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ABSTRACT:

As climate change accelerates and sea levels continue to rise, the vulnerability of coastal and riverine
cities to flooding has become a critical urban planning challenge. This thesis explores the potential
of floating urban structures as an adaptive and resilient solution to increasing hydrological risks,
focusing on the city of Bordeaux as a case study. Through a multidisciplinary approach combining
literature review, comparative case analysis, and policy evaluation, the research examines historical
and contemporary examples of floating urbanism. The study analyses Bordeaux’s geographical
vulnerability, climate projections, and current urban planning strategies to assess the feasibility of
integrating floating infrastructures into its development framework. Legal, technical, and socio-
economic barriers are discussed, along with opportunities for innovation and cohabitation with
water. The final section proposes a preliminary design for a floating neighborhood in Bordeaux,
highlighting key technical, regulatory, and social challenges, and evaluating its potential integration

within the city's existing urban landscape
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INTRODUCTION

A. Context and Challenges

1. Climate change and rising sea levels causes and projections

The IPCC (Intergovernmental Panel on Climate Change) is a United Nation body responsible for
assessing scientific knowledge about the climate. It was founded in 1988 by the United Nations
Environment Programme (UNEP) and the World Meteorological Organization (WMO) to provide
policymakers with regular scientific reports, to guide climate related policies. Those reports are an
overview of the most recent knowledge about the climate change, and its impacts at different
timescales. They also provide guidance on mitigation and adaptation strategies, and they are
comprehensive, synthetic, and neutral.
Since the 90s, it appeared more and more clearly to the scientific community that climate change
was a global challenge that requires as much resources as possible, and international cooperation.
The scientific consensus on global warming, the climate change, and its consequences has led the
IPCC to become one of the most credible scientific organisms.
Every report undergoes a processus of peer-review that involves thousands of scientific from all
over of the planet. The findings in these reports are widely recognized as the most authoritative
scientific basis for climate related discussions, and nowadays the reports from the IPCC influences
major climate conferences and are cited in many scientific articles.
The IPCC is composed of volunteered scientists, not paid by any government, coming from 195
countries. These scientists work in 3 groups:

- Working Group I — Physical science basis of climate change.

- Working Group II — Impacts, adaptation, and vulnerability.

- Working Group III — Mitigation of climate change.
Their findings are summarized every 6-7 years in the Assessment Reports (AR), but they also
publish Special Reports (SR) more focused on specific topics (such as 1.5°C Global Warming
Report, Climate Change and Land), and Methodology Reports (about greenhouse gas inventories

and measurement for instance).



In 2023 was published the last Assessment Report, that establishes that “human activities,
principally through emissions of greenhouse gases, have unequivocally caused global warming’'.
This global warming, that is now reaching 1.1°C above 1850-1900, is causing rapid changes in the
atmosphere, oceans, and biosphere, leading to many impacts on nature and populations.

One the most concerning consequence of global warming is the rising of the sea level. The level
of the sea and oceans are always fluctuating, due to physical phenomenon such as tides and waves,
but it is possible to measure an average level by considering the mean of the different levels over a
long period of time (typically a month or a year). Depending on the spatial distribution of the data
used, we obtain the local or global Mean Sea Level (MSL).

This value has fluctuated a lot throughout the history of the planet, but it is difficult to observe and
report these changes. However, thanks to modern tide gauges and altimeters, we have been able to

collect data over the last two centuries.
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Figure 1 : Global mean sea level rise, IPCC-AR6

This graph from the ARG of the IPCC shows the mean sea level change in centimeters, relative to
1900. Historical data are in black and are observed by tide gauges before 1992 and by altimeters
afterwards. The colored lines and shading represent the future changes and are estimated
combining different models to consider all the parameters influencing this phenomenon. Each
color represents one scenario of global warming.

It appears that even according to the most optimistic scenario, mean sea-level will rise by at least

50 cm. A few centimeters rise may seem derisory, but it has many consequences.

1 Calvin et al., « IPCC, 2023 ».



2. Impacts on coastal and riverine cities

Coastal zones have always been attractive, for logistic reasons, thanks to their rich resources, or
simply due to their role of interface between land and sea, and their popularity is even more
increasing in the recent years. According to this study by Neumann® , population density is
significantly higher in coastal regions compared to inland areas, and coastal migration continues to
increase in response to global demographic shifts. The growth of coastal populations and
urbanization rates are surpassing those of hinterland areas, driven by rapid economic expansion
and the ongoing movement of people toward coastal zones.

At the same time, coastal regions are the most vulnerable to Sea Level Rise (SLR) and Neumann
esteemed that more than 1 billion people (more than 10% of the expected 11.3 billion population)

will live in the low-elevation coastal zones in 2060.

This same study highlights that some countries are more vulnerable than others. Asia, particularly
China, India, Bangladesh, Indonesia and Vietnam, currently have the highest coastal population
exposure and are expected to continue to have the highest exposure in the future. Affrica, especially
Egypt and countries in Western and Eastern Africa, are expected to have the highest rates of coastal

population growth and urbanization.

These countries are even more at risk because they lack the means to adapt.
The IPCC’ details the different risks that these coastal areas will face in the future no matter what:
- Losses of coastal ecosystem and ecosystem setrvices:

Coastal ecosystems such as wetlands, mangroves, and coral reefs are particularly vulnerable
to rising sea levels, coastal erosion, and ocean acidification. These ecosystems play a crucial
role in protecting shorelines from storm surges, storing carbon, and supporting
biodiversity. Their degradation will not only threaten marine species but also reduce fish
stocks, disrupt local economies dependent on fishing and tourism, and increase coastal

vulnerability to extreme weather events.

2 Neumann et al., « Future Coastal Population Growth and Exposure to Sea-Level Rise and Coastal Flooding - A
Global Assessment ».
3 Calvin et al., « IPCC, 2023 ».



- Groundwater salinization:
As sea levels rise, saltwater gradually infiltrates coastal aquifers, leading to groundwater
salinization. This process contaminates freshwater supplies, making it difficult for coastal
communities to access drinking water. Agriculture is also heavily affected, as salt
accumulation in the soil reduces crop yields and makes farming increasingly unsustainable.
In some regions, groundwater salinization could lead to severe water shortages, forcing

populations to rely on costly desalination or water imports.

- TFlooding and damages to coastal infrastructure:
The combination of sea level rise and extreme weather events increases the risk of coastal
flooding, which can severely damage infrastructure such as roads, ports, power plants, and
wastewater treatment facilities. Without adequate adaptation measures, urban areas will face
higher economic losses, forced displacement, and disruptions in essential services. In the
long term, the increasing frequency of flooding could make some coastal zones

unhabitable.
To better visualize the consequences of the sea level rise, an independent group of scientists and
communicators created Climate Centrale, and on their website*, we can find some tools that show

us what certain places will look like in 100 years according to different scenarios.

This is for instance a picture of Naples in 100 years if we don’t reduce our emissions.

* « FloodVision | Climate Central ».



If we keep our current carbon path
(3°C global warming)

Figure 2 : Naples in 100 years, Climate Central

On this other tool, we can generate a map of the zones at risk. In that case in red are the land

projected to be below annual flood level in 2050.
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Figure 3: Risk map, Climate Central

These tools highlight the need for most coastal areas to adapt to future event.
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3. The need for adaptive urban design

As mentioned earlier, the IPCC comprises a working group focused on adaptation. When it comes

to the sea level rise, their conclusion is that the adaptation requires long term planning.

Responding to sea level rise requires long-term planning

b) Typical timescales of coastal risk-management measures Higher greenhouse gas emissions lead to larger and
faster sea level rise, demanding earlier and stronger
responses, and reducing the lifetime of some options

Ecosystem-based adaptation L s NI ~15 years o ]
. Example: timing of 0.5m sea level rise
Sediment-based protection £ ) NI =15 years = e very high
. 1 very low
Elevating houses | = NI -30 years 2000 2100 2200 2300+
N e loveend - NN\ -50 years
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Indicative time for planning and implementation
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Figure 4: Typical timescales of coastal risk-management (IPCC-ARG)

This conclusion is due to the complexity of the solutions to the problems we mentioned earlier. In
this figure form the IPCC we can see that coastal risk-management measures are being
implemented over long period of time. In addition, we have to recall that cities, and especially
coastal ones, are seeing their population grow each year’, and are turning into metropolis, causing
changes in their management.

But sea level rise is not the only issue that coastal cities need to face. This study by Krystyna
Januszkiewicz summarizes these challenges and their urban design answers, and according to her:
“Addressing the [below] challenges will require profound changes, not only in energy sources, technology, and protective
measures but also in urban and architectural design, culture, and lifestyle. It will take more than just implementing

green technologies; it will require rethinking how we live and reshaping the basic structure of our communities.”

> Neumann et al., « Future Coastal Population Growth and Exposure to Sea-Level Rise and Coastal Flooding - A

Global Assessment ».
¢ Januszkiewicz et al., « Redefining Urbanism in Perspective of Climate Change ».
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Challenge

Planning/Urban design answer

An integrated approach to urban
development and management that
takes into account the mitigation and
adaptation to climate change on

the environment.

Recognition of the links between all the
systems and subsystems that make up cities.
This approach also needs collaborative effort
among agencies of government, private
organizations, NGOs and CBOs in order to
achieve such urban development that
mitigates

climate change impacts.

Organization of urban space and
development patterns (urban form),
enabling management of the effects of

climate change and adaptation to them.

New land use designation criteria to limit and
minimize the use of land vulnerable to climate
impacts (e.g., steep and unstable slopes, flood
zones, coastal areas exposed to sea-level rise

and storm surges, groundwater escape, etc.).

Mass migration and human mobility as
a primary mechanism to cope with

extreme weather events and migration.

Change in scale: medium-size scale,
self-sufficient villages, and intervention

housing estate.

Transformation of the built
environment into a resource-efficient
and competitive global or regional
urbanism and economy, without

greenhouse gas emissions.

Economic growth is decoupled from the use
of

resources. This transformation should cover
many areas, including biodiversity, sustainable
agriculture, elimination of pollution, climate

action, and sustainable industry.

Green development as a new form of
development that uses an integrated
approach toward economics, society,

and ecology.

Awareness of the unity of nature and
humanity—humankind’s respect and
coexistence with nature to achieve the mutual
benefits of nature and humanity and to
maintain a green environment for human
beings which leads to

sustainable development.
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Adapting existing infrastructure to the
new climate should be conducted
through changes in urban systems that
will reduce susceptibility to ongoing

climate change.

New spatial organization for functional
zoning

to regulate the location, type, and scale of
development in climate hazard areas (flexible

local development plans and regulations).

Application of technical innovation
patterns, and a new relationship
between nature, architecture,

and technology.

Implementation of performative structures

which allow buildings to react to changes in
environmental conditions, and it minimizes
harmful effects on human health and

the environment.

Table 1: Future challenges for coastal cities and their urban design answer, Krystyna Januszfiewicy

Through this table, and also thanks to many studies used by the IPCC in their reports, it becomes
clear that cities (especially coastal ones) will need to rethink their urban planning and adapt to new

conditions and challenges. This adaptation process has already begun in many places, and we can

already observe how some cities are responding to flooding risks.
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B. Existing strategies for Flood resilience

1. Hard engineering: dikes, seawalls, storm barriers

Conventional hard solutions, also called “grey infrastructures”, have been used to provide coastal
safety against SLR and extreme events for years. They are designed based on guidelines developed
in different manuals, such as the Coastal Engineering Manual by the USACE (United States Army

Corps of Engineers). This study by Schoonees’ divides them into 2 categories:

e Foreshore structures:

Built on the foreshore to prevent or mitigate erosion.
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Figure 5 : Foreshore structures, Schoonees

o Onshore structures:

Built onshore, to provide protection against surge and flooding.

7 Schoonees et al., « Hard Structures for Coastal Protection, Towards Greener Designs ».
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Figure 6 : Onshore structures, Schoonees

A few famous examples:
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Figure 7 : Delta Works, Netherlands
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Figure 8 : MOSE, 1Venice

Figure 9 : Thames barrier, I ondon

Hard engineering solutions are very efficient at short term against erosion and flooding, and they
are essential to protect dense urban areas. Even if they have huge cost, it is still cheaper than

repairing the damage caused by flooding.

Still, their ecological impact, and their lack of resilience and adaptation to the SLR led engineers to

consider softer, and greener solutions.
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2. Soft adaptation: nature-based solutions, wetland restoration, floodable

urban spaces

Schoonees® divides this type of infrastructures into three subcategoties: environmental-friendly
grey infrastructures, hybrid infrastructures, and soft infrastructures. While soft solutions are
typically classified as green infrastructure, hard solutions can also be included if they contribute to
restoring, conserving, or mitigating the loss of ecosystem services. This can be achieved when the
infrastructure mimics ecosystem functions, such as habitat provision, or maintains connectivity as
a natural system would. Conventional grey infrastructure can be adapted to enhance its value as
green infrastructure by allowing organisms to settle and providing ecosystem services. Another
approach is hybrid infrastructure, which combines coastal habitats like salt marshes with hard

solutions.

For instance, coral reefs act as natural barriers due to their abrupt transition from deep to shallow
water, while intertidal vegetation like salt marshes and mangroves increases bathymetric elevation,
enhancing coastal protection. We can also think of reef-forming species, such as oysters, that are
reducing wave energy and promoting sedimentation.

Despite these benefits, the design and assessment of green infrastructures remain challenging due

to a lack of verified models and parameters for wave attenuation under varying coastal conditions.

To minimize environmental impact, soft solutions should always be preferred over hard
engineering infrastructures, but there are cases in which the latter cannot be avoided depending on
the space availability, the configuration of the coast, exposition to high energy waves, ...). In this
case, the hard infrastructure should always be ecologically enriched.

