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Abstract: According to the most recent data from the United Nations High Commissioner for
Refugees, in 2020, 82.4 million people were forcibly displaced. In addition to this situation, in
the developed world, building construction consumes 40% of the world’s material resources and
primary energy, while the construction industry generates 35% of industrial waste and 40% of total
global emissions. Therefore, the objective of the research is to propose an eco-efficient prototype for
emergency housing, from the point of view of circular economy and regenerative sustainability, that
can respond to situations of natural or humanitarian disasters. To achieve this, it will be necessary to
identify the problem that must be answered and develop a theoretical model that will serve as a guide
for future interventions of these characteristics. Finally, to verify the applicability of the developed
protocol, a field work is executed in an unorganized settlement, Subaşi camp, located in Turkey.
This research presents a novel prototype that could be used as an alternative to current emergency
housing, not only responding adequately to the minimum standards of habitability, but also doing so
in an eco-efficient, environmentally correct way and promoting the Sustainable Development Goals
and circular economy established in the 2030 Agenda.

Keywords: emergency situation; social; sustainability; circular economy; construction;
modular; ephemeral

1. Introduction

In the last two decades, 7056 natural disasters occurred in the world causing 1.35 mil-
lion deaths, of which 90% were caused by climate change [1]. In 2019, 75% of the displace-
ments registered, 24.9 million, were caused by natural disasters and 25%, 8.5 million, by
conflicts [2]. As a result of natural disasters, social conflicts, and epidemics, the number of
forced displacements has been increasing worldwide. According to the most recent data
from the United Nations High Commissioner for Refugees (UNHCR), in 2020, 82.4 million
people were forcibly displaced, representing 1% of the world’s population and the highest
number ever registered [3,4]. Of the total number of displaced people in 2020, 82.4 mil-
lion, 40.5 million correspond to new internal displacements, while the rest were already
displaced in previous years [4].

Relevant causes of displacement worldwide are conflicts, which accounted for 8.5 mil-
lion new displacements in 2019, slightly less than 25% of the total [2]. However, the main
cause of displacement worldwide is natural disasters, registering 24.9 million new internal
displacements in 2019, 75% of the total, caused mainly by storms [2,5]. This can be seen
in Figure 1, which shows, on a world map, the areas affected by displacement related to
conflicts in orange, and those related to natural disasters in yellow. As demonstrated, the
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areas where a greater number of displacements of both types converge are Africa and
Western Asia, demarcations close to the European continent. These forced displacements
around the world, combined with increasingly prolonged crises, cause situations of great
vulnerability and poverty for those affected.

Figure 1. New displacements as a result of disasters and conflicts in 2019. (Authors’ own work)

Apart from these situations, there are other emergency situations that increase the
inequalities that migrants and refugees face worldwide, negatively impacting their mental
health, their living conditions, and their access to health services [6,7]. One of these
situations are epidemics, such as Covid-19, which was declared a global pandemic by
the WHO.

Historically, southern European countries are the ones that have received the most
immigrants, even though the Mediterranean route has the greatest number of fatalities
for the highest number of migrants, as has been pointed out by numerous media. This
is due to the proximity that exists between the southern European countries with the
African continent and the Middle East, areas where a high number of displacements due to
disasters and conflicts converge [8].

In 2019, Greece became the main entry point for displaced people to Europe through
the Mediterranean Sea, as shown in Figure 2, with 65,829 people arriving to the country
and Lesbos being the island that received the most arrivals. A third of the people who
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came to Greece arrived in Lesbos. Most of these entries to Europe were made from Izmir, a
coastal Turkish city that is part of the eastern Mediterranean migration route and which
has seen its migrant population increase due to the pact between the European Union and
Turkey, preventing the passage of migrants to Europe and returns those who arrive to the
Greek islands to Turkey [8].

Figure 2. Main Mediterranean migration routes and new arrivals to Europe and Greece in 2019. (Authors’ own work)

In 2020, Turkey hosted the largest number of refugees globally: almost 3.7 million
people, 15% of all people displaced across borders globally. In this way, Turkey remains
the main host country for refugees in the world [4]. Due to the great importance of Turkey
and specially the city of Izmir in the refugee and displaced population, the research will be
focused on this city.

The supply of accommodation after an emergency is one of the priorities of humani-
tarian aid, although the reality is that the conditions in which people in situations of forced
displacement live are precarious and overcrowded, mainly due to the quality and quantity
of the extended means [9]. Most of the damages caused could be mitigated using a quick
and planned approach.

As a direct consequence of these displacements, refugee camps arise, with the main
objective to provide protection and safe and decent living conditions for those fleeing their
country [10,11]. Refugee camps are intended as temporary solutions, to host people for a
limited period, in order to keep them safe and provide them with shelter as a provisional
solution to forced displacement. However, the reality is that the majority of refugees spend
long periods of time at these settlements [12,13].

Housing, apart from a fundamental right, is a critical factor that directly affects the
survival of victims in the initial phases of a disaster or in displacement due to a conflict,
since it provides security, protection against climatology, and resistance to possible diseases,
in addition to maintaining human dignity and sustaining family and community life,
allowing affected populations to recover more quickly after a disaster.

Displaced people, whether they are refugees, asylum seekers, internally displaced, or
migrants, are particularly vulnerable to a wide range of human rights violations, including
the right to decent housing. Displaced people are also particularly sensitive to discrimina-
tion, racism, and xenophobia, which can lead to serious difficulties in achieving adequate
and sustainable living conditions [13–15].

When speaking of emergency housing, it is referred to as a minimum habitat, not
in the sense of an incomplete unit reduced to poverty, but rather it must respond to the
minimum needs of comfort for refugees in the event of a catastrophe. These are minimal
in terms of dimensions, materials, costs, construction times, and permanence [16]. In this
sense, it is intended that emergency housing responds to a series of basic conditions, such
as protection against the weather and possible replicas of natural phenomena, storage
capacity for belongings, security and privacy protection, the flexibility and adaptability of
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spaces to changing users and different cultures, and the reuse and recycling of materials,
as well as the use of traditional local materials [17]. According to Ian Davis, architect of
refugee camps in wars and catastrophes and advisor to the UN, emergency architecture
is capable of cushioning extreme and unexpected situations where the time factor is the
background against which it is necessary to act [18].

In this current outlook, our research question is: would it be possible to implement
sustainability into emergency housing? The preservation of the environment together
with situations of forced displacement due to war or natural catastrophes, must be con-
templated. It is also necessary to considering the ephemeral nature of these settlements,
which sometimes become large, inhabited towns generating the consequential waste and
environmental impact.

In the developed world, building construction consumes 40% of the world’s material
resources and primary energy [19], while the construction industry generates 35% of
industrial waste [20] and 40% of total global emissions [21–23]. In the European Union
(EU), construction and its industry consume 50% of natural resources for manufacturing
materials and generate 35% of waste [24]. Greenhouse gases emissions from these activities
are estimated at 5–12% of the total, while a more efficient use of materials could reduce
them by 80% [25]. In the EU, construction and demolition waste (CDW) represents the
largest flow in terms of mass at 1/3 of 3 trillion tonnes per year.

Actions inspired by circular economy such as the standardization of materials made
up of secondary raw materials and the dissemination of information among the interven-
ing actors have the potential to contribute to avoiding an increase in the production of
CDW and a higher amount and quality of recycling [26]. Such is the case of the Spanish
Circular Economy 2030 strategy that lays the foundations to promote a new production and
consumption model in which the value of products, materials, and resources is maintained
in the economy for as long as possible, minimizing waste generation and maximizing the
scope of those that cannot be avoided [27].

