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Abstract: The COVID-19 pandemic showed us how fragile cities are when dealing with this phenomenon. The
lack of green areas, high pollution levels, and human overpopulation contributed to the increase of the urban
heat island effect and proved to be the perfect ingredients for the spread of the virus that changed, perhaps
forever, our ways of living inhabiting. The consequences were even more dramatic for the inhabitants of
informal neighbourhoods, as these exacerbated existing problems related to economic instability and low
food and water security. This paper proposes using Nature-Based Solutions to mitigate and adapt to climate
change and increase access to water in informal settlements. The research study focused on analysing two
technologies, the Blue-Green roof and Rain Garden, developing a prototype for each one. Considering that the
practice of self-building characterises spontaneous settlements, the modules were conceived to be built by the
inhabitants using recycled materials. These low-tech strategies improve indoor thermal comfort, facilitate the
storage of filtered rainwater for domestic use and provide access to affordable food through domestic scale
cultivation. Implementing these solutions in marginalised neighbourhoods could also empower residents to
face challenges related to Global Warming, such as runoffs generated by heavy precipitations, and improve
hygienic conditions to prevent the spread of diseases.
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1. Introduction

Currently, large population areas worldwide are being
affected by phenomena related to human activities:
climate change and incorrect urbanisation (UN Habitat,
2018). Moreover, according to the United Nations Office
for Disaster Risk Reduction (UNDRR, 2020), most disaster
eventsin the 20 years between 2000 and 2019 were floods
and storms (Figure 1).

With the guidance of the public and private sectors,
some cities -especially in the Global North- are already
arming themselves with urban plans for greening and
depaving! -e.g., Copenhagen Climate Adaptation Plan,
2011. They are proposing appropriate solutions aimed
at achieving resilience against these phenomena - e.g.,
Sustainable Urban Drainage Systems (SUDS) (Zhou,
2014), floating and amphibious constructions, temporary
or permanent barriers, dry or wet floodproofing, and
elevation of buildings, among others (de Graaf, 2012).

In this context, the word adaptation takes on a precise
meaning. It means developing actions and strategies that
can make buildings less vulnerable and more resistant
to health and environmental risks. Moreover, since the
building is human beings’ third skin (Semper, 1989), it
is rather obvious that every action and strategy affects
people. Unfortunately, in marginal areas such as informal
neighbourhoods that arise spontaneously,? the popula-
tion does not benefit from the same support (UN Habitat,
2018).

In 2020, the COVID-19 pandemic made evident the
vulnerability of millions of habitants of informal settle-
ments due to the precarious conditions in which they live
(Corburn etal., 2020). Poor sanitary conditions such as
overcrowded dwellings and lack of running water made
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it very difficult for these communities to take measures
to avoid contagion. (OECD, 2020: 1). Another factor that
contributed negatively was the need for people to leave
the house every day to get money and food through
informal activities. According to official figures, slum
dwellers were one of the population groups that suffered
the most from the virus’ direct and indirect effects (ILO,
2020; IDB, 2021):3 higher rates of infection and mortality,
increased unemployment, greater economic instability
and reduced food security, to name a few.

This paper focuses on one case study, particularly in
the informal neighbourhood El Pozén in Cartagena de
Indias, Colombia. It is located near the southern bank
of the La Virgen swamp, where a multiplicity of houses,
primarily self-constructed, arise spontaneously and
without any building regulations. In most cases, the
uncontrolled- and inexperienced - housing construction
has generated different problems regarding primary
living conditions. Furthermore, due to its proximity to the
mangrove’s lagoon, the settlement and others in the area
have been subject to flooding several times in the past,
being the most severe episode in 2011.4

The Pontificia Universidad Javeriana of Bogota
(PUJ) and the Politecnico di Torino tried to provide an
appropriate response for more resilient and sustainable
development of the neighbourhood through the project
PEI Mdquina Verde - El Arca.