Decreasing space
availability

Land structures
Flood protection

Foreshore structures o
‘Wave attenuation, -~
protection from erosion

Dune/beach
nourishment

/ i ***

Ecosystem
engineering

hydredynamic forcing

Hard foreshore
structures

Figure 10: Living with water: floating cities and hybrid urban design, Schoonees

8 Schoonees et al.
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3. Living with water: floating cities and hybrid urban design

The last way of handling water, and perhaps the most durable, is to live with it instead of fighting
against it. Rather than evacuating it, or keeping it away from the city, urbanists and architects can
integrate water to their models. This philosophy is particularly relevant if we keep in mind the
challenges caused by the sea level rise that we already mentioned, but also the ever-growing
urbanization of the land and the space limitations that arise from it’.

Several types of constructions can be called “floating infrastructures”, but they usually belong to
one these categories':

e Floating structures (building, neighborhood, agriculture, energy, even cities)

e Hybrid urban design (integration of amphibious spaces, floodable neighborhoods, tide-

adapted architecture)

Examples of floating structures:
- Global Center for Adaptation headquarters 1

The Global Center for Adaptation is an international organization based in Rotterdam working on
diverse solutions to adapt to climate change. Their headquarters is the largest floating office in the

world

Figure 11 : Global center for adaptation headquarters

% « 5 reasons why floating development is set to take the world by storm - Global Center on Adaptation ».
10 Chias Navarro et Hernandez, Eco-Architecture IX.
11 « Floating Office in Netherlands is Carbon Neutral and “Future Proof” - Newsweek ».
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- Schoonschip:

Schoonschip is a floating neighborhood of Amsterdam known for being one the most sustainable

district in the world."

Figure 12 : Schoonschip aerial view

- TFloating farm:
Once again located in Rotterdam, the Floating Farm is the world’s first floating dairy farm and is

considered as one of the most interesting green innovation examples in the Netherlands®.

Examples of hybrid urban design:

- The Wujiang river in Zhejiang
This part of the city is often flooded, so the urban designer created a system that turns the area
into a sponge city. When flooding occurs, the water is absorbed and then recycled to be used for

urban activities'*

12 UL, « Meet Schoonschip, a Sustainable Floating Neighbourhood in the Netherlands ».
13 « Une ferme flottante a Rotterdam ».
14 Chias Navarro et Hernandez, Eco-Architecture IX.

19



Figure 13 : Wujiang river

- Sealand
The Principality of Sealand is a micronation not recognized by the international community,
founded by Paddy Roy Bates in 1967 and based on the former British military platform Fort
Roughs"

Figure 14 : The platform the hosts the nation of sealand

15 « Principality of Sealand ».
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C. Research question and methodology

In this introduction we showed that one of climate change most alarming consequences is the
rising of the sea level. Given its importance, coastal cities will have to adapt their urban design or
relocate their population. Different practices exist throughout the world to handle this problematic,
and among other solutions, this thesis chooses to focus on the theme of floating architecture. We
will explore this idea with a goal in mind: proposing an initial vision for a floating neighborhood in
Bordeaux.

This thesis not only aims to imagine what such a project would look like, but also to understand
whether it would be feasible technically, legally and socially. What are the challenges this project
would face? What are the obstacles that exists today, and how could they be overcome? Would this
neighborhood be relevant, desirable? Through this work we want to ask the right questions,
highlight the main constraints and suggest directions for further exploration.

The first part will be dedicated to the notion of floating urbanism, the history of the concept, and
two case studies to have a better comprehension of its scope.

The second part will focus on Bordeaux’s urban development and its relationship with water.

The last part is a description of a potential floating neighborhood in Bordeaux.
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PART 1: FLOATING URBANISM -
OVERVIEW AND CASE STUDIES

A. Floating Urbanism: Concepts and Historical Precedents

1. Ancient civilizations: Aztec chinampas, stilt houses in Southeast Asia'¢

The idea of floating cities is far from being new, and several examples of ancient civilizations
integrating water to their cities exists, like the Aztecs. In the very beginning of the 14" century, the
Aztecs chose to settle down in the swamps of the lake Texcoco. Historians think they were forced
to go there because all the other places were occupied by more powerful tribes that rejected them.
But they managed to adapt and built on an island the city that would become the capital of the
Aztec empire: Tenochtitlan, known today as Mexico. Among other things, what allowed the Aztecs
to adapt that well to this environment was the invention of “chinampas”, or floating gardens, that
were then widely used during the 15" and 16" centuries. The chinampa system consisted of artificial
islands constructed by layering mud, sediment, and vegetation over woven reed frames anchored
to the lakebed. These floating plots, often rectangular in shape, were arranged in grids separated by
canals that facilitated transportation and irrigation. Trees such as willows were planted at the
corners to stabilize the structure. Highly fertile and efficiently irrigated, chinampas allowed for year-
round cultivation and supported intensive agriculture in this hostile environment. This system is
an example of a sophisticated form of water-integrated land use, enabling the Aztecs to sustain

large urban populations in the heart of a swamp landscape.

16 « “Chinampas” ».
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Woven reed wall

Figure 15: A chinampa

Even in our modern world this idea has benefits that address many of the challenges faced by most

cities:

Space efficiency: by using spaces that are usually unsuitable for agriculture, Chinampas are
maximizing the use of limited space, and transforming useless urban waterways into
productive units.

Biodiversity: The chinampas system promotes biodiversity by creating a rich,
interconnected ecosystem that supports both plant and animal life. This leads to healthier
and more resilient crops, reducing the need for chemical inputs.

Water Sustainability: With built-in irrigation provided by surrounding canals, chinampas
naturally manage water resources, minimizing the need for artificial systems and reducing
water waste.

Carbon Sequestration: The organic matter used in chinampas construction, combined with
the plant life it supports, helps capture and store carbon, mitigating the effects of climate
change.

Community Engagement: Chinampas foster social cohesion by engaging local communities

in food production and providing green spaces for recreation and relaxation.
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As a matter of fact, diverse modern projects using similar technics exists, such as the floating

gardens of Bangladesh'’, the Urban River organization'® and their project in Chicago, “The Wild

Mile”. Chinampas are even sometimes inspiring aspects of very ambitious projects like the Green
P piring asp ry proj

Float project in Osaka.

Figure 16: Urban Rivers' floating garden in Chicago

Another maybe more famous example of civilizations that integrated water to their cities are the
Southeast Asian cultures and their stilt houses'"’.

Stilt houses, commonly found in countries such as Thailand, Vietnam, Cambodia, and Indonesia,
are traditional houses built on elevated wooden or bamboo structures. Typically raised above rivers,
lakes, or flood-prone areas, these homes are designed to adapt to seasonal changes in water levels.
Their height allows residents to remain safe and dry during floods, while also providing ventilation

and protection from pests and humidity. The open space beneath the house is often used for

17 « Floating Gardening ».
18 « Urban Rivers ».
19 Allan Reyes Manabat, « Geographical distinctiveness ».
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storage or as a shaded living area. Built with locally sourced, renewable materials, stilt houses are
an example of vernacular architecture that harmonizes with the surrounding environment and

demonstrates an intuitive response to living with water.
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Figure 17: Stilt Houses of the Bajo Sea Gypsies??

Today, stilt houses remain highly relevant as low-impact, climate-resilient housing solutions,
particularly in regions increasingly affected by flooding and sea level rise. Their lightweight,
modular construction allows for easy repair and adaptation, making them well-suited for vulnerable
communities with limited resources. Moreover, their design minimizes environmental disruption
by allowing water to flow naturally beneath the structure and by preserving coastal or riparian
ecosystems. Beyond their practicality, stilt houses carry deep cultural significance, reflecting
generations of environmental knowledge and social practices. As urban planners and architects
search for adaptable and sustainable design models, these traditional forms of housing are

increasingly studied and integrated into contemporary climate-responsive architecture.

2. Modern examples of water-integrated urbanism

As illustrated in the previous section, human societies have always integrated water to their

urbanism. This section focusses on modern examples.

20 Amazing Stilt Houses of the Bajo Sea Gypsies - Rumab-rumal panggung dan perabu Gipsi Laut Bajo.
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Lake Bokodi in Hungary is hosting a network of stilt houses and wooden walkways that create a
floating village on a thermal lake®'. Originally built by powerplant wotkers, the site evolved into a

hybrid fishing community, retreat, and eco-tourist destination. This evolution wasn’t planned in

any ways, demonstrating how water-based living can simply emerge from industrial infrastructure.
y way g g Ply g
-

Figure 18: Iake Bokodi in Hungary

In cities like Paris, London, Berlin and Amsterdam, houseboats are becoming more and more
popular, according to this review article by Martina Callegaro™. Firstly adopted by pioneers seeking
a way of living close to nature, it is now convincing a larger population looking for affordable,
alternative and ecological housing. This type of habitat often comes with a strong community spirit
and improves the quality of life of the riverbanks, encouraging authorities to better integrate it into
urban policies. Architects and urbanists are now developing prototypes of standardized floating
homes, such as The Chichester in London, to meet the growing need for housing in dense cities.
In the context of climate change and land pressure, floating homes are emerging as an innovative,
flexible and sustainable solution that needs to be fully integrated into the urban planning of

European cities.

2l « Hungary’s Floating Houses: Lake Bakodi ».
22 Callegaro, « Houseboat Communities as Floating Neighbourhoods for Degrowth. How Living Afloat Is Reshaping
the Urban Morphology of European Metropolises ».
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Figure 19: The Chichester on Chichester Canal in sonthern England, Baca Architects, 2016

Urban Rigger, developed in Copenhagen by the famous architect Bjarke Ingels, represent a more
engineered and sustainable model®. Designed from recycled shipping containers placed on floating
platforms, this project targets student housing and is a demonstration of how modular, mobile and
climate-resilient architecture can be deployed in dense port cities. It includes solar panels, water-
based heating, and waste management systems, incarnating a new generation of sustainable water

integrated urbanism.

Figure 20: Urban Rigger, Coppenhagen

23 « Sustainability ».
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With these examples, we can see that floating urbanism takes many different forms and has been
explored by various cultures over time. In all cases, it represents a way of considering the
environment that differs from traditional urbanism. From the Aztecs to the alternative
communities of major European capitals and renown Danish architects, all instigators of such
projects share a common intention: integrating the environment to the fabric of urban life. And it

makes sense, building on the water is, by nature, an act of coexistence with the environment.
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B. Case Studies of Floating Urban Projects

1. The Netherlands: Rotterdam and Amsterdam

Context

The Netherlands is a country historically defined by his relationship with water. With approximately
one-third of its land below sea level and two-thirds vulnerable to flooding, water management is
not only a technical necessity but also a cultural and political priority*’. This geographical reality
has made the country a pioneer in hydraulic engineering, coastal defense, and more recently,

floating urbanism.

Legal and Institutional Framework

The answer of the government of the The Netherlands to the challenges caused by the geography
of the country is the Delta Programme®™. Initiated after the devastating floods of 1953, it aims to
make the Netherlands climate-resilient and water-robust by 2050. The program focuses on three
main areas:

- flood risk management,

- freshwater availability,

- climate-adaptive spatial planning.
It introduces new flood protection standards based not only on the likelihood of flooding but also
on the potential consequences.
The Delta Program is made up of several key components. First, there are the national Delta
Decisions, which define the main goals and policies for the whole country. Then, there are the
preferred strategies, which are designed to meet the specific needs of different regions. Finally, the
Delta Plans describe the practical steps and projects that will be carried out to put these strategies
into action.

Other important legal actors in The Netherlands are the Waterschappen™

(or water boards). They
are regional governmental institutions responsible for managing water systems. Dating back to the
Middle Ages, they are among the oldest forms of democratic governance in the country. Their

main tasks are maintaining dikes and flood defenses, regulating water levels, ensuring water quality,

24 « Netherlands - Wikipedia ».
25> Waterstaat, « What Is the National Delta Programme? »
26 « Water Board (Netherlands) ».
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and managing wastewater treatment. Each Waterschap operates within a specific geographical area
and functions independently from municipalities or provinces, though they cooperate closely with
them. Funded primarily through local taxes, the Waterschappen play a crucial role in keeping the
low-lying Dutch landscape habitable and resilient to floods in a country where much of the land
lies below sea level.

These last years, The Netherlands and its different actors integrated projects of floating structures
in their urban planning documents, particularly the pioneer cities of Amsterdam and Rotterdam.
This allowed project like Schoonschip to exists, even if their development took time and money.

Schoonschip® **

Schoonschip is an innovative residential neighborhood in Amsterdam. Located on the canal Johan
van Hasselt, this floating neighborhood gathers around 100 inhabitants, dwelling on 30 floating
structures hosting 46 houses. It explores a new way of life: living on the water, durably and
collectively. The project was imagined 10 years ago by Marjan De Blok, a Dutch journalist, and was
finished in 2020 after a long period of conception and concertation.

The idea behind Schoonschip is to reconcile housing, ecology and community life in a former
industrial district. The homes are eco-friendly, designed with sustainable materials (certified wood
framework, bamboo cladding, natural fiber insulation), self-sufficient in energy, and linked by a
shared floating platform. The district generates its own energy thanks to 500 solar panels and 30
heat pumps that draw heat from the canal water. It emits no greenhouse gases, and a third of the

roofs are planted to regulate temperature.

Figure 21: Schoonschip

27 UL, « Meet Schoonschip, a Sustainable Floating Neighbourhood in the Netherlands ».
28 « Schoonschip — Amsterdam ».
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The whole project is managed by a smart, connected network, using blockchain to manage the
sharing and resale of energy in a transparent and secure way. This system makes it possible to
reduce electricity consumption and redistribute surpluses, for example to a neighbor or local
business.

