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Abstract: Disasters, whether natural or man-made, pose inevitable global challenges. Events such as
COVID-19, earthquakes, extreme climatic conditions, and conflicts underscore the urgent demand
for effective temporary housing solutions. These temporary housing units (THUs) serve as an
aid in assisting displaced people to rebuild their lives as the recovery process unfolds. However,
numerous temporary housing units present environmental, economic, and social issues that hinder
their sustainability. This paper investigates the underlying causes of these issues, defines the essential
requirements that temporary housing units must meet, and proposes an initial design to fulfill
these requirements. The methodology comprises three key phases: case study analysis, requirement
identification, and the integration of these requirements into the design process. The main findings
highlight that the construction of sustainable temporary housing units necessitates a meticulous
consideration of various parameters to achieve a balanced equilibrium between economic, social,
and environmental impacts. Possible future research directions are emphasized, including the use of
digital tools and BIM models to promote the adoption of circular economy practices and the validation
of the design solution through value analysis. Possible improvements in the user’s well-being are
also taken into consideration.

Keywords: temporary housing; post-disaster housing; building sustainability; disaster management;
housing design strategies

1. Introduction

A disaster is defined as a relevant breakdown in the operation of a community or
society. It is characterized by vast human, material, economic, or environmental damages
and effects so severe that the struck community or society cannot recover using its internal
resources alone. Consequently, external resources are necessary, which can be sourced at
both national and international levels [1,2]. Disasters can be categorized into three main
types: natural, man-made, and technological hazards [3]. Natural disasters encompass a
wide range of events, including earthquakes, floods, droughts, storms, extreme temper-
atures, and landslides. For instance, the Moroccan earthquake and the Libyan floods in
September 2023 serve as dramatic examples of natural disasters. These calamities resulted
in significant damage and the displacement of thousands of people. Man-made disasters
encompass wars, conflicts, and even biological disasters originating from human activities.
An illustrative instance is the ongoing Russian–Ukrainian conflict, which has produced
economic, environmental, and social damages, including a particularly devastating loss
of life. In addition, the COVID-19 pandemic serves as a dual example of a biological
and man-made disaster, affecting an impressive number of people worldwide, exceeding
6.5 million, according to [4]. Technological disasters can arise from industrial accidents or
incidents such as oil and toxic spills [5], causing detrimental environmental effects.

It is important to note that certain natural disasters are caused by human activities. In
other words, the effects of climate change, resulting from anthropogenic actions, impact
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the occurrence of natural disasters such as droughts, floods, storms, and heatwaves [6,7].
In recent years, as the relevance of climate change effects has grown, the number of natural
disasters has increased, as reported by [2]. In general, a disaster has severe consequences
for an affected community or society [8]. These issues are primarily driven by environmen-
tal damage, which predominantly affects the built environment. These problems lead to
fatalities, housing, and infrastructure damage. The destruction of housing forces people to
seek shelter in temporary accommodations or houses, while infrastructure damage creates
challenges related to transportation, energy, water supply, and accessibility, among others.
These damages can be assessed in terms of their economic impact, which is generally quite
high. Affected societies struggle to cope with it unless external assistance is provided. To
address the aftermath of a disaster, communities and societies must prepare an effective
recovery plan to handle rehabilitation and reconstruction. Within disaster management
plans, the provision of shelters and Temporary Housing Units (THUs) for displaced in-
dividuals during various phases of recovery is of significant importance. This includes
considerations like the selection of sites for temporary settlements and the employment of
construction technologies for shelter and housing [9,10].

Regarding THUs, they are typically designed for rapid and cost-effective construction,
prioritizing only the economic aspect of sustainability during their planning and design
phases. Environmental and social considerations are largely overlooked. Nowadays, with
the growing emphasis on sustainability in the built environment, the sustainability of THUs
has become an interesting topic for academics and researchers. However, THUs fail to
provide displaced people with safe and comfortable living spaces, which favor restarting
their lives after disasters, often necessitating long-term residence. THUs lack reusability in
their design, and the resources used in their construction are seldom reused or recycled,
mainly due to the absence of circular design strategies like Design for Disassembly. These
factors, among others, contribute to the social and environmental unsustainability of THUs.
Thus, a shift in the design approach for THUs is imperative to make them more sustainable.
Specifically, this new design approach should encompass specific requirements that account
for economic, social, and environmental sustainability.

This paper presents preliminary findings from ongoing research at the Department of
Energy, Systems, Territory, and Construction Engineering at the University of Pisa, delving
into THUs and their correlation with Design for Disassembly and Circular Economy. The
research moves from the following Research Questions (RQ):

1. “What are the requirements to be considered in designing sustainable THUs?”;
2. “What technological solutions can fulfill these requirements?”

Answering these RQs encompasses two main objectives. Firstly, to delineate the pre-
requisites essential in the design phase of THUs, ensuring their economic, environmental,
and social sustainability. Secondly, to ascertain the most suitable construction techniques
that align with the identified prerequisites. To address these RQs, a literature review has
been conducted, assessing the primary issues impacting THUs. Furthermore, practical
case studies have been analyzed and discussed. The outcomes derived from the literature
review and case study analysis have been instrumental in formulating a proposal for a
sustainable THU.

The subsequent sections of this paper are organized as follows: Section 2 contex-
tualizes THUs within emergency buildings, outlining crucial aspects gathered from the
scientific literature. Section 3 encompasses the analysis of case studies, the elucidation
of prerequisites, and the proposed design. Section 4 delves into the design proposal, em-
phasizing its benefits and weaknesses. Finally, Section 5 concludes the paper, showcasing
future developments.

2. Literature Review: Temporary Housing Units Features and Criticalities

Focusing on emergency buildings, Quarantelli [11] conducted a comprehensive analy-
sis and categorization of these structures. He defines four primary typologies of emergency
buildings, each corresponding to a distinct phase in the recovery and rehabilitation process.



Buildings 2023, 13, 2952 3 of 25

In the aftermath of a disaster, emergency shelters serve as the initial places of refuge for
displaced people. These shelters can take the form of tents, rental houses, second homes, or
public spaces. Temporary shelters, on the other hand, are accommodations established in
specific locations, typically safe places like schools and gymnasiums, etc. THUs are where
displaced individuals spend the most significant portion of their time before returning to
their permanent residences [12]. These buildings play a critical role in the rehabilitation
and recovery phase following a disaster, as they enable displaced people to return to their
normal lives and overcome the losses incurred by the disaster [13]. THUs also provide
privacy, protection, and better health conditions than temporary shelters for victims after
a traumatic event [14–16]. Once the recovery period ends, displaced people can return to
their permanent homes.

Each typology is associated with a specific duration of stay (Figure 1). Emergency
shelters are utilized for very brief periods, typically within 12 to 48 h following the disaster.
Temporary shelters are occupied for a duration ranging from 2 to 30 days [17]. THUs are
used for longer periods, generally lasting from 3 months to 5 years or longer, depending on
the severity of the disaster [6,7,15].
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It is evident that THUs are often an essential category of emergency buildings, ensuring
the provision of services and maintaining a decent quality of life for displaced people over
an extended period of time. Consequently, they must be meticulously designed to meet
these demands [18–20].