The above led us to the idea of applying the Circular Economy concept of the 2030
Agenda to this type of housing: reuse, recycle, to design an emergency housing construc-
tion prototype following sustainable criteria, through the application of reused materials.
Achieving a design that allows the standardization of the process will not only help society,
helping those most disadvantaged, adapting it to their needs but also to reduce the time of
action after a catastrophe with native and recycled materials, which will contribute to the
minimization of the environmental impact of these settlements.

To achieve the change from a linear model to a circular one, it is necessary to reduce the
waste that is generated [28], but above all ensure that this waste gives rise to new materials,
reducing the use of raw materials and promoting the reduction of energy consumption [22].

The construction sector is the largest producer of waste when compared to other
economic activities, representing 35% of total waste generation in the European Union,
which is equivalent to four times more than total household waste. Construction and
demolition activities are estimated to account for 30–40% of the total waste produced in
China, reaching 1 billion tonnes in 2013, 850 million tonnes of physical waste in the EU, and
more than 530 million tonnes in the United States in 2014. In terms of reuse and recycling
rates of this CDW waste, China reused and recovered only around 5%, while the EU and
the US achieved higher recovery rates, around 79% and 70%, respectively. Despite the
fact that two-thirds of EU countries have already reached the 70% recovery target of CDW
waste set by the Waste Framework Directive (WFD) for 2020, other countries need to take
further steps to improve their recovery rates, among which are Spain, Sweden, Belgium,
and Greece [19].

In addition, circular economy reduces the pressure on natural resources and is a
necessary condition to achieve the climate neutrality objective for 2050 established in the
European Green Deal and to alleviate the loss of biodiversity. Half of the total greenhouse
gas emissions and more than 90% of the loss of biodiversity and water stress are due to the
extraction and treatment of resources [29].
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In Spain, to reduce this waste, the State Waste Management Framework Plan (PEMAR)
has been approved for the years 2016 to 2022, which establishes the general strategy of
the waste policy in Spain, as well as the minimum objectives to be met by prevention and
preparation for reuse, recycling, recovery, and disposal. Although the plan reflects the
drastic reduction in CDW generation, from about 42 million tons in 2007 to 27 million tons
in 2012, it is still necessary to follow guidelines to continue this reduction [30,31].

Circular economy from an architecture perspective must start during the design
phase, consider functional systems that take into account modularity and adaptability of
construction elements, consider the change in needs throughout the life of the building,
and understand the outcome as a living space [32]. The circular economy applied to
emergency housing would entail a notable decrease in the percentage of CDW waste
recovered, a reduction in greenhouse gas emissions and energy consumption, and would
help to preserve the environment and its biodiversity. The CDW waste recycling rate
could be increased by setting the bases of action for other emergency situations, since the
construction of temporary buildings using new materials generates a high impact on the
ecosystem, as has been verified in the recent case of the construction of temporary hospitals
around the world to alleviate the Covid-19 pandemic.

Numerous scientific publications show the need to implement the circular economy
as a current economic model, in everyday life [33] and in the construction sector [34], as the
problems generated by the increase of waste are being faced [35]. Others investigate new
construction solutions in emergency housing [36] or propose new prototypes that adapt to
the different realities of these situations [37], even in the event of natural disasters [38].

However, none of them address the need for global economic regeneration that is
required in a world affected by COVID 19, which has caused a great impact on the economy.
As shown in Figure 3, this has caused the deepest recession in decades for many coun-
tries [39], since the last crisis in 2009, which saw 1.674% of world gross domestic product
(GDP). Although the final impact is still uncertain, the forecasts showed a contraction of
5.2% in the world GDP for the year 2020, making it urgent to adopt measures that cushion
the consequences for 2021 given the low foreseeable growth of 0.3% with respect to the fall
of the year 2020 [40].

Figure 3. Evolution of GDP 2006–2020 (in US dollars). (Authors’ own work)
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Knowing the serious current consequences in the world economy, the need to incor-
porate the circular economy into our economic system becomes even more essential. This
would allow, among other aspects, savings in raw materials and an increase in job creation
and in the economic value of natural resources.

Faced with this bleak outlook in developed countries, the situation in the most dis-
advantaged places and the impact that it will have on them are of particular concern.
Therefore, the objective of the research is to propose an eco-efficient prototype for emer-
gency housing, from the point of view of circular economy and regenerative sustainability,
that can respond to situations of natural or humanitarian disasters. The investigation de-
velops an eco-efficient design protocol adaptable to diverse scenarios as required, creating
a rapid, easy, functional, and environmentally correct architecture, closely committed to
the United Nations Sustainable Development Goals of the 2030 Agenda, thus helping to
achieve equality among people, protect the planet, and ensure prosperity. The research
develops an eco-efficient design of emergency housing for the Subaşi settlement, through
in situ field work in this refugee camp. Consequently, this validates the previous estab-
lished protocol and demonstrates the possibility of designing an environmentally correct
protocol for future emergency situations, thus avoiding the precarious nature to which
those in forced displacement are exposed. Despite the need for emergency housing and the
implementation of the circular economy, two themes of undoubted actuality, no research
has ever proposed the merge of the two, proposing a solution that would improve both
aspects. This research becomes essential for the correct evolution towards sustainability
and respect for the environment, in relation to emergency housing.

2. Materials and Methods

In order to achieve an eco-efficient and environmentally sustainable theoretical model
that meets the minimum standards of habitability in emergency housing, it will be necessary
to follow the subsequent methodology, as outlined in Figure 4, which will allow the
achievement of the main objective: the design of an emergency housing prototype to
optimise circular economy. It will be necessary to identify the problem that must be
answered and develop a theoretical model that brings together the universal strategies to be
carried out in these situations and that will serve as a guide for future interventions of these
characteristics. Finally, its validity and adaptability to a real case will be demonstrated.

Figure 4. Methodology workflow of the research. (Authors’ own work)
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Thus, the steps to take are the following:

1. Identification of the problem, thoroughly explained in the introduction, to know the
impact of forced displacements worldwide and the current production system on the
environment.

2. Identification of the minimum habitability conditions, with the purpose of knowing
the main universal strategies applicable to these situations that satisfy the needs of its
users.

3. Analysis of contemporary emergency housing, which makes it possible to publicise
their shortcomings and adaptability to the environment.

4. Definition of the circular economy criteria in emergency architecture, to know and
be able to meet the objectives proposed by different organizations at European and
global level.

5. Definition of the sustainability criteria in the materials used: Cradle to Cradle Certified
Products, to select the materials that best adapt constructively and environmentally
to the emergency housing prototype.

The previous points will conclude in the prototype proposal which will compile
the conclusions obtained at each stage, thus accomplishing the objective of the research,
to propose an eco-efficient prototype for emergency housing, from the point of view of
circular economy and regenerative sustainability, that can respond to situations of natural or
humanitarian disasters in different locations. This methodology workflow has a qualitative
approach, and not quantitative, due to the fact that no calculation software has been used
to measure the results.

Following that, each of the stages of the proposed methodology are developed.

2.1. Identification of the Minimum Habitability Conditions

As of today, there is no universal solution to give refuge to people in situations of
forced displacement, but there are different methods that try to mitigate the damage to
those who have lost everything. One such method that attempts to improve the quality of its
actions during disaster responses is the Sphere Project, created by a group of humanitarian
non-governmental organizations (NGOs) and the International Red Cross and Red Crescent
Movement, in order to develop a set of universal minimum standards in essential areas
of humanitarian responses [41]. This project is in charge of guiding the actions of the vast
majority of humanitarian organizations for twenty years, so its premises will be taken as a
basis in this research:

1. People affected by disaster or conflict have a right to live with dignity and, therefore,
a right to assistance.

2. All possible steps should be taken to alleviate human suffering arising out of disaster
or conflict.

The Humanitarian Charter and minimum standards will not of course stop human-
itarian crises from happening, nor they can prevent human suffering. What they offer,
however, is an opportunity for the enhancement of assistance with the aim of making a
difference to the lives of people affected by disaster.

