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Abstract 

The 2020 COVID-19 pandemic caused by highly contagious respiratory diseases brought 

about unprecedented crises across the world, and a housing crisis among others. Lebanon in 

particular, which is the context of this study, was heavily impacted by the pandemic, 

exacerbated by a pre-existing refugee crisis and by the Beirut Port explosion. This study aims 

to research the characteristics of an emergency shelter that mitigates the spread of contagious 

respiratory diseases in Lebanese urban areas as the latter are hubs of infectious diseases.   

In this context, the study researches the characteristics of contagious respiratory diseases, and 

how they spread, emergency shelters, and the threats that worsen the spread of contagious 

respiratory diseases in relation to the characteristics of the shelter. The study also explores 

differences in urban contexts where shelters are needed the most. In order to respond to these 

objectives, the study relied on interviews with experts to compensate for the gap in the 

literature on specific standards related to ventilation, and through simulation modelling tested 

shelter designs that allowed the assessment of these designs, while testing the guidelines in 

the considered site location: Karantina. The final outcome of the study aims to formulate 

design guidelines for emergency shelters that will protect its inhabitants from the spread of 

highly contagious respiratory diseases. The results show that natural ventilation with cross 

and stack effect should be used, in addition to lightweight material that can be disinfected and 

offer proper thermal comfort given the climatic conditions. The shape of the shelter, windows 

dispositions, and window to wall ratio were assessed to provide the optimal ventilation in the 

event of highly contagious respiratory diseases. 
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1. Introduction 

The outbreak of the COVID-19 pandemic in December 2019 forced many countries around 

the world into a state of emergency, classified by the World Health Organization (WHO, 

2020; RI, 2020). It affected every aspect of our lives, human interactions, communication, 

movement, travel and interrupted education (UNICEF, 2020). Despite the positive aspects of 

this pandemic including the stark drop in pollution levels and the significant reduction in CO2 

emissions (Global News, 2020), the negative outweighs them. The medical waste generated 

from hospitals, wastes from quarantines areas, disposable of personal protection equipment 

(PPE), sanitization chemicals and disinfectants are hardly decomposable and toxic to the 

environment, making the COVID-19 pandemic equally harmful for the environment (UNDP, 

2020). It also turned into one of the worst economic crises since the Great Depression, and 

gravely affected people economically (The World Bank, 2020; BBC News, 2020). 

 

As people lose their jobs, they are also losing their ability to maintain their houses, which has 

translated into a housing crisis. COVID-19 has made it difficult for many households to pay 

for shelter everywhere around the world, whether construction, rent, or mortgages (OECD, 

2020a; OECD, 2020b). Equally, the partial shutdown of economic activity implemented to 

fight the pandemic, has exposed vulnerable households to sudden income losses and 

exacerbated the housing affordability challenges that a large number of countries were 

already experiencing before COVID-19 (OECD, 2020b). Particularly in the global south, 

there is limited access to adequate housing, and an estimated one billion people are already 

living in informal settlements even before COVID-19 (IIED, 2020). The COVID-19 

pandemic has highlighted the importance of housing for citizens' health and wellbeing, 

especially those living in overcrowded houses where social distancing cannot be achieved 

and where high-risk individuals may not be protected. Equally, the lack of adequate access to 
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water and sanitation in informal settlements, or even for homeless people who lose their 

houses, is equally problematic as proper hygiene is another means of protection against the 

pandemic (IIED, 2020), especially hand washing (UNICEF,n.d.). These housing conditions 

might also increase the risks of contamination (Brandily et al., 2020). It is not only countries 

of the global south, but also the OECD countries that are affected by the crisis. For instance, 

the United States as well may be facing the most severe housing crisis in its history (Benfer et 

al., 2020; Oreskes, 2020; OECD, 2020a).  

 

In Lebanon, there are over one million Syrian refugees as a result of the Syrian war, and over 

870,000 Palestinian refugees(Habitat for Humanity, 2015; Norwegian Refugee Council, 

2015; Anera, 2020; Worldometer, 2021).In 2020, the country was already going through 

political unrest and financial instability when the pandemic happened, only to be made worse 

by the August 4th Beirut port Blast exacerbated the existing crises. Following the explosion, 

the country and the people were in great need of overall shelter assistance (Financial 

Tracking Service, 2020). This all created a need for emergency shelters for the displaced who 

have lost their houses, which would also mitigate the threats of highly contagious respiratory 

diseases (HCRD).  

 

1.1. Background 
A disaster is defined as: 

 ‘an overwhelming ecological or man-caused occurrence that, with or without 

warning, disrupts the normal pattern of life. It can plunge a country into economic 

confusion and suffer from the need for food, shelter, clothing, medical attention, and 

other basic needs, as well as from the burdens of national economic infrastructure 

rehabilitation, possibly requiring outside assistance.’ (The National Emergency 

Planning organization, 2001, p.11; WHO/EHA, 2002). 
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The combination of hazards, vulnerability, and the inability to reduce the potential negative 

consequences result in a disaster (IFRC, n.d.; UN-SPIDER, n.d.). There are different hazards, 

either sudden or progressive, which lead to a disaster if the response to these hazards is 

insufficient and not properly addressed (WHO/EHA, 2002). It is not always the hazard itself 

that leads to a disaster, but the vulnerability and inability of the population to anticipate, cope 

with, respond and recover from its effects (WHO, 2011). It is also the human component that 

turns an event into a disaster; its impact on people (WHO/EHA, 2002). Human vulnerability 

to disasters is a complex issue that includes social, economic, health, and cultural factors 

(WHO, 2011). The impact of a disaster often surpasses the ability of the affected society to 

cope and adjust utilizing its own resources, and it mostly affects already highly vulnerable 

people or areas, such as developing countries (IFRC, n.d.). Even in developed countries, 

disasters affect the poor, ethnic minorities, old people, and people with disabilities (WHO, 

2011). The impacts and the risks that disasters generate on the population generally, include 

interruption to their work, to education, loss of livelihoods, disruptions to proper healthcare 

and adequate nutrition.  As such, they need water, sanitation, hygiene, food, non-food items, 

shelter, protection, and education (Dominica National Disaster plan, 2001).  

Disaster management is a process that involves prevention, preparation, response, and 

recovery following a disaster (WHO/EHA, 2002). Disaster Risk Management (DRM), is 

multisectoral, and focuses on potential hazards, vulnerabilities of a population, capacities, 

and, response and recovery (WHO, 2011; WHO/EHA, 2002). The hazards that pose a threat 

to vulnerable populations already at risk are natural, such as earthquakes and tsunamis, 

biological, such as epidemic diseases, technological, such as chemical substance, radiological 

agents, and societal hazards, such as conflicts, and acts of terrorism (WHO, 2011).  
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Disasters have been increasing over the decades affecting millions of individuals, their 

homes, communities, and the infrastructure that supports them (WHO, 2011).  In particular, 

biological disasters have been also increasing across the decades killing more than 100 000 

people (WHO, 2011). 

 

In fact, for the population to be protected during and after a disaster, multi-sectoral action is 

required. Water, sanitation, nutrition, housing and security need to be adequately addressed 

through multisectoral working (WHO, 2011). Countries affected by disasters often have 

limited basic health services and infrastructure. The latter are either affected directly by 

disasters or through the disruption of health systems, facilities and services, leaving many 

without access to health care in times of emergency. Disasters also affect basic infrastructure 

such as water supplies and safe shelter, which are essential for health (WHO, 2011). As such, 

during disaster response primary health care and shelters are provided in order to improve 

health status, which in turn builds community resilience, and provide protection to the 

affected population. Community-based actions are also part of disaster response (WHO, 

2011).  

 

DRM is emerging as a social science discipline (Van der Waldt, 2013), which utilizes also 

the social sciences (Lindell, et. al. 2007, pp. 60-1; Gissing, et. al. 2010). In disaster 

management, the integration between disciplines is evident (McEntire and Smith, 2007) and 

could be considered an interdisciplinary approach (Ingham, 2012). Social sciences disciplines 

used to develop disaster management are primarily sociology, psychology, politics, 

economics and management, among others (Ingham, 2012). In fact, the establishment of 

disaster management agencies requires political decision-making, economic decisions for 

funding, psychological diagnosis for the treatment of mental health problems resulting from 
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disasters, fire prevention services, food supplies, and many others (Lindell, et. al. 2007, pp. 

60-1; Gissing, et. al. 2010; Ingham, 2012). Yet, Ingham’s research concludes that “disciplines 

have been partially integrated and utilized. It would appear, however, that they have 

predominantly been used in isolation and thus disaster management knowledge has come to 

resemble a set of silos” (Ingham 2012, p. 15). There seems to be a ‘mix and match’ 

interdisciplinary connection of disciplines (Ingham, 2012).  

 

The International Disaster Resilient Architecture (INDRA) promotes a holistic approach 

towards a disaster resilient built environment by promoting the importance of traditional 

building knowledge in construction, known as vernacular architecture. Newly built 

construction should consider local culture, climate, and the environment, which plays a key 

role in reducing the risks of disasters and mitigating the impacts of disasters, thus saving lives 

(UNESCO, n.d.). Following the example of vernacular architecture, local materials should be 

used as they are adapted to the local environment, climate, using construction techniques that 

are based on local and indigenous knowledge developed through direct experiences over 

generations. These techniques and methods are mostly resilient to natural hazards, but also 

more culturally, economically, and socially sound (UNESCO, n.d.).  

 

According to the United Nations Department of Humanitarian Affairs (UN-DHA), an 

emergency is a sudden and usually unforeseen event that calls for immediate measures to 

minimize its adverse consequences (1992). It is caused by hazards, that are by definition 

natural or human-made events that threaten to adversely affect human life, property or 

activity (WHO/EHA, 2002). Emergencies describe a state that demand decisions, require 

follow up in terms of extra-ordinary measures (Oxford Pocket Dictionary, 1992). They are 

unforeseen but predictable, narrow-scope incidents that regularly occur. They include house 
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fires, vehicle accidents, medical crises, and small hazardous materials releases. The term 

emergency is also used to define a crisis or an event that is expected to cause significant 

impacts in the near future and high losses (Quarantelli, 2005). An emergency is an event that 

can be responded to using the resources available at hand, implying that there is no need to 

request external assistance (UN-SPIDER. (n.d.b). A "state of emergency" demands to "be 

declared" or imposed by somebody in authority, who, at a certain moment, will also lift it. 

Thus, it is usually defined in time and space, it requires threshold values to be recognized, 

and it implies rules of engagement and an exit strategy. Conceptually, it relates best to 

Response (WHO, n.d.). The official issuance of a state of emergency, happens upon the 

occurrence of a large-scale calamity, in order to activate measures aimed at the reduction of 

the disaster’s impact (Relief Web, 2008).  

 

Emergency management is the organization and management of resources and 

responsibilities in order to address all the aspects of the emergency, in particular 

preparedness, response, and rehabilitation. This involves putting together plans and 

institutional arrangements to engage and guide efforts of the Government, voluntary and 

private organizations or agencies in a coordinated way to respond to the emergency (Office 

of Disaster Management within the Ministry of Environment (ReliefWeb, 2008). In addition, 

according to the United Nations High Commissioner for Refugees (UNHCR), emergency 

relief is the immediate survival assistance to the victims of a crisis. The operations should be 

initiated on short notice and have a short implementation period, generally within a year. The 

main purpose of emergency relief is to save lives (Relief web, 2008). In the cases where 

people are forced to leave their residences and houses, they are thus forced to live 

temporarily in emergency shelters. Emergency shelters are constructed in response to 

disasters, violence, strife, abuse (Dominica National Disaster plan, 2001). Additionally, the 
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Office of the High Commissioner for Human Rights (OHCHR) defines humanitarian crises 

as man-made conflicts, natural disasters and pandemics (1994). These often impact human 

rights and deteriorate their situations that may trigger or result in other crises, especially for 

already vulnerable populations. According to the Relief Web report, usually factors such as 

the nature of the displacement, scale of emergency, dispersal of people, availability of 

resources, local climate, safety factors, and social-cultural issues will determine what type of 

shelter facilities are provided (Relief Web, 2008). 

 

In times of conflict and crisis, urban areas provide better protection and coping mechanism 

(Norwegian Refugee Council and shelter Centre, 2010). Urban contexts are characterized by 

physical, economic, human, political, and environmental components that are proper to urban 

contexts. In fact, in these areas, constructions of buildings, and major development of 

infrastructure or industry are present mainly for commercial and residential use. There exist 

as well slums, and other poorly constructed and informal housing. Industries and services are 

provided abundantly, and Governmental entities and authorities are present in these areas. 