In terms of sustainability, THUs should meet environmental, social, and economic sus-
tainability requirements. Simultaneously, they should ensure a rapid construction process,
allowing displaced people to return to their regular lives. Nowadays, sustainability is a
highly discussed topic among researchers and academics. However, the evaluation of differ-
ent design solutions for THUs often incorporates only certain aspects of the Triple Bottom
Line approach to sustainability. This approach relies on the idea that sustainability results
from balancing economic, environmental, and social aspects. Analyzing environmental,
economic, and social sustainability separately in the case of THUs may lead to a mislead-
ing assessment of their advantages and disadvantages. A comprehensive sustainability
analysis is essential for these units and should encompass all three pillars of sustainability:
environmental, economic, and social. Firstly, THUs should be environmentally sustainable.
To achieve this, the use of low embodied energy building materials and components is
crucial in reducing their impact. Moreover, when they reach the end of their lives, CE prac-
tices should be applied to their materials or components. This way, the resources initially
invested in their construction can serve as raw materials for other structures. It is also
worthwhile to consider repurposing THUs for new functions. To facilitate CE practices for
THUs, an accurate design phase that follows a life cycle approach is necessary. Design for
Disassembly can be a valuable strategy in this regard, improving flexibility and adaptability
and prolonging the building’s life cycle, thus combating obsolescence [21–24]. Secondly,
THUs should be affordable. Given their involvement in post-disaster and critical situations,
THUs should be characterized by low construction costs. These costs should be minimized,
not only due to the limited financial resources available in such scenarios but also to ensure
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that resources necessary for the recovery process are not depleted. Thirdly, THUs should
have positive impacts on displaced communities. They must fulfill the needs of their future
occupants, providing them with a temporary, secure place. Achieving this requires that
the design of THUs respect both the culture of the specific location and its environmental
conditions [25]. Another important social aspect is the involvement of local stakeholders
and displaced people in the planning and construction process of THUs. It is a powerful
solution to allow communities to take part in the reconstruction [12,26].

An analysis of the literature reveals that meeting these requirements can be quite chal-
lenging, primarily because each country has its own regulations for addressing post-disaster
situations. Countries may choose between two approaches: top-down and bottom-up. In
general, the top-down approach is characterized by a centralized decision-making process
where communities affected by disasters are not involved in rehabilitation and recovery
planning. In contrast, the bottom-up approach actively engages local stakeholders and
communities in the decision-making process. The duality between the top-down and
bottom-up approaches influences both the establishment of temporary settlements within
affected urban areas and the design of THUs. In urban settings facing emergencies, such as
post-disaster situations, flexible urban planning tools are needed. As explained by [27], top-
down urban planning aims to predict all potential future developments in a city. However,
given the ever-changing nature of cities, it is nearly impossible to anticipate and encompass
all possible scenarios, especially concerning disasters, during the planning phase. On the
contrary, bottom-up urban planning approaches focus more on the relationship between
the existing city and the new planned elements. These approaches demonstrate higher flex-
ibility in accommodating natural disasters, enabling communities to self-organize within
the urban landscape. Many researchers argue that top-down approaches often fail to yield
positive social effects and, instead, widen the gap between people and institutions. In
contrast, bottom-up approaches are regarded as place-based and human-centered strate-
gies capable of considering local culture, available resources, and indigenous building
knowledge [13]. These approaches produce different results in terms of sustainability.

In the realm of technical and technological aspects, temporary buildings have been
linked since the second half of the 1800s to the concept of prefabrication [28]. Nowadays,
this concept is still used for these buildings. In particular, top-down strategies heavily rely
on closed prefabrication systems. These systems are often characterized as ready-made
temporary units with limited flexibility [12,15]. Container houses serve as an example
of such systems. While close prefabrication ensures the rapid availability of houses, it
simultaneously elevates transportation and overall construction costs. Typically, these
THUs are manufactured in other countries and then transported to their intended loca-
tions, impacting their environmental and economic sustainability [9,10,15]. In addition,
it should be noted that those buildings are standard; they are based on the concept of
one-size-fits-all. However, they do not take into consideration important aspects such as
culture, climatic conditions, dimensions and forms, etc. Another important issue is related
to the application of CE practices or adaptability strategies [15]. In contrast, bottom-up
approaches rely on a distinct prefabrication system, specifically the open prefabrication
system [12]. This approach, based on the prefabrication of building components, enables
the creation of various shapes that can adapt to diverse cultural, thermal, and typological
requirements, owing to their high degree of technological flexibility. This kind of prefabrica-
tion offers a valuable solution to facilitate assisted self-construction operations, permitting
displaced people to participate in the construction of their homes. Additionally, THUs
constructed using open prefabrication systems are designed to be disassemblable, flexible,
and adaptable to different uses and occupant needs. These attributes extend the life cycle
of THUs, allowing them to be repurposed in similar scenarios. The disassemblability also
enhances the recycling and reusing potential of materials and components used in THU
construction, aligning with CE practices [29]. THUs are designed according to Design
for Disassembly principles [22], using lightweight, prefabricated, and modular systems
that can be easily constructed, ensuring the speed of intervention required in post-disaster
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situations [15,30,31]. The ease of assembly and disassembly, according to Johnson [13],
plays a crucial role in urban planning and city safety. In this regard, disassembling the
THUs and relocating them to other areas helps prevent temporary sites, particularly those
in peripheral regions, from becoming focal points of social dysfunction.

Criticalities in Temporary Housing Unit Design

Despite the significant relevance of THUs in post-disaster scenarios, as emphasized
in the previous section, those constructed over time often lack the necessary features.
Specifically, the majority of THUs are not economically, environmentally, or socially sustain-
able [6,13–15,32,33]. Negative environmental effects are related to the use of high embodied
energy materials, such as concrete and steel, among others. Sometimes materials containing
VOCs have been used, as highlighted by [7]. Furthermore, there is a lack of reuse and
recycling of materials involved in THU’s construction. Once they reach the end of their
lives, these materials often end up as waste. This situation arises due to the lack of an
accurate design aimed at optimizing resource utilization and reducing consumption. This
also makes THUs energy-intensive. On occasion, it becomes necessary to establish custom
agreements with energy providers to reduce energy costs. In this regard, the case of MAP
in the Emilia–Romagna region of Italy serves as a paradigm, as explained by [17].

THUs predominantly depend on prefabrication. Consequently, the choice of the
prefabrication system employed has a relevant impact on transportation and logistics
costs, which carry both economic and environmental implications. In general, THUs
tend to be unaffordable, primarily because the imperative to speed up construction in
the shortest possible time frame for accommodating displaced people often conflicts with
affordability. Achieving cost-effectiveness could be facilitated by utilizing local resources,
thereby reducing the need for expensive specialized labor and transportation costs. This
approach also contributes to revitalizing local economies, particularly during challenging
post-disaster periods [13,34,35]. Open prefabrication systems, in this context, can play
a central role in cost reduction compared to closed systems. Furthermore, the expenses
associated with THU’s production and construction can impact reconstruction operations,
potentially prolonging the required time. At a social level, THUs hold importance in the
reconstruction process. However, they often fail to meet the needs of displaced people. In
many instances, THUs do not provide comfort levels comparable to pre-disaster conditions.
This discrepancy arises because THUs are not designed to be culturally appropriate. It
can be viewed as a consequence of the “one-size-fits-all” approach, which assumes that a
single design can suit various post-disaster situations in different countries. However, this
approach lacks site-specificity and neglects the culture and customs of a specific location.
This type of thinking is typical of a top-down approach, as indicated by prevailing top-
down approaches over bottom-up approaches in the literature [16]. The only advantage
of a top-down approach over a bottom-up one appears to be the speed of construction,
attributed to the use of ready-to-use systems. From a social perspective, the bottom-up
approach emerges as a potentially more sustainable alternative to the top-down approach.
The bottom-up approach encourages the exchange of knowledge between designers and
the community, facilitating the identification of optimal technological solutions aligned
with local culture and the needs of occupants.