The Handbook does, however, have a specific place within the broader realm of
humanitarian action, which goes beyond providing immediate relief and covers a spectrum
of activities that starts with disaster preparedness, then includes humanitarian response,
and finally extends into early recovery [41].

For the investigation, the following four minimum standards that emergency housing
must meet in relation to the design of their spaces and the choice of the materiality of the
new prototype will be taken in consideration:

Shelter and settlement standard 2: settlement planning.
The planning of return, host, or temporary communal settlements enables the safe

and secure use of accommodation and essential services by the affected population [41].
Shelter and settlement standard 3: covered living spaces.
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People have sufficient covered living spaces providing thermal comfort, fresh air, and
protection from the climate ensuring their privacy, safety, and health and enabling essential
household and livelihood activities to be undertaken [41].

Shelter and settlement standard 4: construction.
Local safe building practices, materials, expertise, and capacities are used where

appropriate, maximising the involvement of the affected population and local livelihood
opportunities [41].

Shelter and settlement standard 5: environmental impact.
Shelter and settlement solutions and the material sourcing and construction techniques

used minimise adverse impact on the local natural environment [41].

2.2. Analysis of Contemporary Emergency Housing

The refugee camps are not intended to be a long-term remedy; the assistance provided
in them is temporary, that is, until the circumstances are favourable for the refugees to be
able to return to their countries of origin in dignified conditions [42].

The types of accommodation that are available to people who arrive looking for a
safer place depend on the time that the people displaced will be in it and on different
environmental and anthropological factors. In these situations, the essential aim is to
cover the need for shelter in a space that offers security, warmth, and comfort to its users,
and where they can gradually resume their lives until they can return to their country of
origin [43].

That is why this investigation is based on one of these settlements, that of Subaşi camp,
which is located in the province of Izmir, in Turkey, and which can be seen in Figure 5. This
will be the location for which the emergency house prototype will be designed.

Figure 5. Location of the Subaşi settlement (Turkey). (Authors’ own work)

Currently, 15 Syrian families of about five members each have lived in this 2849 m2

space for four years, but around 400 families live in this type of settlement in the area.
The inhabitants of the Subaşi settlement have as their main source of income agriculture
in the adjoining lands, although it is mainly the men from the camp who work there.
Although most of the year they live on this land, they change their location depending on
the agricultural season, an aspect that will be decisive when designing the prototype of the
emergency housing.

An on-site survey of the characteristics of the dwellings of the inhabitants of this
settlement was carried out. They are built on the basis of a removable galvanized steel
structure of tubular profiles that form a gable roof, without a firm and solid anchor to the
ground, on which they place fabrics, blankets, and plastics in the form of an envelope that
serve as little protection. Several of these accommodations have wooden pallets on the
ground to slightly raise the floor and avoid the water that enters when the plot is flooded,
since the interior and exterior floors of the home are at the same level. These lodgings
have a single rectangular space without interior divisions of about 7 m2 with a single
passage opening that gives access to the interior, which hinders the independence and
family life of its users. A few of these accommodations have an opening in the roof to
facilitate ventilation when cooking inside. In addition, these homes do not have any type
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of access to water or electricity. In the following photographs, the general characteristics of
Subaşi location and habitability are displayed (Figure 6), and in the collage (Figure 7), the
lifestyle of its inhabitants is shown.

Figure 6. (a) Plot conditions at the Subaşi settlement. (b) Dwellings at the Subaşi settlement. (c) Plot conditions at the Subaşi
settlement. (d) Dwellings at the Subaşi settlement. (Authors’ own work)

Figure 7. Lifestyle of the Subaşi settlement’s inhabitants (Turkey). (Authors’ own work)

Knowing the characteristics of these settlements, in this research, an exhaustive anal-
ysis of different case studies already executed or recently designed was carried out, to
see if they were sufficiently verifiable. Mainly, houses and prototypes that have already
been used in a disaster or conflict situation have been chosen to be able to compare their
effectiveness. Furthermore, some prototypes have been selected that have not yet been
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mass-produced, due to their academic nature or because they are still in the evaluation
process, but which show some aspects of interest.

With these case studies, collected in Table 1, it is intended to have a wide range of
contemporary emergency housing solutions. Subsequently, a comparison of the most
important characteristics in an emergency home has been made with them, assessing how
the selected case studies respond to them [43–54]. This will serve as a complement to the
manuals and standards seen above, in order to develop the emergency housing prototype
that brings together all the fundamental aspects of this type of architecture and situations.

Table 1. Comparative table between case studies. (Authors’ own work)

Model Family Tent Refugee
Housing Unit

The Hex
House

C-Max
System

Foldable
Emergency

Housing
Modules

Telescopic
Tent Takk

Image

Prefabrication
typology

Organization/
Designers UNHCR UNHCR + IKEA Architects for

society
Nicolás García

Mayor

Gastón
Saboulard +

Federico
Ortiz

Dong J. + Wu J. +
Qiao

S. + Feng M.
+ Chen Y. + Su F.
+ Li S. + Zhao C.

Mireia
Luzárraga

+ Alejandro
Muiño

In use/In
production/
prototype

In use In use In use In production Prototype Prototype Prototype

Community
participation

During the
assembly

During the
assembly

During the
design +
assembly

During the
assembly

During the
assembly

During the
assembly

During the
assembly

Area (m2) 23 17.5 47 14 11.25 12 46

Occupants 5 5 4 10 4 - 4

Sufficient
interior space Yes Yes Yes No No No Yes

Weight (kg) 55 160 - Light - Light -

Materiality

Galvanized steel
structure +

polyester and
cotton canvas

Galvanized steel
structure +
insulated

polypropylene
panels

Base: wood or
aluminum

beamsEnclo-
sures: structural
insulated panels

(SIP)

Polypropylene
and aluminum

central structure
and polyester

fabric

Plywood boards
and pine slats
and recycled
plastic tarps

Elastic nylon -

Light design Yes Yes No Yes Yes Yes Yes

Assembly
(People
/Time)

3 unqualified
people/30 min

4 qualified
people/6 h

5 qualified
people/8 days

2 unqualified
people/11 min

1 unqualified
person/1 min

2 unqualified
people/1 min Qualified people

Elevated
above ground No No Yes Yes Yes No No

Group
capacity No Yes Yes No No Yes No

Resettlement
capacity Yes No Yes No Yes No No

Exterior
use Yes Yes Yes Yes No Yes Yes

Climate
adaptability Yes No Yes No No No No

Life cycle (years) 5 3 20 3 - - -

Subsequent
use Relocatable Relocatable,

reusable

Relocatable,
reusable,

recyclable,
resalable

Relocatable,
reusable

Relocatable,
reusable,

recyclable

Relocatable,
recyclable

Relocatable,
reusable,

recyclable,
resalable

Principal
references ACNUR [44] ACNUR [45] The Hex House

[47]
Cmax System

[50]
Beta Architecture

[52]
Blog Tuvie

[53]
Afasia Archzine

[54]
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As general conclusions of the analysis, it can be determined that all the designs have
a flat packaging to facilitate their transport and the change of location, and most of them
also use a system that allows easy and quick assembly by their users, without the need
for tools, special nor qualified personnel, and with an elevation above the ground, that
allows their adaptation to terrains with unevenness and its protection against impervious
terrain and meteorological agents that give rise to the deterioration of the soil. Some of
these designs are modular which allows the adaptation of the designs to any other function
that the field may need or to family nuclei of different sizes and types. None of the cases
studied meet all the minimum standards recommended in the Sphere Standards, betting
mainly on designs with very small interior spaces and without divisions, designed only for
resting, which makes it impossible to carry out comfortable daily life and does not help
people recover; therefore, the need for this research to develop a new emergency housing
prototype remains un-avoidable.