A housing prototype of the project was proposed and
built for the international competition Solar Decathlon
Latin America & Caribbean (SDLA&C) 2019, which took
place in Cali, Colombia, and in which the authors of this
article participated as part of the PEI Maquina Verde - El
Arca design and construction team.®

Earthquake Extreme Landslide Drought Wildfire Volcanic Mass
temperature activity movement
(dry)

Figure 1| Percentage of occurrences of disasters by disaster type (2000-2019). Source: UNDRR, 2022, p.10.
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The particular assignment of the authors was to
determine the hydraulic design of the prototype housing
module with a sustainability focus regarding the saving,
recovery and reuse of water resources. This experience
has brought the team to work with experts in the field
and local companies. At the same time, information
was acquired about the water needs of the occupants
and forecast consumption and the savings of individual
equipment were planned.

Following the realisation of the prototype at the
Solar Decathlon competition in January 2020, the team
carried out further visits to £1 Pozén. The tours to the area
provided an idea to integrate Natural-Based Solutions
into the house’s plumbing system to collect and clean
rainwater.

The main objective of this study is to identify a possible
strategy of mitigation and adaptation (UN, 2015) to both
climatic and health phenomena. Through a scalable,
sustainable and cost-effective solution, it is intended to
help the residents of this neighbourhood by enhancing
their resilience in future crisis periods. This idea was
developed during the first six months of the pandemic, a
time in which it became clear the importance of projects
that can function as containment measures to tackle
infections without neglecting the importance of being
prepared for extreme natural events.

Considering the neighbourhood’s waste management
challenges and after proper research of modules currently
present on the market® and patents that serve this func-
tion,” it was decided to use waste materials to design a
Blue-Green roof and a Rain Garden module that can be
self-built.

The study demonstrates the performance of these
technologies as water management strategies from the
microscale of the PEI Mdquina Verde - El Arca housing
prototype to its Masterplan. The proposal included
using Natural-Based Solutions both on private spaces -
roofs and backyards - and green public areas through a
connected network system.

The study also leaves the door open to using Blue-
Greens Roof and Rain Gardens in the houses currently
built in the neighbourhood (Figure 2). It could improve
residents’ quality of life by guaranteeing access to water
for domestic use. Thus, it would be a helpful tool to
respond better to disease outbreaks such as COVID-19
while providing environmental benefits.

On a larger scale, this project could also help reduce
the environmental pollution that affects the swamp
that borders the neighbourhood by improving waste
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Figure 2 | Informal houses of £/ Pozén with different levels of consolida-
tion. Photos were taken during the visits to the neighbourhood. Source:
Ménica Mufioz.

Figure 3 | £l Pozon, the neighbourhood. Source: Dadati & D’Amico, 2020,
p.60.
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management. Moreover, it could counteract floods
caused by the neighbourhood’s location in a landfill area
(Figure 3) and increasingly frequent storms (Ayala Garcia
& Meisel Roca, 2017).

2. From rural to urban in the Colombian
Caribbean

The different social groups that have interacted on the
territory of Colombia over the centuries have brought
with them their own culture, customs, and lifestyles,
contributing to the ethnic diversity of the nation. Although
the Colombian State recognised this condition in the
Constitution of 1991, race-related conflicts are still present
today and imbalances - social and economic inequalities
- between communities and territories (Sdnchez-Torres,
2017). For all these reasons, the internal — mainly rural -
populations are displaced and are continually forced to
move to the cities in search of better living conditions.

According to official data from the International Fund
for Agricultural Development (IFAD) in 2018, “in rural
Colombia, 7.2 per cent of the population -3.5 million
citizens- lived in extreme poverty”® For this segment of
the population, the opportunities for access to adequate
education and employment are minimal (Sanchez-Torres,
2017).

In addition to these problems, there are also environ-
mental difficulties, mainly caused by the rising temper-
atures and the sudden changes in rainfall, which affect
the coastal areas that have become subject to frequent
flooding (UN Habitat, 2018). One of the areas where the
population is mainly affected by this issue is the Bolivar
department, whose capital city - Cartagena de Indias
- fully reflects the social and economic inequality of the
nation (Hernandez Correa, 2018).

The historic centre of Cartagena de Indias is the most
important tourist nucleus in the country. However, inves-
tigating the city’s most recent history, a severe imbalance
between the more central areas and the outskirt can be
noticed. Such imbalance has increased social problems -
that affect most contemporary Colombian cities - such as
insecurity, poverty, a deficit in services and infrastructure,
and environmental issues (Ayala Garcia & Meisel Roca,
2017).