Similarly, density population is high with a diversity of cultures, languages, ethnicities, but 

also migrants and displaced. Pollution is usually high and urban areas suffer from traffic 

congestion issues, waste management related issues, and environmental hazards (World 

Vision, 2017). Nevertheless, urban settlements generally offer greater capacities in terms of 

governance systems, markets, communications, service providers and professional skills. 

Displacement in urban centers may offer greater rental accommodation and livelihood 

opportunities, but may strain infrastructure and make it difficult to locate or assist those in 

need (European Commission, n.d.). Humanitarian assistance to shelters in urban areas helps 

find a durable solution in urban areas as it enables the recovery of sustainable livelihoods. It 
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will also support household and communities, and mitigate and adapt to future risks 

(Norwegian Refugee Council and shelter centre, 2010).  

 

The Urban shelter guidelines (2010) developed by the Norwegian Refugee Council and 

shelter centre, also shows clear links between adequate shelter and health (Norwegian 

Refugee Council and shelter centre, 2010). Housing is one of the best-researched social 

determinants of health, and selected housing interventions for low-income people have been 

found to improve health outcomes and decrease health care costs (Taylor, 2018). There are 

different pathways that affect healthy and housing: stability, safety and quality of conditions 

inside the home, affordability, and the neighborhood, and the people who live around us 

(Gibson et al., 2011; Sandel et al., 2018; Maqbool et al., 2015; Braveman et al., 2011). 

Housing instability is affects health as it affects mental health and health behaviors, such as 

substance abuse (Sandel et al., 2018; Tsai, 2015; Beharie et al., 2015), or experiencing 

traumas while homeless, (Schmitt et al., (2017) but also interruption of education, social 

connections, employment, and so on (Taylor, 2018). Nevertheless, often times, conditions 

within the house can cause poor health. Substandard housing conditions such as water leaks, 

poor ventilation, dirty carpets, and pest infestation, exposure to high and low temperature can 

impact health (Saeki et al., 2015; Braverman et al., 2011). In addition, when households 

spend between 30 to 50 percent of their income on housing, and particularly on rent rather 

than buying, this affects their ability to spend on food, medical care, medication (Braveman 

et al., 2011; Joint Center for Housing Studies of Harvard University, 2017; Alley et al., 

2011). On a different note, the availability of resources in one’s neighborhood, such as public 

transportation, grocery stores with nutritious foods, and safe spaces to exercise are all 

correlated with improved health outcomes (Djurhuus et al., 2014; Ou et al., 2016).  
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Cities are on the frontline of the COVID-19 pandemic. Population density is a catalyst for the 

virus’ rapid transmission. The risks are higher in densely populated urban areas with informal 

settlements and overcrowded low-income neighborhoods hosting refugees, internally 

displaced people and migrants (World Vision, 2020). The definition of ‘urban’ varies from 

country to country, and can also vary within one country over time (UNICEF, 2012). An 

urban setting is characterized by population density, concentration of administrative bodies 

and infrastructure, such as government offices, a relative concentration of services, such as 

hospitals, and financial institutions, such as banks. There exists as well diverse forms of 

livelihood and income generation activities (World Vision, 2017; UNICEF, 2012). In 

comparison, rural areas have relatively low to no presence of administrative structures, 

government services, and other infrastructure. Livelihood activities are predominantly 

centered on agricultural production (World Vision, 2017). Rural areas are often called “the 

country”, and have low population density and large amounts of undeveloped land (National 

Geographic, n.d.). There are often national differences in the characteristics that distinguish 

urban from rural areas. However, the most common unit of classification for urban and rural 

locations cited by the United Nations is the size of the locality. Along with geographic and 

population-based characteristics, the World Vision equally incorporates the social dimension 

(World Vision, 2017).  An "Urban area" can refer to towns, cities, and suburbs. An urban 

area includes the city itself, as well as the surrounding areas (National Geographic, n.d.). 

 

The location of emergency shelters in response to pandemics caused by HCRD are context 

specific and must be adapted to the specific urban context. Emergency shelters and their 

location should address a variety of environmental, socio-cultural, and economic factors 

(UNHCR, 2007). The selection of the location should take into consideration the needs of the 

affected people. Victims should be relocated to the nearest shelter in the shortest time and 
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with the least resources to reduce the vulnerability of the victims (Geng, 2020). During many 

disasters and in the planned emergency measures, most cities or regions consider existing 

relatively spacious and empty places as emergency shelters (Geng, 2020).  Land availability 

is limited in cities and towns. Displaced population often settle in informal areas or 

marginalized neighborhoods, which have inherent issues of access, availability of services, 

lack of sanitation, and limited space for shelters. They may blend into the urban poor, which 

makes targeted assistance challenging, but ever more important to ensure resources reach the 

intended recipients. (UNHCR, 2007). The UNHCR’s Emergency Handbook section on urban 

settlements explains that spontaneous camps are more likely to exist in urban settings than 

planned camps. It is preferable to consider a mix of settlement and shelter options following a 

strategy that includes the adaptation of unused public buildings, arrangements with 

community groups, rent support. The latter would be the most viable solution (UNHCR, 

2007).  

 

Selecting a location for emergency shelters does not only suppose the accommodation of 

victims or displaced, but also requires storage of materials for distribution (Gu, 2018). 

Emergency shelters should take into consideration spatial allocation of functions while 

maintaining equilibrium between the needs of the population, the availability and allocation 

of resources, economic dynamics, the amelioration of living conditions, the provision of 

services and enhancing transportation networks, as well as recreational spaces (UNHCR, 

2007). Shelter location is a multi-standard site selection optimization problem that depends 

on psychological medical services, material storage, and their distribution to victims, and 

shelter condition (Geng, 2020). Most literature on the optimization of emergency facility 

location merely considers certain characteristics of humanitarian logistics minimizing 
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transportation distances or time to maximize humanitarian assistance during disasters (Perez, 

2011; Martelo, 2011; Jaller, 2012).  

 

This thesis will research emergency shelters and how they can provide proper ventilation to 

mitigate the threats of HCRD, especially among the displaced in the Lebanese context, in the 

central urban area, where the threats of transmission are higher.  

 

1.2. Research Scope, Question, and Objectives 
COVID-19 spreads from one person to another by physically being near each other. It is 

spread through respiratory droplets, which when inhaled or deposited on mucous membranes, 

can cause infections. This virus can be detected on different surfaces, and its survival 

depends on environmental conditions (Peiris et al., 2020), and remains stable in a favorable 

environment (van Doremalen et al, 2020). In fact, the temperature and material are both 

important determinants of the virus’ survival on surfaces (Peiris et al., 2020). Although the 

contact is the main cause of spread, COVID-19 can also be spread by airborne transmission 

similarly to tuberculosis, measles, and chicken pox (Centers for Disease Control and 

Prevention, 2020a). 

 

The impact of COVID-19 on all aspects of our lives, further validates the need to address the 

pandemic and its challenges through different disciplines. The COVID-19 pandemic has 

proven that designers and architects need to reimagine emergency shelters (Baldwin, 2020a). 

As all people around the world remain at home, the latter needs to provide the best protection 

possible from the virus. Additionally, the need for emergency shelters is tied to many types of 

crises, not just this virus or a pandemic, which reinforces the need to rethink temporary and 

emergency shelters (Baldwin, 2020a). In the case of emergency architecture, spaces are built 

to address issues of health and shelter. As architects continue to reconsider designs for 
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housing and basic human needs, they have also extended their focus to mental, physical and 

spiritual well-being (Baldwin, 2020b). Emergency architecture has to encompass different 

means to address local ecosystems and disasters, education, culture, and health (Baldwin, 

2020b).  

 

Research on emergency shelters mostly explores the relationship between emergency shelters 

and displaced people due to wars, political conflicts, natural disasters, but not enough about 

the link between emergency shelters and diseases, such as the current COVID-19 crisis. 

Displacements due to highly contagious and transmissible diseases have received little 

attention and shelter research does not offer proper protection measures against highly 

respiratory diseases. As such there is a need to address emergency shelters in relation to 

HCRD.   

 

The key elements for prevention and control from COVID-19 are based on hygiene, social 

distancing, and ventilation. As prevention methods, the World Health Organization (WHO) 

recommends allowing outdoor air to come in, and increasing the amount of natural 

ventilation when indoors (WHO, 2020b). Indoor spaces are generally advised to be avoided, 

or otherwise properly ventilated (Centers for Disease Control and Prevention, 2020). In 

general, being outdoors and in spaces with good ventilation reduces the risk of exposure to 

infectious respiratory droplets (Centers for Disease Control and Prevention, 2020). 

Contrariwise, transmissions had occurred within enclosed spaces that had inadequate 

ventilation (Centers for Disease Control and Prevention, 2020). Ventilation is an important 

factor in preventing the virus that causes COVID-19 from spreading indoors (WHO, 2020c). 

For this reason, it is important to study ventilation in relation to HCRD, and for emergency 

shelters set up in the context of a pandemic caused by these diseases.  
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As such it is important to tackle urban areas affected by pandemics, as they might exasperate 

the negative impact on the population impacted by the pandemic, their housing, health, and 

protection from the diseases. The highly populated urban areas facilitate the transmission of 

the disease from one person to another especially in highly congested areas, which do not 

allow for proper social distancing, isolation, and quarantining.  

 

Lebanon is a highly urbanized country, with 90 per cent of its population living in urban 

areas (UN DESA Population Division, 2019), distributed in five main urban agglomerations: 

Beirut, Saida, Tripoli, Tyre and Zahleh (UN-Habitat, 2009). In addition, the country hosts a 

sizeable community of refugees: Syrian, Palestinian, and Iraqis, among others (UNHCR, 

2019; World Bank, 2018a). Over 1.5 million Lebanese live under the poverty line (United 

Nations Lebanon, 2020). Prior to the outbreak of the COVID-19 pandemic, Lebanon already 

struggled with serious socioeconomic, spatial and environmental challenges related to rapid 

urbanization and a weakly regulated governmental framework. The pre-existing situation of 

poor housing, overcrowded neighborhoods, substandard basic services including water, 

electricity, solid waste management and disposal, high pollution and inefficient transport 

have only been exacerbated by the COVID-19 crisis. The majority of vulnerable Lebanese 

and refugee communities live in poor dense urban neighborhoods. It is therefore challenging 

to observe universal precautionary measures, including physical distancing and extensive 

water, sanitation and hygiene (WASH) measures (UN-Habitat, 2020) and hence to respond to 

largescale emergencies (UNHCR, UNICEF and WFP, 2019). Assessments conducted by the 

UN-Habitat in Lebanon in March 2020 in different municipalities across the country 

highlight the need for interventions to address the challenges encountered by local authorities 

in response to COVID-19. These challenges include the need for the creation of isolation 

centers (UN-Habitat, 2020b).  
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According to Relief International (2008), fragile settings and crises do not follow a pattern. 

They need to be addressed on a case by case basis in order to find a custom-made solution. 

As such, emergency shelters designed in response to health pandemics need to be adapted to 

the pandemic contextually in order to offer adequate protection (Relief International, 2008). 

As such, it is crucial to initiate a study on emergency shelters in Lebanon in the Central 

Urban Area affected by a health pandemic caused by HCRD. The purpose of this study is to 

respond to health and emergency shelter challenges imposed by the pandemics caused by 

HCRD such as the current COVID-19 pandemic. It introduces a solution to people who have 

lost their houses amidst the economic crisis caused by a pandemic, and at the same time 

protect them from the risks of HCRD. I have selected Lebanon as the context of this study 

because of the scarcity of research focused on emergency shelters in Lebanon in the event of 

HCRD causing a pandemic. This thesis will provide the possibility for replicability to other 

similar contexts. I have also focused on urban areas as this is where there is the highest 

concentration of population, and where the risks of contagion are higher due to the 

transmission from one person to another. As mentioned, the allocation of a household’s 

resources in Lebanon that mainly goes towards housing could reinforce the housing crisis 

amidst the health pandemic and its economic impact.  

 

This research will focus on analyzing emergency shelters and finding adequate natural 

ventilation solutions to protect the displaced population from contracting contagious 

respiratory diseases in Lebanon, in the Greater Urban Area. The thesis will elaborate on 

emergency shelters in general and the importance of natural ventilation in order to find 

appropriate ventilation solutions within the emergency shelters. The aim finally is to develop 

guidelines for emergency shelters that will protect its inhabitants from the spread of HCRD.  
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This thesis study targets architects, emergency shelter specialists, urban planners, and health 

care providers. The main benefiters will be the people who have lost their houses, and who 

are trying to protect themselves and their families from contagious respiratory diseases. The 

Lebanese Government and citizens are also benefiters at large as they will be protected even 

more from the risks of contagion when the necessary protection methods are taken into 

consideration to reduce the spread of the disease.  Throughout the interviews with experts, 

there has been already a proposition of collaboration that would allow this study to see 

thelight. 