It is surprising that very few of these prototypes have recycling capacity and most of
them use materials with a high environmental impact such as plastics and have a fairly low
life expectancy. Only in one of the examples, The Hex House, it is appreciated that there is
the possibility of personalizing the home itself, something that could increase the deadlines
and the cost of production and delay the start-up of the houses. In addition, the function of
these emergency houses is that they can be used by several different families throughout
their useful life, so it would not make sense for each family to have the possibility to choose
the materiality so they would be continually changing. It is important to remember that
these are homes designed only for extraordinary and not permanent situations. Likewise,
the maximum durability, in these cases of temporary emergency housing, for which there
is information, is 5 years, a very short useful life, thus generating an increase in the amount
of waste.

Undoubtedly, the most striking aspect is that most are prototypes that claim to be
universal, trying to solve at once the different climates in which emergency housing may
be needed, without considering the climatic conditions of the place. This decision can only
result in these homes being uninhabitable in certain locations at certain times of the year,
as each location has particular requirements.

2.3. Definition of the Circular Economy Criteria in Emergency Architecture

The current linear economic model is reaching its own limits, as the environment is
not able to sustain it for longer. This situation is also being aggravated by the current state
of the COVID-19 pandemic and the health measures that are being taken to restrict it, since
they are considerably increasing the amount of waste and the linear consumer model.

The European Union has already been working on the implementation of the circular
economy for a few years. In December 2017, the Commission of the European Parliament,
after declaring the climate emergency, presented the European Green Deal to promote
efficient use of resources by moving towards a clean and circular economy, restoring bio-
diversity and reducing pollution, providing that the EU is climate neutral by 2050 [55].
Included in this European Green Deal is the new Circular Economy Action Plan for sus-
tainable growth. The new plan focuses on the design and production of a circular economy,
with the aim of ensuring that the resources used are kept in the EU economy for as long
as possible. Some of the objectives of this plan are to advance in the reduction of the use
of non-renewable natural resources incorporating recycled content, promote the analysis
of the life cycle of products and the incorporation of eco-design criteria, and favour the
effective application of the principle of hierarchy of waste, promoting the prevention of
its generation, encouraging reuse, and strengthening recycling. In addition, this plan is
committed to promoting innovative forms of sustainable consumption, which include
sustainable products and services, and to disseminating the importance of moving towards
a circular economy [56,57]. In this context, looking for alternatives that minimize the extrac-
tion of raw materials, incorporate recycled materials, and reduce the energy consumption
and CO2 emissions related to the manufacture of construction products is another way
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to move towards a circular building sector. It is important to consider the environmental
impact of the whole life cycle of a building, not only certain phases [57].

In 2015, the UN, supported by 193 countries, approved the 2030 Agenda on Sustainable
Development, an opportunity for countries and their societies to embark on a new path
that results in equality among people, protecting the planet, and ensuring prosperity. The
Agenda has 17 Sustainable Development Goals (SDGs), which range from the elimination
of poverty and the reduction of inequalities to the fight against climate change, responsible
production and consumption, and the conservation of underwater life and terrestrial
ecosystems [58].

This prototype qualitatively improves a great amount of the Sustainable Development
Goals (SDGs) such as the reduction of inequalities; making cities and human settlements
inclusive, safe, resilient, and sustainable; strengthening the means of implementation; and
revitalizing the global partnership for sustainable development and inclusive societies
for sustainable development [58]. Moreover, this prototype is involved in protecting,
restoring, and promoting sustainable use of terrestrial ecosystems, halting and reversing
land degradation, and halting biodiversity loss [58].

The application of these goals in our prototype becomes essential to obtaining an
optimal result in the investigation, since it combines the main purposes of the research,
the application of the circular economy, and the improvement of habitability conditions in
emergency situations.

2.4. Definition of the Sustainability Criteria in the Materials Used: Cradle to Cradle
Certified Products

In this situation of high consumption of natural resources and high production of
waste, the importance of establishing a new economic model of a cyclical nature, the circu-
lar economy, is obvious. This system aims to optimize the life of each material by reducing
the environmental impact that generates the production process, thus creating an economy
that is both sustainable and profitable. From this need, the Cradle to Cradle Products
Innovation Institute was created, whose basic principles are to ensure that materials are
safe for humans and the environment, allow a circular economy through the design of
products and processes, protect the environment, and respect human rights, contributing
to a just and equitable society. To do this, they use a Cradle to Cradle Product Certifica-
tion, which evaluates the materials used and the manufacturing process of the products
based on environmental and social performance in five critical sustainability categories:
material health, material reuse, energy use renewables, and carbon management, water
management, and social responsibility, thus offering a path for product manufacturers to
make measurable progress towards the UN SDGs [59]. These basic principles, collected in
Figure 8, will be taken into consideration in the materiality of the new designed prototype.

2.5. Definition of The Design Protocol for Emergency Housing

The current situation requires going beyond the implementation of a circular economy;
it requires going from being solely sustainable to being regenerative, actively contributing
to the regeneration and improvement of the health of people, society, and the planet [60].
On the other hand, many experts defend the importance of accommodation for the recovery
of people after an emergency.

In this section, based on all the points previously studied, an action protocol has been
drawn up in the design of housing for emergencies, which includes the criteria that must
be considered, to respond to all the previous precepts, which are collected in Appendix A.
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Figure 8. Cradle to Cradle Products Innovation Institute basic principles. (Authors’ own work)

This design protocol for emergency housing is divided into two sections: functionality
and materiality. The first section encompasses aspects related to the prototype commis-
sioning and living conditions, and the security provided to its users. The second section
considers the environmental impact of the materials used and the characteristics that the
materials must have to be functional in emergency housing. Both sections are based on the
conclusions obtained from the case studies analysed, the SDGs, and the Sphere Standards,
guaranteeing compliance with the minimum habitability standards. In addition, the mate-
riality section includes the Cradle-to-Cradle Products Innovation Institute standards and
the circular economy premises established in the 2030 Agenda, which will guarantee the
use of safer and more sustainable products following the criteria of the circular economy.

Some of the most important aspects collected in the first section are the easiness and
rapidity of transport, reduced manufacturing time, the need for sufficient interior space for
daily activities, the adaptability and flexibility of the design, the quality and comfort of the
spaces, the guaranty of providing safe separations and privacy between users protecting
their safety, dignity, and humans rights, and the importance of involving the affected
population in planning for provisional community settlements. Additionally, the second
section includes aspects such as ensuring the durability of the prototype, evaluating the
specific climatic conditions of the location to offer optimal thermal comfort, promoting
the use of housing solutions and materials that are familiar to the affected population
and environmentally sustainable, minimizing the negative effects on local environmental
resources, eliminating waste as much as possible, and using circular and sustainable
materials that allow the dismantling and relocation of the system. This eco-efficient design
protocol establishes the basic premises in any emergency situation, thus avoiding the
precarious nature to which those in forced displacement are exposed.

3. Results and Discussion

To verify the applicability of the developed protocol, as mentioned before, field work
was executed in an unorganized settlement that meets the characteristics of a refugee camp:
Subaşi camp, which is located in the province of Izmir, in Turkey. An emergency housing
design has been developed to apply the precepts included in the developed protocol and
thus verify its validity.