In addition to this, the whole project is opensource, and all information concerning its elaboration
are available online”, allowing replicability, but also improvement because they also shared the
lessons learned from the realization of the project.

But Schoonschip isn't just about technical performance. It also proposes a new form of
governance: the residents designed the project together, while retaining the freedom to create
homes in their own image. Unlike other green project in Amsterdam like Block 6, Schoonschip is
a private initiative, mostly founded by the residents themselves. Of course, they had to work with
local authorities, such as the water company because their water management system separates
black water from grey water, but the project was led by the residents. This led to many
administrative problems, and the city of Amsterdam had to evolve on many legal aspects for the

project to see the light of day.

2. Makoko, Lagos (Nigeria) — Informal floating urbanism

Makoko is an informal, water-based settlement located along the Lagos Lagoon in Nigeria. Despite
being a densely populated and urbanized area (Lagos is the largest city in Nigeria), Makoko lacks
basic infrastructure such as roads, sanitation, and electricity. Most homes are built on stilts above
water, and residents use canoes for daily transportation. Originally a fishing village, Makoko has
grown into a growing slum as Lagos expanded rapidly around it. It faces numerous challenges
including limited access to education, poor housing conditions, inadequate waste management, and
of course the increasing threats posed by climate change as described in the introduction. Governed
mostly by traditional leaders like the Baale, the community functions with minimal support from
the state. Today, Makoko is a very interesting study case when it comes to urbanism, because it
stands at the intersection of vulnerability and resilience, in one of the world’s fastest-growing

rnegacities3 .

2 « Greenprint ».
30 Onitiju et Humuani Olande, « Water urbanism in Lagos: A case study of Makoko community ».
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Figure 22: Makoko, Nigeria

The rapid expansion of the city wasn’t supported by adaptation policies from the government, and
the population of Makoko organized the neighborhood without the traditional planning tools
commonly used in other parts of the world, particularly in Europe. The result of this organic and
unsupervised growing is a complex yet functional urban organization. This part of the city has no
formal street grid, instead narrow canals serve as pathways for wooden canoes, which function as
both transportation and livelihood tools. This is the reason why Makoko is sometimes called the
“Venice of the Niger”. Homes are densely packed on stilts, which reminds the traditional stilt
houses mentioned before. People are often grouped by family or ethnic ties, forming small micro-
communities inside the slum. As there is no centralized planning authority, the layout has evolved
based on immediate practical needs and communal negotiations. While this kind of spatial
organization may seem chaotic, it is deeply intuitive to the resident as they directly participated to

the conception of their neighborhood.

Public spaces such as churches, schools, and markets also exist on stilts or on small patches of

reclaimed land, though they are often rudimentary. The lack of infrastructure also means limited
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access to sanitation, drinking water, and waste management, making the area highly vulnerable to

health and environmental risks.

To address these problems of land scarcity, poverty, and education, in 2013 an Amsterdam based

9531

architectural practice (NLE) finalized the “Floating School project”. The goal was to create a
floating structure that could serve as a school. It is a movable ‘watercraft’ located in the center of
the community of Makoko. It is built like a pontoon on a series of plastic drums or barrels, making
it less vulnerable to flooding and extreme weather. Itis also designed to harvest rainwater, to recycle
organic waste and to use renewable energy. The protype is scalable, and can also be used as
community hub, health care clinic, market or even housing. It is a simple but innovative structure

that completely adhere to the philosophy of sustainable development, in a deeply disfavored

environment.

Figure 23: The floating school

The project is overall a success, but it faces legislation problems. Firstly, it was uncertain whether
a planning permit was required, since Lagos State regulations demand permits for any structures
attached to land or the seabed, even in water. Secondly, there was a conflict over land ownership:
while significant areas of Makoko are federally owned, Lagos State claims authority over them due
to the federal government's perceived lack of involvement. Moreover, the National Inland

Waterways Authority (NIWA), a federal body, legally controls all inland waters in Nigeria,

31 Riise et Adeyemi, « Case Study ».
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potentially holding the final authority to approve such constructions—though this is disputed by
Lagos State. On top of this, the project required a survey plan to assess local zoning restrictions
and needed a separate permit specifically for school construction. All these overlapping rules and
unclear governance made the legal status of the Floating School highly uncertain and difficult to
navigate.

The Floating School is now part of a bigger project run by NLE called “African Water Cities
Project”. According to their website it is a “research and documentation project towards the
adaptation of coastal and water based African cities/communities to the impacts of urbanization,
housing/resoutce shortages and climate change”.

Makoko faces frequent flooding, at least three times a year, due to a combination of poor
infrastructure, minimal government investment, and challenging environmental conditions.
Flooding in the area takes two main forms™. The first is coastal flooding, often triggered by storms
that increase tides and wave intensity. The community’s location next to the lagoon heightens this
risk. The second type is pluvial flooding, which happens when heavy rainfall causes river levels to
rise and overflow. Long periods of intense rain significantly increase the likelthood of flooding in
the neighborhood. The lack of infrastructure like drainage systems make Makoko very vulnerable
to these floods, and studies showed that they have negative impact on the poverty level, the health
conditions and the community development”. Initiatives like the Floating school, that can resist
these floods become even more important in this context.

In many ways, Makoko reveals the potential of water-based urbanism as a form of resilience.
Despite poverty, poor sanitation, and frequent flooding, the community shows strong social
cohesion, flexible spatial organization, and deep knowledge of the aquatic environment. But this
informality also highlights the dangers of exclusion: residents live without legal protection, public
services, or climate adaptation strategies. In fact, Makoko offers a powerful counterpoint to the
very occidental vision of floating cities: it is a lived reality of urban life on water under pressure,

not a futuristic ideal. It forces us to ask: who gets to live on water, and under what conditions?

32 Lawanson, Proverbs, et Ibrahim, « The Impact of Flooding on Poor Communities in Lagos State, Nigeria ».
33 Lawanson, Proverbs, et Ibrahim.
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C. Comparative analysis of the study cases

Key factors influencing success

The two previous examples exposed two very different contexts. One the one hand, The
Netherlands offers a long history of adaptation to the waterfront conditions of life, with an active
government, involved in the urban planning of the whole city, and planning years in advance the
consequences of the sea-level rise. Thanks to this, projects in The Netherlands benefits a clear legal
framework, that nonetheless need to be adapted. It also benefits institutional coordination, and
expertise, as well as public fundings. On the other hand, Makoko is a neighborhood ignored by the
local and federal authorities, leading to legal ambiguities, or even hostile actions from the
government. The result of this fundamental difference is obvious: Makoko suffers marginalization
and lack of essential services, while in the case of projects like Schoonschip legal security for
residents and investors speeds up development and integration into formal urban systems. The
governance framework in The Netherlands eases the projects, and integrates them to long term
urbanism, while the hostility of the government of Lagos generates fear and distrust in public
institutions, increasing social tensions and weakening cooperation for community-driven solutions.
From a technological point of view, the two situations also differ widely. The Netherlands may be
the most advanced country when it comes to sea-level rise adaptation, and the solutions adopted
are resilient in the long term, energy efficient, and in compliance with most environmental norms.
On the opposite in Makoko, the lack of maintenance and involvement limits the durability and the
scalability of the projects, causing them to remain symbolic. But The Netherlands technological
solutions have the disadvantage of being very costly, and even if they attract policy support and
fundings because they improve the public image, they are for now excluding a big part of the
population. That is not the case with the ultra-low cost adaptation solutions of Makoko that uses
local materials and knowledge, favoring affordability, adaptability, and community involvement.
This perspective of water adaptation in a slum raises international awareness and showcases low-
cost climate adaptation that could inspire more projects like the Floating school in the future.

Both study cases are also differing in terms of social acceptance. Schoonschip is widely recognized
and cited as an example of innovation and sustainability, it has a positive image in the whole
population, and since it is integrated in the housing markets, it has led to very high prices. In the
long term, it will encourage other municipalities to build such neighborhoods, and as everything in
Schoonschip is opensource, this process will now be much easier. On the other hand, Makoko is
considered as a “slum”, and suffer the stigmas associated to this term, discouraging external

partnership, if we exclude humanitarian projects like the floating school. By ignoring this vast
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neighborhood, the city of Lagos misses the opportunity of an inclusive, climate-adaptive planning.

But this exclusion has one positive side effect: the strong local community support and resilience.

Without any form of big scale governance, the neighborhood was able to organize itself and face

numerous challenges. The solutions are directly imagined by the population, allowing a maximum

level of concertation. One could think that this king of involvement of the population is impossible

in any other situation, but Schoonschip shows the exact opposite, as the inhabitants of the floating

houses were involved since the beginning of the project. Nonetheless, it is probably due to the

pioneer role of Schoonschip, and we cannot expect the same of involvement in the future if floating

neighborhoods become more common.

Criteria

Schoonschip

Makoko

Institutional context

Proactive government, long
term planification, clear legal
framework even if some
adaptation are needed,

coordination with institutions

Abandoned by authorities,
legal uncertainty, hostility
from the state, no

planification

Public support

Financial help, public policy
support, commitment to

urban innovation.

No official support,
sometimes even demolition

attempts.

Legal frame

Defined legal status,
facilitating investment and

security of tenure

Legal ambiguity, possible
evictions, instability for

residents and projects

Technology used

Advanced solutions, eco-
efficiency, strict
environmental standards,

high energy performance

Local materials, low-tech
construction, difficult
maintenance, often

unsustainable solutions

Cost of infrastructures

Very high, limiting access to a

wealthy population

Very low, accessible to local
population, but hardly
replicable at big scale

Potential for replication

Open, documented,
government-backed model
that can be replicated in

similar contexts

Inspiring for low-cost
adaptation projects, but lacks

official recognition
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Urban integration

Neighborhood integrated to
the urban fabric, connected
to the traditional property

market

Isolated neighbourhood,
considered to be a slum, not
recognized in town planning

schemes

Public image

Emblematic project, very well
perceived, cited as an
example, attracts local

authorities

Stigmatized, seen as a place of
poverty, difficult to develop

without institutional change

Involvement of residents

Project co-constructed with
residents, strong citizen
participation from the

beginning

Community self-management
in the face of institutional

abandonment, local solidarity

Effect on future policies

Encourages other similar
projects in the Netherlands

and elsewhere

Demonstrates the feasibility
of self-organized solutions in

very precarious contexts, but

remains marginal

Table 2: Comparing the two study-cases

What have we learned about floating urbanism projects by conducting this analysis? First, that
floating neighborhoods project are highly context dependent, and are shaped by political, legal,
social and economic environment. A strong institutional support, clear and adapted legal
frameworks and long-term urban planning are crucial elements that will influence the feasibility
and the sustainability of the project. Technological choices also matter. While high-tech solutions
enable long term environmental performances, they often come with high costs and exclusivity.
On the other hand, ultra low-cost solutions foster inclusivity and strong social ties, but struggle
with durability and scalability. Finally, we’ve learned that community involvement is of upmost
importance, and that in any situation, residents play a vital role and need to be consulted.

With this in mind, let’s now move on to the next part of this work, where we will present Bordeaux
and its region, exploring its climate and geographic context, its urban evolution, and the lessons we

can learn from the different projects currently shaping its future.
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PART 2: Bordeaux’s Urban Development and

Vulnerability to Climate Change

A. Bordeaux: Geographic and Climatic Context

1. The Garonne River and estuarine dynamics

Bordeaux is located along the Garonne River, which flows from the Pyrenees Mountains through
southwestern France before merging with the Dordogne River to form the Gironde Estuary. This
estuary is the biggest of Western Europe™, it has a complex hydrological dynamic involving fresh
and salt water, influencing both ecosystems and uses.

The Garonne is a river with an oceanic rainfall regime, which means that its flow depends mainly
on precipitations rather than snow or glacier melt. The rains are caused by the oceanic influence,
with pics during autumn and spring, causing seasonal variations of the flow. But the river is also
influenced by the Atlantic Ocean, particularly by tides, causing daily variations of the water level
even in Bordeaux, and adding difficulty to the hydraulic gestion of the city. One key feature of the
estuary is the “mascaret”, or tidal bore, which is a wave that travels upstream during high tides,
especially during spring tides (see Figure 23). While this phenomenon attracts tourists and surfers,
it also illustrates the strength of tidal forces in the system. Changes in currents, salinity and
sediments are partly linked to human development, such as dredging in ports or upstream dams.
This affects the ecosystems, but also the resistance to flood and the stability of the riverbanks.
Climate change increases the risks associated with this estuarine dynamic, and so Bordeaux faces
risks of flooding and coastal submersion. Some of Bordeaux’s neighborhoods, like Bacalan or
Bastide are particularly vulnerable due to their low elevation and their proximity with the Garonne.

In these zones, an adapted urban planning to limit the risks is necessary.

3 « Gironde (estuaite) ».
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Figure 24: Mascaret in the Garonne

The Garonne has historically structured Bordeaux's development, as a maritime and river trade
route since ancient times™. The Port de la Lune, 2 UNESCO World Heritage site, illustrates this
centrality of the river in the city's economy and urbanization. Historical floodings, like those in the
XIX century or in 1981, also influenced the current urban design. They served as references to
model the risks and to plan the urbanization of the city.

The management of the Garonne involves many different actors, private and public, at different

scale, and this institutional complexity can slow down the processes of adaptation and innovation.

35 « Garonne ».
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Actor

Main role

Scale of operation

Public actors

DREAL / DDT(M) /

Prefecture

Regulation, risk
management,
coordination of public

services

Region/ Depattment

VNF (Voies Navigables de

France)

Minor bed maintenance,
river navigation,

hydraulic monitoring

Basin Adour-Garonne

EPTB Garonne
(Etablissement public
territorial de basin)

(syndicat)

Coordination of
integrated management
of the Garonne
watershed (flood
management, water

quality, governance).