 

The research questions that guide this thesis is: 

What are the characteristics of a shelter that mitigates the spread of contagious respiratory 

diseases?What is required to implement such shelters?How can they be integrated within the 

Lebanese context, in the Central urban areas affected by a pandemic caused by HCRD to 

mitigate the spread of the diseases.   

 

The research question is unpacked into the following objectives;  

 to research the characteristics of a contagious respiratory disease, and how it spreads.  

 to research characteristics of emergency shelters in general.  

Both these objectives will be addressed in Chapter 2 through a literature review. I will 

base my research on the conceptual framework that considers housing as a social 

determinant of health. I will research characteristics of shelters in general in order to 

address both the needs of displaced people, and protect them from contagious 

respiratory diseases. I will also research the characteristics of a contagious respiratory 

diseases and how it spreads in order to determine the necessary measures to protect 
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people from this disease, which should be eventually incorporated in the emergency 

shelters. 

 to analyze the threats that worsen the spread of contagious respiratory diseases in 

relation to the characteristics of the shelter; such as materials used, number of 

displaced people it houses, and the design.   

The threats that worsen the spread of contagious respiratory diseases in relation to the 

characteristics of the shelter will be analyzed such as materials used, number of 

displaced people it houses, and the design. These represent the shelter conditions that 

either aid in the protection from highly contagious diseases or on the contrary 

jeopardize it.This objective will be addressed through a literature review in Chapter 2, 

and interviews conducted with experts who will help determine the characteristics of 

the shelter. The methods followed are detailed in Chapter 3 and the results in Chapter 

4.  

 to explore differences in urban contexts where shelters are needed the most. 

This objective was explored in Chapter 2 generally and also through the interviews 

detailed in Chapters 3 and 4, in Lebanon more precisely.  

 to design a simulation model that will allow to test the design and assess the 

guidelines in the considered site location. 

The simulation model was detailed in the methodology section in Chapter 3, including 

the programs and methods used, and the results were later discussed in Chapter 4 and 

5.  

 to formulate design guidelines for emergency shelters that will protect its inhabitants 

from the spread of HCRD.  

This objective was tackled in Chapter 3 to describe the methodology used, and later 

on in Chapters 4 and 5 to discuss the details and results.  
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1.3. Thesis structure 
The research study will begin with an overview on respiratory diseases, and their spread in 

order to understand the threats that people need to be protected from, especially the 

displaced. The literature review in Chapter 2 will focus on emergency shelters in general, the 

standards that should be adopted in the design. After reviewing the emergency shelters’ 

standards, I will then identify the challenges faced by emergency shelters, this will allow me 

to properly tackle themwhile addressing the threats of the HCRD to develop proper 

guidelines for emergency shelters that will protect against HCRD.  This will be followed by 

an in-depth study on the ventilation of these shelters, in particular natural ventilation in the 

event of respiratory diseases, and how best to incorporate it in emergency shelters.  

Interviews were conducted to collect data from experts in the health, and medical field, as 

well as engineering, and architectural fields to fill the gap in the literature related to 

emergency shelters focused on ventilation in the case of pandemics causes by HCRD. I will 

also design a simulation model to analyze the context where the emergency shelters will be 

set. This will allow me to better determine guidelines for the emergency shelters that should 

be set up by analyzing the shelter according to its context and design.  
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2. Literature Review 

2.1. Introduction 
This chapter researches characteristics of emergency shelters, HCRD, and natural ventilation. 

A review on emergency shelters will be made based on guidelines approved by International 

Organizations (IOs), which are multilateral institutions that transcend national borders to 

address important cross-border challenges and issues that cannot be addressed effectively 

through domestic action alone (OECD, 2019). IOs contribute to a rich, diverse ecosystem of 

international rules and standards, and are critical to solving global challenges (IFAC, 2019). 

After reviewing emergency shelters’ standards, challenges and issues faced in emergency 

shelters will be identified from the literature. Identifying shortcomings of emergency shelters 

will help adapt their standards to health pandemics caused by HCRD, and respond to the 

threats in a more adequate manner. The focus is to protect displaced people from HCRD and 

providing them with the comfort, economic, social, and health standards including the 

prevention of disease spread.  

In order to mitigate the spread of contagiousairborne diseases, key prevention measures need 

to be taken to prevent the inhalation of infectious droplets (Harvard Medical School, 2020). 

These measures focus on hygiene and ventilation. For this reason, I will first research the 

characteristics of HCRD, and how they spread in order to determine the key prevention 

measures to consider while building shelters. Then, I will explore differences in urban 

contexts where shelters are needed the most. Finally, I will research ventilation types and 

properties to determine guidelines for designing emergency shelters adapted to the protection 

from HCRD.  
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2.2. Pandemics caused by respiratory diseases 
 
In this section, pandemics caused by HCRD will be presented in addition to their emergence 

in urban contexts, and the shelters constructed in response to these pandemics. This will 

provide an insight into the contexts where emergency shelters are needed the most during 

pandemics caused by HCRD.  

The WHO (2010b) defines a pandemic as the worldwide spread of a new disease.  

Previous pandemics have occurred in the past, typically originating from animal influenza 

viruses such as the influenza pandemic, and the H1N1 pandemic (WHO, 2010b). There are 

airborne diseases, such as Tuberculosis, Chickenpox, Measles, Smallpox, SARS, viral 

hemorrhagic fever, and Avian Influenza (APIC, 2008), and respiratory droplet spread disease 

such as Meningitis, Seasonal Influenza, Pneumonic Plague, and Pertussis (APIC, 2008).  

 

2.2.1. Overview on HCRD 
 
Severe Acute Respiratory Syndrome (SARS) was first identified in February 2003 in Asia 

(CDC, 2013; WHO, n.d.), in China originating from bats (Newman, 2020). It was recognized 

as a global public health threat, and an infectious disease associated with severe morbidity 

and mortality. It posed a great risk to healthcare workers as well as difficulty in quarantine 

(Kissoon, 2003; Abdullah, 2003), and had various medical, ethical, social, economic, 

political, and legal implications (Abdullah, 2003). Transmissible from person to person, most 

cases of human-to-human transmission occurred in the health care setting, in the absence of 

adequate infection control precautions. Implementation of appropriate infection control 

practices brought the global outbreak to an end, which had lasted six months and appeared 

mainly in Toronto in Canada, Hong Kong Special Administrative Region of China, Chinese 

Taipei, Singapore, and Hanoi in Viet Nam (WHO, n.d). 
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The H1N1 Influenza appeared in 2009. It spreads from person to person through the 

coughing or sneezing of people infected with the flu virus. People may also become infected 

by touching objects with flu viruses on them, and then touching their mouth, nose, or eyes. 

The H1N1 presents threats of contagion where there are larger groups of people living in 

shelters, close quarters, and shared facilities. Preventive measures against the H1N1 focus on 

hygiene and respiratory etiquette for all people, and increasing social distancing (CDC, 

2009).  

 

The Spanish flu occurred in 1918 and the Plague, which occurred between 1347 and 1351, 

transmitted through respiratory droplets (Newman, 2020). However, social differences played 

an important role. In 1918, people tended to live in close quarters and did not value hygiene 

as much. These factors influence how quickly a virus spreads and how lethal it can be 

(Newman, 2020). World War I meant that large numbers of troops were traveling to distant 

locations, which aided the spread of the virus. Malnutrition also made it easier to contract the 

disease (Newman, 2020).  

 

These diseases have geographic sites of epidemic establishment (Kissler et al., 2019), in 

urban contexts. There are however unexplained differences among cities within the same 

broad climatic and antigenic regimes, suggesting that endogenous differences among cities 

may interact with climatic and evolutionary drivers to cause divergent epidemic dynamics at 

the city level (Axelsen et al.,2014; Yang et al.,2015). 

 

2.2.2. Emergence of pandemics in urban contexts 
 
Historically, pandemics have been ravaging the urban centers since antiquity with examples 

of diseases such as the Plague of Athens, tuberculosis, dysentery, and other intestinal and 



 

31 
 

diarrheal diseases that originated in cities (Bollyky, 2019). These are described as traditional 

diseases of density (Bollyky, 2019). Emerging infectious diseases either originate in urban 

settings, or rapidly propagate because of urbanization once they are established due to 

various urban factors that will be explored further below. The outbreak of the SARS disease 

hit global cities like Beijing, Hong Kong, Toronto and Singapore in 2003 (Kell et al., 2020), 

and most recently the emergence of COVID-19 in Wuhan, China, (Li et al., 2020; Cho et al., 

2016; Metsky et al., 2017).  

 

Increasingly, health and disease tend to be urban as they coincide with prolific urban growth 

and urban ways of life (Kell et al., 2020). These diseases reach large cities where 

overcrowding, underdeveloped sanitation and public health systems exist (Ali et al, 2016). 

Kell, et al. (2020) highlight the need to understand the landscapes of emerging extended 

urbanization, how the diseases outbreaks occur and how they relate to the physical, spatial, 

economic, social and ecological changes brought on by urbanization (Kell et al., 2020; Ali et 

al, 2016).  Poor housing, inadequate water supplies as well as sanitation and waste 

management constitute risk factors in urban areas that increase the risks and challenges in the 

aspect of emerging infectious diseases. In addition, the lack of effective ventilation systems 

can cause respiratory tract infections (WHO, 2010; Neiderud, 2015). 

 

The increase in global interconnectivity, combined with the growth of urbanization and 

relentless human encroachment on natural habitats, is making it increasingly easier for 

viruses to spread (Gavi, 2020). Extreme urbanization affects the ecosystem causing 

deforestation, loss of habitat for certain species, all leading to zoonotic diseases (Kuchipudi, 

2020), which are caused by germs that spread between animals and people (CDC, 2017).  
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Population change and mobility is the first factor for virus transmission as HCRD are 

transmissible through people (Kell et al., 2020). Because these urban areas are a hub for 

business, travel, and trade, they can become conduits of transmission to the world (Lee et al., 

2020). Outbreaks in cities can spread internationally faster and more easily, with the 

increased speed and volume of global trade and travel (Bollyky, 2019), especially through 

infrastructures of globalization such as airports. Air travel makes it possible for a virus to 

move across the globe quickly and undetected (Gavi, 2020).  

 

An increasing number of people is living in cities and moving towards the big cities because 

of the economic rewards and the availability of employment opportunities (Bollyky, 2019). 

Additionally, in times of crises, the displaced population increases in urban areas (US 

Department of Housing and Urban Development, 2020; United States Interagency Council on 

Homelessness, 2015; Ali, 2008) as they move towards urban areas to seek greater capacities, 

services, and livelihood opportunities, and humanitarian assistance (European Commission, 

n.d.;Norwegian Refugee Council and shelter centre, 2010). This rapid influx of people often 

results in poor housing, insufficient supply of fresh water, poor sanitation facilities, and 

ineffective ventilation systems, all of which increase outbreak risks (Lee et al., 2020).  

 

Roughly one out of every eight people worldwide live in slums (Ezeh et al., 2017), which are 

ideal incubators for outbreaks of emerging infections (Bollyky, 2019; Ali, 2008; Patel and 

Burke, 2009). Slums are characterized by over crowdedness, poor ventilation, and lack of 

adequate water and sanitation (Gavi, 2020), which all increase the diseases’ spread due to 

massive human interaction, dense, and unhygienic living conditions (Ali et al, 2016). The 

density of people in housing, during commutes using public transportation, and in work 

environments is high (Lee et al., 2020), making it difficult to trace causal contact in public 
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areas (Lee et al., 2020). These factors and characteristics aggravate the presence of HCRD 

cause a higher transmission of diseases, leading eventually to pandemics. Hence, there is an 

evident need to create sustainable urban infrastructure as cities will define the future of global 

health and economic development (Bollyky, 2019). These risks can be mitigated by 

developing strategies to minimize human effects which contribute to the ecological 

disturbances (Kuchipudi, 2020).  