3.1. Identification of the Minimum Habitability Conditions

The protocol followed for the prototype design is composed from the minimum
standards for humanitarian response determined in the Sphere Manual, the SDGs, the
circular economy premises established in the 2030 Agenda, the Cradle-to-Cradle Products
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Innovation Institute standards, and the conclusions obtained from the analysis of the
different case studies.

Displaced people are particularly vulnerable to a wide range of human rights viola-
tions, leading to serious difficulties in achieving adequate and sustainable living conditions.
Being conscious of this matter, the design prioritises the inhabitants, maintaining human
dignity, and sustaining family and community life.

Among other things, this protocol advocates for a prototype where its users would
be able not only to develop essential household and livelihood activities inside, but also,
they would have a space to recover and to feel secure and comfortable, without housing
shortages, ensuring that living conditions are optimal and they can gradually resume
their lives. The design of the prototype must provide its inhabitants with independence,
empowerment, and a sense of ownership.

Following all the precepts of the design protocol for emergency housing, the prototype
was designed, only in the absence of the choice of materiality, which is detailed in the
subsequent section.

3.2. Definition of the Sustainability Criteria in the Materials Used: Cradle to Cradle
Certified Products

Due to the restrictive peculiarities of emergency housing, the range of materials that
would work correctly for the final prototype are few, as the materials used have to fit
within a circular economy, and must be able to adapt to an ephemeral, flexible, architecture,
removable, portable, and cooperative capacity of its users in construction. The importance
of applying the circular economy principles of durability and disassembly must not be
forgotten. These aspects should be carefully taken into account especially when working on
emergency housing, since their inhabitants are economically vulnerable, and the resources
must be optimised, promoting material recovery, value retention, and meaningful next
use [57]. Following the protocol established in Appendix A, no material in the Cradle to
Cradle Products Innovation Institute catalogue meets the previous needs, since the vast
majority of these are designed for permanent construction or are not adapted to some of
the key concepts to achieve in the emergency housing prototype mentioned above.

That is why it was decided to propose products or materials, which are available in
areas close to Subaşi camp, and which follow the method of safe and circular redesign of
products proposed by the Cradle to Cradle Products Innovation Institute. This method
explores the implications of material choice in each phase of their life cycle: during pro-
duction, the use phase, the post-use phase, and when materials are reintroduced into
the system. To effectively design a product for its use in closed cycles, it is essential to
consider the impact of the choice of materials, for humans or the environment, in each
of these stages of the life cycle [61]. In this way it must be guaranteed that the materials
used are adaptable to emergency housing use and meet the characteristics and processes
necessary to be considered safer and more sustainable products that are manufactured
in accordance with circular economy and create a positive impact. In this specific case
they will be galvanized steel, already used in the structure of the current homes of the
residents of Subaşi; Accoya natural wood panels, OSB panels, and rock wool insulation for
the construction of the sandwich panels that will function as the envelope of the prototype;
and finally, cellular polycarbonate, for the openings of the accommodation. While the
suppliers of OSB panels and rock wool are found in the same province of Izmir, where
Subaşi is located, the suppliers of cellular polycarbonate, Accoya natural wood panels, and
galvanized steel can be found in Turkey itself, which will facilitate and speed up transport,
reducing costs, and environmental impact.

3.2.1. Galvanized Steel

Since the lodgings that are currently in use in Subaşi are built on the basis of a
removable galvanized steel structure of tubular profiles, this material will be used for the
base structure of the houses in order to be able to reuse some of those that are already in
use and lower costs. This decision will make it easier to put the houses into operation
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as it is a material commonly used by users and on which they have sufficient technical
knowledge and skills for assembly.

Zinc, together with steel, is 100% recyclable and also guarantees, unlike other coatings,
the absence of toxic or dangerous chemical substances, not generating impacts on the
environment, providing as well exceptional durability and constructive versatility without
any conservation cost [62]. Likewise, galvanized steel is capable of resisting inclement
weather, it is lighter than many other metals, and its cost is very low, which will favour its
acquisition, assembly, and transport by users [63].

Below, in Figure 9, it will be demonstrated, following the method of safe and circular
redesign of products proposed by the Institute, that galvanized steel is a material that
meets the characteristics and processes necessary to be included in the Cradle to Cradle
Certified catalogue. The circular process of this material will not always begin in the same
phase but depending on the state in which the material is found, it may begin in any of
those that make up its cycle.

Figure 9. Life cycle of galvanized steel structures. (Authors’ own work)

3.2.2. Natural Wood and OSB Sandwich Panels and Rock Wool Insulation

For the exterior partitions of the prototypes, it is proposed to use sandwich panels
made out of OSB wood on the inside and natural wood on the outside with rock wool
insulation in between that will be fixed to the galvanized steel structure mentioned above
by means of some clamps. The choice of a different type of wood for the faces of the
sandwich panel is justified only due to the different characteristics that the interior and
exterior of the houses require.

The choice of OSB for the sandwich panels has several reasons: wood is a great thermal
and acoustic insulator and is a completely sustainable material that guarantees one of the
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cleanest and cheapest recycling processes [64]. The idea of using wood for the cladding of
the prototype is due to the fact that it perfectly meets the standards of the circular economy:
it is renewable, recyclable, reusable, and biodegradable. In addition, it is a natural material,
available in large quantities and is easy to produce [65]. It is important to highlight that
wood is an important source of carbon retention, contributing to the mitigation of climate
change [66]. In addition, the decision to bet on sandwich panels in removable temporary
houses, which incorporate insulation, allows an easy and quick start-up and transport, as
it has a smaller number of pieces.

Figure 10 shows how OSB panels meet the characteristics and processes necessary
to be included in the Cradle to Cradle Certified catalogue, following the method of safe
and circular redesign of products proposed by the Institute. The circular process of this
material will not always begin in the same phase but depending on the state in which the
material is found, it may begin in any of those that make up its cycle.

Figure 10. Life cycle of OSB panels. (Authors’ own work)

As the exterior cladding of the panels, the Accoya group outdoor wood cladding
has been chosen which is already registered by the Cradle to Cradle Institute with a gold
certification, which guarantees that the materials used and the environmental and social
performance in the process of product manufacturing comply with the UN SDGs, which
establishes rigorous parameters for the sustainability of the product throughout its life
cycle [67].

For its part, rock wool, which is fire and humidity resistant and functions as thermal
and acoustic insulation, is fully recyclable. Likewise, as this material does not degrade over
time, its useful life is very long, in addition to allowing infinite recycling, giving rise to
new products or new rock wool [68,69].
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Another key aspect of the circular economy is the use of modular construction materi-
als that are easy to disassemble and separate according to the materials, thus allowing their
reuse and recycling, a requirement that this element meets [70].

Figure 11 shows how the rock wool insulation of the sandwich panels meets the
characteristics and processes necessary to be included in the Cradle to Cradle Certified
catalogue, following the method of safe and circular redesign of products proposed by the
Institute. The circular process of this material will not always begin in the same phase but
depending on the state in which the material is found, it may begin in any of those that
make up its cycle.

Figure 11. Life cycle of rockwool. (Authors’ own work)

3.2.3. Cellular Polycarbonate

After investigating innumerable materials that could function correctly as translucent
material for the windows of the emergency housing prototype, since they must be resistant,
removable, light, easily accessible, and circular, it is concluded that to this day, there is
not yet a material that is capable of fulfilling all these characteristics, since the field of
translucent materials is limited.

