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Abstract

The project addresses crucial environmental and climate challenges by offering innovative,
sustainable, and adaptable housing solutions, specifically designed for fragile ecosystems
like the area surrounding Lake Massaciuccoli (Lucca, Italy). The project focuses on creating
modular amphibious housing units that seamlessly blend with their natural environment,
promoting a resilient and forward-thinking model of urbanization. These housing units are
designed with flexibility in mind, adapting to both water and land settings, making them
suitable for a wide range of geographic and climatic conditions.

The core of the project lies in the use of cutting-edge biomaterials and loT-based technol-
ogies 1o achieve the nearly Zero Energy Building (nZEB) standard. These advancements
contribute to an efficient, eco-friendly design that reduces energy consumption while main-
taining optimal living conditions. The project also addresses the growing demand for sus-
tainable tourism infrastructures that are capable of withstanding extreme weather events.
Inspired by the concept of amphibious living, the modular units echo the dual existence

of land and water creatures, allowing them to adapt to the ever-changing environmental
conditions. This approach emphasizes the temporary and transient nature of our presence
on Earth, aligning with the broader ethos of minimizing human impact on ecosystems. The
project embodies a vision for the future of architecture that combines adaptability, sustaina-
bility, and technological innovation to meet today’s and tomorrow’s housing needs.
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1. Introduction

The MUTABILITY project was conceived as a concrete re-
sponse to emerging environmental and climate challenges,
offering sustainable and adaptable housing solutions capable
of harmoniously integrating with fragile ecosystems such as
that of Lake Massaciuccoli. Located in Tuscany, in the prov-
ince of Lucca, Lake Massaciuccoli is an ecosystem of extraor-
dinary richness and vulnerability. Its hydrological dynamics,
biodiversity, and anthropogenic pressures make it an ideal
laboratory for experimenting with resilient, adaptive housing
models in dialogue with nature. The choice of this location is
deliberate: the project seeks to enhance its unique character-
istics through an intervention that not only respects its eco-
logical identity but actively promotes its regeneration through
lightweight, temporary, and sustainable infrastructures.

In today’s context, marked by increasingly frequent extreme
weather events and environmental transformations - as evi-
denced by the rising incidence of floods, coastal erosion, and
sea level rise (IPCC, 2021; NASA, n.d.) - MUTABILITY pro-
poses an innovative housing model that integrates resilience,
sustainability, and technological innovation.

The project aims to develop a modular housing unit capable
of adapting to various environmental contexts, both aquatic
and terrestrial, through the use of advanced technologies and
low-impact materials. In this sense, MUTABILITY positions
itself as a tangible answer to emerging housing needs, offer-
ing resilient infrastructure capable of supporting forms of
sustainable tourism as well (Rosso et al., 2019) (Fig. 1).
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Figure 1. Irene Fiesoli, Moodboard of the MUTABILITY project, including Al-generated images to
convey the housing unit concept, inspirational pattern references, and archival photographs of the 1966
Florence flood and the more recent 2023 flood in Campi Bisenzio, 2025.

2. The New Concept of Amphibious Living

MUTABILITY introduces the concept of amphibious living,
inspired by the dual life of organisms that adapt to both
aquatic and terrestrial environments. The proposed hous-
ing units are nomadic, capable of adapting to environmental
changes, in line with the principles of adaptability, revers-
ibility, and temporariness. This feature addresses the need
to overcome the static and permanent paradigm of dwelling,
promoting instead a vision of living as a temporary, dynamic
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experience, interconnected with the natural cycles of the ter-
ritory (Tarrius, 1993; Braidotti, 2013).

The designed structures are based on a highly flexible mod-
ular model. The minimum unit - a studio apartment with an
integrated technical cell - is composed of prefabricated enve-
lope subcomponents, which can be assembled into different
configurations. This modularity allows for high customiza-
tion of spaces, enabling adaptation to specific user needs and
diverse geographic settings. Units can be installed either on
water (as houseboats) or on land (as tiny houses), striking a
balance between mobility and stability.