 

2.2.3. Shelters in Response to Previous Respiratory Pandemics 

During pandemics, homeless people constitute a high risk of contagion because they live in 

or visit shelters and drop-in centers that are crowded with an active turnover of people 

(Raoult et al., 2001). During the H1N1 pandemic, the homeless population were hospitalized 

for influenza 29 times more than non-homeless persons (Miyawaki et al., 2020). These 

findings related to H1N1 influenza underscore the importance of infection control and 

prevention of COVID-19 among the homeless population (Miyawaki et al., 2020), but also 

providing temporary housing to improve sanitation, and social/physical distancing Lung et al. 

(2008).   The outbreak among the homeless population negatively impacts the health care 

system’s ability to respond to a crisis (Miyawaki et al., 2020).   The creation of isolation 

areas for people who are sick or presenting symptoms of disease is important, especially 

given the limited capacity to host patients in hospitals, as the cases increase (Seo, 2020; 

CDC, 2009; CDC, 2019b). Thus, it is crucial to set up emergency shelters in response to the 

pandemic from a health perspective and to limit contagion. 

 

In response to the various pandemics over the years, emergency shelters were customized to 

present specific characteristics to limit the threats of transmission of HCRD.  These 

characteristics focus on dimensions to ensure that shelters are large enough to provide 
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additional space for distancing among inhabitants, and that sleeping areas are at least one 

meter away to reduce the risk of disease spread (CDC, 2005; CDC, 2009; APIC, 2008). In 

addition, sheltered individuals should be instructed to sleep head to toe (APIC, 2008). When 

it comes to ventilation, shelters should be equipped with adequate air exchange systems and 

service, such as adequate HVAC system with filter changes (CDC, 2009), and should have at 

least one window (APIC, 2008).  

 

Thus, it is clear that there is a need for shelters in urban areas during pandemics as the latter 

emerge in such contexts. After researching pandemics, it is important to relate the research to 

the current COVID-19 pandemic. All this puts the topic of this study into context.   

 

2.3. The case of COVID-19 
 

2.3.1. Overview on the disease 
 
The COVID-19 is a new virus linked to the same family of viruses as the SARS, and some 

types of common cold (UNICEF, n.d.). Similar to tuberculosis, measles, and chicken pox 

(CDC, 2020a), the virus is airborne (CDC, 2020a), and transmitted through direct contact or 

in close contact with a person who has COVID-19, this means about two arm length, or two 

meters close. COVID-19 is primarily spread from person to person (CDC, 2020b) by inhaling 

droplets of an infected person, generated through coughing and sneezing, and touching 

surfaces contaminated with the virus (UNICEF, n.d.). These respiratory droplets can also 

cause infections if deposited on mucous membranes (CDC, 2020a). The COVID-19 virus 

may survive as well on surfaces for several hours (UNICEF, n.d.), as will be further 

developed in Section  

2.3.6. Shelter Materials and Pandemics.  
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2.3.2. COVID-19 spread and context 
 
COVID-19 first originated in Wuhan in China, (WHO, 2020e) and spread across the world, 

because of travel in connection to the urban area of Wuhan in China (WHO, 2020e). The first 

cases of transmissions of COVID-19 around the world were reported to have been due to 

economic and financial activities (Kell et al., 2020). Wuhan is a megacity of 11 million 

people in the middle of the country, major transportation hub, it boasts a busy airport. Wuhan 

also has a thriving economy and attracts millions of migrant workers from across the country 

(Ren, 2020). It is characterized by high population density, limited access to clean water and 

sanitation, in addition to increased global interconnectivity (Gavi, 2020), all which increased 

the transmission of the virus. The scarcity of clean water and personal living space has made 

it nearly impossible for many people to adhere to the preventative measures of frequent 

handwashing and social distancing, as recommended by WHO (Gavi, 2020). These measures, 

which will be detailed in the coming section are difficult to implement in slums and poor 

areas where displaced are living in informal settlements, in dense living conditions, (Shelter 

Cluster, 2020b). Megacities such as Delhi, New York City and São Paulo have been heavily 

affected by COVID-19. Because of its connection to international airline travel, COVID-19 

alighted in the booming global cities first (Avetisyan, 2020). This implies a direct link 

between megacities and higher virus transmission rates (Gavi, 2020). 

 

2.3.3. Prevention measures 
 
Key prevention measures are based on hygiene, social distancing, and proper ventilation. 

Frequent hand washing using soap and water, or hand sanitizers containing at least 60% 

alcohol are crucial (UNICEF, n.d.; CDC, 2020b). Additionally, respiratory hygiene is a key 

preventative measure that includes covering the cough or sneeze (UNICEF, n.d.). Avoiding 
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close contact with anyone who has cold or flu-like symptoms is also advisable (UNICEF, 

n.d.), and practicing social distancing at large by staying two meters away, avoiding public 

transportation, and limiting in-person contact as much as possible (CDC, 2020b). The risks of 

COVID-19 increase in congregate settings such as nursing homes, prisons, churches, shelters 

(Gostin et al., 2020), which in some cases do not have proper ventilation, and prolonged 

confinement (WHO, 2014; Hanmer and Milthorpe, 2020).  

 

Other physical distancing measures include closing public spaces, such as workplaces and 

schools, mass transit, and canceling public events to reduce viral spread (Gostin et al., 2020). 

Containment strategies such as border closures and infection control measures were also 

implemented (Dahab et al., 2020). Ventilation is equally an important preventive measure 

that can mitigate the spread of the COVID-19 disease (WHO, 2020c). The World Health 

Organization (WHO) recommends the use of natural ventilation when indoors and opening 

windows whenever possible and safe to do so (WHO, 2020c) in order to reduce the risks of 

contamination from infectious respiratory droplets (WHO, 2020b; Centers for Disease 

Control and Prevention, 2020). 

 

COVID-19 embodies multidimensional risks affecting several aspects of daily life. It poses 

challenges to public health infrastructure and policies, and highlights the inequalities of 

access to health resources, and dependency on external supplies (Berger and Salloum, 2020). 

The COVID-19 pandemic has gravely affected the world economically leading to one of the 

biggest economic crises since the Great Depression (The World Bank, 2020; BBC News, 

2020). The pandemic has affected travel, education, and jobs in general (UNICEF, 2020). 

Additionally, people’s jobs are affected by the lockdown and preventive measures taken 

against the COVID-19, and are unable to pay for shelter worldwide. COVID-19 is affecting 
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the construction sector, and people’s abilities to pay for rent, or mortgages (OECD, 2020a). 

The impact on housing is apparent worldwide, yet it is evident in countries of the South, 

where there are already limited access to adequate housing, and people living in informal 

settlements due to poverty, displacements caused by crises such as natural disasters, or man-

made conflicts (IIED, 2020). In the Global south, existing vulnerabilities accentuate the 

damages caused by the COVID-19, due to the already existing fragile health systems, 

political instability and conflicts, and crises of legitimacy and governance (Berger and 

Salloum, 2020).  

 

They also have a higher transmissibility of the disease because of larger household sizes and 

overcrowding. The inaccessibility to water and sanitation (Dahab et al., 2020) does not allow 

proper protection and precautionary measures from COVID-19. For some people, physical 

distancing can be harmful if they are cut off from sources of income, assistance, and support. 

They may be unable to afford necessities like food, housing, and medicine (Gostin et al., 

2020). Additionally, these populations already have a higher progression to severe disease 

and a higher case fatality due to the lack of intensive care capacity and proper health care 

services (Dahab et al., 2020; IIED, 2020; OECD, 2020). Malnutrition, concomitant diseases, 

and poor overall health status could cause more severe outcomes among these groups 

(Truelove et al., 2020). Currently, in various countries, hospitalization needs far exceed 

available capacities (Truelove et al., 2020), as such there is a great need for prevention and 

control measures to mitigate the spread of the virus. As such, the pandemic has called 

attention to the importance of housing for the protection against COVID-19, especially for 

the displaced or homeless (IIED, 2020). Some governments have been setting up emergency 

shelters to provide shelters to the homeless and minimize the risks of contamination (OECD, 

2020a; Berger, 2020).   
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As it will appear in Section 2.4.4. Emergency Shelter Standards and 2.3.5 2.2.3. Shelters in 

Response to Previous Respiratory Pandemics, various guidelines were developed to set up 

emergency shelters in response to pandemics in the past. Previous respiratory diseases that 

have had an outbreak in the recent years show similar symptoms and characteristics as the 

current COVID-19 pandemic. As such, it is relevant to rely on how the past respiratory 

diseases have been addressed, in an attempt to find common shelter solutions, and identify 

new or emerging needs. However, these diseases present differences and dissimilarities that 

does not allow us to respond with the same public health measures as previous pandemics.   

 

2.3.4. Differences between previous pandemics and the COVID-19 
pandemic 
 
Based on the characteristics of HCRD that have caused pandemics, which were presented in 

Section 2.2.1. Overview on , the COVID-19 presents dissimilarities with previous diseases.  

 

COVID-19 seems to be more infectious than SARS and has already spread to far more 

countries and killed more people than SARS (Newman, 2020). COVID-19 differs from 

SARS in terms of infectious period, transmissibility, clinical severity, and extent of 

community spread (Newman, 2020).  

 

As for Influenza, the speed of transmission is an important point of difference between the 

two viruses (WHO, 2020f). Influenza can spread faster than COVID-19, yet the reproductive 

number is higher for COVID-19 than influenza (WHO, 2020f), which means that COVID-19 

can contaminate a higher number of people. In addition, despite having similar symptoms, 

fractions of severe and critical infection are higher with COVID-19 than what is observed for 

influenza infection (WHO, 2020f). Mortality for COVID-19 appears higher than for influenza 
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(WHO, 2020f). The highest levels of activity would be expected to occur in the usual 

influenza season period for an area. In the temperate climate zones, this is usually the winter 

months, for example (WHO, 2010b).  

 

Unlike the Influenza pandemic, the H1N1 Swine flu and the COVID-19 pandemic can have 

unusual epidemiological patterns and large outbreaks can occur in the summer months 

(WHO, 2010b).  Both have the same symptoms (Newman, 2020). However, Mortality rate is 

much lower in the H1N1 Swine flu, and was less contagious than the COVID-19 (Newman, 

2020). The swine flu did not require hospitalization in the vast majority of cases as it is the 

case with COVID-19 (Gavi, 2020b).  

 

As for the Swine flu and the plague, times were different from the current times. The social 

differences in behavior resulted in different results and measures against HCRD (Newman, 

2020). In addition, the plague had spread across the world through rodents and not humans 

(Newman, 2020), which implies different measures, especially when it comes to social 

distancing. The Spanish flu caused a recession but it was also caused by World War I (Gavi, 

2020b), it also did not require hospitalization as much as COVID-19.  

 

Broadly, responses to previous pandemics relied on hygiene and sanitation measures such as 

handwashing, but not on lockdowns, physical distancing or other measures that disrupt 

economies (Gavi, 2020b). As such, this means that specific measures need to be taken for 

COVID-19 and shelters need to be adapted and tailored to the disease.  
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2.3.5. Shelters in Response to COVID-19 
Key lessons learned from past disease outbreaks are being used to tackle the COVID-19 

pandemic through coordinating efforts with local and national governments, and advocating 

for the inclusion of refugees or displaced in national plans (Vince, 2020). 

International organizations are responding to the health and socio-economic impacts of 

COVID-19 by supporting low-income countries and emerging markets (IMF, 2020; The 

World Bank, 2020). By offering accommodation, food, hygiene, sanitation and medical care, 

organizations such as the International Organization for Migration (IOM) and UNHCR are 

limiting the threats of COVID-19 in low-income countries by creating camps with special 

isolation zones and quarantine spaces (figure 2.1) (Sputnik, 2020). UNHCR is coordinating 

efforts to increase hand washing in the camps through portable hand washing facilities, and is 

disseminating information through community leaders to communicate WHO guidance 

(Vince, 2020).  

 

Congregate shelters should not be set up in an environment heavily impacted by a pandemic 

(Federal Emergency Management Agency, 2020). They could be used as a last resort only 

during the emergency phase (CDC, 2019b). As an alternative, hotels, dormitories, and small 

shelters with fewer than 50 residents should be prioritized over larger shelters (CDC, 2019b). 

These are considered as non-congregate shelters. For these types of shelters, a close 

coordination with organizations, State, and local authorities should take place to ensure all 

guidelines and requirements are abided by (FEMA, 2020).  