Currently, the range of translucent materials is restricted to derivatives of polymers or
glass, which are either difficult to maintain in a circular cycle or are too brittle and heavy.
Because of this, it was decided to choose cellular polycarbonate as the translucent material
for the prototype windows. This product is much stronger than glass, is more cost-effective,
and weighs a lot less. In addition, it has excellent acoustic properties and can be easily
installed by unqualified personnel [71].
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The main disadvantage of this material lies in its circularity, because, although it is
possible to be recycled, it requires very specific technologies. This makes recycling difficult,
although it does not make it impossible. On the other hand, the use of this material will be
very limited in the prototype designed and will allow the house to have ventilation capacity
and lower energy consumption, making it an optimal material for this situation [72].

Below, Figure 12 shows that polycarbonate is a material that meets the characteristics
and processes necessary to be included in the Cradle to Cradle Certified catalogue. The
circular process of this material will not always begin in the same phase but depending on
the state in which the material is found, it may begin in any of those that make up its cycle.

Figure 12. Life cycle of cellular polycarbonate. (Authors’ own work)

3.2.4. Emergency Housing Prototype Design

After the investigation, it is concluded that emergency housing that responds correctly
to the situation in which people find themselves at Subaşi camp (Turkey) will have the
following key points: durability, ease and speed of transport, ease of storage and assembly,
reduced manufacturing time, participation of the affected population, elevation above
the ground, adaptability and flexibility, quality and comfort, safety and vulnerability,
compliance with the Sphere Standards, sufficient interior space for daily activities, use of
local and circular materials, and climatic adaptability.

The prototype designed based on the criteria and precepts established in the previous
points, which can be seen in plan and elevations in Figure 13 and whose planimetry
developed to scale is found in Appendix B, initially consists of a 6 m2 base module,
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designed for a single person, with annexation capacity that allows a configuration of
greater dimensions and adaptable to different uses and/or population groups.

Figure 13. (a) Perspective of the prototype; (b) sectioned perspective of the prototype. (Authors’ own work)

These houses have a structure formed by tubular galvanized steel profiles that are
anchored to the ground by means of a superficial foundation such as an EasyPAD. Its
envelope is composed of sandwich panels with interior cladding of OSB panels, exterior
natural wood cladding for exteriors from the Accoya group and rock wool insulation, as
well as a natural wooden plank from the same Accoya group that will function as the
base of the house. This exterior cladding allows the opening of gaps that will facilitate
ventilation, the entry of natural light, and the passage to the interior of the house.

The openings of the house are solved by a sliding system with galvanized steel rails.
The two window openings have a cellular polycarbonate panel on the inside that will allow
light to pass through and filter the vision of the interior, and on the outside a wooden
panel from the Accoya group that will block the entry of light and give total privacy to the
interior spaces.

The interior divisions of this prototype, in the case of joining two or more modules,
will be made of OSB panels that will serve to separate the night areas from the main room.

These modules are mainly intended to be used as housing in emergency situations, but
due to their flexibility they can also be configured to function as buildings for common use
such as schools, activity or bureaucratic centres, or, depending on the kind of emergency
situation like pandemics or earthquakes, as field hospitals, vaccination centres, or even
morgues. Additionally, using only the structure and the base piece, they can also be used
as common outdoor spaces with customization capacity.

The prototype proposed is intended to be a universal solution that can be used in
different locations where it may be needed, hence it has a culturally neutral design with
the capacity for customization by its inhabitants. The neutrality of its design and the use of
materials used globally allows all cultures to feel identified and comfortable with it.

3.2.5. Production Process

The prototype proposed in this research combines different materials in order to best
adapt to the spatial, cultural, and economic needs of its users. Due to this, each material



Sustainability 2021, 13, 8100 20 of 35

will have a different origin, although as close as possible to the current Subaşi settlement,
which can be seen in Figure 14, in order to reduce the environmental impact of transport
and optimize local opportunities.

Figure 14. Origin of the materials of the emergency housing prototype. (Authors’ own work)

3.2.6. Prototype’s Lifespan

As mentioned above, these temporary housings should not become a permanent
housing solution to which it is resorted automatically, but due to the long lifespan of
the materials used in this prototype, these housings will be useful for a long period
of time. Figure 15 details the different phases these accommodations will go through
throughout their useful life, in order to apply the circular economy standards during their
entire process.

Figure 15. Lifespan of the emergency housing prototype. (Authors’ own work)

The life cycle of the prototypes is mainly divided into three phases: a first phase in
which the residents participate with qualified personnel, the second coordinated by the
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users, and a third phase in which there is a change in use or location of the houses, carried
out by residents with external support if required.

The first phase includes the arrival of the different components of the prototypes at the
site, the teaching by qualified personnel to the first users of the construction skills necessary
for the construction of the houses, the planning of the arrangement of the accommodation
in the location and collaborative construction between residents and qualified staff. This
phase will mainly serve to bring the housing construction system closer to its users in order
to provide them with autonomy for the future.

The second phase, regulated only by the users, includes the personalization and
interior planning of the houses, which will contribute to create personal and culturally
appropriate spaces for the residents in which they feel comfortable developing their life
until they get a permanent residence. In addition, in this phase the residents themselves
will be the ones who determine when a change in the current planning is necessary, either
due to the increase in demographics at the site or due to a need for a change in the current
program. At this time the current residents will teach any new residents the construction
skills they learned in the first phase so that they themselves can put new constructions
into operation.

The third phase will come when a change of location is necessary, when the materials
cannot continue to be used in that way or are required for other uses, either because this
type of accommodation is no longer needed or because of the wear and tear of the materials
over time. In the case in which the materials are not going to be used anymore, they will be
recycled or reused in other uses so that their life cycle is infinite, and they can give rise to
other products. If, on the other hand, these materials are going to continue to be used in
the prototype, but in a different location, it will be decided to dismantle the houses that
require it and transport their components to the new location to start the cycle again. In
this case, phase one in which the assembly occurs jointly between qualified personnel and
the users will be eliminated, starting directly at the second phase, since at this point, the
residents already have the necessary skills to do it themselves.

3.3. Comparative Table between the Prototype and Other Case Studies

Already knowing the material and design characteristics of the prototype proposed,
an exhaustive comparison was possible between the proposal and the different case studies
already presented in Section 2.2. Analysis of contemporary emergency housing was carried
out. This comparison evaluated the efficacy and the aptitudes of the prototype, assessing
if all the design, functionality, habitability, and material requirements determined in the
previous sections have been accomplished. As the previous analysis showed, despite the
variety of case studies chosen, every prototype evaluated had important scarcities: they
were either unable to be used as a rapid, easy, and functional emergency housing or the
materials used for their construction had an important environmental impact.

Additionally, none of these case studies were closely committed to the United Nations
Sustainable Development Goals of the 2030 Agenda: they failed to accomplish either
equality among people, the protection of the planet, or the surety of prosperity.