One of the most known neighbourhoods on the
periphery is £l Pozon, located in the northeast area of the
city (Figure4). Its history represents the urban invasion
phenomenon in Latin America, which is one of the most
common means for low-income inhabitants to have a
house. Generally, they illegally occupied suburban or rural
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areas by establishing their settlements out of the bounds
of the administrative borders.

Figure 4 | Territorial framework of Cartagena de Indias. Source: Dadati &
D’Amico, 2020, p.56.

3. Case study: EL Pozon, Cartagena de Indias

In addition to its social and economic problems, £l Pozén
is characterised by a contradictory environmental situ-
ation. On the one hand, it suffers the problem of floods
due to its proximity to the La Virgen swamp and heavy
seasonal rainfall (Figure 5). The unplanned relationship
between nature and construction exposes the buildings
to the risk of direct flooding, causing irreparable damage
and forcing inhabitants to move or rebuild their homes
cyclically. On the other hand, the domestic water supply
is problematic, especially in the dry season.

Two characteristics that the fieldwork highlighted
were, on the one hand, the interest in having fruit and
ornamental plants in the houses and the willingness of
the inhabitants to take care of them (Figure 6),° and on
the other hand, the incorporation of productive activities
in the living space (Figure 7). These widely used practices
in £l Pozon are representative of the cultural baggage that
the inhabitants inherit and bring with them to the city
from their rural places of origin.

Unfortunately, the lack of water during some months
makes cultivation very costly since it is necessary to pay
to bring this precious yet scarce commodity from other
neighbourhoods (Guarin Cobos, 2003). Another problem
that hinders planting is the type of land on which the
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neighbourhood was built since it was stolen from the
swamp and filled with construction and demolition
waste. According to interviews with the inhabitants, they
complained that the soil was too dry and it hard to grow
some species.

El Pozon began in the early 1990s as an illegal neigh-
bourhood, an invasion of the La Virgen swamp by people
arriving mainly from villages and rural areas of the region.
Many of them were obliged to migrate because of forced
displacement and violence. The form of occupation was
based on the principle of the “4 sticks’ law”; it stated that
whoever took possession of a plot on the swamp’s water,
with a maximum size of 6x12 meters and took responsi-
bility for filling it. This possession makes him/herself the

' ! Figure 7| Informal restaurant in the backyard of a house. Source: Ménica
land owner, and he/she could build his/her house. Some Mufioz.
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of the houses in £l Pozén continue to be illegal, but others
have become legal through agreements with the govern-
ment. However, the expansion and filling of the swamp
continue to inflict serious damage on the natural system
ofthearea, causingthe swamp to become an open sewer®
(Figure 8).

During the pandemic, this neighbourhood registered
the highest numbers of infections and deaths in the city
and the country (CARACOL, May 12, 2020). Two of the
leading causes were: the need for many inhabitants of the
sector to go out daily to earn money and provide food for
their families and the lack of clean water and sanitation
for hand-washing (OECD, 2020: 1).

Figure 8| The bodies of water are in a high state of disrepair. Photos were
taken during the visits to the neighbourhood. Source: Caterina Dadati
and Marco D’Amico.

As a result of these alarming figures, the national
government ordered in May 2020 the temporary closure
of this and other nearby informal neighbourhoods - no
one could get in or out - making it even more challenging
to get food and water (EL TIEMPO, May 27, 2020).

4. Reference study: The PEI Mdquina Verde
— El Arca Project

As previously mentioned, shortly before the beginning of
the pandemic, the academic project PEI Mdquina Verde
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- El Arca was presented. The following is a brief descrip-
tion of the stages and features.

After several research activities, surveys and visits to
El Pozén, the neighbourhood population’s dynamics,
relationships and basic needs were determined and
served as the basis for the Urban Master Plan proposal,
focusing on two essential themes: social housing and
family habitability. PEI Mdquina Verde - El Arca proposed
a reconnection of the human-nature relationship through
a physical transition between urban expansion and
the fragile ecosystem. The idea was to develop a social
housing archipelago along with the construction of an
Urban Boundary for Protection and Control of the swamp.