All the challenges described above pertain to the micro-level, specifically involving
the design and construction of THU. However, to comprehensively outline issues related
to THUs in post-disaster scenarios, it is pertinent to address those concerning preparedness
and a country’s response to disruptive events, even if they are not the primary focus of this
paper. These issues are associated with the macro level, encompassing decision-making and
planning processes. Many times, countries have not been prepared to deal with the effects
of a disruptive event. According to [36], the lack of preparedness primarily stems from
inadequate planning and meta-planning. The former relates to the absence of anticipatory
plans that outline actions to be taken immediately after a disaster and during the recovery
phase. The latter refers to the outdated methods employed by public authorities in their



Buildings 2023, 13, 2952 6 of 25

planning and actions. The management of these planning phases can significantly impact
the provision of THUs and future reconstruction efforts [8]. It is interesting to note that
planning and meta-planning can be approached from either a top-down or a bottom-up
perspective. Nowadays, the prevailing approach to facing these issues is top-down.

3. Materials and Methods

The methodology used to conduct the study (Figure 2) involves the examination of
five case studies of THUs built after significant natural disasters. Subsequently, drawing
from the insights collected through the case studies, the requirements for THUs are iden-
tified, explained, and connected to sustainability pillars. Finally, based on the identified
requirements, a preliminary proposal for a THU has been formulated.
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3.1. Case Studies of Temporary Housing Units in Post-Disaster Scenarios

To give a clearer perspective on temporary housing, this section presents several
relevant case studies drawn from the literature. These case studies encompass various
examples. Some of them exhibit noteworthy attributes in terms of environmental, economic,
and social sustainability, serving as reference models within this housing category. Others
highlight design challenges that are commonly encountered in THUs. These are employed
to underscore the issues reported in the introduction. The selection of case studies was
based on criteria such as the year of construction, the approach utilized (top-down or
bottom-up), materials, and the prefabrication system employed. For some of the case
studies, construction costs were available, providing a valuable parameter for assessing the
economic sustainability of the projects.

3.1.1. Case Study 1: Gümüspinar Temporary Settlement

The first case study presented pertains to the temporary housing program established
in response to the 1999 earthquake in Turkey. This earthquake had a devastating impact on
the Marmara and Bolu regions of Turkey, severely affecting the local infrastructure. The
government responded by providing financial assistance to displaced people to enable them
to rent houses. However, given the extensive damage to buildings and the challenging
living conditions faced by many people residing in tents, the necessity for temporary
housing became evident. In the city of Düzce, four temporary housing programs were
initiated [13,14]. Figure 3 illustrates the temporary housing unit utilized in the Gümüspinar
temporary settlement.

From a technological perspective, these units relied on prefabrication due to the pres-
ence of local prefabrication industries. This choice actively engaged the local industry
and workers in the reconstruction efforts, providing a much-needed boost to the local
economy during a challenging period. The buildings were placed on concrete slab foun-
dations. The building envelope primarily consisted of prefabricated panels. These panels
were made of a blend of cement and wood shaving chipboards, with an external layer
of zinc–aluminum cladding. Each house was equipped with plumbing and electricity.
The chosen prefabrication system was panel-based, enabling simple assembly and rapid
construction. However, this system also constrained the technological and spatial flexibility
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of the units, making it difficult to extend the limited interior space (approximately 30 m2

per unit). The use of rigid building components like panels compromised adaptability. In
terms of disassemblability, these units were designed to be demountable, except for the
reinforced concrete foundation. However, concerning the sustainability of these THUs,
they cannot be classified as sustainable. This is primarily because, in 1999, the concept
of sustainability was not as well-established as it is today. Cost-effectiveness was likely
the paramount consideration in designing these units, with the use of locally produced
building components significantly reducing construction costs to approximately USD 3300
per unit. On the contrary, prioritizing economic considerations came at the expense of
environmental and social aspects. From an environmental perspective, the production of
prefabricated panels involves materials with very high embodied energy, such as cement
and aluminum. Furthermore, the low flexibility and adaptability of the units limited the
extension of their life cycle. Lastly, concrete slab foundations are generally challenging to
reuse or recycle and often become waste, contributing to their environmental impact. From
a social point of view, the Düzce project presented more disadvantages than advantages.
Local communities were not engaged in the construction or design processes, resulting in
buildings that did not align with the location in terms of form, health conditions, thermal
comfort, cultural considerations, and more.
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Figure 3. Temporary housing units in Gümüspinar. On the left elevation of the units is the main
entrance. On the right is the floor plan of the units. A unique space contains a kitchen and bed/living
room (author’s drawing).

3.1.2. Case Study 2: Katrina Cottage

The second temporary housing unit presented is the Katrina Cottage, which was
designed to address the emergency following Hurricane Katrina in 2005. This hurricane
severely impacted the United States, particularly the states of Mississippi and Louisiana. It
caused extensive damage to the built environment and the displacement of many people.
In the aftermath of the disaster, the Federal Emergency Management Agency (FEMA)
decided to provide mobile houses and travel trailers as temporary shelters to accommodate
displaced people [34]. However, these temporary shelters, while enabling rapid housing
solutions, were not suitable for long-term stays. Subsequently, the U.S. Department of
Housing and Urban Development established the Alternative Housing Pilot Program,
aiming to develop temporary housing units capable of serving various users and adaptable
for conversion into permanent homes. The outcome of this program was the creation of the
Katrina Cottage (Figure 4), designed by Marianne Cusato.

The designer aimed to minimize costs by striking a balance between affordability,
durability, and resilience. Indeed, the house relied on lightweight prefabrication systems,
primarily made of timber panels and frames. Utilizing these materials and systems pro-
vided the house with robust mechanical properties, allowing it to withstand high wind
loads without suffering damage or disruption. The roof panels were covered with tin
sheets to protect against rain. The cottage was designed to fit the dimensions of travel
trailers used as temporary shelters. It was developed in three different variations, catering
to different user needs. Consequently, these variations varied in terms of square meters
and the number of rooms while sharing a fundamental design scheme. They featured an
open-space layout with a combined living and kitchen area, with rooms branching off from
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a central corridor. The cost of a Katrina cottage was approximately USD 42,000, inclusive
of a bathroom, kitchen, and a front porch. A survey conducted to assess the quality of
the Katrina Cottages revealed that a majority of the occupants were rather satisfied with
these buildings. However, some weaknesses were highlighted. In particular, occupants
expressed concerns about the absence of air conditioning systems, limited space, inefficient
plumbing systems, and low-quality interior finishing. While the temporary use of these
buildings proved to be quite successful, their transition to permanent housing was less
so. This was likely due to their limited flexibility and adaptability. Nonetheless, some
Katrina cottages found new life through repurposing, such as conversion into tourist ac-
commodations. Considering the American context, the overall costs of the Katrina Cottage
were relatively low, rendering it economically sustainable. From a social perspective, it
effectively provided housing for a significant number of people with a reasonable level
of comfort. From an environmental standpoint, the construction systems based on timber
panels offered recycling options, but their limited flexibility made direct reuse in different
constructions a challenge.
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3.1.3. Case Study 3: MAP

The third example is the MAP, as one of the reference models of the Italian Department
of Protezione Civlie for emergency buildings [18]. MAPs were developed to provide shelter
for displaced individuals following the earthquake in the Abruzzo area in 2009. In response
to the post-earthquake emergency, MAPs were constructed within the affected municipali-
ties. The MAPs project was overseen by the Department of Protezione Civile and offered
three configurations based on dimensions and intended occupants: MAP 40, MAP 50, and
MAP 70. The first, MAP 40, featured approximately 45 m2 of space and was designed for
single-person occupancy. The second, MAP 50, encompassed a surface area of about 55 m2

and was suitable for two or three occupants. The largest variation, MAP 70, offered ap-
proximately 75 m2 of space and was designed to accommodate four to six individuals. The
Department of Protezione Civile determined that MAPs should be constructed using wood,
offering flexibility, modularity, and easy assembly and disassembly. In the aftermath of the
2009 earthquake, various models of MAP were constructed throughout the Abruzzo region,
each differing in prefabrication systems, panel compositions, and materials used. This
section reports on a variation of MAP constructed in the municipality of Poggio Picenze
(Figure 5).