The following figure, Table 2, shows the most important characteristics in an emergency
home, assessing how the different prototypes respond to them and will confirm whether
the proposed prototype meets all the requirements stablished in the previous sections.
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Table 2. Comparative table between the prototype and other case studies. (Authors’ own work)

Model Family Tent Refugee
Housing Unit

The Hex
House

C-Max
System

Foldable
Emergency

Housing
Modules

Telescopic
Tent Takk Eco-Efficient

Prototype

Image

Prefabrication
typology

Organization/
Designers UNHCR UNHCR +

IKEA
Architects for

society
Nicolás García

Mayor

Gastón
Saboulard +

Federico
Ortiz

Dong J. + Wu J.
+ Qiao

S. + Feng M.
+ Chen Y. + Su

F. + Li S. +
Zhao C.

Mireia
Luzárraga +
Alejandro

Muiño

Reseach
authors

In use/In
production/
prototype

In use In use In use In production Prototype Prototype Prototype Prototype

Community
participation

During the
assembly

During the
assembly

During the
design +
assembly

During the
assembly

During the
assembly

During the
assembly

During the
assembly

During the
assembly

Area (m2) 23 17.5 47 14 11.25 12 46 6

Occupants 5 5 4 10 4 - 4 1

Sufficient
interior space Yes Yes Yes No No No Yes Yes

Weight (kg) 55 160 - Light - Light - Light

Materiality

Galvanized
steel structure

+ polyester
and cotton

canvas

Galvanized
steel structure

+ insulated
polypropylene

panels

Base: wood or
aluminum

beamsEnclo-
sures:

structural
insulated

panels (SIP)

Polypropylene
and aluminum

central
structure and

polyester
fabric

Plywood
boards and

pine slats and
recycled

plastic tarps

Elastic nylon -

Galvanized
steel structure
+ sandwich

panels (natural
wood +

rockwool +
OSB panels)

Light design Yes Yes No Yes Yes Yes Yes Yes

Assembly
(People
/Time)

3 unqualified
people/30 min

4 qualified
people/6 h

5 qualified
people/8 days

2 unqualified
people/11 min

1 unqualified
person/1 min

2 unqualified
people/1 min

Qualified
people

2 unqualified
people/2 h

Elevated
above ground No No Yes Yes Yes No No Yes

Group
capacity No Yes Yes No No Yes No Yes

Resettlement
capacity Yes No Yes No Yes No No Yes

Exterior
use Yes Yes Yes Yes No Yes Yes Yes

Climate
adaptability Yes No Yes No No No No Yes

Life cycle
(years) 5 3 20 3 - - - Unlimited

Subsequent
use Relocatable Relocatable,

reusable

Relocatable,
reusable,

recyclable,
resalable

Relocatable,
reusable

Relocatable,
reusable,

recyclable

Relocatable,
recyclable

Relocatable,
reusable,

recyclable,
resalable

Relocatable,
reusable,

recyclable,
resalable

Principal
references ACNUR [44] ACNUR [45] The Hex

House [47]
Cmax System

[50]

Beta
Architecture

[52]

Blog Tuvie
[53]

Afasia
Archzine [54] -

As general conclusions of the analysis, it can be determined that the prototype pro-
posed meets all the requirements established in the protocol for emergency housing. This
prototype, as most of the case studies, has a flat packaging to facilitate its transport and the
change of location and it is elevated above the ground, allowing its adaptation to terrains
with unevenness and its protection against impervious terrain and meteorological agents
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that give rise to the deterioration of the soil. Moreover, most of the pre-existing prototypes
use a system that allows easy and quick assembly by their users, without the need for tools,
special nor qualified personnel. The new prototype has also this characteristic, allowing
the assembly to be carried out by its users, who will simply need basic instructions and
tools, which will be delivered together with the different pieces that define the volume.

The modular capacity of the design is undoubtedly a feature to highlight, as it allows
different configurations, being able to function as different sizes housing according to
the needs of its inhabitants, as buildings for common use such as schools, activity, or
bureaucratic centres, or, depending on the requirements of the emergency situation, as field
hospitals, vaccination centres, or even morgues. Additionally, using only the structure and
the base piece, they can also be used as common outdoor spaces with customization capacity.

None of the cases studied met the minimum standards recommended in the Sphere
Standards, betting mainly on designs with very small interior spaces and without divisions.
In consequence, this characteristic of the prototype highlights its importance, since its users
would be able not only to develop essential household and livelihood activities inside, but
also, they would have a space to recover, to feel comfortable, without housing shortages.

The materiality aspect is another characteristic of the prototype to highlight, since just a
few of these prototypes have recycling capacity and most of them use materials with a high
environmental impact such as plastics and have a fairly low life expectancy. The materials
chosen for the prototype have reuse and recycling capacity and are considered safe and
sustainable products that are manufactured in accordance with circular economy creating
a positive impact in the environment. The materials chosen are globally known, accessible,
and available in areas close to Subaşi camp, facilitating and speeding up transport, reducing
costs and its environmental impact. Thanks to the materials chosen, the life span of the
prototype is unlimited, decreasing the amount of waste it generates and allowing several
different families to own it throughout its useful life. This feature makes the prototype
draw attention, since almost all the existing ones have a very short useful life.

Undoubtedly, the most striking aspect is that most are prototypes that claim to be
universal, trying to solve at once the different climates in which emergency housing may
be needed, without considering the climatic conditions of the place, resulting in these
homes being uninhabitable in certain locations at certain times of the year. This is a big
concern, so one of the priorities when designing the prototype was for it to be climate
adaptable to different locations. Depending on the location where the emergency housing
is needed, the thickness of the insulation material would be different, attending to the
specific requirements of the location.

Although in terms of interior space there are some bigger pre-existing prototypes, it
must not be forgotten that these are minimum habitats designed only for extraordinary and
not permanent situations, so the design simply meets the minimum standards of habitabil-
ity defined in the Sphere manual which defines a suitable surface for these circumstances.

The prototype proposed is intended to be a universal solution that can be used in
different locations where it may be needed, hence it has a culturally neutral design with
the capacity for customization by its inhabitants. The neutrality of its design and the use of
materials used globally allows all cultures to feel identified and comfortable with it.

Consequently, this validates the previous established protocol and demonstrates
the possibility of designing an environmentally correct protocol for future emergency
situations, thus avoiding the precarious nature to which those in forced displacement
are exposed.

4. Conclusions

The rise in forced displacement of people in recent years due to natural disasters,
armed conflicts, and pandemics has favoured an increase in the number of temporary
accommodations, which tend to have a short useful life. Added to this great problem is
the linear economic system implemented in the world, which causes a high rate of waste.
These two current issues have been addressed in this study, reaching the conclusion that
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the factors that characterize the emergency architecture can make this an example where
issues around the sustainability factor are applied in a practical way.

The finished investigation leads to the identification of the key aspects to consider
in an emergency situation. Firstly, the cause of the displacement must be identified, to
respond to the minimum needs of comfort for refugees in the event of a catastrophe,
understanding their needs, cultural and social traditions, and lifestyle as well, so they
can gradually resume their lives. Secondly, identification of the minimum habitability
conditions considering the Sphere Project Standards. These minimum standards try to
provide protection and assistance to the affected population to ensure the basic conditions
for life with dignity. Since nowadays there is no efficient universal housing prototype
for emergencies, it becomes of great importance to perform an exhaustive analysis of
contemporary emergency housing. This analysis identifies the defective aspects of these
existing prototypes, which will help to design the novel prototype of the research in the
most efficient way possible. Moreover, the characteristics of the housing must be adaptable
to the location where it is needed to fulfil the minimum comfort and habitability conditions.

Subsequently, the circular economy criteria in emergency architecture have been
considered. This was achieved by analysing the environmental impact of the current
linear production system and how it can be improved by switching it to a circular one, as
well as how to implement in the prototype materials whose production process is more
sustainable. Finally, the sustainability criteria in the materials used was defined, following
the Cradle-to-Cradle Products Innovation Institute standards. These standards ensure that
materials are safe for humans and the environment, allow a circular economy through
the design of products and processes, protect the environment, and respect human rights,
contributing to a just and equitable society.