Interregional (basin

Garonne)

SMEGREG (Syndicat
Mixte d'Etudes et de
Gestion de la Ressource en

Eau du département de la

Gironde)

Water resource
management, quality
protection, support for

local authorities

Department (Gironde)

Bordeaux Metropole Urban and regional Metropole
planning, climate
resilience, rainwater
management

Riverside communities Application of PLU, Commune

local riverbank
management, public

information

Agence de I’Eau Adour-

Garonne

Financing of water-
related projects,
technical support for

local authorities

Basin Adour-Garonne
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Table 3: Actors involved in the Garonne management
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2. Historical flooding events and risk assessment

During its long history, the Garonne flooded several times, and given its topography, a flooding

event affects many territories, as shown in Figure 25,

Fig.1 - TOPOGRAPHIE ET ZONES INONDABLES
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Figure 25: Topography and flood prone areas of Bordeanx's region

On this map the blue and stripped areas are flood-prone zones, and as such, they are particularly

vulnerable during heavy rainfall events for instance.

36 Anonyme, Bordeans-Toulouse Apporches Metropolitaines.

42



The major flooding events are classified in this table from the CEREMA”":

March 1930 Reference flood of the Garonne, with an estimated peak flow of
7600 m?/s, resulting in approximately 200 casualties.

February 1952 Persistent heavy rain caused severe flooding for 5 days.

November 1952 Dike breach in Blanquefort due to overtopping.

January 1955 Major damage caused by a storm that led to maritime flooding.

July 1977 Severe thunderstorm caused flooding.

December 1981 Storm with high tidal coefficient triggered the ORSEC emergency
plan.

May 1982 Severe thunderstorm caused flooding in several Bordeaux
neighborhoods. Stormwater management was significantly
improved after this event.

March 1988 Persistent heavy rain caused water levels to rise, particularly
around Pont de Pierre.

February 1995 Southern Gironde area submerged under water.

January 1998 Heavy rains caused a flood in the estuary along with significant
mudslides.

December 1999 Storm with very strong winds caused flooding across the estuary.
The dike of the Blayais nuclear power plant failed.

April 2005 Torrential rains caused overflow in Branne and Castillon-la-
Bataille.

February 2010 Storm Xynthia caused severe maritime flooding due to storm
surge and waves. Saint-Louis-de-Montferrand was declared an
extreme danger zone.

February 2014 Heavy rains combined with high tidal coefficients caused
overflow, especially in Begles and on the Bordeaux riverbanks.

Table 4: major flooding events in Bordeanx's area, CEREM.A

All these events lead to heavy damages on infrastructures and sometimes causing hundreds of

deaths. But it also permitted the evolution of urban design in the region™.

37 « Historique des principales inondations de la Gironde - Wikhydro ».
38 Gazelle, « La crue de décembre 1981 dans le bassin de la Garonne ».
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Indeed, these dramatic episodes revealed that the risk is always present, even after decades of calm.
It forced the local and regional authorities to integrate the risk management in the urban planning,
through improved mapping of the flood-prone areas for instance. It also led to a change in the
containment policies: creating only one dike to protect sensible zones like urban centers and
accepting that some rural areas would be flooded during exceptional events. This modified the
planification of the territory, by prioritizing the areas to be protected.

On a larger scale, the evolution of the policies took the other direction: it appeared that building
one big dam upstream, to create large reservoirs was extremely costly and inefficient, because
flooding events can come from different sub-basins (example: the Tarn in 1930). Instead, this led
to more local and flexible solutions, on smaller scales. In a nutshell, the idea was to abandon certain
major upstream infrastructures, while adapting and reinforcing downstream protection where it
Was necessary.

Urbanism also adapted to the idea that some areas must stay flood-prone in order to diminish the
intensity of flood events. This led to a change in the zoning of the region, and in the PLU (Local
Plan of Urbanism) and it is now impossible to build certain types of infrastructure of those “flood-
prone zone”. It modified the morphology of the Bordeaux area, slowing its expansion into the
lower valleys. This planned sacrifice of farmland or non-urbanized areas in the event of flooding
also often met with opposition from landowners slowing down certain developments. It has led to
tensions between the logic of public safety and private economic interests.

If protecting against medium floods is economically viable, building infrastructures for rare flood
events is often more expensive than the damage they can cause. This financial dilemma led
urbanists to accept a residual risk in their plan. The levels reached during major floods are used as
benchmarks for building heights and risk zoning. Urban policies have evolved towards resilience
strategies, not only through prevention, but also by anticipating impacts (refuge zones, evacuation

plans, elevated buildings...). This transforms urban planning into a tool for climate adaptation.

3. Climate change projection for Bordeaux

The figure 25 was produced by an online tool created by Climate Central, which is a non-profit
organization gathering scientists and journalists specialized in climate issues. It is based in the US,
but they work at the international scale. According to their website™, their mission is to make

accessible the scientific data related to climate change by illustrating them with visual tools. They

3 « FloodVision | Climate Central ».

44



target decision-makers, media and the general public. Climate Central uses only data coming from
models that have been peer-reviewed and validated by the scientific community, like the ones from
the IPCC. It uses robust geographical data bases, like the topographic data from NASA. Their tools
are frequently used in scientific papers, media or local authorities.

The image below was created using the “Coastal Risk Screening Tool”, it shows the areas planned
to be below the annual flood level in 2050. We can see that the city center seems to be spared, but
the neighborhoods located in the north of the city are exposed. With this picture we can visually
see the consequences of the global warming, and it allows us to better orientate future adaptation

policies.
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Figure 26: Area below annual flood level in 2050, CLimate Central

Let’s try to understand more specifically what the mechanisms behind this rise are.
First, according to the IPCC, the South-West of France will see a temperature rise in the next years,

with more heat waves and higher evapotranspiration®

. This will affect the hydrological regime of
the Garonne, meaning bigger flows during floods, and smaller ones during droughts. These
extreme events will become more and more frequent. In winter especially, heavy rains will become

more common, accentuating the risk of rainy floods, and making them less predictable, more brutal.

40 « DRIAS, Les futurs du climat - Découverte ».
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Secondly, the Garonne is also influenced by the Atlantic Ocean. The rising sea levels will have a
direct impact on the river’s flow dynamics: when sea levels rise, they reduce the river’s capacity to
discharge into the ocean, especially during periods of high tide. This backwater effect increases the
height of water levels upstream and can significantly worsen flood risks in low-lying urban and
peri-urban areas during storms or heavy rainfall events.

Based on these projections, it appears that urban designers of Bordeaux will soon face multiple
challenges and have to take complicated decisions. The local authorities will need to rethink current
land-use, particularly in flood-prone zones such as the low-lying right bank of the Garonne. For
instance, the Bastide district — which has seen major redevelopment in recent years — lies within
one of the areas projected to be highly vulnerable under a 3°C warming scenario, according to
Climate Central's maps. Urban expansion must now integrate long-term climate data to avoid
placing critical infrastructure in future high-risk areas. Projects like Bordeaux Euratlantique, which
involves constructing major business and transport hubs near the river, raise concerns regarding
flood resilience.

Adaptation strategies such as controlled flood zones, floating infrastructure, or green buffer areas
(e.g., wetlands or urban parks that can absorb excess water) are essential but often remain
underdeveloped in practice. While initiatives like the Parc aux Angéliques or the renaturation of
former industrial riverbanks point in the right direction, they remain insufficient in scale when
compared to the risk projections.

Finally, strong real estate and demographic pressure complicates political decision-making.
Updating zoning laws to restrict construction in vulnerable areas can be unpopular and
economically challenging yet remains necessary to ensure long-term resilience. Without this shift
toward precautionary planning, future flood events risk causing considerable human and financial

damage, especially in growing residential and commercial areas.
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B. Urban Development and Major Planning Projects

1. Historical urban evolution of Bordeaux

Bordeaux in French literally means “next to the water”, but more than its name, it is the urban
development of the city that has been shaped by its strategic position along the Garonne, making
it a major hub of trade and political influence throughout history. The city’s origins trace back to
around 300 BC under the name Bwrdigala, before it became a Roman regional capital due to its
access to resources and trade routes.”!

The period after the Romans was marked by different invasions, but with the marriage of Eleanor
of Aquitaine with Henry Plantagenet, Bordeaux entered a new phase of prosperity, under English
rule (1152-1453). The wine trade flourished, thanks to the river connectivity, and it is still a key
factor that shapes the city’s urban logic.

The 18th century marked Bordeaux’s Golden Age, transforming it into Europe’s second largest
port after London. The architect Victor Louis redesigned large portions of the city, including the
Grand Théatre and riverfront developments, which still define Bordeaux’s architectural identity
today.

Despite a step back during the French Revolution and the Napoleon era, the city continued to
grow. The construction of the Pont de Pierre in the 19th century was a major achievement, that
bridged both sides of the Garonne and encouraged urban expansion.

In the 20th century, Bordeaux played a key role in France during both world wars and later went
through significant redevelopment under Mayor Jacques Chaban-Delmas. The construction of
infrastructure like bridges, universities, and hospitals made the city as a regional capital.

The election of Mayor Alain Juppé in 1995 marked another turning point for urban renewal. He
launched major heritage restoration, expanded public transportation with the tram network, and
promoted pedestrian zones in the city center. These efforts not only revitalized the historic center
but also build the foundations for contemporary sustainable urban planning.

In 2007, Bordeaux’s historic center was recognized as a UNESCO World Heritage Site,
consolidating its importance as both a cultural and urban landmark. Since then, the city has
balanced heritage preservation with dynamic urban growth, positioning itself as a model of modern

European urbanism.

4 Daniel, « A Brief History Of Bordeaux ».
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1984 2015

The historical transformations of Bordeaux are clearly visible when comparing satellite images from
1984 and 2015%. These pictures capture the significant urban growth and spatial evolution the city
underwent over three decades, especially in relation to infrastructures, expansion of built-up areas,
and integration with the surrounding territory.

In the 1984 image, Bordeaux appears more compact and concentrated around the historical core
along the Garonne River. The city’s spatial footprint is relatively limited, with undeveloped zones
still surrounding much of the urban center, particularly on the right bank.

By 2015, the urban area has visibly expanded, particularly towards the east and north, reflecting the
development of residential and commercial neighborhoods, as well as improved transport
connectivity (notably with new bridges). The right bank, once underdeveloped, shows signs of
densification and urban renewal. This transformation aligns with planning strategies aiming to
rebalance development between both banks of the river.

These images also highlight the effort to preserve the historical center, which remains visibly denser
and more structured, while allowing for peripheral urban sprawl to accommodate population
growth and economic development.

The agricultural zone in the south of the city also underwent noticeable transformation, with the
apparition of the solar power plant of Cestas, which was the largest in Europe when inaugurated
in 2015. It shows the region’s move towards renewable energy, but the project has also been

criticized. Even though it helps reduce carbon emissions, it covers more than 250 hectares of land

42 « Bordeaux’s Urban Evolution ».
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that used to be natural or used for farming. Environmental groups and local residents have raised
concerns about losing green space and the impact on biodiversity and local agriculture. SEPANSO,
an environmental protection association recommends that “these panels should be installed as a
matter of priority on the thousands of hectares of already anthropized land and on roofs, and not
in natural, agricultural and forestry areas”.

It seems that their criticisms have been heard, because in 2022, another gigantic solar power plant
was Inaugurated, on the north side of the city this time, in a more urban area. The exact location is

a former landfill closed in the 80’s, unsuitable for building and farming. Construction works on

this area would have led to pollution in the Garonne, so the solar panels are not fixed inside the

ground but weighted with large concrete blocks.

Figure 27: Satellite view of Bordeaux's northern area

2. Current urban planning strategies:

The Bordeaux Metropole plays a key role in the urban planning of Bordeaux and the 28
municipalities of the metropolitan area. It coordinates major development projects, manages land
use through the intercommunal urban plan (PLUi), and implements strategies for mobility,
housing, energy, and environmental preservation. It also communicates on those projects and

produces documents that summarize and explain them.

43 « Centrale photovoltaique de Cestas : course au gigantisme dans la forét - SEPANSO Gironde ».
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On one of these documents", the president of Bordeaux’s metropolis exposes the general

objectives to achieve with urban planning:

Reduction of the urban sprawl and densification of the existing zones, to meet the goals

fixed by the ZAN (zero artificialization net).
Protection of agricultural and natural spaces around the metropole, and their biodiversity.

Adaptation to climate change, by integrating the risks of floods and heat waves, protection
of biodiversity, and massive greening of the landscapes.

Welcome new inhabitants and activities

Improve mobility and infrastructures

Foster social cohesion and citizens implication in the definition of projects

Maintain a global and coherent vision

To meet these objectives, the metropolis has launched more than 50 operations and development,

that can be separated in different categories.

= Improving mobility

Bordeaux Metropole has an annual growth rate of 1,2% and is welcoming new inhabitants every

year. To enable this growing population to move around the city and its suburbs, the metropolis

needs to improve its transport infrastructure. This is all the more true if we take into account the

fight against climate change, which in part translates into green mobility. Here are a few key

measures undertaken by the metropolis:

Make travel more fluid, by developing the ring road and the connecting highways,
extending the tramway network, setting up a low-emission zone, or proposing a free-
floating offer (electric bikes or scooters available to users directly in the streets).

Develop the metropolitan Regional Express Network (RER): to serve outlying towns and
relieve congestion in the city center.

Bus express corridors: to complement rail services and provide better links between
economic hubs.

3rd bicycle plan: reinforcement of cycle paths, with safe infrastructure and quantified
targets.

New bridges over the Garonne in order to facilitate crossings and improve integration

between right and left banks.

