vegetation/water

In terms of project technology impact, the various elements of the development 
matrix will form the nodes of a pathway that includes monitoring of the environ-
ment and assessment of the effectiveness of the measures to be planned with regard 
to climate resilience:

•	 Degree of adaptation to future climate change uncertainties, including sea level 
rise, warming and drought

•	 Anthropogenic resilience: Degree of adaptation and/or counteracting the nega-
tive impacts of human processes, including pressure from tourism and urban 
development on the coast

•	 Productive capacity: Assessment of the economic aspirations of the coastal com-
munity to provide a competitive asset for the local economy with a high content 
of natural and economic values

•	 Attractiveness capacity: Creation of a distinctive marketing image on which to 
attract investment, to promote a cycle of self-support and sustainable growth

•	 Healthy capacity: Development of design solutions that provide a healthy envi-
ronment for people, natural resources and wildlife

From the point of view of the degree of naturalness, the area of intervention is further 
removed from the original pre-anthropic landscape. In the absolute lack of elements that 
can be recognised as belonging to an original landscape, it is considered that compromise 
solutions must be found, as the only constraint or limitation in the area is the wind and the 
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presence of the sea. In order to give functionality to the environmental recomposition proj-
ect, it is deemed necessary to proceed in stages: initially, all the species that make up the 
‘real vegetation’ must be surveyed, the only ones that will be able to provide useful indica-
tions relative to the ‘potential vegetation’, after checking for ‘invasive’ species, considered 
today one of the major causes of biodiversity loss.

Once the contingent of species to be used for the redevelopment of the area has been 
identified, it will be necessary to plan a planting scheme that is functional with the planning 
and use requirements (paths, rest areas, recreation areas, services, etc.) and that at the same 
time can harmoniously and with continuity, with the existing ornamental species in the 
green spaces already created or with the tree species of the street trees in the neighbour-
hoods involved in the coastal redevelopment plan. (Ilardi, et al. [6])

3 � Biophilic Practices

The biophilic project of the road axes and the related building contexts identified in 
the territory of the Municipality of Palermo envisages the design of co-working 
spaces, wellness areas and places for temporary aggregation events (Fig. 5). The 
intention is to integrate public and private space through open-air courtyards, porti-
cos and green shelters at various levels, conceived as extensions of interior spaces, 
which will host micro-forests, vegetable gardens and walkways without barriers, 
accessible and permeable in every direction. This leads to reconsidering streets as 
places, rather than mere spaces of movement [9] in which to create rest areas, green 
islands and peninsulas by adding biophilic elements integrated with street furni-
ture [5].

For greening operations, interactions between the use of forms, materials and 
technologies come into play, through which ‘weak mitigation’ works can be 

Fig. 5  TU_Nature Acqua dei Corsari: Anthropization impact
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identified: increased vegetation can in fact reduce particulate matter in the air, 
decrease the urban heat island effect, improve air infiltration rates and reduce per-
ceived noise pollution levels [7]. The choice of restorative/regenerative technologi-
cal solutions on the basis of performance indicators, environmental parameters and 
functional requirements leads to the experimentation of interconnected networks of 
green spaces and blue infrastructure at the scale of the urban environment and tech-
nological solutions at the building scale: roof gardens and garden walls4 (Fig. 6). 
Kellert frames them in the ‘Natural Patterns and Processes’, as he argues that relat-
ing to the processes of nature can also produce a change in the sensory perception 
of the lived environment which corresponds to a greater state of well-being [14].

Among the connections with natural systems, the project experiments with: the 
integration of rainwater harvesting and treatment and the integration of reactive 
design tactics, including systems that modify or expand their function with expo-
sure to solar heat, shade, wind and rain. Indeed, environments with the presence of 
water have a greater regenerative response in terms of sensory and environmental 
well-being [19].

The proposed intervention makes use of the concomitant integration of regenera-
tive solutions at the urban scale and at the scale of the envelope and the building 
component for the urban design itself (Figs. 6 and 7). This means no longer consid-
ering the surface of the dwellings (indoor space) separate from the street surface 
(outdoor space) but rather starting from an adjustment of the external conditions by 
integrating it with the internal conditions using the ‘skin’ of the buildings as a filter. 
Rather, it is the ‘skin’ of the buildings themselves that will regulate/mitigate exter-
nal conditions.

4 With the ‘Skyrise Greenery’ programme in Singapore, the government has planned incentives to 
compensate for habitat loss through the installation of green roofs and living walls [4].