 

There are recommendations to follow and measures to be considered in an effort to prevent 

the spread of pandemic illness. While shelters should generally have a space requirement of 

20 x 5.5 square meter (FEMA, 2020), in the case of pandemics, according to the CDC (2020) 

guidelines, 10.2 square meter per person are required (FEMA, 2020). Shelter facility should 
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be large enough to provide space for distancing among inhabitants, or otherwise limit the 

number of inhabitants per shelter (CDC, 2019b). There should be at least 2 meters distance 

between cots and inhabitants should sleep in a head-to-toe placement (CDC, 2019b; FEMA, 

2020). Additionally, an additional 930-1,400 square meters should be available for other 

activities such as quarantining (FEMA, 2020). Quarantine and isolation areas are essential. 

Separate areas should be dedicated for symptomatic and non-symptomatic individuals (CDC, 

2019b; FEMA, 2020). Temporary barriers should also be used as a physical boundary for 

privacy and to mitigate the risk of cross contamination (FEMA, 2020).  

 

Shelters should also have adequate air exchange systems and service particularly in areas 

designated for the ill (FEMA, 2020). A combination of both natural and hybrid ventilation is 

considered as the most convenient for emergency shelters from a financial and health 

standpoint (FEMA, 2020). Windows should be used and a “clean-to-dirty” directional 

airflows should be adopted. If using ceiling fans, airflow rotation should be upward (FEMA, 

2020;CDC, 2019b). In all other areas and specifications, the shelter should follow and 

comply with the CDC guidelines and State and Local requirements in terms of health and 

safety measures (FEMA, 2020). There should be handwashing stations or alcohol-based hand 

sanitizers that contain at least 60% alcohol, tissues, and wastebaskets. Equally, screening 

stations should be set up (CDC, 2019b). 
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Figure 2. 1: The role of shelter and settlements in mitigating the spread of COVID-19 (ShelterCluster.org, 2020) 

2.3.6. Shelter Materials and Pandemics 
Aside from being transmitted via airborne droplets, COVID-19 can also be transmitted by 

touching infected objects or surfaces, then touching one’s mouth, nose, or eyes (Woodward, 

2020; Webmd, 2020). In fact, viral particles can survive for a certain time on surfaces 

(Woodward, 2020) sometimes can last from three hours to seven days on surfaces depending 

on the material as well (Woodward, 2020; Kampf, 2020) as per Table 2.1. The particles’ 

lifespan depends on type of surface, temperature and humidity of the space (Woodward, 

2020).   
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Material Survival period 

Metal  5 days 

Glass Up to 5 days 

Ceramics 5 days 

Wood 4 days 

Plastics 2 days – 3 days 

Stainless Steel 2 days – 3 days 

Cardboard 24 hours 

Copper 4 hours 

Aluminium 2 – 8 hours 

Paper Few minutes – 5 days 

 

Table 2. 1: COVID-19 life span on material(Adapted from Webmd, 2020; Chin et al., 2020). 

 
Temperature and humidity impact the life span of COVID-19 on surfaces (Chin et al., 2020). 

Different studies tested the virus’ life span in different conditions. On one hand, in a 21-

degree Celsius room at 65% relative humidity and 40% relative humidity, the virus lasted the 

longest, seven days, on stainless steel and plastic (Chin et al.,2020; van Doremalen, 

Bushmaker, Morris et al., 2020). In fact, smooth, nonporous surfaces like doorknobs and 

table tops are better at carrying viruses in general. Porous surfaces, like money, hair, and 

cloth fabric, do not allow viruses to survive as long because the small spaces or holes in them 

can trap the virus and prevent its transfer (Woodward, 2020). On another hand, at 4oc, the 

virus lasted up to two weeks in a test tube, whereas a 37oc, that life span dropped to one day 

(Chin et al., 2020). High humidity, moderate temperatures, low wind, and a solid surface are 

all good for a coronavirus’ survival (Woodward, 2020).  
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As such, using plastic in emergency shelters as a material, especially propylene 

(Woodward,2020) is not the most convenient given the survival of the virus on its surface. 

Possible materials to use for emergency shelters are drywall, particle board or other wood, 

but also portable room divider/screens, hanging drapes, or bed linens, makeshift walls could 

work for the interior (APIC, 2008). 

 

In order to have a better understanding of emergency shelters in general, the next section will 

focus mainly on emergency shelters, in an attempt to create guidelines for emergency shelters 

during pandemics caused by HCRD by responding to the functions, standards, and challenges 

related to emergency shelters generally.  

 

2.4. Emergency Shelters 
As the number of displaced people around the world increases yearly because of natural 

disasters and economic crises among other (O’keefe, 2017), sheltering has become a 

necessity (UN-Habitat, 2014). Increasing from 26.4 million in 2008, to 79.5 million at the 

end of 2019 (IDMC and NRC, 2015; IDMC, 2019; UNHCR, 2020). Nevertheless, these 

numbers exclude the impact of the COVID-19 pandemic, and economic crisis it created. 

Therefore, the need for shelter is imperative for people’s survival (Nascimento, 2015) in the 

initial stages of a disaster (CDC, 2009).  

 

2.4.1 Definition of Emergency Shelters 
According to the European Civil Protection and Humanitarian Aid Operations, a shelter is a 

basic human need and a critical determinant for survival and coping in the majority of crises 

(European Commission, 2017; UN-Habitat, 2014). An emergency shelter is defined as 

‘housing with minimal supportive services for homeless persons that is limited to occupancy 
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of six months or less by a homeless person (State of California, Health and Safety code, 

Section 50801 (e), amended 2019, p.2). Emergency shelters are provided in the initial period 

after a manmade or natural disaster, and a transitional stage until the final achievement of a 

durable shelter solution (Corsellis and Vitale, 2005). ‘The right to adequate housing […] is 

intended to ensure that everyone has a safe and secure place to live in peace and dignity.’ 

(UN OHCHR and UN-Habitat, 2005, p.7-8.). Emergency shelters must create decent living 

conditions for its inhabitants and fulfill and accommodate their needs and activities (Utama, 

2018; Mounaim, 2020), such as protection from weather, accommodation, a space to live and 

store belongings, privacy and security (UNHCR, 2007) as I will explore further in Section 

2.4.3. Emergency Shelter Functions. The humanitarian Shelter and Settlement (S&S) 

interventions report says that ‘a shelter is far more than a roof and four walls’ (EC, 2017, 

p.4). A shelter should not be considered as merely a physical space where a person or a group 

of people would seek refuge, nor should the structure be the only component to be considered 

or rehabilitated, but rather the social and socioeconomic aspects are equally as important.  

 

The physical and socioeconomic aspects should be considered when designing shelters or 

settlements (EC, 2017; UN, 1992). In fact, shelters offer protection and services, promote 

economic well-being (European Commission, 2017), as the displaced have a safe place to 

stay without falling into debt or resorting into desperate measures that will further impact 

their economic situation and livelihoods (International Rescue Committee, n.d.). The 

displaced should not feel like they are isolated from their social, cultural, environmental, 

technical, economic, political and governmental contexts (EC, 2017). Disasters may cause 

damage to economic and social infrastructure, environmental modifications, among others 

especially in developing countries as they do not have the proper mechanisms and resources 

for a better response to disasters (ECLAC, 2003). Most importantly, disasters can cause 
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deterioration in the social well-being of the population, especially among the poorest and 

most vulnerable population groups (ECLAC, 2003). Furthermore, during disasters, the 

affected community or country might experience disease transmission while people become 

homeless or displaced. (ECLAC, 2003). As such, shelters should equally promote resistance 

to ill-health and disease (European Commission, 2017), which is why, in my research I will 

be focusing on emergency shelters and their role in the protection from diseases and 

epidemics.  

 

Studies addressing housing commonly base their research on the theory of social 

determinants of health. The latter highlights the role of housing in relation to health and 

wellbeing (Rolfe et al., 2020; Krieger and Higgins, 2002; Mackenbach and Howden-

Chapman, 2002; Howden-Chapman, 2004). In fact, the lack of housing, or poor-quality 

housing can negatively affect health and wellbeing (Dahlgren et al., 1991; WHO, 2008; 

Marmot M. Fair society, 2010; WHO, 2018; Rolfe et al., 2020; Hiscock, 2001; Kearns et al, 

2000; 2012). For instance, it can cause respiratory symptoms, and coronary events (Keall, et 

al., 2008; Istre et al., 2001; Peek-Asa, 2003; Howden-Chapman, 2007; Howden-Chapman, 

2008, Dedman, 2001). The impact of housing on health and safety is partly due to the long 

hours spent at home, which is close to an average 16h daily (Baker, 2007; Leech, 2002). 

Inadequate insulation leading to dampness and mold, lack of heating and proper ventilation, 

lack of safe drinking-water, ineffective waste disposal, inadequate facilities for food storage 

and preparation, among others, present major concerns and constitute substandard housing 

conditions (Wilkinson, 1999; Keall, 2010). For instance, household crowding facilitates the 

transmission of infectious diseases (Baker, 2000). Although this is rightly considered a 

housing-related health hazard, it is not exclusively a function of the dwelling itself (Keall, 

2010) and may be impacted by the presence of a disease firstly.  
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The benefits of the theory of social determinants of health is the holistic approach with which 

it views health. This leads to better and more adequately address health and housing 

challenges as they are regarded from a multidisciplinary approach. However, causal pathways 

linking health to housing, detailed in Annex, present some limitations as research tackles 

urban areas rather than suburban and rural area (Taylor, 2018). Shelters are by definition not 

intended to be long-term and stable homes (Routhier, 2018). Thus, the current housing crisis 

urgently raises the question of what a minimum standard for equitable, decent housing with 

respect to health entails (Braubach et al., 2011). Also, understanding the importance and 

impact of housing on health, greatly contributes to public health (Keall, 2010). 
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Figure 2. 2: Social determinants of health (Ibem, 2010, p.16) 

 

Emergency shelters by definition are a type of housing (State of California, Health and Safety 

code, Section 50801 (e), amended 2019, p.2) or also known as ‘first stage emergency 

housing’ (UN Women, 2012). Different studies associate emergency shelters as well to the 

social determinants of health (Hernandez and Suglia, 2016; Stafford and Wood, 2017; WHO; 

1986). As such, the social determinants of health apply to shelters as well, which is why I 

will be basing my research on this framework, and focusing on shelters that can better protect 

inhabitants from HCRD.  
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2.4.2. Types of Shelters 
The purpose of this section is to have an overview on shelters to better identify a proper 

emergency shelter able to address health hazards, namely pandemics caused by HCRD. 

Shelters vary in size and purpose. They range from small shelter operations that house few 

individuals to larger facilities that shelter thousands (CDC, 2009). They differ according to 

the location where they are set up, whether in an urban or rural area, the availability of space 

and material, the urgency and type of disaster that they are built in response to (UNHCR, 

2020). For this reason, it is important to distinguish between shelters and settlements. Both 

temporary settlements and post-disaster shelters are terms used to designate tents, shelters, or 

houses that provide a habitable covered living space and a secure living environment with 

privacy and dignity to those within it (Corsellis and Vitale, 2005).  

 

Starting with temporary settlement options, camps are generally disfavored because they  

are characterized by poor living conditions such as adequate ventilation and lighting (Al-

Khatib et al., 2004), and associated with health, social and environmental problems (Alnsour 

and Meaton, 2013). Camps are not long-term or sustainable solutions, they are a last resort 

(NRC, n.d.). Some governments as well have a no-camp policy such as Lebanon, because of 

a long history of Palestinian camps and their militarization (Sanyal, 2017).  

 

The alternatives to camps can be categorized into six temporary settlement options, which are 

either dispersed or grouped (Corsellis and Vitale, 2005). Dispersed settlements shelter people 

within or nearby households of local families or their land (Axelsson, 2012). Displaced 

people can also settle in rural contexts owned collectively, and urban in urban context 

informally or occupy unclaimed property (Corsellis and Vitale, 2005). Dispersed settlements 

constitute smaller investments demand less resources, and are a faster solution to implement. 

They also lead to infrastructure development in the host country (Corsellis and Vitale, 2005), 
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through grants, donations, (UNHCR, 2018), rehabilitation projects and capacity building, and 

emergency relief (Kopinak, 2013). However, they require large non-occupied land and proper 

infrastructure. They might impact the local environment and exhaust local resources 

(Nascimento, 2015; United States Interagency Council on Homelessness, 2015). As for 

grouped settlements, they require the community’s aid to provide centralized resources. 

These could be collective centers, where people are hosted in pre-existing facilities as town 

halls, gyms, warehouses, and so on (Corsellis and Vitale, 2005; UNHCR, 2012). These are 

often used when displacements occur in an urban setting or when they are significant flows of 

displaced people in a city or town (IOM, 2019).  