This variation is distinguished by its wooden structural frame, with the envelope also
comprising a wooden structure. To enhance the thermal performance of the envelope,
stone wool insulation was placed between the wooden structures. Both the internal and
external sides of the envelope are constructed from oriented strand boards or gypsum
boards. The exterior side of the envelope is covered with plaster. MAPs are supported by
a concrete slab foundation, with the ground floor slab resting on wood beams bolted to
the foundation. MAPs predominantly employed dry construction technologies, although

flickr.com/photos/infrogmation/4115375990
flickr.com/photos/infrogmation/4115375990


Buildings 2023, 13, 2952 9 of 25

certain building elements were constructed using wet methods. Notably, the foundation
relied on concrete technology, making this component non-recyclable and generating the
highest environmental impacts. The application of plaster to the envelope also involved a
wet technique, affecting the reusability of the OSB panel to which the plaster was applied.
Another factor impacting the reusability of building components is the use of bituminous
membranes for waterproofing. The cost of MAPs used for the Abruzzo post-earthquake
was approximately EUR 760 m2, translating to an average cost of about EUR 45,000 per unit.
This cost is comparable to that of the Katrina Cottage, as both relied on similar construction
systems. Considering the materials used and the context, MAP can be considered an
affordable housing solution. From a social perspective, the MAP project represents a top-
down approach. Despite the fact that it provides displaced people with comfortable houses,
it represents a standard solution. Moreover, often these MAPs are located in temporary
settlements far from the cities or villages. This situation transforms these settlements
into dormitories with no services [37]. The construction and design were contracted
to specific companies by the Department of Protezione Civile, with these companies
being sourced from various regions across Italy. Furthermore, despite the predominant
use of prefabricated building components, the assembly method employed diminished
the flexibility of the MAP units and limited the potential for self-maintenance and self-
construction. Today, the MAPs in the Abruzzo area continue to be in use. It can be observed
that they have transitioned into permanent solutions, albeit with associated challenges.

Buildings 2023, 13, x FOR PEER REVIEW 9 of 25 
 

designed for single-person occupancy. The second, MAP 50, encompassed a surface area 

of about 55 m2 and was suitable for two or three occupants. The largest variation, MAP 

70, offered approximately 75 m2 of space and was designed to accommodate four to six 

individuals. The Department of Protezione Civile determined that MAPs should be con-

structed using wood, offering flexibility, modularity, and easy assembly and disassembly. 

In the aftermath of the 2009 earthquake, various models of MAP were constructed 

throughout the Abruzzo region, each differing in prefabrication systems, panel composi-

tions, and materials used. This section reports on a variation of MAP constructed in the 

municipality of Poggio Picenze (Figure 5). 

   

(a) (b) 

Figure 5. MAP municipality of Poggio Picenze (AQ). (a) Variations (author’s drawing); (b) technical 

detail of the envelope-foundation joint (author’s drawing). 

This variation is distinguished by its wooden structural frame, with the envelope also 

comprising a wooden structure. To enhance the thermal performance of the envelope, 

stone wool insulation was placed between the wooden structures. Both the internal and 

external sides of the envelope are constructed from oriented strand boards or gypsum 

boards. The exterior side of the envelope is covered with plaster. MAPs are supported by 

a concrete slab foundation, with the ground floor slab resting on wood beams bolted to 

the foundation. MAPs predominantly employed dry construction technologies, although 

certain building elements were constructed using wet methods. Notably, the foundation 

relied on concrete technology, making this component non-recyclable and generating the 

highest environmental impacts. The application of plaster to the envelope also involved a 

wet technique, affecting the reusability of the OSB panel to which the plaster was applied. 

Another factor impacting the reusability of building components is the use of bituminous 

membranes for waterproofing. The cost of MAPs used for the Abruzzo post-earthquake 

was approximately EUR 760 m2, translating to an average cost of about EUR 45,000 per 

unit. This cost is comparable to that of the Katrina Cottage, as both relied on similar con-

struction systems. Considering the materials used and the context, MAP can be consid-

ered an affordable housing solution. From a social perspective, the MAP project repre-

sents a top-down approach. Despite the fact that it provides displaced people with com-

fortable houses, it represents a standard solution. Moreover, often these MAPs are located 

in temporary settlements far from the cities or villages. This situation transforms these 

settlements into dormitories with no services [37]. The construction and design were con-

tracted to specific companies by the Department of Protezione Civile, with these compa-

nies being sourced from various regions across Italy. Furthermore, despite the predomi-

nant use of prefabricated building components, the assembly method employed dimin-

ished the flexibility of the MAP units and limited the potential for self-maintenance and 

self-construction. Today, the MAPs in the Abruzzo area continue to be in use. It can be 

observed that they have transitioned into permanent solutions, albeit with associated 

challenges.  
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detail of the envelope-foundation joint (author’s drawing).

3.1.4. Case Study 4: THU in Miharu Town

The fourth case study is a temporary housing project designed and built after the Great
East Japan Earthquake in Fukushima Prefecture (Figure 6). More precisely, these temporary
housing units were located in Miharu Town. This town remained unaffected by the tsunami
and nuclear accidents, so it was chosen to host the temporary settlement. Approximately
800 people from areas near the Fukushima Daiichi Power Plant were accommodated
here [35]. This case study represents the outcome of a bottom-up approach. The project was
a collaborative effort between the municipality of Miharu, the Japan Institute of Architects,
and five local builders. It is centered on the utilization of traditional wooden construction
techniques. Local builders shared their expertise in wood construction to adapt the design
to the characteristics of the location and ensure the highest level of comfort for the residents.
The structural frame relied on the use of open prefabrication systems, specifically a post-
and-beam frame. Only standard-sized timber was used to minimize costs and ensure
availability. Wood is the primary material used in these THUs, employed for floors, exterior
cladding, interior cladding, and roof slabs. The envelope and the roof were effectively
insulated, with the latter being covered by corrugated sheets to protect the insulation and
wooden slabs from weathering. Insulated glass units were used to enhance thermal comfort.
Finally, the foundations are constructed from concrete. This temporary housing project
exhibits a higher level of sustainability compared to those discussed so far. The use of
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standard-sized timber facilitates the reuse of building components. This choice reduces
overall economic and environmental costs by relying on locally sourced materials. The
most noteworthy and innovative aspect of this project is the bottom-up approach employed
during the design phase, which yielded positive economic and social effects. Notably,
by employing local workers and materials, the majority of the construction expenditure
contributed to the local economy [35].
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Figure 6. Temporary housing in Miharu Town. View of the exterior. The figure illustrates the
essential additions required to make THUs habitable, such as a TV system and air conditioning
(source: irides.tohoku.ac.jp/eng/organization/iwata_tsukasa.html (accessed on 12 May 2023)).