The assembly of the units is designed through dry mechanical
connections, enabling fast mounting and disassembly even in
adverse environmental conditions. Modules can be anchored
using steel floating systems with adjustable ballast or, alter-
natively, secured to floating platforms that adapt to water lev-
el variations. From an aesthetic standpoint, the project adopts
a neutral color palette inspired by the natural tones of the lake
landscape - reed green, sandy beige, deep blue - along with
locally sourced materials, to reduce both environmental and
visual impact and ensure harmonious integration with the
surroundings. The volumes are compact and devoid of protru-
sions, with matte surfaces and anti-reflective treatments.

The hydraulic system includes integrated rainwater harvest-
ing and filtering for non-potable uses, along with a greywater
treatment unit. Potable water is supplied through an integrat-
ed tank that can be refilled via a connection to the grid or
through mobile delivery, depending on site conditions.
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The design draws inspiration from biodesign principles, aim-
ing to build an integrated dwelling ecology where form fol-
lows not only function but also the landscape. The architec-
tural solutions are conceived to be lightweight, demountable,
and low-impact, minimizing land consumption and promot-
ing short, reversible, and recyclable building life cycles.

A central element of the project is achieving the nZEB (Nearly
Zero Energy Building) standard, made possible through the
integrated use of innovative biomaterials, smart systems, and
IoT technologies (Hernandez & Kenny, 2010). The housing
module is designed to operate as an active node within Pos-
itive Energy Districts (PEDs), producing more energy than it
consumes (Salvia & Reckien, 2019) (Fig. 2).

Amphibious Housing Modules by |. Fiesoli, G. Pontillo & G. Lotti

N Figure 2. Rosa Romano, technical structural drawings of the housing module and the composition of the
— external panels, 2025.
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The biomaterial used to construct the envelope panels stems
from a patented technology developed by the University of
Florence - Department of Industrial Engineering (DIEF). It is
a composite made from agricultural waste fibers and semi-ex-
panded PLA bioplastic. In addition to being biodegradable,
this material enables the valorization of agricultural and
industrial waste, following circular economy principles. The
production process, implementable with existing industrial
technologies, requires no water and avoids fossil-based addi-
tives, thus significantly reducing environmental impact.

The smart system ensures real-time monitoring and efficient
operation of the housing module. Integrated sensors measure
air quality, temperature, humidity, water, and energy con-
sumption, optimizing resources and improving user comfort.
IoT solutions also allow the unit to be part of a broader net-
work, turning each dwelling into a connected element of a
sustainable urban system.

The prototype’s realization stems from a partnership between
academic institutions and Tuscan companies in the man-
ufacturing and nautical sectors. The design of the housing
concept and modular system, as well as the interior design, is
led by the Department of Architecture (DIDA) at the Univer-
sity of Florence. Insulated envelope systems are developed
by Arredoline and Espansi Tecnici, in collaboration with the
Departments of Industrial Engineering (DIEF) and Agricul-
ture (DAGRI). The floating solutions are designed by Cantiere
Navale Tureddi Group, while the smart technologies are pro-
vided by V.Y.C. srl - Yachtica.
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This ecosystem of multidisciplinary expertise positions the
project as a catalyst of territorial innovation, piloting a model
replicable at national and international scales (Urbani, 2005).

3. Methodology

The MUTABILITY amphibious housing module also fits with-
in the broader transformations triggered by climate change,
including rising sea levels and extreme weather events such as
prolonged droughts and intense rainfall. These phenomena
are creating a highly variable and unpredictable landscape
characterized by instability and global urgency. Even at the
national level, the effects of this situation are already evident.
Recent massive floods in Tuscany are a clear example.