Fig. 6  TU_Nature Acqua dei Corsari: study of garden walls
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Fig. 7  TU_Nature Acqua dei Corsari: study of greening Libero Grassi Park

This logic also reduces the costs of renovation/renovation of buildings whose 
façade will be ‘repaired’ as a priority and used to purify the outdoor environment. 
Among the finishing systems with active behaviour identified: the use of traditional 
lime or gypsum-based compounds, or the use of photocatalytic paints, both capable 
of absorbing and/or converting harmful organic and inorganic particles in the air, 
through oxidation or absorption processes, changing them into compounds that are 
not dangerous for human beings.

Another design solution developed is the use of closure systems with dynamic 
and regenerative behaviour, capable of guaranteeing good indoor air quality through 
the abatement of pollutants from outside but also from inside to outside. The road-
ways will therefore have ‘collaborating building curtains’, i.e. assisting in the regen-
erative arrangement formed by the implementation of trees, gardens and watercourses 
(integrated use of green and blue technologies in urban environments), which are 
substantial for the health of cities as they create new habitats for biodiversity, absorb 
air pollution, mitigate urban heat, improve air quality and reduce the environmental 
impact of human activities.

4 � Conclusions

The intervention in the stretch of Acqua dei Corsari in Palermo, although micro-
regenerative because within a much larger degraded area, will still be replicable; the 
use of point-based interventions cleverly connected in a path or itinerary can in fact 
contribute to an expanded combined regeneration response aimed at regenerating 
the entire urban environment.
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The research on an ‘alternative green policy’ is being tested in an urban context: 
the aim is to ‘repair’ the damage caused by human activity in particular urban envi-
ronments, testing ecological technological models and systems, based on the adop-
tion of a biophilic regenerative approach, capable of improving the inhabitants’ 
experience, comfort, health and well-being, by bringing the natural ecosystem and 
urban environments into harmony.

An initial positive assessment of the research, which is still in progress, opens up 
new perspectives on the interdisciplinary and multi-scalar nature of the issues dealt 
with and at the same time highlights limitations and criticalities.5 While on the one 
hand, the aim of the research was to contribute to increasing the debate on strategies 
for regenerating urban environments by testing biophilic design solutions, on the 
other hand, it was realised that it is necessary to cultivate more common ground 
with the fields of ecology, biology and naturalistic engineering. Recognising envi-
ronmental design as the mediating action of architecture as an interface between the 
natural and artificial environment. An ecological approach aimed at optimising 
environmental resources, for a philosophy of intervention that intends to make 
social and economic development coexist with the protection of biodiversity and 
natural processes.

Greater integration and adjustment between the respective fields are important in 
order to exploit their respective strengths, cooperating in the realisation of an inno-
vative vision of architecture technology that is capable of projecting more and more 
into the future. The ambitious goal of the research is indeed to regenerate urban 
environments by means of perceptive architecture and comprehensive technology, 
in continuous and sensual symbiosis with nature in a comfortable and safe spatial 
unicum in which the meaning of environment is extended to the totality of becom-
ing a place of biotic and anthropic interactions. The achievement of biophilic cities 
is in this condescension between ecological, social and economic elements. Today, 
the urgency of environmental challenges gives new impetus to the biophilic project, 
expanding the flow of followers of environmental protection and the promotion of 
ecological vision. This research intends to influence this new impetus in the belief 
that ‘This is the time for a “humanist and scientific ecologism” (...) “Humanist 
because the interests of nature and the human species coincide completely. Scientific 
because it is evidence-based”’ [12].

5 Supporting documents include: European Commission 2013, Green Infrastructure (GI)—
Enhancing Europe’s natural capital, COM 2013, 249 final; European Commission 2015, Towards 
An EU Research and Innovation Policy Agenda for Nature-Based Solutions & Re Naturing Cities, 
Final Report of the Horizon 2020 Expert Group on ‘Nature-Based Solutions and Re-Naturing 
Cities’, Brussels: European Commission 2018, Green Deal: Key to a climate-neutral and sustain-
able EU; European Commission 2021, New EU Forest Strategy for 2030; ISPRA—Land 
Consumption, Spatial Dynamics and Ecosystem Services, Reports 288/2018, Rome; United 
Nations Global Agenda 2030 for Sustainable Development: Land degradation neutral world among 
key and strategic goals for Sustainable Development; Global Alliance for Building and Construction 
(GABC) Dossier, 2015; Paris Climate Accords, 2015.
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