 

Displaced people can also settle on private or state-owned lands such as public squares, 

parks, from which local authorities would want them to relocate (IOM, 2019). These are 

considered as self-settled camps (Corsellis and Vitale, 2005). Planned camps are another 

option situated in urban or rural areas in purpose-built sites. Services are provided by aid 

organizations and governments, and the aid community such as water and sanitation services  

However, planned camps require a higher initial investment and a massive concentration of 

resources. The displaced population ultimately becomes reliant on external assistance 

(Corsellis and Vitale, 2005; IOM, 2019). Privacy, security, and control are hard to reach in 

such settlements and facilities are rarely enough to meet the needs of the affected population. 

Most importantly, grouped settlements present risks of conflict with the host population, of 

becoming a potential military target, and of contamination and spreading of diseases 

(Corsellis and Vitale, 2005; IOM, 2019).  

 

As such, dispersed settlements are difficult to fit in the urban areas and grouped settlements 

are not the ideal solution for emergency shelters in the case of health emergencies, 
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specifically airborne diseases, as they are shared facilities. Since this thesis will focus on 

emergency shelters, and in particular the shelter units and not settlements, it would be best to 

focus on shelter options in dispersed settlements or shelter options in grouped settlements that 

do not facilitate the transmission of diseases. Additionally, since the considered context is in 

an urban area in Lebanon, space might be scarce and difficult to find in order to have 

significant planned camps, yet it can be considered an option. As such, collective centers 

might be more adequate in urban spaces. Schools, hotels, or any large structure can be used to 

set up emergency shelters.   

 

Figure 2. 3: Settlement options for displaced populations (DFID, United Nations, Shelter Centre, 2010, p.70) 

 

In this thesis I will be focusing only on emergency shelters, as they are the immediate 

response needed following a disaster, which is in the case of this thesis, a pandemic, and also 

the basis of the transitional and permanent housing. Better designing and equipping an 

emergency shelter allows for a proper response to the disaster and to the needs of the 

displaced. As the duration of a pandemic is unknown, it is important to attribute a good 
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lifespan for the shelter, by using material that will last beyond the regular emergency shelter 

using tents for example that have a short life span.  

 

Shelters should be considered as part of a system and not separately. They should be 

understood as a socially acceptable and socio-economically viable living environment (Dalal, 

2018). The type of shelter adopted depends on the location, whether urban or rural, human 

assistance provided, availability of space and material to set up shelters, and degree of 

emergency (UNHCR, 2020). However, one important feature of temporary shelters is that 

they can be moved (Saunders, 2011), can be upgraded into permanent structures eventually 

(IFRC, 2013), and that materials can be reused (Saunders, 2011). In fact, plastic tarpaulins, 

which I will elaborate on shortly, can be reused after they are taken down and retained as 

useful waterproofing for roofs or walls, or also sold (Rowland et al., 2002). Equally, shelter 

design criteria should address risks resulting from hazards and safety, timeliness and 

construction speed, lifespan, size and shape, privacy, security and cultural appropriateness, 

ventilation and thermal comfort, environmental considerations, cost, standards, and building 

codes (UNHCR, 2020). I will be detailing these further below with regards to shelter 

standards.  

 
Emergency shelter typologies vary from tents, prefabricated shelters and containers, to 

houses and apartments, commercial units, informal shelters, and worksites (UNHCR, 2020). 

There are also several buildings that can be used as shelters such as primary and secondary 

school buildings, community centers, churches, private homes or buildings. Yet, tents are 

utilized mostly following highly impactful disasters, because of the ease and speed with 

which they can be set up (UNHCR, 2020).  
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Shelter materials should be recyclable, upgradable, and reusable instead being disposed of 

after use (Kats and Alevantis, 2003). Climate and weather are a good starting point to 

consider when choosing the material (IFRC/RCS, 2013). Moreover, materials used should 

take into consideration quality, cost, appropriateness, and local knowledge of the materials, 

local availability of materials, their impact on local markets, and the environmental impact of 

the materials (IRP and ISDR, 2011). Materials should cause no harmful emissions, be easy to 

manufacture and construct, and be lightweight. Furthermore, shelters should be designed with 

materials for noise insulation, temperature insulation, and weather insulation (Bashawri, 

2014).  

 

Most emergency shelters are made out of textile or plastic sheets, and constitute the most 

basic emergency shelter provision (Mounaim, 2020). Tarpaulins, also known as plastic 

sheeting, polythene tarpaulins, or polyethene sheets have replaced canvas as the utilitarian 

shelter material for displaced populations in complex emergencies (Rowland et al., 2002; 

ShelterCluster, 2014). Tarpaulins are large sheets of strong, flexible, and water-resistant 

material, made of woven high-density polyethylene fiber. (UNHCR, 2007; Shelter Cluster, 

2014), weighing 180 g/m2 (Rowland et al., 2002). Because of its reduced weight and volume, 

tarpaulins are a commonly used for emergency shelters (Axelsson, 2012). However, their 

durability is limited to three months, as the material can get damaged by sun, wind, and rain 

(Axelsson, 2012). As such in the case of pandemics, the material might not constitute a good 

option as the duration of a pandemic is unknown.  

 

On a different note, tents are also very widely used for emergency shelters and have a longer 

life span than tarpaulins. Lasting between six months to one year due to the precarious nature 

of the materials, tents do not create a long-term value. They are generally stored and 



 

54 
 

distributed in large quantities, which means that the design is not adapted to different 

contexts and cultures (Axelsson, 2012). As a result, presenting a longer lifespan than 

tarpaulins, tent shelters can be considered as a good option for emergency shelters in 

response to HCRD. However, they might not provide all necessary functions and standards. 

This is especially true when it comes to material, which is important to withstand weather 

conditions, protect against other diseases, and ensure a good lifespan for the shelter to shelter 

the displaced during a pandemic with an undetermined timeframe.  

 

2.4.3. Emergency Shelter Functions 
A shelter should enable to the best extent possible standard activities and functions such as 

sleeping, cooking, eating, washing, studying, storage, child care and social activities (Shelter 

Center, 2012; Axelsson, 2012). It should be optimized and used most efficiently, while 

considering cultural habits (Lundgren, 2014). Some activities can be performed outdoors 

while others necessarily have to remain indoors, such as sleeping (Axelsson, 2012). It is also 

important for the affected community to be involved and consulted during the process in 

order for the shelter to be adapted to their needs (Lundgren, 2014).  

 

A shelter should fulfill five essential functions, the first one being sleeping and privacy. 

Shelters should include a sleeping space, the most private part of the shelter. Preferably, the 

sleeping area could have another function during daytime, and should neither be too cramped 

nor wasting space (Lundgren, 2014; Shelter Center, 2010; UNHCR, 2007). Secondly, shelters 

should allow culinary activities. Cooking, eating, and washing dishes are some of the most 

regular domestic activities (Nyström, 1994). As such, a shelter should be designed to fit a 

stove pipe for example, or a have a proper ventilation system. The stove should be placed 

indoor or in a protected area outdoor. The main room can be employed as a dining area and 
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should be wide enough to allow a family to carry out activities and walk easily (Lundgren, 

2014).  

 

Space for storage of personal belongings such as bags of food, cooking equipment, furniture, 

and clothes is highly valuable in shelters to keep the space organized and clean, and securing 

the displaced belongings. Washing and drying are equally functions that should be made 

possible in an emergency shelter. Mostly performed outdoors before of the humid air these 

activities create, they are considered to be private in some cultures, and thus, preferably done 

inside (Lundgren, 2014). Finally, privacy and security are important functions that the 

displaced need to benefit from through some semi-private areas  (Lundgren, 2014). 

 

As we will explore further in Section2.5. Ventilation it is essential that the shelter is properly 

ventilated in order for it to ensure the necessary functions. In fact, the sleeping area needs to 

be properly ventilated as the air quality in the sleeping area bares an important impact on 

sleep quality, which itself impacts health (Strøm-Tejsen, 2015; NIH, n.d.). In addition, 

culinary activities and cooking evidently requires a proper ventilation system to prevent 

suffocation (Lundgren, 2014). Additionally, while shelters are important to store the 

belongings of the displaced and especially food, it is necessary to have proper ventilation to 

conserve food for it not to perish or rot (Villazon, n.d.; UNLFood, n.d.). Finally, washing and 

drying clothes within the shelter can create mold growth if there is no proper drainage. 

Improper ventilation could keep clothes damp and create an unhealthy environment within 

the shelter, such as humidity (EPA, n.d.).  
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2.4.4. Emergency Shelter Standards 
 
Several manuals and guidelines developed by humanitarian organizations focus on the 

standards and guidelines emergency shelters need to follow.  

The Sphere Handbook (Sphere Project, 2011), the UNHCR’s Handbook for Emergencies 

(UNHCR, 2007), the UN-Habitat and IFRC published documents on shelter projects (IFRC 

et al., 2008; 2009; 2010; 2012), the Transitional shelters: Eight designs (IFRC, 2011), 

Transitional settlement, displaced populations (Oxfam, 2005), all present protocols and 

guidelines covering emergency management and problem areas to be considered in 

emergency responses and shelters  The Shelter Center also created protocols on transitional 

shelters with higher requirements than initial response shelters (Shelter Center 2010 and 

2012). Moreover, the Centers for Disease Control and Prevention (CDC) had developed a 

guide specific for U.S.-based emergency shelters for displaced persons during a natural or 

man-made disaster during the 2009-2010 influenza season: CDC Guidance for Emergency 

Shelters for the 2009-2010 Flu Season (2009), which was consulted for this thesis.  

 

The guidelines should allow to set up fast, durable, low cost emergency shelters that are easy 

to assemble and transport, and offer proper hygiene, safety and health through ventilation. 

The comfort and the design of the shelter itself are the last requirement to fulfil. Post-disaster 

shelter solutions cannot be based only on the practical fulfillment of the standard 

requirements set by aid organizations and governments but need to also consider the living 

conditions in domestic environments that go beyond cultural and geographical differences 

(Lundgren, 2014). A shelter must reflect user needs, local culture, vulnerability and the 

capacity of people affected by the disaster and available resources (Saunders, 2013).  
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There are general design standards that an emergency shelter should follow in order for it to 

provide the necessary functions to its inhabitants. As already mentioned in Section 2.4.1 

Definition of Emergency Shelters, an emergency shelter should provide security and privacy 

to its inhabitants who have been displaced from their original houses (Lundgren, 2014; 

Altman, 1975). It should offer them stability as well and thus needs to provide some sort of 

permanence (IFRC, 2011; Lundgren, 2014). It should also be appropriate and adapted to the 

needs of its inhabitants, and thus also needs to be personalized according to the culture, 

traditions, needs, and should allow them to participate in its construction (Bashawri, 2014; 

IFRC, 2011). Self-assembly will therefore allow the displaced to feel a connection to the 

space and a certain belonging (Habitat for Humanity, 2014; Lundgren, 2014; Atkinson, 

1962). Equally as important as all these standards, the emergency shelter should allow the 

displaced to create and maintain social relationships in order to be part of a community and 

reinforce their belonging (Smith, 1994; Pennartz, 1986; Lundgren, 2014). Finally, color in 

spaces and design is known to have an impact of the behavior and activity of people 

(Nurlewati, 2012; Lundgren, 2014; Hidayetoglu et al., 2012; UNHCR, 2011b)., Therefore it 

is important to consider all these factors when designing the emergency shelter.  An overview 

of all the general design standards are detailed in the Appendix I  

 

Emergency shelters should follow various technical standards in order to provide comfort and 

protection. They should have certain dimensions and enough space for people live in but also 

perform the different functions that the emergency shelter is intended for (Mounaim, 2020; 

Shelter Center, 2010). Emergency shelter should also withstand wind and be stable thanks to 

its foundation, flooring and roof structure (Fransson, 2006; Lundgren, 2014). It should also 

be durable in order to ensure permanence and stability (Lundgren, 2014; Mounaim, 2020). 

Emergency shelters should equally have windows, should be easy to assemble and transport. 
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Light should be able to go into the shelter. It should also be fire and water resistant to provide 

protection (Lundgren, 2014; Shelter Center, 2010). Additionally, the shelter should allow 

proper sanitation in order to prevent diseases, thermal comfort, ventilation, and vector control 

(Lundgren, 2014; Axelsson, 2012). The latter are all key for disease prevention. However, 

since this research is focused on respiratory diseases and ventilation, only standards that 

allow prevention measures will be addressed, which are social distancing, hygiene, and 

proper ventilation. They will later be adapted to emergency shelters set up during pandemics 

caused by HCRD, while the remaining standards will be detailed in Appendix I and will not 

be contested.   