3.1.5. Case Study 5: Onagawa Container Temporary Housing

The fifth case study analyzed is a temporary housing project known as Onagawa
Container Temporary Housing, led by a design team composed of Shigeru Ban, Arup,
Kase Warehouse, and TSP Taiyo. The project was built in Onagawa, a town situated on
the coast of Miyagi Prefecture, to provide housing for displaced people following the
tsunami that struck the town in 2011 as part of the Great East Japan Earthquake (GEJP).
This project marked the construction of Japan’s first multi-story THUs. Typically, in this
country, temporary houses are single-story, necessitating a substantial amount of flat land.
In the case of Onagawa, available flat lands are limited due to its hilly terrain. There
was also a need to safeguard the new THUs from potential future tsunamis following
earthquakes. Therefore, the new THUs were optimized to reduce land usage, making multi-
story building blocks the ideal solution to address this challenge. The site chosen by the
municipality for setting up the temporary settlement was the town’s baseball diamond [38],
as it met the requirements for safety. THUs were constructed using ISO shipping containers
and Plus Boxes. The latter is a special container designed by Arup for Kase Warehouse.
This container shares the same dimensions as an ISO container but has a different structure.
It is composed of a steel structural frame and removable walls [39], providing flexibility
compared to ISO containers. ISO and Plus Box containers were arranged in three- or
two-story blocks, following a checkerboard pattern. This pattern allowed the creation of
open living spaces in between the ISO containers, which were used for bathrooms and
bedrooms. Plus Boxes were used to create open spaces thanks to the flexibility offered by
the steel frame. Additionally, the alternation of Plus Box and ISO containers enhanced the
overall stability of the structure [39]. Containers and Plus Boxes were joined using common
connectors, such as twist locks and bridge fittings. To ensure the complete disassembly
of the building blocks without compromising the baseball field, the foundations rely on a
particular technological system consisting of a steel plate connected to a smaller steel plate.
On this smaller plate, the twist lock enables connection to the containers.

Three different units have been developed (Figure 7): for one or two people (20 m2),
for three or four people (30 m2), and for five or more people (40 m2). The 189 temporary
housing units were arranged in nine building blocks and constructed in only 14 weeks. The
Onagawa Container Temporary Housing features open and closed prefabrication systems
working together. The ISO container is a closed prefabrication system, while the Plus Box is

irides.tohoku.ac.jp/eng/organization/iwata_tsukasa.html
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an open one. Given that, different prefabrication systems are used with different functions.
Despite this project being considered a result of a top-down approach, Shigeru Ban’s
expertise in dealing with post-disaster scenarios produced positive social effects. Occupants
maintained an excellent level of comfort in the units [38]. In terms of construction costs,
the use of containers may raise costs due to prefabrication and transportation. However,
this can be offset by the fact that the building blocks are completely disassemblable. This
facilitates the reuse of these units for other post-disaster situations.
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Figure 7. Onagawa Container Temporary Housing. (a) Unit variations based on the users (author’s
drawing); (b) view of the building blocks during the assembly. The checkerboard scheme now
appears (source: shigerubanarchitects.com (accessed on 18 May 2023)).

3.1.6. Case Study 6: Moroccan Paper Log Model

The final case study analyzed is a prototype designed by Shigeru Ban for the recent
Moroccan earthquake in the Marrakech–Safi region, which occurred on 8 September 2023
(Figure 8). This prototype is based on the Paper Log House, known for its paper structural
frame designed by a Japanese architect. The use of paper logs for structural purposes
facilitates quick assembly and cost-effectiveness, speeding up the construction process.
Shigeru Ban has employed the Paper Log House format in various post-disaster scenarios,
with variations in building components.
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Figure 8. Moroccan Paper Log Model. (a) View of the entrance; (b) view of the back (authors’ pictures,
taken in October 2023).

The choice of building components is determined by local availability and afford-
ability. This model is based on open prefabrication systems, primarily utilizing standard
components. The only exceptions are a few non-standard elements, such as the structural
components used to connect the paper tubes (Figure 9).

The THU features low-technology solutions. This approach aims to actively involve
the displaced community in the construction of the THUs. In the Moroccan prototype,
constructed at the National School of Architecture in Marrakech, only a minimal set of

shigerubanarchitects.com
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construction elements is used, including timber, plywood panels, paper logs, EPS panels,
and plastic crates.
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Figure 9. Connections of the Moroccan Paper Log Model. (a) Detail of the connection of the roof
paper beams; (b) detail of the connection between the roof structure and the paper pillars (authors’
pictures, taken in October 2023).

Considering the technological units of the THU, the foundations consist of reclaimed
beer crates filled with sand (Figure 10). This system allows for elevated foundations without
the need for soil excavation. The floor slabs are constructed using a timber frame structure
(Figure 10). These frames are filled with EPS panels and covered with plywood panels.
The building envelope follows the same stratigraphy as the floor slab. The use of plywood
panels in the envelope serves both structural and functional purposes, as they help to
secure the paper’s structural frame.
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Figure 10. Foundations of the Moroccan Paper Log Model. (a) Detail of the foundations of the THU;
(b) detail of the floor slab wooden frame (authors’ pictures, taken in October 2023).

In contrast, the roof slab features a diverse composition. The inner layer is composed
of plywood panels attached to planks that are screwed on top of the paper logs (Figure 9).

Plywood panels are designed with holes (Figure 11) to enable work from the inside
without the need to go on the roof, reducing the risk of injuries. This innovative solution
enhances the safety of assembly operations, especially in cases of assisted self-construction.
Atop the plywood layer, a wooden framework is placed, and EPS panels fill the frame. To
shield the EPS from weathering, an external layer of plastic cloth is utilized. It is secured
with nails to the plywood layer (Figure 11).

A site inspection helps identify issues that might impact the durability and reusability
of building components. In particular, the paper log frame, although treated with additives
to protect against weathering, could lose its waterproof properties and suffer damage if
hit or scratched (Figure 12). Another concern relates to the connection methods for the
plywood panels, which are fixed with screws. This connection type may not withstand
multiple uses, necessitating additional steps before reusing the panels (Figure 12).
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Figure 12. Weaknesses. (a) Scratches on one of the paper pillars; (b) double holes, probably due to
mistakes in the assembly of the panels (authors’ pictures, taken in October 2023).

The THU comprises an open space of approximately 30 m2 and lacks a dedicated
bathroom or kitchen. This arrangement suggests an intention for these services to be shared
among the displaced individuals in the temporary settlement.

Considering the sustainability of the prototype, it becomes evident that the social as-
pect has been addressed successfully. The design promotes self-construction and generates
positive social effects. However, there is room for improvement in the environmental and
economic aspects to enhance overall sustainability. Notably, many of the materials used in
the project are not locally sourced, including paper logs, softwood frames, and plywood,
resulting in elevated environmental and economic costs.

The case studies reported are summarized in Table 1, which provides a summary of
the features of interest for this work. It is interesting to note that the case studies reported
permit us to understand the evolution that temporary housing has experienced in terms
of building technology, community involvement, adaptation to local climate conditions,
and more.

Table 1. Case studies of built THUs analyzed.