The innovative nature of the MUTABILITY project lies pre-
cisely in its intention to integrate these housing units into a
design process that can be defined as Emergency Design or
Design for Resilience. This design approach aims to withstand
the impact of natural disasters and, where possible, to save
human lives. It is a path increasingly pursued by young de-
signers around the world, aware of the environmental con-
sequences of climate change. The energy performance of

the housing module will be assessed through dynamic ther-
mo-hygrometric simulations aimed at quantifying compliance
with current energy efficiency regulations. These include: the
global energy demand index of the housing unit, measurable
in kWh/m? per year; indoor comfort parameters, measurable
through PPD (Predicted Percentage of Dissatisfied) and PMV
(Predicted Mean Vote) indices; and the thermo-hygrometric
performance of the envelope systems used, measurable in
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terms of thermal transmittance (U-value, W/m’K) and thermal
inertia (expressed in hours of time lag). Throughout the entire
project, an interdisciplinary approach will be adopted, in-
volving professionals from technical and design-related fields
such as architects, designers, engineers, and landscape plan-
ners. The expected results are:

a. Design and prototyping of a sustainable, energy-efficient
housing module, dry-assembled through prefabrication
processes, suitable for creating PEDs in marine environ-
ments;

b. Development of biomaterial formulations and prototypes,
also considering local supply chains;

c. Implementation of innovative industrial processes based
on the principles of the blue economy.

To achieve these results, the methodology underpinning the
MUTABILITY project is structured in several integrated phas-
es, combining theoretical research, design experimentation,
and full-scale prototype development. The first step involved
an analysis of the environmental, social, and regulatory re-
quirements specific to the context of Lake Massaciuccoli.

This was followed by a co-design phase with industrial part-
ners and local stakeholders, aimed at defining the functional
and performance requirements of the housing module.

The design process adopted an iterative approach, based on
environmental simulations, structural studies, and material
testing, particularly focusing on the optimization of the pat-
ented biomaterial.
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The process integrated parametric digital modeling, physical
mock-ups, and verifications of the smart systems and tech-
nical installations, in order to ensure compliance with nZEB
standards and adaptability to different installation scenarios.

Finally, the construction of the minimum housing prototype
(a studio unit with integrated technical core) is currently
underway, subject to testing in a simulated environment and,
subsequently, in situ.

4. Sustainable Tourism and New Housing Models

The prefabricated building sector, closely tied to the construc-
tion market, has for over a decade been oriented towards de-
veloping dry-assembled, low environmental impact solutions
that can be used to create new resilient urban settlements.

The history of architecture has, in fact, always been marked
by experimentation in the design and realization of prefabri-
cated housing modules intended to respond to emergencies,
particularly following catastrophic events or natural disasters.

In recent years, numerous examples have emerged of built
environments specifically designed to be resilient to the ef-
fects of climate change, promoting new energy models that
ensure independence from traditional energy sources. This

is the case, for example, of several neighborhoods developed
in Amsterdam, such as Ijburg, De Ceuvel, and Schoonschip.
In particular, Schoonschip can be considered an innovative
example of sustainable urban development, designed as a Pos-
itive Energy District (PED), that is, an area capable of produc-
ing more energy than it consumes.
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The project was developed by Space&Matter, a group of Dutch
architects and urban designers, in collaboration with various
partners and residents, adopting a holistic approach that inte-
grates innovative solutions for environmental sustainability
and building-scale energy efficiency. The housing units in the
Schoonschip district are built on floating platforms and incor-
porate advanced technologies to reduce energy consumption
and carbon emissions.

Each unit is designed to maximize energy efficiency and
resource use, incorporating solar panels, heat pumps, and
rainwater harvesting systems. The housing units in this re-
markable example serve as a primary reference for the MU-
TABILITY project, which aims to design amphibious housing
units suitable for hydrogeologically vulnerable areas located
near water basins, rivers, and coastal zones.