# « Les grands projets d’aménagement | Bordeaux Métropole ».
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= Supporting energy transition

In 2022, the metropolis set the ambitious goal of becoming a low-carbon, positive-energy region
by 2050. In order to achieve this objective, it will have to massively develop renewable energies. In
the previous section we saw an example going in that direction: the solar power plants of Cestas
and Bordeaux-Labarde. But the main solution envisaged by the metropolis is the development of
its district heating networks, using different local and renewable energy such as wastewater heat
recovery, waste incineration or geothermal energy.

Heating networks are the main lever for greening the local energy mix and combating global
warming (on average, greenhouse gas emissions are cut by a factor of 4), while at the same time
they help to combat fuel poverty by controlling energy costs. It is also a local tool for the circular
economy, thanks to waste-to-energy conversion and the creation of local jobs that cannot be

relocated.

=2 Major Urban development projects

In recent years, Bordeaux Métropole has launched several large-scale urban projects to manage its
fast growth, support economic development, and improve the quality of life for its residents. These
projects are enhancing facilities of metropolitan interest, and economic, environmental and
research innovations. They involve a broad partnership with public and private partners and are
essential to structure the economic growth of the city.

One of the most ambitious programs is the Bordeaux Euratlantique operation, officially designated
as a national interest operation (OIN). Focused around the Saint-Jean train station area, it covers
738 hectares across Bordeaux, Bégles, and Floirac. The goal is to create a new downtown area,
mixing offices, housing, public spaces, and shops. Within Euratlantique, several districts are being
developed:

- Saint-Jean Belcier: an ambitious project combining modern architecture with preserved
historic elements. It focuses on high-density housing, public squares, and a new business
district close to the TGV station.

- Garonne FEiffel: a district reconnecting the city with the river, blending housing, green
spaces, and cultural facilities.

- Begles Garonne: focused on creating eco-friendly neighborhoods and enhancing links with

the Garonne riverbanks.
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Another major program is "Inventons les Boulevards du 21e siecle". The goal here is to rethink
Bordeaux’s historic boulevards, which today are often congested and mainly dedicated to car traffic.
The plan proposes to:

- Create new housing, especially affordable and sustainable units.

- Increase public and green spaces along the boulevards.

- Make these corridors more attractive for pedestrians, cyclists, and public transport.

To address the ongoing housing shortage and promote social diversity, the metropolis also
launched the "50,000 logements accessibles par nature" program. The ambition is to produce
50,000 new homes by focusing on sites already connected to public transport and existing
infrastructures, while promoting high environmental standards (nature preservation, energy
efficiency, biodiversity integration).

Together, these major projects reflect Bordeaux Métropole’s ambition to become a dynamic,

sustainable, and inclusive urban area, while adapting to climate challenges and demographic growth.

- Nature-based project and ecological restoration

Bordeaux Métropole is not just expanding its urban areas, it's also committed to protecting nature
and biodiversity. Out of its 58,000 hectares, more than half (about 51%) are officially classified as
natural, agricultural, or forest areas in the local land-use plan (PLUi). This shows that environmental
preservation is treated seriously by the region.
The area is home to:

e 0 Natura 2000 protected sites, including the Garonne and Dordogne rivers,

e 12 zones of ecological interest (ZNIEFF type 1 and 2), several Sensitive Natural Areas

(ENS), and a national nature reserve,
e 1,285 plant species and 551 animal species, with 65 of them being highly endangered,
e Large zones of wetlands, heathlands, and grasslands,

e 15,293 hectares of forests and more than 150 public urban parks.

On top of that, the region has a dense network of rivers, streams, and watersheds, which are vital
for its ecosystems.
Bordeaux Métropole aims to become a true "nature-based metropolis". They framed their
environmental strategy around several key goals:

e Stop the loss of biodiversity,

e Protect ecologically important areas,

52



e Prevent the shrinking of natural, agricultural, and forest lands,
e Promote eco-friendly farming practices,
e Value and protect forest areas,

e Strengthen the green and blue ecological corridors across the territory.

The philosophy according to which nature should be for everyone and integrated into every urban
project, is apparently at the heart of the metropolis' planning approach. Nature is not treated as a
constraint, but as the foundation of future developments, with a constant dialogue between all
public policies and stakeholders.
Here are some concrete examples of projects supporting this ambition:

e The agroecological restoration project at Peychaud,

e The creation of the Parc aux Angéliques along the Garonne river,

e The development of the Ecological Reserve of Barails,

e The rehabilitation of Arcins Island,

e The Brazzaligne green corridor,

e And the large-scale Parc des Jalles, a natural and agricultural park that stretches over several

municipalities.

- Urban renewal and social inclusion

Urban renewal projects in Bordeaux Métropole aim to completely transform certain
neighborhoods, improving every aspect of life for local residents. The idea is to take a global
approach: upgrading housing, boosting economic activity, enhancing public spaces, and reinforcing
social ties within these areas.
Five main objectives guide these projects:

e Improve and diversify the housing supply,

e Encourage economic development within neighborhoods,

e Upgrade the quality and accessibility of public facilities,

e Make it easier for people to move around within the neighborhoods,

e Renovate or create attractive public spaces.
To achieve these goals, Bordeaux Métropole collaborates with a wide range of partners, including
local residents, neighborhood users, the State, the ANRU (National Agency for Urban Renewal),
the Nouvelle-Aquitaine Region, the Gironde Department, the CAF (Family Allowance Fund), the

Banque des Territoires, Action Logement, municipalities, social landlords, and local associations.
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Today, 11 neighborhoods across 8 municipalities are undergoing major renewal programs. Among
them, five neighborhoods are receiving special support from the State through the New National
Urban Renewal Program (NPNRU), launched in 2014 to revitalize 450 priority districts across

France.

3. Waterfront redevelopment

Among all these different projects, some focus on the riverbanks. The main objective is to
reconnect the city with the Garonne, which was long perceived as a barrier. As previously
mentioned, the Garonne was historically used for transporting goods, leading to the presence of
many brownfield sites along its banks. Today, the city aims to rehabilitate these areas into mixed-
use neighborhoods (housing, services, offices), to enhance the center’s attractivity and limit urban
sprawl. The environmental dimension is strongly present in each of these projects, as they
incorporate numerous green spaces and pathways. They also need to take into account the
proximity of the Garonne and the potential risk of flooding.

Let’s focus on 3 of these projects:

= Brazza and the Parc aux Angéliques

Figure 28: Parc anx Angéliques
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This former industrial zone in rehabilitation is on the right bank of the Garonne, facing the
historical center. It is the first development in the Brazza neighborhood and will be used as a green
spine to guide future urban modification. The total surface planned for this parc is 40ha.
The main goals here are:

- Integration of the Natura 2000 site,

- Conservation of the riverbanks,

- The dismantling of existing buildings,

- The contribution to flood risk prevention by creating temporary water storage areas

thanks tothe space given back to vegetation,
- Optimising water management by encouraging on-site infiltration
- The planting of native plants adapted to the soil and climate, which will require little

watering and avoid the use of phytosanitary products

= The Bassins a Flot

Figure 29: Bassins a flot (Kaufinan>Broad)

Located to the north of Bordeaux, between the Garonne and the lake, the Bassin a Flot site covers
160 hectares. After the WW?2, this former industrial and port area went into slow decline. However,
since the 2000’s, it has been the focus of an ambitious redevelopment programme, partially thanks
to the arrival of the tramway line B, the opening of the Jacque Chaban-Delmas bridge and
Bordeaux’s inclusion on the UNESCO’s World heritage List.

According to the metropolis”, the aim of the project is to transform this area into a mixed,
innovative and sustainable urban district, while enhancing its port and industrial heritage. It has

several objectives:

4 « Les grands projets d’aménagement | Bordeaux Métropole ».
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- Strengthening the link with the center, by ensuring urban and landscape continuity between
the Garonne quays and the Lake,

- Enhancing the value of the Bassins site as a place to live, stroll and produce, by opening it
up to new urban functions.

- Developing a diversified housing offer, including a significant proportion of social housing
in the town center through the conversion of brownfield sites,

- Implementing an innovative urban morphology, integrating density, functional mix and
architectural quality.

- Enhance the economic appeal of the site by supporting targeted sectors such as water

sports, wine, tourism, leisure and the creative economy (particularly digital).

= Village des péniches

Located in the heart of the Bassins a flot district, the Village des péniches is a unique island in an
area undergoing major transformation. It gathers some twenty boats, some of which have been
inhabited for several decades. This “floating village” is a perfect example of what we already
described in the first part in cities like Paris or London. But if we saw that this alternative way of
living is getting more and more accepted and integrated to urbanism policies, Bordeaux’s case is
slightly different.

Today, this district is the scene of a latent conflict between the inhabitants and the Grand Port
Maritime de Bordeaux (GPMB), owner of the docks*. At issue: a demand for the forced relocation
of barges from dock n°1 to dock n° 2, coupled with a sharp increase in parking fees (+20% per
year for five years), which residents associate with the gentrification process underway in the

district. These tensions have intensified around legal, health and environmental issues, leading to

several legal proceedings.

Figure 30: Village des péniches and protests against the rebabilitation project

46 « Le village des péniches au bord du naufrage ».
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From an urban planning point of view, the Village des péniches raises questions that are essential
to a reflection on how cities can adapt to aquatic environments. It highlights the tensions between
residential use and the logic of port development, between informal occupation and formalization
of the public domain, and between urban innovation and the preservation of marginal lifestyles. It
reminds us that urban planning has a political dimension and should always take into account all

stakeholders in the different development phases.

After reviewing all these different projects, we now have a better understanding of the urban
context of Bordeaux, and the direction urban planners are aiming for. Their approach is cleatly
guided by the three pillars of sustainable development.

We know that the city welcomes new inhabitants every year and must adapt to this influx. The
metropolis follows a logic of densification rather than expansion and tries to limit land use and
artificialization. Beyond that, many projects focus on creating green spaces and ecological corridors
showing that the environmental considerations truly are at the core of urban planning here.
Another important aspect is the social dimension, illustrated by the important creation of social
housing, or public spaces designed to foster social cohesion and make streets more attractive to
pedestrian and cyclists. Speaking of mobility, Bordeaux clearly prioritizes green transport,
reinforcing its train, tramway, cycle lane and bus network. However, some projects could have
benefited from more concertation with the public, as shown by the example of the village des
péniches.

All these initiatives also contribute to the local mainly by crating mixed used neighborhoods well
connected to the rest of the city.

With all these elements in mind, we can now say that a floating neighborhood is a project that
would fit into Bordeaux’s development strategy. It aligns with its sustainable ambitions, support
densification while respecting environmental goals, and can social cohesion, provided it is designed
thoughtfully. This will be the objective of the next part: to propose a location, a design, and a vision
for a floating neighborhood in Bordeaux that would be integrated to this strategy that we just
detailed.
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Part 3: A vision for Floating Urbanism in

Bordeaux

A. The legal aspects of floating structures

The legal framework surrounding floating structures has become a key issue for anyone seeking to
develop urban projects on water. While these projects often spark interest for their potential to
address space constraints and climate challenges, they face a major challenge: legal uncertainty.
Contrary to what one might expect, the main barriers to the implementation of floating urban
solutions are no longer technical. As illustrated by pioneering initiatives such as Scoonship, and as
emphasized in the TED Talk by Rutger de Graaf", the technological locks that once limited the
feasibility of floating cities have largely been lifted. The challenge that remains is legal adaptation.
In this context, an appropriate legal framework would provide several essential benefits. It would
offer security and predictability for stakeholders (public authorities, investors, developers, and
residents) while promoting smoother integration of these structures into the urban fabric. It would
also support more effective risk management strategies, particularly in the face of flooding, rising
sea levels, and other climate-related threats. Moreover, by clarifying responsibilities and enabling
long-term planning, the law can help unlock the full potential of floating urbanism as a resilient
and sustainable response to environmental change.

Some countries have already taken important steps in this direction. The Netherlands, for instance,
is widely recognized as a pioneer in floating architecture and urban planning. There, specific legal
and institutional tools have been developed to regulate and facilitate the emergence of floating
neighbourhoods®. By contrast, France remains at an eatlier stage of reflection. Despite growing
interest, the absence of a unified and coherent legal framework continues to hinder the
development of such projects. The resulting regulatory ambiguity creates friction between public
and private actors and often deters investment. The ongoing legal dispute surrounding the vi/lage
des péniches in Bordeaux is a telling example of the tensions that can arise from this legal vacuum.
In this section, we aim to examine how floating structures are currently regulated under French
law. We will identify the main legal texts and actors involved, highlight the existing gaps or

contradictions in the legal framework, and explore the institutional and regulatory barriers that

47 « We’re running out of land let’s build on water. - Recherche Google ».
4 Lin, Spijkers, et Van Der Plank, « Legal Framework for Sustainable Floating City Development ».
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stand in the way of their full integration into the urban landscape. To do so, we will mainly use the

work of Eva Riou in her thesis “L.encadrement juridique de I’babitat flottan?™®.

1. Defining floating structures in French Law

Floating homes, and more broadly floating dwellings, are not explicitly referenced in the French
Transport Code. It is therefore necessary to determine whether they fall under an existing category
or constitute a sui generis floating entity requiring its own legal definition.
Article L..4000-3 of the Transport Code distinguishes between several types of floating structures:

- Boat: any floating construction used for inland navigation or close to the sea.

- TFloating equipment: floating constructions with installations for waterworks.

- Floating establishment: not intended to be moved.