‐  Dimensions 

A shelter should be a minimum of 3.5 m2 covered living area per person in a tropical, warm 

climate (S. Association, 2011), excluding cooking facilities or kitchen. In cold climates or 

urban areas, 4.5 m2 to 5.5 m2 are appropriate since people are more likely to remain indoors.  

A shelter should fit a family of at least 5 people, hence a floor area of minimum 17.5 m2. At 

least 60% of the floor area should have a ceiling height of 1.8 m2 (Shelter Center, 2010). 

Table 2.4 details the dimensions required for every activity depending on the shelter’s 

capacity. 
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Activities Capacity   Area 

General area 6 people 15.6m2 

 5 people 13m2 

 4 people 10.4m2 

Gathering activities  6 people 7.02m2 

 5 people 5.85m2 

 4 people 4.68m2 

Private activities 6 people 3.24m2 

 5 people 2.7m2 

 4 people 2.16m2 

   

Table 2. 2: Required dimensions for every activity (adapted from Mounaim, 2020). 

 

In order to achieve the expected level of privacy and comfort, each room must be able to 

perform its functions properly, without mixing activities. The space should be arranged 

according to the functions, activities, and number of people (Mounaim, 2020). The shelter 

should be based on modules in order to increase or decrease the interior area depending on 

the size of the family and type of climate (Lundgren, 2014). 

 

‐  Sanitation 

Sanitation is important to prevent the spreading of diseases. Latrines should be located within 

a distance of 50 meters from sleeping accommodations. One latrine per family is optimal and 

not shared latrines. A water distribution point should be located within 100 meters where 20 

liters are needed for hygiene (CBC News, 2007). It is important that the sewage grey water 

system is kept separated and protected, to decrease the risk of contamination. Generally, it is 
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not strictly necessary to include a toilet in the shelter design since there are common latrines. 

(Lundgren, 2014). 

 

‐ Ventilation  

Windows should be available in emergency shelters to ensure proper ventilation, light, and 

protect against diseases. Windows in a shelter should be large enough to avoid the feelings of 

entrapment and it should be possible to close them specially in the sleeping area.  They 

should allow natural daylight, which is vital for indoor lighting, especially in contexts where 

electricity is scarce (Lundgren, 2014). Emergency shelters must provide sufficient thermal 

comfort, fresh air and climate protection to ensure the dignity, health, safety and well-being 

of the displaced (S. Association, 2011). Climate can heavily vary around the world and 

people from different cultures are accustomed to different temperatures and humidity 

(Axelsson, 2012). Hence, emergency shelters should be customized according to the climate. 

The shelter’s windows can be relocated depending on surrounding context and climate 

(Lundgren, 2014). They must not be more than 7.62m away from air intakes, other open 

windows, or be more than 91m from another occupied building or high-risk area to facilitate 

air flow (APIC, 2008). 

 

Ventilation gaps should be designed with possibilities of high air exchange rate to avoid 

overheating, preferably by using draft and stack effect. The ventilation is improved by 

facilitating the stack effect; the air circulates from a small gap below the door to the vent 

positioned high up in the back wall. Hot climates demand a high air exchange rate, while cool 

climates demand a slower air flow to let the air get heated up by the body heat of the 

inhabitants, but still require enough air exchange to let pollutants out and bring in fresh air. 
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For hot climate the gable window can be placed in the back and if the room is overheated the 

door and window(s) can be opened to create a larger air draft (Lundgren, 2014).  

 

After reviewing the standards of emergency shelters, it is clear that these guidelines do not 

adequately address certain design aspects of shelters to make them more sustainable and 

comprehensive with regard to different contexts and situations, namely pandemics caused by 

HCRD. Most of the standards do not consider the spread of diseases. Ventilation in particular 

does not focus on diseases, and is mostly discussed in terms of thermal comfort. Also, 

prevention from diseases is only done by protection from insects and animals but not 

transmissible diseases by humans or airborne diseases. Thus, there is a need for these 

standards to be adjusted to contagious and transmissible diseases, which I will further 

explore.  

 

2.4.5. Issues and Challenges Related to Emergency Shelters 
 
 
Emergency response solutions appear in many cases to be insufficient in terms of meeting 

users’ demands (Lundgren, 2014). Many shelters lack proper ventilation and thermal control, 

sanitation, hygiene solutions, and proper food storage areas, all which cause contamination 

and spread of diseases (Lundgren, 2014; Axelsson, 2012). Shelters can sometimes be 

uncomfortable due to ventilation problems, air, and the temperature in the tent (Erkelens et 

al., 2010; Lundgren, 2014). Cultural differences, poorly located settings, overcrowding, poor 

services can all affected shelter users (Barakat, 2003, Nigg et al., 2006, Johnson et al., 2006, 

El-Anwar et al., 2009, Félix et al., 2013b). Bashrawi (2014) has observed that existing 

shelters have not reached their full potential when it comes to efficiency of the designs, 

materials used, and optimization of the space to offer the best protection to the displaced. So, 

analyzing previous examples is necessary to reach an optimized solution (Karaoglan, 2018).  
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The ideal design will balance between requirements and constraints such as available 

resources, financial issues, (Asefi, 2010), but also environmental, economic, technical, and 

sociocultural issues (Bashawri, 2014). Most issues faced by displaced are the lack of 

adequate protection, the time span between the disaster and the provision of shelter is too 

long, while emergency shelter life is short. As such, the choice of shelter to be adopted 

should be easily set up in a short timeframe as to provide a quick response, but also be 

affordable. Therefore, the delivery, manufacturing, and import of shelters need to be 

addressed (Bashawri, 2014). Literature and examples of previous shelters have been analyzed 

in the following paragraphs to understand how such shelters have been constructed in the 

past, and what are the environmental, economic, technical, and sociocultural issues that 

accompanied these shelters.  All this will allow me to better put together guidelines for 

emergency shelters in the event of HCRD. 

 

‐ Economic issues 

Providing adequate post-disaster housing for displaced people is challenging and critical 

given the insufficient world-wide aid resources. Solving all the emergency shelters 

deficiencies is difficult primarily because of financial resource limitations (Lundgren, 2014). 

These restrictions in cost lead aid organizations, architects, and designers to question which 

human living needs should be prioritized in order to improve the subjective well-being of 

displaced people (Lundgren, 2014). Economical investment is often a critical issue. 

Inexpensive material is often preferred to avoid that the components of the donated shelter be 

sold or stolen. Not only is the cost of production considered but also the cost of transportation 

(Axelsson, 2012). For instance, transport by airplane can cost more than the actual tent. 

Shipping by ocean can take a longer time, but is less expensive (Axelsson, 2012).  
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When a disaster occurs, a fast solution is needed to resettle the displaced (Corsellis and 

Vitale, 2005; Yoshimitsu et al., 2013). However, the process of constructing a durable home 

may not be possible because they take substantial time (IFRC, 2011), and also require a 

significant amount of money if it must last a long time. Sometimes it is preferable for money 

to be spent on the repair and development of permanent houses rather than on temporary 

houses (Yoshimitsu et al., 2013). In such situations, the design and planning of shelters 

should consider their intended life spans given the standards and conditions of the locations 

where they are to be built (Johnson, 2007b).  Yet, solving all emergency shelters deficiencies 

is difficult primarily because of the urgency of response (Lundgren, 2014). Additionally, the 

necessity of more durable and still affordable shelters is a critical issue when the number of 

displaced people is increasing over the years (Lundgren, 2014). As an example of emergency 

shelters, refugee camps have an average lifespan close to 17 years. However, some refugee 

camps, particularly Palestinian refugee camps in Lebanon have been running for more than 

50 years (UNHCR, 2012a). Living in emergency shelters beyond their lifespan can make 

these shelters “inhumane” (Mounaim, 2020). In fact, tents can collapse due to faulty 

installation and if tent designs are not in accordance with the climate, especially the rain. The 

tent collapsing is neither time nor cost effective (Baharuddin, 2016). Also, the short lifespan 

of emergency shelters, compared to the facilities, services, and utilities such as electricity, 

sanitation, sewerage, roads, that they require, make emergency shelter very costly and 

expensive to build, especially for less developed and developing countries (Bashawri, 2014). 
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‐ Environmental and climatic challenges 

The field of post-disaster shelters unites social, technology, economics, logistics, and politics, 

but also environmental aspects, and sustainability. Addressing sustainable development is an 

important responsibility as we are consuming resources three times faster than Earth’s 

ecosystem can be renewed, and we are emitting more than ten times of the greenhouse gases 

allowed yearly for the atmospheric content to stabilize until 2100. Of this, the third is related 

to housing (Lundgren, 2014). Greenhouse gas emissions for the steel frame shelters constitute 

630-1320 kg CO2e/year, which is more than 50% of a timber framed shelters (390-440 kg 

CO2e/year), calculated per estimated life span in years. CO2e refers to Carbon dioxide 

equivalent, which is a metric measure used to compare the emissions from various 

greenhouse gases on the basis of their global warming potential by converting amounts of 

other gases to the equivalent amount of carbon dioxide with the same global warming 

potential (European Environment Agency, 2001). Bamboo shelters which have the shortest 

lifespan has a low impact of 60kg/CO2e/year (Kuittinen, 2013). A huge environmental 

problem caused by settlements is the harvesting of local vegetation for self-built shelters. 

Locally produced material is a good option if it is not harming the environment due to 

deforestation or pollution. However, due to major emergencies and an increased number of 

displaced and homeless people, there is often no other option than to ship shelters from the 

warehouses, which also has an environmental impact (Lundgren, 2014; Félix et al., 2013a).  

 

In addition, when shelters are damaged or reach the end of their lifespan prematurely, they 

are thrown in landfills or get combusted. Shelters that are hard to upgrade and reuse tend to 

produce more pollution, consume more resources, and thus cause negative impacts on the 

environment (Bashawri, 2014).  Hence, shelter material should be easy to recycle, upgrade, 

reuse, resell, and relocate after a shelter is disassembled (International Organization for 
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Migration, 2012; (Lundgren, 2014). In recent years, emergency shelters made entirely out of 

recycled material have emerged due to financial constraints and environmental and 

sustainability concerns (Jewell, 2019).  

 

Furthermore, the weather varies significantly between potential disasters locations by season 

(Bashawri, 2014). Emergency shelters are spread around the world where the weather and 

climate vary from tropical to cold semi-arid (Lundgren, 2014). There are three different types 

of climatic conditions that each require different shelter arrangements (Corsalis and Vitale, 

2005), and sometimes additional heating in cold weather.  Reducing air gaps in the shelter or 

including a lobby area can keep shelters warmer in cold weather (IFRC/RCS, 2013). Finally, 

personal and environmental hygiene are essential to protect people’s health. Therefore, water, 

sanitation, and hygiene infrastructure and facilities have to be provided in the shelters (Camp 

Coordination/Camp Management, 2010). Yet they are expensive and complex. 

Shelters equally face sociocultural issues such as adapting the shelters to the cultural needs of 

the population, their traditions, but also involving the displaced in the construction and 

adaptation of shelters. This allows the displaced to customize the shelters to their needs, but 

also makes them feel like they are participating in the process, and contributing to their 

wellbeing and survival (Félix et al., 2013a; Bashawri, 2014). Because sociocultural issues are 

not relevant to the context of this thesis, the challenges will be detailed in the appendix.  

 

Furthermore, shelters face various technical issues when it comes to the transportation of the 

shelters, and the functions that they provide (Bashawri, 2014; Lundgren, 2014). However, the 

most relevant to this thesis is the lack of proper ventilation or thermal control, which causes a 

hygiene, sanitation, and food storage issue. Most importantly, it causes contamination and 
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spread of diseases. For this reason, ventilation for indoor air exchange is important 

(Lundgren, 2014). 

 

After reviewing the challenges faced in emergency shelters, Figure 2.6 summarizes and 

visualizes the intersection of all the challenges together, and each separately on its own. The 

main challenges being technical, climatic and environmental, and economic intersect on 

many different levels, the health challenge is a resultant of all challenges. Based on the social 

determinants of health, there is a correlation between different factors and their impact on 

health. The sociocultural challenges are equally important when researching and analyzing 

previously set up emergency shelters, yet they only intersect with the technical factors. The 

largest challenges include the weather, the rain, water leakages, improper drainage, 

greenhouse emissions, the impacts of the harvesting of local vegetation, thermal control and 

ventilation.  

 

Since my focus in this thesis is on ventilation, it being at the intersection of different 

challenges, signifies that it needs to be addressed from different perspectives. While selecting 

the best ventilation option for emergency shelters, I will need to take into consideration 

technical, economic, climatic, environmental, and health components to better address 

ventilation issues.  