Case Study Year Country Approach Materials Prefabrication System

Case Study 1 1999 Turkey Top-Down Concrete, Steel Close

Case Study 2 2006 USA Top-Down Timber Close

Case Study 3 2009 Italy Top-Down Timber, Concrete Open/Close

Case Study 4 2011 Japan Bottom-Up Timber Open

Case Study 5 2011–12 Japan Top-Down Steel Open/Close

Case Study 6 2023 Morocco Top-Down Timber, Plywood, EPS Open



Buildings 2023, 13, 2952 14 of 25

In particular, the Japanese examples can be considered best practices from both social
and environmental perspectives. The settlement in Miharu Town exemplifies the benefits
of the bottom-up approach. It demonstrates that involving local stakeholders in the design
process of temporary houses can enhance their cultural adequacy and adaptation to the
environment. The same holds for the Onagawa settlement, where an example of top-down
approach effects was mitigated by the designer’s expertise. These two examples also present
characteristics that enable CE practices at the end of their lifecycle. The open prefabrication
system used in Miharu Town makes reuse and recycling more accessible. In the case
of Onagawa, ISO containers and Plus Boxes will mainly be reused for relief purposes.
Among the case studies, the Moroccan prototype designed by Shigeru Ban stands out as
an example of the engagement of the displaced community in the construction process,
which is facilitated by the use of low-technology design solutions. However, it is worth
noting that some building components involved in this prototype may pose challenges to
its overall sustainability. The Turkish, American, and Italian case studies highlight some of
the issues related to the adoption of a purely top-down approach. In particular, the Turkish
temporary settlement, despite its low construction cost due to the use of local prefabricated
concrete panels, resulted in negative social and environmental effects. The Katrina Cottage
shares some similarities with the MAP. They were both attempts to provide people with
high-quality temporary houses. However, despite some positive feedback from occupants,
the inflexible design, small dimensions, and low-quality building materials made them
inadequate for long-term use.

3.2. Temporary Housing Unit Proposal: Requirements

The analysis of the literature regarding THUs and the previously constructed case
studies permits the identification of the most common challenges affecting THUs. To over-
come these challenges, it is essential to identify and list the requirements to be addressed
during the design phase of THUs.

The starting point for this process has been the definition of “adequate housing”
provided by UN Habitat [40]. It addresses the housing problem and outlines seven key
requirements that a building must meet to be considered adequate. These requirements
encompass the security of tenure, the availability of services, materials, facilities, and
infrastructure, affordability, habitability, accessibility, location, and cultural adequacy. It
is interesting to note that, despite these requirements being developed in times when
sustainability was not a primary consideration, they are inherently linked to all three pillars
of sustainability. In the case of temporary buildings for post-disaster scenarios, this list of
requirements should be enhanced and detailed. Specifically, other fundamental requisites
should be included, such as transportation, flexibility, and disassemblability. Bologna and
Terpolilli [41] have expanded upon the requisites of temporary houses, adding flexibility,
disassemblability, and transportability. These requirements are presented in Table 2, which
also highlights sub-requirements for each. Furthermore, Table 2 connects each requirement
to three areas of interest: environmental, economic, and social. This approach helps in
understanding how these requirements can impact the sustainability of THUs.

The availability of resources pertains to both the accessibility of resources and their
potential for interchangeability. In other words, the project should rely on materials and
components that are readily accessible in the area. Furthermore, the design should accom-
modate the interchange of materials based on their availability. This interchangeability is
a crucial aspect that needs investigation during the design phase since it allows for the
construction of the same design solution using different materials. This feature primarily af-
fects the environmental and economic aspects of sustainability, as locally available resources
reduce costs and emissions associated with transportation. Additionally, interchangeability
enables the adaptation of the building to various scenarios.

Transportability is a central requirement for THUs. Given that THUs predominantly
rely on prefabrication systems, these systems should be designed with principles such as
lightweight construction, modular design, and optimization of the dimensions of building
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components. These features simplify transportation, enabling the use of standard means of
transport without the need for specialized transport methods. Moreover, such building
components facilitate the assembly and disassembly processes on-site, particularly in
handling and lifting operations. Considering this requirement allows for an assessment of
the environmental and economic impact of the temporary housing project.

Table 2. Requirements of a temporary house and their relationships with sustainability pillars.

Sustainability Pillar(s) Affected Requirements Sub-Requirements

Environmental, Economic Availability of resources • Interchangeability of the resources employed
• Easy accessibility to the resources

Environmental, Economic Transportability • Flexibility of transportation options
• Use of standard lifting andmaneuvering equipment

Social, Economic Installation

• Rapidity of assembly
• Ease of assembly
• Assisted self-construction
• Prefabrication
• Suitability for different soil types
• Cost-effectiveness

Environmental, Social Environmental compatibility

• Use of low embodied energy materials and
components

• Site restoration
• Disassemblability

Social, Economic Safety

• Mechanical strength
• Seismic resistance
• Fire resistance
• Use of VOC-free materials

Environmental, Economic, Social Quality of life • Comfort
• Sizing

Environmental, Economic, Social Flexibility • Spatial flexibility
• Technological flexibility

Environmental, Economic, Social Management • Maintenance and replaceability
• Durability

As emerged from the study of the literature, the installation process holds significant
importance in THUs. It is influenced by a combination of factors that must be considered
to optimize costs and time and to engage the community in the process. The technology
and prefabrication system used significantly impact the installation process. For instance,
closed prefabrication systems expedite construction but do not allow for self-construction,
resulting in higher costs. On the contrary, open prefabrication systems extend construction
time but involve the community in the construction of THUs. The way the installation
process is executed primarily affects the social and economic aspects of sustainability.

THU projects must address their potential impact on the environment. To minimize
this impact, design strategies should include low embodied energy materials, dry construc-
tion techniques, and disassemblability. This approach makes it easier to restore the site used
for the temporary settlement once the state of emergency has passed. This consideration
not only pertains to environmental impact in terms of emissions and pollution but also
encompasses the relationship that temporary housing establishes with its surroundings.
This is a crucial aspect to address, as it contributes to the cultural adequacy of temporary
houses. For these reasons, this requirement helps address the environmental and social
dimensions of sustainability.

Building safety is a crucial aspect that must be considered, encompassing security
and mechanical performance against external factors such as seismic events, high wind
loads, fire, and more. Furthermore, materials used in temporary housing projects must be
non-toxic and pose no harm to humans.
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Lastly, quality of life, flexibility, and management are requirements primarily related
to the operational phase of THUs. The first requirement involves analyzing the level
of comfort that temporary houses can offer their occupants, considering factors such as
thermal, hygrometric, acoustic, and lighting performance. As demonstrated in the literature,
this requirement has not always been adequately addressed in previous projects. Quality
of life is also influenced by the size of the THUs, as their dimensions should be tailored to
the users. Furthermore, the temporary units should provide users with the ability to easily
reconfigure the space, offering spatial flexibility [42]. This adaptability is crucial since the
duration of occupancy in THUs can vary significantly. Another form of flexibility, known as
technological flexibility, plays a central role in THUs. It enables the easy modification and
replacement of technological components, extending their lifespan and maintaining the
overall building’s performance. This aspect of flexibility, combined with disassemblability,
is crucial for sustaining the building’s performance standards over its operational life. It
also ensures the durability of the units, allowing them to be reused for emergency purposes
or other applications once the initial emergency has passed. Quality of life, flexibility,
and management are the only requirements that simultaneously impact all three pillars
of sustainability.

The provided requirements have been instrumental in verifying the adherence to
technological solutions within the analyzed case studies. To assess these case studies, a
Boolean evaluation system has been employed, defined as follows:

• “X” is applied when a sub-requirement is met;
• Nothing is applied when a sub-requirement is not met.

Figure 13 reveals a specific trend in the design of THUs. It is mainly focused on a few
key requirements. Notably, transportability, installation, and safety are those considered
the most important. It is worth highlighting that none of the case studies completely
neglect these core requisites. On the other hand, the factors of availability of resources,
environmental compatibility, flexibility, and management do not receive frequent attention.
This does not allow for addressing environmental and economic sustainability. Quality
of life varies in its consideration across the case studies. Japanese examples, in particular,
emphasize its importance, whereas in other cases, it is addressed only partially. In the
proposal for the temporary housing unit presented in the next section, an effort to meet
these requirements has been made. These requisites also served as a checklist used during
the design phase to compare and validate design solutions based on the categorization of
these requirements.