MUTABILITY draws inspiration from these experiences to de-
velop a new floating housing module that can be used both in
coastal areas - for example, to create new sustainable tourist
settlements -and in geographic locations, such as those in the
Netherlands, where adaptive housing solutions are required to
address the issue of rising water levels.

Beyond construction innovation, MUTABILITY proposes a
radically new interpretation of sustainable tourism. The hous-
ing units, conceived as temporary and reversible infrastruc-
tures, are designed for installation in protected natural areas
without disrupting their ecological balance. These micro-ar-
chitectures encourage experiential and responsible tourism,
promoting territorial knowledge through slow and environ-
mentally respectful modes of use.
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In an era when mass tourism exerts significant pressure on
landscapes and communities, the project presents itself as an
alternative combining aesthetics, ethics, and sustainability.
The interaction between guest, nature, and architecture is
conceived as a cultural and pedagogical experience, capable
of fostering ecological awareness and a sense of belonging to
place. Thanks to their adaptability to extreme weather condi-
tions, such as torrential rains or prolonged droughts, the units
are ideal tools for supporting risk prevention policies and
climate resilience strategies. In territories subject to seasonal
cycles or hydrogeological instability, the floating micro-units
offer a viable alternative to conventional buildings, providing
temporary solutions that avoid land consumption and pre-
serve the landscape.

MUTABILITY housing units thus become mobile devices for
sustainable and conscious living, adaptable to different usage
cycles: temporary residences, climate shelters, educational
laboratories, ecological tourist facilities, or mobile residen-
cies for artists and researchers seeking tranquil spaces in
close contact with nature.

Dwelling expands across time and space, becoming an oppor-
tunity for interaction between cultures, environments, tech-
nologies, and everyday practices (Ghosh, 2016).

5. Conclusions and Future Perspectives

The most innovative aspect of the MUTABILITY project lies
in the creation of a housing module capable of operating both
on land and water, while ensuring extremely high energy
efficiency in line with nZEB (Nearly Zero Energy Building)
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standards. This goal will be achieved through an original and
interdisciplinary approach that combines the use of advanced
biomaterials with the integration of smart technologies for
optimized energy consumption and indoor comfort manage-
ment. Another particularly innovative feature of the project is
the possibility of installing the housing module within float-
ing micro urban units, which will be assembled to form Posi-
tive Energy Districts (PEDs).

This will not only allow for more efficient use of space in
urban areas but also promote a more sustainable and resilient
urbanization, aligned with the principles of the Green Deal
and the New European Bauhaus. In the long term, the MUTA-
BILITY project aims to be a virtuous example of creative and
green design, resulting from the interdisciplinary work car-
ried out by all project partners. From this perspective, MU-
TABILITY housing modules can be considered true “catalysts
for change,” contributing to the creation of a socially, eco-
nomically, and environmentally sustainable experience. The
MUTABILITY project represents a significant advancement
beyond the current state of the art in sustainable construction
and resilient urbanization. The key features that distinguish
this proposal are:

e Integration of advanced building-system management
technologies: 10T and smart home systems are used to ef-
ficiently manage energy, water resources, and infrastruc-
ture within the housing module. This level of automation
and intelligent control goes beyond the solutions currently
available in the building sector.
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Use of biomaterials and biodesign: the project employs
biomaterials derived from natural waste resources, in line
with biodesign principles. The adoption of ecological and
sustainable materials not only reduces the environmental
impact of construction but also offers superior perfor-
mance in terms of thermal insulation, structural resist-
ance, and indoor environmental quality.

Modularity and flexibility: the modular nature of the hous-
ing unit allows for flexible and customizable configura-
tions, adaptable to user needs and various environmental
contexts. This flexibility surpasses traditional construc-
tion methods, offering greater adaptability and versatility
in housing solutions.