- Floating material: other floating objects suitable for navigation.
Since floating homes generally lack propulsion and are designed for permanent installation, they
appear to fall under the category of floating establishments. According to Article D.4221-5, they
must obtain a certificate of floating establishment, valid for ten years if the structure exceeds 20
meters, which is often the case.
The Code also distinguishes boats (used on rivers) from ships (used at sea). The classification of
the floating entity depends on its environment and intended use. In all cases, the structure must be
mobile, registered, and possess a certificate of navigability.
From a tax perspective, floating homes are exempt from property tax but subject to a stationing
fee. However, if a structure permanently loses its ability to navigate, it may be reclassified, losing

certain benefits.

2. Legal Status: Movable or Immovable Property?

The legal nature of floating homes depends on their location and the way they are fixed. According
to Article 516 of the Civil Code, property is either movable or immovable:
A floating house anchored to piles or an amphibious home is considered an immovable by nature,
subject to planning permission, builder liability, and mandatory insurance.
A house resting on a floating platform is generally classified as a floating establishment (under

Article 1..4000-3). It may be:

- Animmovable by destination when placed on private waters.

4 « L’encadrement juridique de I’habitat flottant (2019) | Le Gridauh : site officiel ».
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- A movable by nature when located on public river or sea domains.
Regardless of status, urban planning authorization is required for permanent installation on private

inland waters. On public property, a temporary occupation permit is needed.

3. Location Matters: Private vs. Public Domain

Floating housing may be:
- Installed on private property, with greater flexibility.
- Installed on public river or maritime domains, which involves more constraints.
Public river domain:
According to the General Code of Public Property (CGPPP), the river public domain includes:
- Natural domain (rivers and lakes) (decentralized and may be owned by the State or local
authorities).
- Artificial domain (canals, port facilities).
Public maritime domain:
- The natural domain (shores, seabeds, saltwater lagoons, etc.) (exclusively State-owned).
- The artificial domain (ports, navigation infrastructure) (managed by the State or local
entities).

Permit to occupy:

To install a floating home on public river property, the owner must obtain a temporary occupation
permit, typically from 1oies Navigables de France (1’NF), in pre-approved zones. On the natural
maritime public domain, installation is forbidden, except as part of a public service mission.

In port areas, similar rules apply as for moored boats or yachts (authorization must be obtained
from the port manager). To reduce current precariousness, longer occupation periods should be
granted.

Although this temporary occupancy system allows for a degree of flexibility, it can also generate
considerable tension between occupants and the authorities managing the space. In Bordeaux, the
case of the Village des péniches in the Bassins a flot illustrates the limits and potential conflicts of
this type of regime. The residents, who had been living there for several years, were forced to move
from one basin to another following a decision by the Grand Port Maritime de Bordeaux (GPMB),
the site manager. This move was accompanied by a sharp increase in the occupancy fee, which was
seen as a form of injustice by the residents. They complained of a lack of consultation, growing

legal insecurity and an implicit desire to get them out. The conflict escalated into legal disputes
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between the residents and the GPMB, revealing the legal and social fragilities associated with the
temporary occupation of port space.

Because of the vulnerability of aquatic environments, any installation must undergo a water law
procedure (IOTA) or environmental assessment. Urban planning tools must also evolve to
accommodate this new housing form. Local authorities can make use of the innovation permit to

regulate such projects.

4. Urban planning and environmental regulations

In terms of land-use planning and environmental protection, floating structures fall within a
complex regulatory framework. They are legally assimilated to “constructions” within the meaning
of the French Town Planning Code (Code de l'urbanisme), as long as they are permanently fixed
to an anchoring point or connected to public networks (water, electricity, sewerage). To qualify for
this status, a building permit must be obtained, which in turn implies that the project complies with
the rules set out in the Local Urban Development Plan (PLU) or the Inter-municipal Local Urban
Development Plan (PLUI). These documents define buildable or unbuildable zones, public utility
easements and specific prescriptions that can severely restrict the installation of floating structures,

particularly in sensitive or changing sectors such as port wastelands or urban riverbanks.

At the same time, project developers must comply with stringent environmental regulations.
Project sites may be subject to a Flood Risk Prevention Plan (PPRI), which prohibits or limits
certain types of construction in areas most exposed to hydrological hazards. The Loi Littoral
(Coastal Act), applicable in municipalities bordering the sea, imposes principles of preservation of
natural areas and continuity of landscapes, severely restricting new development. In addition, if the
project is in a Natura 2000 zone, any activity likely to have a significant impact on natural habitats
or protected species must be subject to an impact assessment. This requirement may also trigger
an environmental authorization procedure, entailing a public inquiry and lengthened review times.
Lastly, depending on the characteristics of the project (surface area, anchorage, planned uses), a
simple prior declaration may sometimes suffice, but in the majority of cases, the accumulation of
standards means that close coordination is required between town planning departments,
environmental authorities, public domain managers (port or river) and project developers. This
framework, while guaranteeing the safety and protection of the environment, can slow down the
emergence of innovative solutions such as floating structures, which are nevertheless set to play a

growing role in strategies for adapting to climate risks and rising sea levels.
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5. French case law on floating structures

French case law highlights the legal uncertainties surrounding floating structures, particulatly in
terms of occupation of the public domain and qualification under town planning law.

In a Conseil d'Etat decision of September 13, 2021 (no. 443019), it was ruled that a vessel occupying
the public river domain without title can result in increased occupancy compensation, even in the
event of an unpublished transfer of the vessel. This decision underlines the importance of proper
occupancy titles and transfer formalities for floating structures.

In a ruling handed down on October 29, 2021 (no. 20NT02845), the Nantes Administrative Court
of Appeal upheld the legality of a formal notice issued to the owner of a barge occupying the
regional river public domain without authorization. The court recalled that any private occupation
of the public domain requires a title under article L. 2122-1 of the Code général de la propriété des
personnes publiques.

Regarding the classification of floating structures under town planning law, the Nantes
Administrative Court of Appeal, in a ruling dated December 29, 2014 (no. 13NT01048), considered
that a floating house, although mobile, should be regarded as a construction subject to planning
permission, due to its fixed layout and connection to the networks.

These decisions illustrate the need for a clear legal framework for floating structures, in order to

reconcile the requirements of the public domain, town planning law and occupiers' rights.

6. Network access issues

Integrating floating structures into the urban fabric poses technical and legal challenges in terms of
connection to water, electricity and wastewater networks.

Local authorities are not obliged to connect facilities that do not comply with urban planning
documents, or that are located outside building zones. This lack of obligation creates legal
uncertainty for occupants of floating structures.

What's more, the technical adaptations required to connect these structures to existing networks
can be costly and complex, particularly given the constraints associated with fluctuating water levels
and the mobility of the installations.

In the absence of clear institutional solutions, some experimental projects are opting for
autonomous systems, such as dry toilets or solar panels. However, these alternatives remain

marginal and do not benefit from a sufficient regulatory framework.
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A change in the legal framework, notably by adapting urban planning documents and the
specifications of network concessionaires, could facilitate the integration of floating structures and

contribute to more resilient urbanization in the face of climate challenges.

7. The necessity of a dedicated status

This overlapping of regimes and the multiplicity of competent authorities - whether Voies
Navigables de France, the State, local authorities, DDTMs, DREALSs or water agencies - make the
administrative process considerably more complex for project developers. Added to this is the
absence of a clear, specific legal status for floating habitats, which perpetuates a persistent lack of
legal certainty. Floating structures are at the boundary between several categories (ship,
construction, housing), which means that their framework is often unclear or even contradictory.
Against this backdrop, many are calling for legislative changes to provide a unified, stable and
appropriate framework for these emerging forms of habitat.

This need for reform is all the more pressing given the growing interest in floating structures in a
context of ecological transition, scarcity of available land in urban areas, and increased vulnerability
to flooding and rising water levels. At the crossroads of innovation, climate resilience and the
reinvention of our relationship with water, floating structures require greater institutional

recognition if they are to play a sustainable role in public land-use planning policies.
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B. Bordeaux-Lac

The Bordeaux Lake area (Bordeaux Lac) occupies a vast artificial basin located in the northern part
of Bordeaux Métropole. It spans over 160 hectares stretching across the municipalities of Bordeaux
and Bruges, forming a transitional zone between the dense urban center and the surrounding peri-
urban and natural landscapes.

The lake is in the middle of several major urban functions: residential, commercial, sporting, and
ecological. Its centrality within the northern metropolitan territory gives it a strategic importance

in terms of accessibility and integration.

1. Historical origins and evolution of the Bordeaux Lake project®

The artificial lake at the heart of this district is not the result of natural topography but of a long-
term urban vision. As early as 1929, architect Cyprien Alfred-Duprat thought of creating a vast
public park in Bordeaux's north, including a lake. Although initially cancelled due to cost, the idea

gained new interest under the leadership of Jacques Chaban-Delmas, who in 1958 initiated the

50 « Bordeaux Lac ».
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acquisition of over 1,000 hectares of flood-prone land with the aim of balancing urban growth
northward.

In the early 1960s, architect Jean Royer designed a plan dividing the zone into three main areas: an
international fairground, a residential district, and a leisure-sports area. Technical challenges,
notably the flood risk and low-lying terrain, were addressed by dredging the lake to supply material
for raising the ground level. This strategy enabled the construction of key infrastructures while
controlling water risk.

A 1966 urban design competition, won by Xavier Arséne-Henry, introduced the idea of blending
nature with urbanization: “nature in the city, the city in nature.” His plan included distinct zones
separated by wooded areas and led to the construction of the Aubiers residential towers, the
exhibition center, and commercial facilities. Despite its ambition, the project initially suffered from

a lack of urban vitality, and the area was later designated as a priority urban renewal zone.

In recent decades, major investments have revitalized the area:

Extension of tram line C to Les Aubiers (2008), Ginko (2014), and the Stade & Exhibition
Park (2015),

e Launch of the Ginko eco-neighborhood (2010-2023),

e Construction of the Matmut Atlantique Stadium (2015),

e Start of the Aubiers urban renewal programme (2023),

e A new project for La Jallére, aiming to build a low-carbon neighborhood and improve

tramway connections.

2. Spatial Integration within the Metropolitan Area

The area benefits from several important public infrastructures that connects it to the rest of the
city:
e Tram line C, which links Bordeaux city center to the eastern shore of the lake, in about 20

min.
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e Several bus lines serve the lake perimeter and connect with nearby towns (Bruges,

Blanquefort, Eysines).

e Major roads such as the rocade (A630) and the Pont d’Aquitaine provide fast vehicular

access to the Right Bank and the national road network.
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e The cycle lane network links most of the important areas. The commute time is about 20
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51 « geo.bordeaux-metropole.fr/pistes_et_bandes_cyclables/ ».
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side)

Lake (south-west Blanquefort

39 min 22 min
side)
Lake (south-west Eysines center

36 min 25 min
side)
Lake (south-west Parc des exposition, stadium

15 min 13 min

Table 5: Key destinations and their travel time

3. Existing infrastructure and urban fabric

The lake is surrounded by a variety of urban functions, forming a polycentric landscape:

e To the south-east, we found the Ginko eco-neighborhood and the Bassins a Flot area, a

dense mixed-used zone, mostly residential.

e To the northwest, the communes of Bruges and Blanquefort present a mix of residential

districts, agricultural zones, and industrial parks (e.g., Jalles Zone, Parc d’activités Bordeaux

Nord).

e On the eastern shore, facilities such as the Palais des Congres, the Exhibition Park, and the

Stade Matmut Atlantique establish the lake as a key location for large-scale events, drawing

metropolitan and regional flows.

e To the west, natural corridors like the Parc des Jalles and protected wetlands create

ecological continuities, opening possibilities for nature-based and low-impact urban

interventions.

These different zones offer a variety of infrastructures, such as schools, shops, administrative

buildings, public services, all accessible by public transportations (buses, tram, bikes).
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4. Ongoing and planned urban projects

The metropole of Bordeaux intends to develop the area and its infrastructure through different

project55 2

La Jallere neighbourhood: The project aims at creating a new mixed-use neighbourhood,

sustainable and lively, in the north-east of the lake, conciliating ecological issues, arrival of
new inhabitants, and existing infrastructures (stadium, sports infrastructures, exhibition
centre, offices). It plans to create 2000 to 3000 new low-carbon housing, in particular by
converting the Caisse des Dépots site, currently occupied mainly by parking lots.
The program also includes intergenerational residences, a school complex, a creche, green
spaces, local shops, as well as premises for the social economy and higher education

establishments.

Bordeaux IBM 40 Journaux: The ilot IBM 40 Journaux project is located to the east of

Bordeaux Lake, close to the Auchan Lac shopping center and tram line C. It is located on
a former IBM office site and will be home to around 1,000 residents, with housing, shops
and services.
This new district is a continuation of Ginko and aims to create a pleasant living
environment, open to the lake. It will feature 33,000 m? of landscaped areas, much of it
open-ground, to encourage neighborly ties and outdoor activities. A wide promenade will

connect the banks, the tramway and the surrounding streets.

The commune of Bruges: located on the shores of Lake Bordeaux, it is undergoing rapid
urban development, particularly in the Ausone sector (75 ha). This area, which is
undergoing transformation, will see the construction of 2,000 housing units and the
creation of a 12-hectare urban park. It will be served by a new tramway line, a multimodal
train station and improved public transport. The aim is to develop a mixed-use, sustainable

neighborhood that is well integrated with neighboring districts.

It's clear that the area around the lake is undergoing radical change and will be home to an ever-

increasing number of residents and infrastructures in the future. All these projects have an

ecological dimension and promote low-carbon modes of transport and housing, while blending

into the landscape as much as possible, avoiding soil artificialization and preserving green spaces.

52 « Les grands projets d’aménagement | Bordeaux Métropole ».
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They complete the transformation of the Bordeaux-Lac area into an integral component of the
northern part of Bordeaux, linked to all other parts of the metropolis, and make it an ideal place to

experiment with new forms of urban planning such as floating districts.