3.3. Temporary Housing Unit Proposal: Design
3.3.1. Module Design

The proposal for a new THU, as presented in this paper, is based on a modular
and prefabricated system. The elementary component of this system is a module with
dimensions of 2.50 m in width, 4.40 m in length, and a useful height of 3.25 m. Each module
features a wooden frame structure (Figure 14) made of Glued Laminated Timber (GLT)
elements with a standard section of 14 × 20 cm. Bolts and steel plates are used to connect
the wooden elements.

The system employed for the envelope is based on prefabricated panels. These
consist of a wooden frame that encloses a layer of hempcrete blocks designed for non-load-
bearing functions.

The panels are assembled off-site and are mounted and covered with both internal and
external layers on-site. The internal layer is composed of fiberboards, while the external
layer is made of an oriented strand board, specifically Type 4, suitable for wet conditions.
These prefabricated panels have a thickness of 15 cm. The utilization of hempcrete blocks
contributes to a reduction in the embodied energy of the prefabricated system. These blocks
are created by mixing hemp shives with hydraulic lime, which serves as a binding agent.
Life cycle assessments conducted on hempcrete blocks [43,44] reveal that the most impactful
phase in their life cycle is the production of raw materials, with the production process
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of hydrated lime significantly affecting the environmental performance of the hempcrete
blocks. Notably, hemp is considered a carbon-negative material as it absorbs CO2 during
its growth. In terms of the operational phase, hempcrete blocks offer excellent thermal and
acoustic insulation, along with hygrometric regulation [45], potentially positively affecting
the building’s energy consumption. Regarding the end of life, hempcrete blocks can be
recycled, although direct reuse may be challenging due to their arrangement in masonry
using lime mortar, which would necessitate selective demolition activities. The floor and
roof slabs consist of standard building components readily available in many countries.
The floor slabs comprise two layers of oriented strand board, specifically Type 4, with a
layer of Expanded Polystyrene (EPS) positioned in between them. To prevent any contact
between the OSB and the ground, which could potentially cause damage, a thin corrugated
steel sheet serves as protection (Figure 15). The roof slab follows a similar structure, with
corrugated steel sheets playing a role in protecting the building from water, as they are
sloped to allow water to flow effectively.
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Concrete blocks serve as the foundations for each module, and the wooden frames are
connected to these concrete blocks through the use of steel plates.

The module’s plan dimensions have been designed with a focus on flexibility, hab-
itability, and transportability. To optimize furnish potential, enhance habitability, and
improve comfort, a grid of 60 × 60 cm was employed. Regarding the module’s flexibility,
the open prefabricated systems involved offer a high degree of flexibility, particularly in
terms of technological flexibility. This means that each building component can be easily
disassembled and accessed for maintenance purposes. According to Brand’s model of
building layers [46], the prefabricated systems in the module’s design are kept separate,
eliminating any interference between them. Therefore, removing the envelope panels
to add space with one or more modules is straightforward, showcasing the module’s
technological flexibility and its ability to facilitate special flexibility through the addition
of modules.

The module has been primarily designed for on-site assembly (Figure 16), as it is based
on open prefabrication systems intended to promote assisted self-construction involving
the displaced community. To minimize the need for specialized skills during the assembly
phases, an off-site preassembled module variation has been created. This variation includes
a prefabricated bathroom with a surface area of 3.75 m2 and a prefabricated kitchen. It
is ready for connection to the plumbing infrastructure. Transportability is relevant to the
module. The module’s dimensions enable easy transportation using common means of
transport (Figure 16). This not only makes transportation more affordable but also improves
accessibility to areas affected by disasters, which are not always easy to reach.

3.3.2. Temporary Housing Units Spatial Configurations

The modules are combined to create THUs. Depending on the number of occupants,
various spatial configurations are generated. The smallest unit has a surface area of
approximately 33 m2, resulting from the combination of three modules: one with services
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and two simple modules assembled on-site. This configuration allows for the creation of
a single room and a living room with a kitchen (Figure 17). To fulfill diverse user needs,
aside from the minimal unit, three additional configurations have been devised. These
configurations are designed to accommodate groups of varying sizes (Figure 18).
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3.3.2. Temporary Housing Units Spatial Configurations 

The modules are combined to create THUs. Depending on the number of occupants, 

various spatial configurations are generated. The smallest unit has a surface area of ap-

proximately 33 m2, resulting from the combination of three modules: one with services 
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Figure 17. Elementary temporary housing unit, which is the result of the aggregation of three
modules. (a) Plan; (b) axonometric view (author’s drawings).
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Considering the configurations shown in Figure 18, the first on the left can accommo-
date a group of two people. The total surface area is approximately 55 m2, shared between
a living room, a block with a bathroom and kitchen, and a double room. The second
configuration is designed for a group of three people and has a total surface area of 66 m2.
It includes two bedrooms, one single and one double, as well as a separate living room. The
last variation is intended for groups of four people. This configuration features a surface
area of about 110 m2, which is divided between two double bedrooms, two bathrooms,
and an open space with a kitchen and living space. The surface area of the THUs has been
determined based on Italian dimensional requirements for buildings. A single module
covers approximately 9 m2, which aligns with the standard for single rooms in Italy and
exceeds other European standards [47]. The height of each room is set at 2.70 m. Adhering
to these standards ensures that occupants have an average surface area of about 27.5 m2

each, providing comfortable living space and avoiding overcrowding.
As depicted in Figure 18, the spatial flexibility of the temporary units is achieved

through the addition of modules, which can follow two directions: that of the shorter side
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of the module or that of the longer. The first extension involves joining modules along their
shorter sides, while the second extension involves joining modules along their longer sides.
The maximum extension for the units is limited to 10 modules. However, the four variations
presented represent the most common apartment typologies. In special cases, the units can
be easily expanded following the same pattern to accommodate more people. The designed
THUs are intended to be single-story houses, offering occupants private outdoor space.
A possible urban configuration of these THUs has been developed (Figures 19 and 20). It
involves the setting up of urban areas identified according to parameters such as ownership,
proximity to services, etc., in which, in a state of emergency, the THUs are arranged. The
selected area should feature infrastructure such as hydric and electric grids, parking, and
green spaces.
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4. Discussion

The preliminary proposal presented in this paper is designed following a set of
requirements identified for THUs. These requirements were selected based on an analysis
of existing literature on THUs and insights gained from various case studies.

The primary outcome, which defines the innovation presented in this paper, is the
establishment of a requirement-based design for THUs aimed at achieving environmental,
economic, and social sustainability. The definition of a set of requirements consents to guide
the design phase through the accomplishment of specific targets. Additionally, it is widely
acknowledged that the decisions made during the design phase of a building significantly
influence the majority of its impacts [48]. Given that a building’s sustainability depends
on various factors such as resource availability, local culture, building technologies, and
labor, defining requirements serves as the foundational concept for THUs. Consequently,
this concept can be adapted in diverse ways, utilizing different materials and components
to create the most sustainable design based on the available resources and opportunities
within the country where the THUs will be constructed.

The THU design proposal outlined in the paper represents one of the possible vari-
ations stemming from the primary concept developed based on specific requirements.
Within this proposal, efforts have been directed toward crafting a prototype capable of
leveraging biobased materials and incorporating low-technology design solutions. This
approach aims to facilitate assisted self-construction methods and enable disassembly
to promote reuse and recycling. This section discusses the materials, components, and
technology utilized to meet these established requirements.