Holistic life-cycle approach: the project considers the
entire life cycle of the housing module, from conception
to decommissioning. The use of reversible dry-assembly
systems and prefabrication allows for easier installation,
maintenance, and disassembly, contributing to a reduction
in the overall environmental impact of the building.
Enhancement of the territory and natural resources: MU-
TABILITY goes beyond the simple construction of individ-
ual housing modules by aiming to regenerate and enhance
the surrounding territory. The inclusion of floating micro
urban units and the promotion of Positive Energy Districts
(PEDs) represent an innovative approach to urban plan-
ning, fostering sustainable and resilient development.

In summary, the MUTABILITY project aims to go beyond the
current state of the art in sustainable construction and ur-
banization by adopting cutting-edge technological solutions,
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using innovative materials, and applying a holistic life-cycle
approach to buildings. This advancement can be measured

through specific indicators that quantify the degree of inno-
vation and sustainability offered by the project, specifically:

e Energy efficiency and intelligent resource management:
MUTABILITY aims to achieve the nZEB energy standard
using advanced technologies, the integration of renewable
energy systems, and intelligent (IoT-based) management of
systems and resources within the housing module. Pro-
gress will be measured by quantifying energy savings and
efficiency compared to conventional building practices,
with a direct impact on carbon emissions reduction.

e Material sustainability: the use of biomaterials and the
biodesign-based approach represent a significant step for-
ward compared to traditionally used materials. Progress
will be assessed based on the reduction of environmental
impact related to the production and use of construction
materials, as well as the creation of healthier and more
comfortable indoor environments.

e Valorization of material and immaterial territorial values:
community engagement and the enhancement of the sur-
rounding territory are key aspects of the advancement pro-
posed by MUTABILITY. Progress in this area can be meas-
ured through the degree of community involvement in the
design process, the creation of local economic opportuni-
ties, and the regeneration of natural and urban spaces.

Amphibious Housing Modules by |. Fiesoli, G. Pontillo & G. Lotti

o MUTABILITY does not merely propose a technological in-
@ novation - it aims to transform the very concept of dwelling,
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placing the relationship between humans and the environment
at the center. Housing is no longer conceived as a fixed and
immutable structure, but rather as an adaptive organism ca-
pable of evolving in response to changing needs and environ-
mental conditions (Fig. 3).

Amphibious Housing Modules by |. Fiesoli, G. Pontillo & G. Lotti

[ Figure 3. Irene Fiesoli, initial sketches of the housing module concept structure with a background pat-
- tern highlighting the project’s intrinsic feature of connection with the natural ecosystem, 2025.
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In this perspective, architecture becomes a tool for mediating
between ecological and social dynamics, contributing to the
construction of a new culture of living based on adaptability,
transience, and respect for planetary boundaries (Braidotti,
2013).

Preliminary results confirm the validity of the MUTABILITY
housing model in terms of environmental adaptability and en-
ergy sustainability. Energy simulations and initial tests on the
developed biomaterial show efficient thermal behavior and a
significant reduction in environmental impact compared to
conventional materials. Moreover, the constructive modulari-
ty allows for a high degree of configurability, making the sys-
tem suitable for various geographical and climatic conditions.
Tests conducted on the integrated smart systems demonstrat-
ed the ability to monitor and optimize consumption in real
time, enhancing the quality of living. The collaboration with
local companies has also enabled a positive assessment of the
model’s replicability on an industrial scale. The next steps
include on-site environmental tests and a complete Life Cycle
Assessment (LCA) of the system.

Thanks to the flexibility of its modular system, the sustaina-
bility of the materials used, and the integration of intelligent
technologies, MUTABILITY emerges as a replicable housing
model for fragile territories, promoting best practices in en-
vironmental architecture. The project also shows promising
market potential, meeting the growing demand for eco-com-
patible housing solutions from tourists, public administra-
tions, and environmentally conscious citizens.
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In conclusion, MUTABILITY positions itself as a reference
point for a new generation of dwellings that merge innovation
and responsibility, ecological vision and positive impact. In a
rapidly changing world, sustainable living is no longer just an
option - it is an urgent necessity.
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