5. Social composition and challenges

A historically working-class area

The Bordeaux-Lac district, which includes the Aubiers and Ginko sectors, has historically been
characterized by a high concentration of low-income residents™. Les Aubiers, built in the 1970s as
part of an ambitious urbanization plan, is characterized by a series of 17-storey blocks of flats,
designed to accommodate a working-class population. Over the decades, the area has become one
of the poorest in the Nouvelle-Aquitaine region, with a poverty rate of 53% and an unemployment
rate of around 30%.

INSEE data confirm this difficult socio-economic reality. The average per capita income in the Le
Lac district is 14025 €, well below the national average of 20590 €. In addition, 10.1% of the

population is unemployed, higher than the national average of 8%

A social mix under construction

Despite these worrying socio-economic indicators, the Bordeaux-Lac district is undergoing
transformations aimed at introducing a greater social mix. The development of the Ginko eco-
district, launched in 2010, is a notable example. Designed to offer attractive, sustainable housing,
Ginko attracts a wealthier population, contributing to a diversification of socio-economic profiles
in the area.

According to an INSEE study, 55% of Le Lac district residents live in social housing, reflecting a
significant concentration of low-income households. However, the introduction of projects such
as Ginko is part of an ongoing gentrification dynamic, where urban renewal policies aim to upgrade

the district while attracting new populations.

The challenges of gentrification

Gentrification, the process by which wealthier populations move into working-class

neighbourhoods, is causing profound transformations. In Bordeaux, this phenomenon is

5 « Les Aubiers — Wikipédia ».
5% « La mixité des revenus dans la métropole de Bordeaux : constats et tendances sur 15 ans - Insee Analyses
Nouvelle-Aquitaine - 143 ».
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particularly visible in neighbourhoods such as Saint-Michel, where urban renewal policies have led
to an increase in property prices and a change in social composition.

In the case of Bordeaux-Lac, gentrification is still in its early stages. Development projects, such as
Ginko and the Aubiers urban renewal project, aim to improve the living environment and diversify
the housing supply. However, these initiatives need to be undertaken with caution to avoid

crowding out the most vulnerable populations.

To sum up, the Bordeaux-Lac district has a complex social composition, marked by a strong
presence of low-income populations, but also by transformation dynamics aimed at introducing a
greater social mix. The implementation of a floating district project in this area could fit in with

this urban renewal logic, provided that care is taken to include and preserve existing populations.

6. Justification of the floating neighborhood

Bordeaux-Lac appears to be an ideal location for a floating neighborhood project, for several
reasons.

First, the area is surrounded by innovative urban development projects with a strong ecological
dimension. A floating district would align perfectly with the goals set by the metropolitan
authorities for this part of the city. The lake is well integrated into the urban fabric, meaning that
future residents of the floating neighborhood would not be isolated and could benefit from the
existing infrastructure around the lake.
The ongoing construction of new housing developments around the lake suggests a strong demand
for residential units, making it likely that floating homes would attract interest.
Additionally, Bordeaux-Lac is located in a flood-prone area. As discussed eatrlier, several parts of
the city are expected to be submerged as sea levels rise. In this context, developing floating urban

projects makes complete sense and fits into a broader long-term climate adaptation strategy.
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C. Proposal

In this section, we'll be proposing a design for a floating neighborhood in the lake area we've just
analyzed. The district will have to take into account the specific features of the area, integrate as
well as possible with the landscape and urban fabric, and offer an accessible and sustainable urban

alternative. The question of financing such a project will not be addressed here.

1. Who?

In the previous sections, we saw that Bordeaux-Lac is a sparsely populated district, relatively remote
from the rest of the city but perfectly connected to the metropolis, and undergoing major change.
The district's population is set to increase, and the public authorities want to avoid gentrification
as far as possible. In keeping with this approach, the floating district will not be aimed at wealthy
households or tourists, but rather at temporary or mobile populations. Among the most relevant
targets are young professionals and temporary workers, who need flexible, furnished
accommodation for short to medium-term periods. The site's proximity to business districts and
event facilities, as well as its connection to the city center via the streetcar line, make it particularly
well-suited to this group.

In addition, international students and researchers could be attracted by the project's ecological
and innovative aspects. The possibility of creating shared, modular spaces could also attract young
residents or creative communities looking for atypical, low-cost locations. For example, the Lac
could be transformed into a floating student residence, like it is the case for Urban Rigger™, or a
retreat for artists and people seeking a different way of life. Under certain conditions of

accessibility, the elderly could also come and live on the lake, as could children.

Resident profiles:

1. The Temporary Professional

Age: 28-45 | Stay: 3-12 months

Profile: Consultants, engineers, health professionals or event staff working on short-term
contracts in Bordeaux.

Needs: Fully equipped, flexible lease apartments; good Wi-Fi; proximity to tram and parking,.

55 « Sustainability ».
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Why here?: Direct access to Bordeaux’s major business and event hubs + calm lakeside

environment.

2.'The International Student / Researcher

Age: 20-35 | Stay: 6 months—2 years

Profile: Erasmus students, PhD candidates or post-docs from Europe and abroad.
Needs: Affordable, furnished housing; easy access to city center; communal living options.
Why here?: Unique eco-living experience in a city known for its university life and climate

ambition.

3. The Creative Nomad

Age: 25-40 | Stay: Variable (1 month—1 year)

Profile: Freelancers, digital nomads, or artists in residence looking for originality and flexibility.
Needs: Shared spaces, workshops or coworking, cultural programming.

Why here?: Alternative housing model aligned with ecological and artistic values; potential for

temporary residencies.

2. Structure of the neighborhood

The proposed floating district would be located along the eastern shore of Bordeaux-Lac, near the
Ginko eco-neighborhood and within walking distance of the tramway line C. Bike lanes are directly

connecting the district with the rest of the city.
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Figure 31: implementation of the floating district

The neighborhood would consist of different structures layed out through the space offered by the
lake. The first and most important building block would be the module. One module could serve
as a flat for 1 person. It would be a rectangle of 4x8m offering 32m” of livable space. Modules can
be merged to create bigger spaces, shared houses or common areas. Different shapes can be
considered, offering many possibilities for customization. Modules would be anchored to the sub-

water ground with cables.

1 module 2 modules merged 4 modules merged
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Figure 32: 3D mudels of the modules

Floating pontoons large enough to allow 2 people to walk side by side will link all the different

modules between each other and create an access to the shoreline.

The layout prioritizes solar orientation, privacy, and shared access to communal facilities

To ensure privacy and landscape preservation, “green barriers” would be placed at key locations.
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Figure 33: Spatial organization of the modules
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Communal areas will include kitchens, laundry facilities and shared workspaces to encourage

social interaction, but also to share the use of certain equipment and reduce costs.
The neighborhood will be directly connected to the network of cycle paths, and a parking

dedicated to bike will be built at the entrance of each pontoon. For residents who still need a car,

a parking lot already exists nearby and can be adapted if necessary.
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D.Environmental sustainability

To be in line with the metropolis' stated policy, the floating district must display high environmental
ambitions. In addition to complying with the environmental standards set out in various urban
planning documents such as the PLU]i, the floating district aims to be an example of sustainable
urban planning. To achieve this, it will integrate innovative and low-tech technologies and apply

concepts of circularity and sobriety while avoiding gentrification™.

1. Materials

The choice of material is crucial to minimize the environmental footprint of the project throughout
all its lifecycle. From early stages of design to construction, maintenance and end of life material
should be chosen based on their durability, recyclability, embodied carbon and capacity to adapt to
humid environment. Particular attention should also be paid to the source of materials, so that local
suppliers are used when possible.

o Bio sourced and recycled materials:

The floating structure will prioritize bio-sourced materials such as FSC-certified wood
for the main parts of the modules and walkways. This offers the advantage of a low
carbon footprint, renewable origin, and aesthetics compatibility with the natural
landscape of the lake. Where appropriate, recycled materials will be used.

o Floatation systems:

For the floating base platforms, traditional concrete will be avoided in favor of low-
carbon alternatives like clinker-free cement. In some cases, HDPE floating modules
(like those used in Urban Rigger) or pontoons made from recycled polystyrene encased
in durable shells may be considered.

0 Modular and demountable construction:

All buildings will be prefabricated and modular, reducing on-site waste and allowing
disassembly or relocation if needed. This strategy also aligns will law constraints.

o Green insulation:

All units will have natural insulation materials (like cork or cellulose) that provide both

thermal efficiency and breathable walls.

56 Moral, « FUTURE CITIES ».
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2. Watetr

Conservation of water is a key principle of green urbanism, and in the floating neighborhood
efforts should be made to reduce as much as possible water consumption in buildings. To achieve
this sustainable water management system, we need to ally different technologies”’.
o Leakage detection/prevention:
In France, about 20% of the potable water was lost because of leakages. During the
construction of the neighborhood, particular attention will have to be paid to the water
distribution system, and its maintenance will not be neglected.

o Water separation black/grey water:

Waste waters will be divided into two separated flows depending on their origin.
“Grey” water from the kitchen drainage, shower, dishwasher and “black’ water from
toilets will circulate through different pipes to allow the reuse of these waters. Thus,
black water will go to a phyto-purification unit that converts black waters into biogas
that can be used to produce electricity. Grey waters on their side will flow to a
membrane bioreactor (MBR), to get rid of the organic matter present in the grey water.
This technology has the advantages to be compact, silent, to produce high quality water,
and need less maintenance than classic systems. Of course, this comes with an
investment price higher than normal treatment systems, and the separation between
potable and non-potable water implies a dual plumbing system, also more expensive.

o Phyto purification: convert wastewater into energy and phosphate

For black water treatment, the neighborhood will dispose of floating processors in
charge of “digesting” the wastewater through a process of phyto-purification. This
process creates biogas that is convertible into electricity, but also phosphates, that is a
rare fertilizer.
o Rainfall collectors:

Rainfall collectors could be a way to reduce the water consumption of the
neighborhood. Here, the experience of Schoonschip reveals an interesting
problematic®. Initially, the residents planned to put rainwater collection systems in

every floating house. However, practical concerns soon emerged: to maintain balance,

57 Prof Dr K N Sheth, « WATER EFFICIENT TECHNOLOGIES FOR GREEN BUILDINGS ».
8 « Greenprint ».
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tanks had to be placed centrally, but heavy rainfall posed a risk of overflow. Doubts
also emerged about the necessity of such systems, considering all the water saving
technologies already implemented (water saving toilets for instance). One solution here
could be to install common rainwater collectors, that could be used for the maintenance
of the common parts such as the pontoons, or for the floating garden irrigation.

o Water efficient toilets

While normal toilets use 9 to 12 litters per flush, vacuum toilets like those in boats or
airplanes only use 1.5L per flush.

o Closed loop showers

Showers can now be equipped with recirculation systems that will pump water through
a closed loop system after some time. These systems allow to save up to 90% water

and reduce energy consumption by 80%.

o Landscape and house design to conserve moisture:
All modules will have green roofs, also called “sedum roofs”. A sedum roof has a thin
substrate layer on which grasses and mosses can grow, which cause a delayed drainage
of the rainwater. It cools down the atmosphere, has a noise cancelation effect, and

absorbs dusts.

o Low-flow pumping, low-flow faucet:
Such equipment moderates the flow of water, by splitting it into tiny streams and
mixing it with air. The reduction in flow ranges from 50 to 75% compared with typical

flow rates.

3. Energy

Energy plays a big part in the sustainability of a neighborhood, and many solutions exist to reduce

its consumption and increase its efficiency.

o Production of renewable energy on-site:

Solar panels are becoming more and more common on houses roofs and can cover a
significant part of the electricity consumption of a household. In the floating
neighborhood they will be putted on every module, and all connected to a smart grid
network. Each resident will have access to its real time consumption and production,

so that it can adapt and take into account the intermittence of this energy source.
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Another advantage of producing and consuming electricity locally is that it erases the
losses due to transportation, that are usually around 10%.

Smart grid:

A smart grid is an energy system that optimizes the supply and demand at the local level
using intelligent technology. All the modules would be connected to each other, so that
the surplus of energy in one module can be used in another one. Only one connection
to the national grid would exist for the whole neighborhood. These systems proved to
be very efficient and allow to save up to 15% of energy consumption and CO2
emissions compared to traditional systems.

Heating systems:

Heat-pumps are one of the most sustainable ways of warming or cooling a room. This
technology has very high coefficient of performances (COP), ranging from 3 to 5
depending on the models. The presence of the lake, offering a stable temperature, allow
a constant and high performance throughout the year. Coupled with smart grid systems
and domotic technology, resident can control the temperature of their place and avoid
losses.

Isolation:

Sustainable heating systems make sense only coupled with good isolation. The modules
will be equipped with 3 layers windows to preserve the temperature inside and avoid
maintenance. The walls will be covered with a reflective membrane isolation, a thin

layer ensuring a stable temperature in the rooms.

4. Wastes

In a floating neighborhood where space is limited, waste management is a crucial part of the

sustainability and require innovative solutions as well as intelligent logistics. The objectives here

are to reduce waste production at the source, and to recycle or repurpose the maximum amount of

generated waste.

o

O

Source separation and waste sorting:

All waste will be separated into at least 4 streams: organic, recyclables (plastics, paper,
glass, metals), hazardous waste and residual wastes. Each floating module will be
equipped with labelled or colored bins, and communal pontoons will be equipped with

larger containers. The layout must facilitate easy collection by municipal services.