To meet the availability of resources requirement, easily accessible materials are em-
ployed. Specifically, Glued Laminated Timber (GLT) with a standard section of 14 × 20 cm
is used for the structure to ensure availability and to avoid the production of specialized
components, as suggested by the Miharu Town temporary houses. The other materials
involved in the project have standard dimensions, such as OSB panels, fiberboards, EPS
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slabs, and corrugated steel sheets. These construction components, if available, are sourced
from local distributors to stimulate the local market and are transported directly to the
construction site. Interchangeability is of paramount importance in this regard, as if the
technological systems specified in the proposal are unavailable or their availability is af-
fected by time and distance, they can be replaced with readily available alternatives. For
example, if GLT is unavailable, it can be substituted with other profiles, such as those
made of steel. This increases the embodied energy of the THUs, but if steel is locally
produced, it can be offset by lower costs and emissions resulting from transportation. It is
important to note that interchangeability plays a crucial role in balancing the sustainability
of the design solution, enabling a choice that ensures a good balance between economic,
environmental, and social impacts. In particular, it frees building systems from material
constraints. Regarding climate mitigation, the interchangeability requirement can have
adverse effects, particularly when a low embodied energy material is substituted with one
with higher embodied energy. However, in such cases, the replacement operation must be
evaluated based on its overall sustainability.

The requirement of transportability has been addressed by using standard building
components and limiting the dimensions of prefabricated assemblies. This allows for easy
maneuvering of components in challenging scenarios, such as those following a disaster.
Additionally, the module’s dimensions have been designed to ensure it can be transported
using common means of transport.

The THUs are designed based on two different types of prefabrication: closed and open
systems. The closed system is applied to the service block, a module containing a kitchen
and a bathroom that arrives on-site already assembled. The other module follows an open
prefabrication system and is fully assembled on-site. The simultaneous use of closed and
open prefabrication systems, as suggested by the Onagawa case study, serves to expedite
on-site construction, eliminating the need for skilled labor related to the systems. The open
prefabrication system relies entirely on dry connection techniques, making assembly and
disassembly of the building simpler. These disassembly operations facilitate the adoption
of CE practices. In general, the installation process benefits from the use of low-technology
solutions, which, in turn, engage disaster-affected communities in the construction of THUs.
This not only generates positive social effects but also reduces overall costs.

The use of building components made from low embodied energy materials, such
as wood, wood-based materials, and hemp, combined with the application of Design
for Disassembly principles ensures that the proposal complies with the environmental
compatibility requirement. Most of the materials involved in the process are bio-based.
The only exceptions are the corrugated steel sheets used in roof and floor slabs, the EPS
slabs, and the concrete foundations. Corrugated sheets are constructed from steel, which
has high embodied energy. However, the sheets constitute a very small proportion, and
at the end of their life, they can be reused or recycled. EPS slabs are manufactured from
styrene, a natural gas and petroleum by-product that is entirely recyclable. Furthermore,
EPS possesses advantageous properties, such as compressive strength, being lightweight,
and having low thermal conductivity, which make it suitable for emergency buildings.

In terms of safety requirements, the use of GLT for the structure guarantees good
mechanical strength and performance in seismic events. Some bio-based materials involved
in the proposal, such as fibreboards and oriented strand boards, may contain formalde-
hyde, which is used in binder production. Formaldehyde is categorized as a Volatile
Organic Compound (VOC). However, the amount of formaldehyde present is well be-
low the minimum allowable limit. Consequently, the components used in the proposal
ensure safety.

To meet the quality of life requirement, the temporary housing units were meticulously
designed to provide the highest possible comfort conditions. This requirement encompasses
both the technological and spatial aspects of the design. From a technological perspective,
the use of prefabricated hemp panels ensures good acoustic, thermal, and hygrometric
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comfort. The size of the temporary units was determined based on Italian dimensional
standards, which facilitate the creation of spacious and habitable living areas.

The high degree of technological flexibility produced by the Design for Disassembly
approach followed in the design phase allows for easy expansion of the surface area of the
units. This permits us to meet the needs of various groups of occupants.

Regarding the durability of building components, most materials involved have a
good lifespan when properly maintained. The most vulnerable material might be the GLT,
which, if left unprotected from the weather, can suffer significant damage.

To sum up, this preliminary proposal represents the output of a hybrid approach that
incorporates elements from both top-down and bottom-up methodologies. This hybrid
approach leverages the advantages of both approaches. It utilizes closed prefabrication
systems, characteristic of top-down approaches, to reduce labor requirements and construc-
tion time. Simultaneously, it incorporates open prefabrication to involve the community in
the construction process. Another important feature is the interchangeability that allows for
material replacement based on local availability. This approach encourages local experts,
including engineers, architects, and contractors, to select materials suitable for the specific
location, thereby promoting sustainability. Despite the intriguing construction strategies
highlighted in the current literature, certain approaches, like 3D printing, have not been
considered in this paper. This omission stems from their divergence with the fundamental
concepts emphasized here—specifically, the utilization of low embodied energy materials
and low-tech solutions.

Lastly, some main weaknesses have been identified. First, it may not be suitable
for scenarios where the available space for temporary sites is limited. These units are
single-story structures, each with private open space, which requires ample room. To adapt
to space-constrained situations, the development of a system capable of accommodating
units in two- or three-story configurations could enhance the proposal’s suitability. Second,
concerning the envelope of the temporary units, simplification of the hempcrete prefab-
ricated panels is needed to streamline the installation process. Third, while the thermal,
hygrometric, and acoustic properties of hemp are well documented in academic research,
conducting specific tests to evaluate its effectiveness concerning the panel’s geometry
could further enhance the proposal. In this context, some important parameters, including
the orientation of the THU, the average temperature and moisture levels of the locations,
etc., significantly influence thermal performance. Analyzing these factors allows for the
identification of specific design solutions able to address these influences. Fourth, while
the current foundation system demonstrates good mechanical strength and durability, it
is advisable to explore and refine other foundation typologies, such as the ground screw
foundation, to optimize this aspect. These points represent areas for further consideration
and potential improvement in the proposal.

5. Conclusions

The preliminary proposal explained in this paper represents the initial findings of
our ongoing research. These findings primarily stem from a review of the literature aimed
at gathering insights into the sustainability of THUs and the essential requirements that
should characterize their design. As a result, the design proposal presented in this paper
is still in its initial stages and serves as an illustrative example of how the identified and
listed requirements can be applied. Therefore, several aspects require further investigation.
Future developments (Figure 21) of this research will focus on conducting in-depth studies
to address the limitations that emerged from the literature.

To assess the sustainability of the THUs, the proposed design solution can be subjected
to validation using the value analysis methodology. This approach will aid in identifying
the most suitable building components based on a defined set of parameters and component
values. It is important to note that component values may vary from one country to another
due to numerous influencing factors. This methodology permits us to choose the design
solution that ensures the best economic sustainability based on the available resources.
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Using a Building Information Modeling (BIM) model for the THUs holds the potential
for significant advantages, particularly in the context of applying CE practices. By quan-
tifying and evaluating the building components within each temporary settlement, it is
possible to gain insights into the reuse potential of these components once a temporary
settlement is disassembled. In particular, implementing a BIM model with a high level of
detail allows for easy forecasting of the condition that each building component will expe-
rience after assembly, facilitating the generation of various reuse or recycling scenarios. A
comprehensive Life Cycle Assessment (LCA) of the THU design proposal will be conducted
to evaluate its environmental impact thoroughly. LCA will also be employed to compare
and assess the environmental impact of different material variations in the THU proposal,
considering the locally available resources. Moreover, it could provide information about
the long-term usage of the THU. The research will also encompass aspects related to user
comfort and well-being. It is important to note that all of these future developments will be
based on a contextualized case study, which is supposed to place the THU proposal in a
precise country.
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