The team decided to reach the density of 120 house-
holds per hectare in the archipelago, implementing a
system of piled habitational units that could generate a
healthy urban environment for the community’s social
development. Considering the risk and vulnerability
conditions that may generate flood cycles, the blocks of
bi-familiar modules are disposed as stilt units connected
through platforms, allowing water circulation to go below,
contemplating different levels of flooding along with the
urban proposal.

The architectural project was also elaborated
following a set of energy, comfort, social and economic
requirements and some concepts taken from several
visits to £ Pozon. For instance, the prototype house was
developed modularly with a c-shaped plan and a central
patio that encourages circulation, ventilation and expo-
sure to the sun, allowing the inside and the outside to
blend. The concept of frame is predominant in the project
and helpful in responding to different housing needs. The
house was conceived as a subjective container: an ark.
The house is reconfigurable with progressivity features
that can be added according to a specific family’s require-
ments (Figure 9).

The PEI Mdquina Verde - El Arca prototype uses passive
technologies for ventilation of the rooms through the
correct configuration of the openings that favour the
exploitation of the prevailing winds and the protection
from solar radiation. The energy needed is satisfied by ten
photovoltaic panels - 9 m?- placed above the fixed roof of
the social area. The need for hot water is guaranteed by
five prototype panels - made by the team - that act as solar
collectors and do not require electricity for operation.

As far as the hydro sanitary system is concerned, the
purpose is to reuse water through strategies that reduce
consumption and allow more efficient storage. The two
sources of the system are potable water supplied from
the aqueduct and rainwater collected through the roof
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Figure 9 | Perspective section, plan of the PEI Mdquina Verde - El Arca
prototype and photo of the structure under construction. Source: PE/
Team.

surface. Due to the mobile systemroof that follows a three-
module order, it was necessary to think of a particular
system of gutters for water recollection and a flexible pipe
to connect the gutters to the downpipes (Figure 10).

5. Design the adaptation: the vivienda Azul-
Verde

After constructing the PEI Mdquina Verde - El Arca module
for the SDLA&C 2019 competition, it was decided to study
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Figure 10 | Mobile system roof and flexible water recollection solution.
Source: PEI Team.

the possibility of raising the amount of rainwater collected
to limit use for domestic activities and the scarce potable
water available. Although necessary in the global context,
this matter is relevant in informal settlements such as El
Pozon, where access to drinking water is not always guar-
anteed. Moreover, inhabitants are already accustomed to
collecting water as it was a common practice in the rural
areas where they used to live. The following is a descrip-
tion of the two Natural-Based Solutions used: Blue-green
roof and Rain Garden.

As far as the roof is concerned, the main intention was
to study the implementation of a modular blue-green
roof. This is due to the fact that, in addition to increase
the water capturing surface of the roof, the placement
of an extra-green - layer ensures better indoor environ-
mental conditions, as it contributes to its insulation
capacity. Once the existing typologies were studied and
the elements and materials that compose them were
analysed, the next step was to contextualise them within
ElPozén in order to design a module that could fit into the
housing prototype.
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For this reason, in addition to implementing the
territorial analyses already made for the competition,
further inspections of the site project were conducted
between January and February 2020. Thanks to the
collaboration of various social cooperatives active in
the area. It must be underlined how the knowledge of
the territory has been facilitated by the great sense of
conscience of the social leaders. The accompanying
activity was carried out mainly by Mirian Correa, social
leader and part of the Corporacién para el Medio
Ambiente, who organised the various inspections and
interviews with citizens.

The main topic of discussion with the inhabitants
concerned the theme of rainwater collection: whether
they doitand, if so, by what method. At the time, a precise
configuration of the green module had not yet been
defined, so examples already on the market and sugges-
tions on how this collection could take place were shown
to the inhabitants. During the last two visits, following
increased awareness of the final objective of the inves-
tigation process, an attempt was made to understand
which materials were most used by the residents and how
was their disposal process.