Once these questions have been addressed, the action protocol, which compiles the
conclusions obtained at each stage, was developed. This protocol advocates for a prototype
where its users would be able not only to develop essential household and livelihood
activities inside, but would also have a space to recover, to feel secured and comfortable,
without housing shortages, ensuring that living conditions are optimal and they can
gradually resume their lives. The design of the prototype provides its inhabitants with
independence, empowerment, and a sense of ownership. This eco-efficient design protocol
establishes the basic premises in any emergency situation, thus avoiding the precarious
nature to which those in forced displacement are exposed.

Finally, based on the previous protocol, this research presents a novel prototype that
could be used as an alternative to current emergency housing, not only responding ad-
equately to the minimum standards of habitability, but also doing so in an eco-efficient,
environmentally responsible way, and promoting the SDGs and circular economy estab-
lished in the 2030 Agenda. The proposed prototype not only solves the aspect of a rapid
start-up of emergency housing in the location where they are needed, meeting minimum
standards of habitability, and covering the needs that their users may have, but also pro-
viding eco-efficient and environmentally responsible solutions that help to close the life
cycle of its materials, incorporating the prototype into a circular cycle that respects the
environment and society. The prototype improves the quality of life of displaced people;
allowing them to quickly return to a progressive normality and moving them away from
unhealthy and vulnerable situations. In addition, this prototype contemplates the prin-
ciples of regenerative sustainability, as it is a solution that provides benefits to its users
and the environment, economically, socially, and environmentally. Resuming the research
question: would it be possible to implement sustainability into emergency housing? It
can be confirmed that the implementation of the circular economy in emergency housing
is possible.

Once the effective behaviour of the fusion between emergency architecture and sus-
tainable factors has been verified, the proposed prototype becomes the starting point to
continue with this line of work in prototypes of existing emergency housing or in new
designs that may arise.
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Appendix A

Table A1. Design protocol for emergency housing.

DESIGN PROTOCOL FOR EMERGENCY HOUSING

Functionality

�
Easiness and rapidity of transport, in order to considerably reduce the environmental
impact of transport.

�
Easiness of storage and assembly, with flat packaging, standard measurements and ease
of assembly by the users themselves.

� Reduced manufacturing time, so that the response to the need is as fast as possible.

�
Sufficient interior space for daily activities, generating spaces that allow people to recover,
offering them privacy and independence.

�
Security and vulnerability, ensuring the safety, dignity and humans rights of its users,
guaranteeing the protection of their freedom and physical safety.

�
Elevated above the ground, thus generating healthier spaces preventing water from
penetrating it as much as possible and allowing its adaptation to uneven terrain.

�
Adaptability and flexibility, to adapt to the different needs and uses of the field in which
they are located and of the users who inhabit it.

� Quality and comfort, ensuring that living conditions are optimal.

�
Compliance with the Sphere Standards, as they will guarantee compliance with the
minimum habitability standards:

� Assess and analyse the housing and settlement needs of the affected population.

�
Draw up a response plan for accommodation and settlements in coordination with the
competent authorities, with the participation of organizations and the affected population.

�
Apply local planning practices and adapt to the type of disaster or crisis, the dangers it
entails and the impact they have on the affected population.

�
Regularly ensure that homes or settlements are located at a safe distance from any real or
eventual threat and that existing risks are minimized.

�
Ensure that there is safe access to all accommodation and human settlements, as well as
essential services.
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Table A1. Cont.

DESIGN PROTOCOL FOR EMERGENCY HOUSING

�
Involve the affected population in planning for provisional community settlements in
consultation with families, neighbours, and community groups, as appropriate.

�
Humanitarian response plans must ensure that temporary accommodation does not
automatically become a permanent housing solution.

�
Ensure that sufficient floor space and adequate firebreaks are available in planned
temporary camps or camps set up by displaced people.

� Minimize risks related to disease vectors.

� Ensure that every affected family has a covered living space.

�
Ensure safe separations and privacy between sexes, different age groups and different
families, as appropriate, within the same household.

�
Ensure that essential household and livelihood activities can be carried out within the
covered living space or in an adjacent area.

�
All people affected by the disaster have a minimum covered area of 3,5 m2 per person
that respects people’s privacy and minimizes overcrowding.

�
The height of the accommodation, from floor to ceiling, must be a minimum of two
meters at its highest point.

�
It is necessary to offer the possibility of installing subdivisions within individual
dwellings.

�
Accommodation should be oriented and designed in such a way that ventilation is
optimized, and direct sun exposure is minimized.

�
The accommodation must be of light construction, with adequate insulation according to
its location.

Materiality

�
Participation with the population, to provide them with independence, empowerment,
and a sense of ownership.

� Durability, to allow for a longer lifespan.

� Quality and comfort, ensuring that living conditions are optimal.

�
Adaptability and flexibility, to adapt to the different needs and uses of the field in which
they are located and of the users who inhabit it.

�
Compliance with the Sphere Standards, as they will guarantee compliance with the
minimum habitability standards:

�
Evaluate the specific climatic conditions for each season to offer optimal thermal comfort,
good ventilation, and protection.

�
Promote the use of housing solutions and materials that are familiar to the affected
population, environmentally sustainable and, where possible, that are culturally and
socially acceptable.

�
Enable the maintenance and the improvement of the housing using locally available tools
and resources.

�
Involve the affected population, local construction professionals, and competent
authorities to agree on safe construction practices, materials, and technical knowledge
necessary to optimize livelihood opportunities.

�
Minimize structural risks and vulnerabilities by meeting appropriate construction and
material specifications.

�
Arrange materials supply, labour hiring, technical assistance, and regulatory
authorizations, guaranteeing the appropriate bidding, procurement and
construction processes.
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Table A1. Cont.

DESIGN PROTOCOL FOR EMERGENCY HOUSING

�
Assess and analyse the negative effects of the disaster on the environment and determine
environmental risks and vulnerabilities.

�
Consider the degree of availability of local natural resources when planning the
temporary or permanent settlement of the affected population.

�
Minimize the negative effects on local environmental resources that can be caused by the
production and supply of building materials and the construction process.

�
Preserve trees and other vegetation, where possible, to increase water retention, minimize
erosion, and provide shade.

�
Re-establish the place of the provisional community settlements in the state they
originally were once they are no longer needed.

�
Compliance with the standards of the Cradle to Cradle Products Innovation Institute,
which will guarantee the use of safer and more sustainable products following the criteria
of the circular economy:

�
Ensure that products are made with chemicals that are as safe as possible for humans and
the environment.

�
Eliminate waste as much as possible, helping to ensure that products remain in perpetual
cycles of use and reuse.

�
Guarantee the manufacture of products using renewable energies, so that the impact of
greenhouse gases produced by the manufacture of the product is reduced or eliminated.

� Guarantee the correct use of water in the manufacture of products.

�
Design business operations that honour all the people and natural systems affected by the
manufacture of a product.

�
Use of local materials, to reduce the environmental impact, and constructive solutions and
materials that are familiar to the affected population and as far as possible, that are
culturally and socially acceptable to them.

�
Use of circular and sustainable materials, from the environmental point of view, that
allow the dismantling and relocation of the system, facilitating its reuse and recycling,
making its useful life unlimited, and facilitating its economic viability.

�
Climate adaptability, so that the prototype can function optimally in different locations
that require emergency housing.

Appendix B

Figure A1. Cont.
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Figure A1. Emergency housing prototype: Elevations and floor plans.

Figure A2. Emergency housing prototype: Sections.
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Figure A3. Emergency housing prototype: Constructive details.
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Figure A4. Emergency housing prototype configuration: Elevations.
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Figure A5. Emergency housing prototype configuration: Ground plan.

Figure A6. Emergency housing prototype configuration: Roof plan.
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Figure A7. Emergency housing prototype configuration: Sections.
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