On site composting of organic wastes:
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Shared composting systems will be disposed in the neighborhood to take care of the
organic wastes. The compost generated will be used to fertilize rooftop gardens and
floating green areas. Compact and odor-controlled systems will be considered.

o Shared appliances and zero waste culture:

To reduce packaging and electronic wastes, the floating district will offer shared
facilities such as laundry or kitchen area and encourage a low-waste lifestyle. Bulk
purchasing, reuse systems, repair workshops. Educational signage and occasional
workshops can help raise awareness among residents.

o Construction waste management:
The construction of the floating units will have to follow low impact principles:
prefabrication to reduce on-site wastes, selection of recyclable and bio sourced
materials, and planning for disassembly or relocation.

o Digital monitoring and community feedback:
A digital platform could help track waste volumes per category to encourage their

reduction though gamification or incentives.

5. Biodiversity

Biodiversity preservation is a central pillar of sustainable development, and it is even more crucial
in a fragile aquatic environment such as Bordeaux-Lac. While urban development typically led to
habitat destruction, the floating neighborhood seeks to actively integrate nature into its design and
operations.

o Floating garden:

Several floating gardens will be deployed around the neighborhood. They will be used as
visual barriers to provide privacy to the resident, but they also will become habitats for
birds, insects, fishes and contribute to water filtration. They will be planted using native
reeds and aquatic plants. These island, not accessible to pedestrians, will serve as ecological
corridors.
o Green roofs:

As already mentioned, every floating module will be equipped with green roofs, featuring
drought-resistant plant species (sedum, mosses, grasses) that require minimal irrigation. In
addition to improving isolation, green roofs create micro-habitats for pollinators such as

bees and butterflies.

o Light and noise pollution control:
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Artificial lighting will be limited and downward oriented to avoid disturbing nocturnal
species. Noise control measures will be implemented to protect both human resident and
wildlife, especially during sensitive periods such as nesting season.

o Awareness and participation:

Resident will be invited to take part in biodiversity themed workshops and to maintain
shared ecological spaces. Biodiversity signage and QR-coded plant label can help resident

getting knowledge about their environment and feeling more like a part of it.

6. Social diversity

Social diversity is a crucial and often underestimated dimension of sustainable urbanism, as it
fosters inclusion, resilience and social innovation. In the context of a floating eco-neighborhood,
the challenges are plural. This study by Hubmann® gives very useful guidelines for any eco-
neighborhood projects. It compares 2 circular urban projects both located in Amsterdam: Block 6
and Schoonship. Block 6 is an older project, based on grey and rainwater reuses integrated to many
infrastructures. It was mostly financed by public services or by research projects and the implication
of resident is limited. Schoonship, as already detailed in previous sections, is a new neighborhood
largely financed by private funds, entirely concepted by its residents, that chose to rely on advanced
technologies. It resulted in a durable but exclusive neighborhood, not accessible to low-income
families. It made the land value around it raise and accentuated the gentrification process. What
this study shows is that:

- The neighborhood scale is adapted to the implementation of circular decentralized systems.

- Public and progressive projects avoid gentrification

- Private and technological projects offer better environmental performance but to the price

of social exclusion.

It recommends to:

- Integrate technical infrastructure during the first phases of planification

- Implicate the resident via co-conception processes to reinforce their appropriation

- Don’t underestimate low-tech solutions efficiency

- To ensure a fair socio-ecological development, finance publicly circular infrastructure and

subvention access for low-income populations.

5 Hubmann, « The socio-spatial effects of Circular Urban Systems ».
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With this in mind, here are some actions to be implemented:

@)

@)

@)

7.

Mixed housing typologies:

The neighborhood will include different types of housing units, from small studios (1
module) and shared flat for students or yound worker (2, 3 modules merged), to medium
size family units (up to 4 modules). The diversity in housing size and layout allows a more
diverse range of residents.

Adapted rental schemes:

Some of the units could be made available through flexible rental schemes or operated by
social housing agencies to allow low-income residents or newcomers to join the
neighborhood.

Shared spaces:

Common areas such as coworking spaces, floating gardens, or common terraces can foster
encounter across age and social groups. Common services (laundry, kitchen) will also be
provided. This help build social capital and prevent isolation.

Community governance:

Residents will be encouraged to co-manage some parts of the neighborhood (organization
of events, maintenance of common parts, etc..) though participatory mechanisms such as

cooperatives or neighborhood councils.

KPI

Innovative and sustainable projects, in particular urbanism projects, must set up evaluation tools.

Key performance indicators (KPI) can translate the project’s ambitions in practical goals,

measurable and verifiable, and this during the conception, the realization and the exploitation

phases.

This approach is integrated in broader sustainable management logics, like HQE2R® and

EcoQuartier in France, or Level(s)*' in the European framework, which recommend continuous

evaluation of environmental, social and economic impacts. By defining KPI, we also anticipate

exigences of investors, that are expecting transparency and performance.

60 Sharifi et Murayama, « A Critical Review of Seven Selected Neighborhood Sustainability Assessment Tools ».
61 « A Quick Introduction to Level(s) ».
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Finally, these indicators are playing a key role during concertation with stakeholders by aligning
expectations, monitoring the commitments and correct the deviations along the way. They also
allow future inhabitants to clearly see the environmental and social benefits of the neighborhood.
When it comes to evaluation of sustainability, the Life Cycle Assessment (LCA) framework is the
reference method. It’s application to the neighborhood scale makes sense, because it allows
designers to better integrate to their models mutualized equipment, density of population, shared

mobility, or bioclimatic design®

. Decision took at this scale have direct influence on urban energetic
consumption, and so the LCA method is increasingly applied at this scale. But the neighborhood
is a complex and evolving system, and that creates methodological challenges. There is a lack of
homogeneity in the different studies, and very few data are accessible.

In that context, choosing KPI and targets is a non-trivial task. Our ambition here is not to conduct
a full LCA study, considering the neighborhood is purely theoretical, but rather to set indicators
and targets, and thus have a better vision of the project.

To fix the targets for each KPI, we mostly used available data on similar projects, like Schoonschip

or Urban Riggers. When not available, we tried to aim for a target that would set reasonably higher

goals than the national average.

o Embodied carbon per m2 (kgCO2e/m2). It refers to the total greenhouse gas emissions
associated with the manufacturing, transportation, installation, maintenance, and end-of-
life deconstruction of building materials for a given area (typically square meters) of a
building. According to this study ©, “for residential buildings, full life cycle embodied carbon valnes
range from around 400 to 800 kg COZ2¢/m2 with a mean value of around 600 kgCO2¢/m2”. The
target for our floating neighborhood should then be around the lower bound of this range,
and we will choose the value of 350 kgCO2e¢/m2. I couldn’t find any documentation on
this topic for similar neighborhoods.

O Material recyclability rate at end of life: it refers to the percentage of a material, component,
or product that can be recycled and actually reused in a new product, effectively
contributing to a circular economy. This rate is calculated by dividing the amount of

material recycled by the total amount of material input. Applied to our neighborhood, we

would consider the recyclability rate of 1 module. Many different materials will be used to

62 Lotteau et al., « Critical Review of Life Cycle Assessment (LCA) for the Built Environment at the Neighborhood
Scale ».
63 Rock et al., « Towards Embodied Carbon Benchmarks for Buildings in Europe - #2 Setting the Baseline ».
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build one module, some of them like metals have a high recyclability rate, but others may
be more challenging to recycle. I couldn’t find any data for similar structure.

o Water consumption per resident per day: In France the average is at 148 L. We target a
reduction by 30% compared to the national average, like it is the case in Schoonschip®.

o Rate of reuse of wastewater: there is no precise data available in that concern in similar
projects. An objective of 50% of reuse of the greywater for non-potable use (irrigation,
toilet flushing, cleaning) seems ambitious but reachable based on the different technologies
available (MBR systems).

o Quality of rejected water: if not reused the water will be treated and then returned to the
environment, with the quality required by the local authorities.

o Energetic autonomy: this refers to the ability of the neighborhood to produce enough
energy to meet its own needs, without relying on external sources. Many” © * eco-
neighborhoods have proven that an autonomy of 90% and above is reachable, so the
floating neighborhood will aim for 90%. Due to the intermittence of the energy sources we
planned, a 100% autonomy would not be credible, even with smart grid and storage
technology.

o Building energy efficiency: an “efficient building” is reducing the amount of energy it
consumes while maintaining comfortable living conditions. In France the regulations
impose a maximum of 50 kWhpe/m?/yr (pe=ptimal energy) for new buildings, and the
floating modules will comply to this norm.

o Waste generation per resident: The national average is around 500 kg/per/y®. Few data are

available in the context of eco-neighborhoods, so we’ll set a first goal of 400 kg/pet/y.

o Number of zero-waste workshop per year: sensibilizing the residents to waste management
can really help reducing their waste generation.

o Number of species identified: the presence of the floating neighborhood must not result
in a decrease of the local biodiversity. On the contrary, like it is the case in Schoonschip
and Urban Rigger, biodiversity should thrive. One way to measure this is to count the
number of different species present in the surroundings. This number should be constant

or increasing.

64 « Chiffres clés de 'observatoire Sispea ».

0 « Greenprint ».

% « Optimise Self-Consumption of Neighbourhoods with Artificial Intelligence and Promote Energy Self-
Sufficiency ».

7 « Greenprint ».

08 « BoO1 ».

9 « Topic ».
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o Social housing: to avoid gentrification, it is crucial to make sure low incomes residents can
still afford housing in the floating neighborhood. The Ginko neighborhood adopted the
following policy: 33% social housing, 22% affordable home ownership, and 45% market-
rate housing. The floating neighborhood will do the same.

o To foster social cohesion, activities should be organized in the common parts of the district.
The number of events or activities organized annually is an indicator of the liveliness of the
neighborhood.

o It is important to involve the resident and give them decisional power so that they make
the neighborhood their own. By regularly making satisfactory surveys we make sure the
innovations and changes in the neighborhood are coherent with residents’ expectations and

needs.
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Category KPI Target
Embodied carbon per m2 350 kgCO2¢/m2
Materials (gCO2e/m2)
Material recyclability rate at end No data
of life
Water consumption per resident | 105 L
per day
Water Rate of reuse of wastewater 50%
Quality of rejected water Compliant to local standards
Energetic autonomy 90%
Energy Building energy efficiency BBC (Batiment Basse Consommation) label
ot equivalent (50 kWh/ep/m?/yr)
Waste generation per resident 400 kg/pet/y
Wastes Number of zero-waste workshop | 4
per year
% of surface area dedicated to 30% of the area not occupied by the
ecological functions modules.
Number of species identified to be compared over time
Biodiversity
Survival rate of planted 85%
vegetation after 1 year
Rental diversity index 33% social housing, 22% affordable home
Social ownership, and 45% market-rate housing
Diversity Use of common spaces 1 event per week

Satisfaction and inclusion survey

80% of satisfaction rate
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Future tasks

This thesis has explored the topic of floating neighborhoods as a way for cities to adapt to climate
change. We just proposed a vision for a project in Bordeaux, but what should come next? How
could this vision become reality? How can we make sure that this neighborhood would be accepted
by all stakeholders?

Before addressing these questions, let’s first reflect on what the analysis from the first two parts
taught us.

We began by examining the consequences of climate change, especially the rising of the sea level.
This phenomenon is expected to threaten many coastal cities, which at the same time are
experiencing increasing population growth. The need to adapt is therefore well justified. Our next
step was to identify various strategies that coastal cities adopted over time and across regions. Some
approaches rely mostly on expensive infrastructures, while some integrate natural features in the
urban fabric. These strategies all come with strengths and limitations but share one thing: they tend
to treat water as something to be excluded from the city, not embraced. This is where floating
urbanism represents a paradigm shift.

To better understand this approach, we studied two case studies: Schoonschip in Amsterdam and
Makoko in Lagos. These examples helped highlight the importance of geographic, socio-
economic, and institutional context. Schoonschip emerged in a country with strong awareness of
flooding risks and climate resilience, while Makoko developed in a context of poverty, lack of
public services, and government disinterest. The result is two very different neighborhoods, with
very different level of performance and infrastructures. We also saw that technology has an
influence on the form and the function of floating urbanism: from converted boats to anchored
floating houses and modular platforms, these structures vary and can adapt to different water
conditions.

We then focused on Bordeaux: its geography, climate history, and planning culture. Understanding
this local context was essential to imagine a viable and coherent project. The analysis showed that
any floating neighborhood must be aligned with existing urban strategies and well-integrated in the
region’s planning. Political dynamics also play a role, as illustrated by the case of the village des
péniches, where tensions emerged due to divergent interests. Legal considerations also turned out to
be crucial, and this is why we started our third part reviewing the French legal framework.

This last part of our work consisted in presenting a vision for a floating neighborhood in Bordeaux,
and starting the design process allowed us to bring several key problematics to light. How can we

ensure the connectivity to the rest of the city? Who is the project really for? How can we guarantee
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strong environmental performance and how should we measure it? How can we avoid
gentrification and ensure long-term social equity? How to design spaces that foster community life?
How to anticipate regulatory and technical obstacles in implementation? All the choices made
during this third part were made with these problematics in mind.

However, this thesis doesn’t claim to be a master plan, but rather a set of guidelines, ideas and tools
to imagine ways of building on the water. If this project were to move forward, we propose 3 steps:

- Step 1: Engage all stakeholders (future residents, local communities, architects, engineers,
public and private actors) and co-elaborate a master plan.

- Step 2: Carry out technical and environmental assessments. This includes site-specific data
collection, simulations, and life cycle assessments (LCA). Tools such as ALCYONE or
COMFIE could be used to evaluate energy performance and feasibility.

- Step 3: The third step concerns the financial and regulatory aspect of the project. At this

point an investment strategy can be deployed as well as all legal procedures.

Floating urbanism offers more than a way to adapt to climate risks and urban congestion. It
questions our way of building and inhabiting the city. It offers uncharted territory where standards
and practices have yet to be established, to create neighborhoods more adapted to the future

climate, but also more inclusive, more innovative, more responsible.
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