A scouting process was led to identify a range of
materials similar in composition and (or) function to
those required for the module’s construction. The ones
more readily available, particularly those considered
waste materials, were selected to design a module that
the inhabitants could self-build with recycling -local
-resources simply following the assembly instructions.
The final design of this low-tech and low-cost solution
was not only the result of the research and scouting phase
but also of the collaboration with the inhabitants of the
neighbourhood.

The module is divided into a fixed one and a movable
one. The first one consists of a lower tank, in which the
overflow water is collected, that is composed as follows:
a box made of plywood panels (1 cm) that allows the
entire module to be anchored to the roof, covered with
a truck tarpaulin (0.3 cm) that acts as the waterproofing.
On the lower tank rests the fruit box, which holds all the
elements of the green roof stratigraphy: the egg container,
the coconut fibre, and the growing medium. The egg
container works as a drainage tray, allowing the water to
collectin the egg pockets, whilst the coconut fibre (0.3 cm)
holds the growing medium in position. A soilless modified
mix made of 50% sand, 30% clay and 20% compost is the
most suitable choice for the module.

Particular attention was paid to the anchoring
methods since the module is designed to be easily assem-
bled and disassembled, given the need for maintenance.
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Figure 11 | Sections of the Blue-green roof module. Source: Dadati &
D’Amico, 2020, p.145.

For this reason, the technology of the anchoring follows
the two parts division.

The lower tank must be inserted in a structure
that guarantees its fixing: in this case, the structure is a
wooden frame to which the module is attached with
screws. Instead, the upper part must be easier to remove
as it requires constant maintenance. Thereby, the fruit
box is placed on two horizontal supports inside the short
sides of the lower tank and anchored to it with adjustable
clamps (Figure 11 and Figure 12).

The operation of the module replicates precisely
that of a green roof stratigraphy. When it rains, the water
filters into the ground. It fills the ovoid cavities that collect
water, which then goes up by capillarity in the soil above,
with consequent nourishment of the vegetation. When
all the ovoid slots are filled, the overflow process begins
so that water flows out of the tray. Since the cavities are
connected, and the holes are 3 cm higher than the edge,
for the process to begin, all cavities must be filled evenly,
and the water must reach a certain level throughout the
tray (Figure 13).
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Figure 12 | Exploded axonometric showing the different elements that
compose the blue-green roof module. Source: Dadati & D’Amico, 2020,
p.143.
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Figure 13 | The functioning of the blue-green roof module. Source:
Dadati & D’Amico, 2020, p.146.

In the examples encountered, water escapes from the
module and flows over the roof surface. In the module
presented here, the wood tank collects the excess water
and, slowing down the precipitation pressure further,
sends it to the main rainwater tank. It must be noted that,
according to the typology of the roof, the upper part of
the module can work and can be used independently.
The module’s configuration causes the overflow process
to start at a capacity of 6,8 |/m?, while the amount of water
stored in the tanks is 50 [/m? The process also contributes
to slowing down runoff and reduces the amount of water
conveyed into the traditional drainage networks.
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Once the solution for the roof was identified and
prototyped, the focus was on increasing the roof’s perme-
able surface through the rain garden placement. The
sizing was the first step of the design process. The surface
area to contain the rain loads during a storm was sized
(Figure 14). Only the two lateral pitches of the PEI Mdquina
Verde - El Arca roof (40 sgm) were considered to calculate
the catchment area because they are the only ones
equipped with gutters and downspouts. The average
storm intensity (5.88 mm/h) was calculated based on the
data collected from the central meteorological station
of Cartagena de Indias: Rafael Nufiez, located in the city
airport.

CartcHMeNT Arga (1)
A = length x widthx P_ xc .=
=593m=x390mx1x0,85=1968 m?

TotaL CatcHMeNT ARrea (2)
A=A +A,=1968m?+ 19,68 m? =
= 39,36 m*= 40 m®
P_,.= percentage of rain that ends up in the downpipe; the project provides
only one downpiper por slope, so it is considered 1 (100%).

€, = runoff coefficient.

RanraLL Vorume (3)
Ve =Agx [/ x (1 m/1000 mml] x t =
A0 m?x [ 5,88 mm/(1 hx (1 m/1000 mM] x1 h=
=273 m?
|, = average peak precipitation in 24 hours.
t = time period considered for the duration of an event.
1m / 1000mm = conversion of the measurement units.

Pooung DeptH (4)
d = 500 mm

The Area oF THE RaincarDen (5)
Agwm= V i/ [dx (1 m/1000 mm)l =
=2,73 m*/ [500 mm x (1 m/1000 mm)] =
=546 m2=6 m?2

Figure 14| Catchment area. Source: Dadati & D’Amico, 2020, p.149.

In the case study, the rain garden was placed on the
wooden deck in a container made of the same planks
removed from the wooden deck itself. In this way, it is not
necessary to use additional material to that estimated
for the construction of the prototype. The rain garden
layers are featured as follows (from the bottom layer
up): 1) waterproof membrane; 2) gravel; 3) pea-gravel;
4) sub-base of sand. Finally, the topsoil is made of 50%
sand, 25% compost, and 25% loam (Figure 15). The rain
garden is connected to the traditional rainwater collec-
tion system through pipes that run in a pipette to control
the flow of water that reaches the module and its speed.
The water starts to fill the container until it reaches the
height of the pipette that connects all the systems to the
rainwater tank. In this case, gutters supply the water, and
then such water falls directly on the rain garden and the
paved surfaces on the sides. Overall, the drained water
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Figure 15 | Rain Garden Sections and exploded axonometric. Source:
Dadati & D’Amico, 2020, pp.151-152.

amount is higher than a usual drainage system. As soon
as the water level reaches 90 degrees, it starts to fill the
pipes, reaching the primary supply system. An amount of
the water will be absorbed by the ground, guaranteeing
the nourishment of the plants (Figure 16).

Although the PEI Mdquina Verde - El Arca project
mainly focused on designing and constructing a single
building (Figure 17), a part of the research work was
devoted to understanding the relationship between the
building and the surrounding urban space. Such analysis
is relevant when it is intended to investigate how the
nature-based solutions connect to other dwellings and
the built environment.

Figure 18 and Figure 19 provide a proposed connect
tion between the Natural-Based Solutions at the block
and neighbourhood levels. While the blue-green roof
modules and the rain gardens serving the one building,
constitute adaptive actions for a single-family unit, a
network of these, adequately connected, is a strategy that
can promote health and well-being conditions for the
entire community.
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Figure 17 | The Vivienda Azul-Verde. Source: Dadati & D’Amico, 2020,
p.162.

Figure 16 | The Rain Garden Functioning. Source: Dadati & D’Amico,
2020, p.153.

o e "

Figure 19 | The Archipiélago Azul-Verde. Source: Dadati & D’Amico, 2020,
p.165.
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6. Adaptive model to sanitary and climatic
conditions

Being able to store and use rainwater for sanitation activ-
ities and growing fruits and vegetables in the domestic
space contributes to ensuring that the “new normality”
of informal neighbourhood residents is based on water
security as well as on environmental health and resilience.

Our work focused on the impact of nature-based
solutions at the project level. It sought to stimulate further
insights into the effectiveness of self-building technological
solutions and their performance at the macro-scale level.

The PEI Mdquina Verde - El Arca adaptable living
module was proposed to form an entire extension of £/
Pozon. In the same way, the blue-green roof technology
module makes multi-scale its connotation. Although the
focus of the study was the scale of the building, it isimpor-
tant to underline how the effectiveness of the proposed
model increases proportionally with its application on a
large scale. Therefore, the attempt was to present a pilot
project based on the reference study (Figure 20) and use
recycled materials to benefit the micro-system of the
building and the macro-system of the neighbourhood.

It resulted in a research topic focused on a more
comprehensive solution than the single modular tech-
nology. The blue-green roof module is just one of the
possible solutions. In contrast, the methodology with which
the research was approached, the materials, the module’s
compositional characteristics, and the didactic function
of the representation are intended to be an innovative
proposal in sustainable design for the contemporary city.

Moreover, the general methodology adapted to the
case studyis conceived asflexible to otherrealities. In such
realities, there is a tendency to search for local materials.
The self-construction practice is also spreading, both as a
necessity and design method attentive to environmental
and social sustainability (Figure 21).

The prototype is a tangible example of self-construc-
tion: each material was selected considering the availa-
bility, which does not exclude a valorisation of available
waste in the neighbourhood, and considering the costs,
which are under 10 €/m? (EPA, 2008).

The blue-green roof module is a low tech, modular and
scalable solution that can contribute to the mitigation of
extreme stormwater events thanks to its drainage capacity.
Furthermore, thistechnology decreases theimpact of waste
materials disposed of and enhances the value of water
resources, in this case, the La Virgen swamp (Figure 22).
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Figure 20 | Implementation of Natural-Based Solutions in PE/ Mdquina
Verde - El Arca housing prototype. Source: Dadati & D’Amico, 2020, p.163.
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Figure 21 | Blue-Green Roof Module prototype with recycled materials.
Source: Dadati & D’Amico, 2020, p.147.

7. Conclusions

The development of the Blue-Green Roof module was
carried out during the first six months of the pandemic,
which generated a change in the initial approach,
extending the original purpose to be an adaptive strategy
for climate and health conditions.

The collection of rainwater for irrigation reuse and
attached to the building systems of the PEl team’s urban
proposal would avoid using the scarce drinking water that
reaches the neighbourhood through the network or the
inhabitants’ initiative. Furthermore, the cultivable rain
gardens could provide essential food to the community.
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Figure 22 | The constructed Blue-Green Roof Module prototype. Source:
Caterina Dadati and Marco D’Amico.

They foster sociality and exchange within the archipel-
agos and promote economic independence.

These objectives align with SDG 6 of the United
Nations: “Water and Sanitation” and SDG 2: “End hunger,
achieve food security and improved nutrition and
promote sustainable agriculture”. Beyond the practical
result, they can trigger a radical change in the inhabitants’
behaviour, as they are directly involved in the construc-
tion and management of the technological system, being
the leading actors of the change.

The pandemic has exacerbated the problems linked
to the wholesomeness of life, particularly in informal
settlements such as the one analysed. In addition to
emergency measures, it is necessary to build, as a long-
term goal, greater resilience through improving the quality
of the built environment and a more conscious behaviour
of the inhabitants. The developed nature-based technol-
ogies contribute in such a double direction, thanks to the
bottom-up approach with which it is conceived.
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The research certainly opens up a development
perspective linked to large-scale experimentation of
technology through a self-construction process with the
inhabitants. The strength of the project design concept
is the definition of the several technical elements’ perfor-
mance and the possibility of adapting it based on mate-
rials and elements available on site, keeping as a priority
the actual feasibility with local know-how and resources
through a user-centred approach.

A further development perspective is applying the
same design approach to other technological systems of
the house, such as solar thermal systems and technical
elements, to improve the efficiency of the building
envelope.

In informal contexts, it is not easy to intervene by
applying “exotic” models and adapting technologies and
solutions from other contexts; since they often do not find
the proper support from the local social and technological
support network. Improving housing quality contributes
to making settlements more resilient and strengthening
cooperation and social cohesion, which have proved to
be fundamental in the pandemic period. Thus, a new
research topic might be introduced related to the adap-
tation meaning and its relation to building, which was not
fully addressed in the SDLA&C 2019 project.

Notes

! Removal of impervious pavements to reduce stormwater effects,
increasing the land available for vegetation. (Iserhott et al., 2013)

2 Characterised by an “involuntary informality”, meaning the one
that individuals must resign themselves to accept because of their
extreme poverty (Torres, 2009, p. 47).

3 According to the International Labour Organization (2020), by April
2020, 1.6 billion informal workers were already affected by the
COVID-19 pandemic.

* Information was obtained from interviews with the sector inhabitants
and verified through journals and news reports of the time.

® The project finished second in the overall ranking: a goal achieved
thanks to the many prizes won during the competition: 2 first placesin
the “Engineering & Construction” and “Urban Design & Affordability”
categories, 4-second places in the “Architecture”, “Innovation’,
“Energy efficiency”, “Energy consumption” and a third place in the
“Communication, marketing and social awareness” category, for a
total of 7 awards in the ten evaluation categories.
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