 

Also, through the research that I conducted, and as it will appear further in Section 2.5. 

Ventilation for Emergency Shelters, ventilation has always been addressed in terms of 

thermal comfort or in relation to hot or cold weather.  However, contagious diseases not only 

require social distancing, which can be achieved by separating or distancing the shelters, but 

also requires proper ventilation within the unit, as explained in Section 2.2.1. Overview on 
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HCRD. As such, there is a need for ventilation to be tackled within emergency shelters in 

the event of HCRD.  

 

Because of the gap in the literature and the lack of information on ventilation in emergency 

shelters, I have conducted some research on ventilation in general (section 2.5). Most of the 

information that I retrieved are relevant to buildings. On one hand, this information is helpful 

in understanding ventilation generally, on the other hand, it will help put together guidelines 

for emergency shelters that can mitigate the threats of HCRD because a shelter is meant to 

provide the same functions and characteristics as a home, and therefore can have similar 

properties.  

 

Figure 2. 4: Intersection of challenges related to emergency shelters (by Author) 
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2.5. Ventilation for Emergency Shelters 
In this section, I first explore ventilation generally. I will discuss its benefits in providing 

comfort and its impact on health. Ventilation equally plays an important role in disease 

prevention, which is why it is important to tackle it in my thesis. I will then describe the 

different types of ventilation in order to determine the characteristics and properties of 

optimal ventilation in the event of a pandemic caused by HCRD. Because I am researching 

ventilation generally, and because of the lack of literature on ventilation in emergency 

shelters, I will use the words ‘structure’ and ‘building’ or ‘shelter’ interchangeably to 

generalize the data gathered, as well as ‘opening’ and ‘window’. This will allow me to 

compile general information for the guidelines that I am aiming to put together for 

emergency shelters. The interviews conducted with experts from different fields, and the 

simulation model will later make up for the missing data.  

 

The word "ventilation" has a Latin root of "venture" that means "weather movement or 

displacement" (Watson, 2004). Ventilation is a process during which internal air flow is 

replaced by fresh air coming in from outside (Zarandi, 2006), and distributes the air within 

the building or room (Etheridge and Sandberg, 1996; Awbi, 2003). It is an exchange of inside 

and outside air flow on the condition that no air facilities are used and no irreplaceable 

energy is consumed either, in the case of natural ventilation (Zarandi, 2006). The general 

purpose of ventilation in buildings is to provide healthy air for breathing by both diluting the 

pollutants originating in the building and removing the pollutants from it (Etheridge & 

Sandberg, 1996; Awbi, 2003). Based on Zarandi’s study (2006), this method has been used 

since a long time as a refrigeration technique in the world. This is based on a methodology by 

which heat transfer takes place by way of alluvial operation and air displacement wards off 

the heat (Zarandi, 2006). According to the WHO’s publication (2009), ventilation has three 
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basic parameters. The first is ventilation rate, which represents the amount of outdoor air that 

is provided into the space and its quality. The second basic element is airflow direction, 

which is the overall airflow direction in a building. The airflow should go from clean zones to 

dirty zones. Third element is air distribution or airflow pattern. The external air should be 

delivered to each part of the space in an efficient manner and the airborne pollutants 

generated in each part of the space should also be removed in an efficient manner (WHO, 

2009). 

 

2.5.1. Types of Ventilation 
There are three types of ventilation: natural ventilation, mechanical ventilation, and hybrid 

ventilation, which is a mixed-mode ventilation (Atkinson et al., 2009). All three have their 

conditions and benefits depending on the building type, the cost, and various other criterion 

to consider. In the case of the COVID-19 pandemic, the WHO recommends using natural 

ventilation and opening windows whenever possible and safe to do so (WHO, 2020c). 

Mechanical ventilation, which involves air conditioning and industrial ventilation systems 

can prevent the transmission of COVID-19 (Perry, 2016) only if they are inspected, 

maintained, and cleaned regularly (Global Heat Health Information Network, 2020). 

Mechanical ventilation can be very costly for emergency shelters, requires a lot of 

maintenance, and should be carefully used as to not create an environment suitable for the 

survival and transmission of highly transmissible respiratory diseases (Quian and Zheng, 

2018). Equally, a well-maintained and operated system can reduce the spread of COVID-19 

in indoor spaces by increasing the rate of air change, reducing recirculation of air and 

increasing the use of outdoor air (WHO, 2020d). When air conditioning or ventilation are not 

available, air purifiers, fans, and/ or opening windows to recirculate and allow fresh air into 

closed spaces is good practice (WHO, 2016).  
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As such, in this thesis I will focus only on natural ventilation as it is considered to be the 

most adequate solution for protection against HCRD. It is also the most economically viable, 

compared to mechanical ventilation, which is costly and involves maintenance costs. Hybrid 

ventilation or mixed-mode ventilation using fans will also be considered as it may present 

greater benefits, and better protection in some cases.  

 

Natural ventilation is the process of replacing air in any space to provide high indoor quality 

without the use of mechanical means (Edwards, 2006). It refers to fresh dilution air that 

enters and leaves a building through openings. (Toronto Public Health, 2007). Natural 

ventilation is mainly intended for countries with low winter temperatures and moderate 

summer temperatures. Used in countries such as Germany, Brazil, and Bangkok, natural 

ventilation could hardly be applied in hot and humid climates, such as the countries of the 

Arabian Gulf region (Annan et al. 2016).  

 

Natural ventilation can be split into two types: wind-driven and buoyancy-driven ventilations, 

or it can be a mixture of both (Linden 1999; van Moeseke et al. 2005; Larsen 2006; Baker 

2011). Buoyancy-driven ventilation is a type of natural ventilation that relies on differences 

in temperature and air density within the shelter to push warm air up and out through a 

higher-level vent. Whereas wind-driven ventilation uses natural breezes to encourage air 

circulation. When positioned correctly and used in conjunction with one another they create a 

natural cross flow of air causing the air to circulate (Shelter works, n.d.). 

 

Generally, in buildings, natural ventilation comes from openings (Bainbridge, 2011). The 

Toronto Public Health (2007) specifies that an opening allows to exhaust air or to introduce 

fresh air depending on the weather. As such, natural ventilation of buildings depends on 
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climate, building design and human behavior (WHO, 2009). It is highest in the summer 

months when higher indoor temperatures mean that people are more likely to leave windows 

and vents open (Johnson and Long, 2005). Air exchange is lower when there are lower 

temperatures because people attempt to minimize the ingress of cold air from outdoors. When 

the temperatures are less comfortable; less than 16 degrees, or higher than 38 degrees, only 

20% or so of the residences have at least one window or door open (Johnson and Long, 

2005). As air enters a building, interior mixing and exfiltration take place at the same time. 

Therefore, the time required to replace air inside a building is not a linear function of air 

exchange (Fletcher and Saunders. 1994).   

 

Airtightness impacts the airflow in a space and the level of protection provided (EPA, 2009).  

Tighter shelters limit the duration of occupancy in the shelter due to CO2 buildup. Occupant 

density, or floor area per shelter occupant, is an important determinant of CO2 concentrations, 

but so are the outdoor weather, the indoor temperatures, the shelter model and layout. A 

lower value of occupant density, for example 2 m2 per occupant, might provide more 

habitable conditions for longer periods of time (EPA, 2009). As such, airtightness is 

recommended for the protection from outside hazards, yet creates a CO2 buildup. In the case 

of HCRD, the hazard is inside the shelter, and a CO2 buildup is extremely harmful. As such, 

the shelter should be less airtight, and ventilation is very important. 

 

Despite being more efficient than exhaust and cooling fans (Wallace et al., 2002), and being 

more economically viable, yet some modern natural ventilation systems may be more 

expensive to construct and design than mechanical systems (WHO, 2009). There are also 

other drawbacks to natural ventilation systems. They depend on the two driving forces wind 

and temperature difference, the airflow rate generated can vary significantly, and can also be 
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difficult to control. Natural ventilation systems sometimes do not work as expected for 

several reasons such as the windows and doors not being open, or poor design and 

maintenance, which impacts the air exchange, while for other shelters that only have an 

access opening, natural ventilation can increase air exchange (Marr et al., 2012). In countries 

where winters are cold, more work is needed to design low-cost and reliable natural 

ventilation systems for rooms that encourage rather than prevent the flow of air and yet allow 

internal temperature control. In natural ventilation systems, if performance is compromised 

for any reason, risks of transmission of airborne diseases increase (WHO, 2009).  

 

There are two general approaches for natural ventilation: Cross ventilation, and Stack 

ventilation. In cross-ventilation, streets and landscapes should also be laid out to protect 

natural breezes for cooling. This can be done by running streets at only a small angle to the 

wind and using trees and landscaping to channel the wind into the houses. Where strong 

winds occur regularly, landscaping and design can be used to block the unwanted gusts, yet 

still protect the cooling breezes. Cross ventilation varies from hour to hour as the wind speed 

and direction change. It is best to develop a very flexible ventilation system that can adapt to 

changes in wind direction, in surrounding landscaping and structures, and in use within the 

building. The aim is to provide the occupants with the ability to adjust ventilation to meet 

their comfort requirements.  Cross ventilation also allows to clear scents and reduce mold 

density. It can be done with good window placement (Bainbridge, 2011). 

 

Stack ventilation is a second type of natural ventilation. It uses the buoyancy of warm air to 

create the “stack effect”, enhancing ventilation through a wind tower. Such schemes employ 

automatic opening windows or vents at low and high level, which must be inhibited during 

high winds, etc. (Levin, n.d.) Stack ventilation relies on the fact that hot air is less dense than 
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cool air to generate air movement in a building with a low intake and high outlet. The intakes 

should be as low as possible and from an area with cooler air, perhaps a landscaped area or 

shaded courtyard with a fountain. Stack design is used in many traditional building designs 

and usually includes high ceilings, multiple floors, thin buildings, open stairwells, and roof 

monitors, dormers, or cupolas with operable windows (Bainbridge, 2011).  Stack-effect 

ventilation will usually supplement cross-ventilation and help remove pollutants from interior 

spaces and provide cooling at the same time. It has greater benefits in larger and taller 

buildings and can augment or replace cross-ventilation. Taller ceilings help air stratification 

and airflow. Open plans are generally best because partitions interrupt the flow of window-

driven-cross ventilation and may limit natural ventilation unless floor vents are used. The 

stack effect works best when the exit air is warmer than the outside air. The interior air will 

be warmed by people, equipment, and artificial lights or sunlight (Bainbridge, 2011).  Cross 

ventilation and stack ventilation can be combined to provide full comfort (Bainbridge, 2011). 
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Figure 2. 5: Natural and Mixed Mode Ventilation Mechanisms (Li, 2000, p.2). 

 

Hybrid or mixed-mode ventilation refers to a hybrid approach to space conditioning that uses 

a combination of natural ventilation from operable windows, and mechanical systems that 

include air distribution equipment and refrigeration equipment for cooling (Center for Built 

Environment, n.d.). It relies on natural driving forces to provide the desired flow rate, and 

uses mechanical ventilation when the natural ventilation flow rate is too low (Heiselberg and 

Bjørn, 2002).  

 

A hybrid ventilation system is aimed at producing the best cooling for the lowest cost. Mixed 

mode ventilation can either be manually operated, or automatically controlled. A manually 

operated mixed ventilation system can be simply operated by turning on an exhaust fan at the 

same time as opening windows for cross ventilation. Whereas an automated system uses 
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sensors that recognize when natural ventilation is not doing a good enough job, and 

accordingly switch over to powered ventilation. If the outdoor wind speed and temperature 

were to change again, the powered ventilation would switch off and the system would revert 

to natural ventilation. (“Mixed mode / hybrid ventilation”, n.d.).  

 

When natural ventilation alone is not suitable, exhaust fans, with adequate pre-testing and 

planning, can be installed to increase ventilation rates in rooms housing patients with 

airborne infection. This simple type of hybrid or mixed-mode ventilation needs to be used 

with care. The fans should be installed where room air can be exhausted directly to the 

outdoor environment through either a wall or the roof (WHO, 2009; WHO, 2016). The size 

and number of exhaust fans depends on the targeted ventilation rate, and must be measured 

and tested before use (WHO, 2009).  

 

However, fans can generate a lot of noise, are difficult to install, and require electricity. Fans 

can also create thermal discomfort with increased and decreased temperatures in the room 

(WHO, 2009). As such, spot cooling or heating systems, and ceiling fans can be added 

(WHO, 2009). Fans for air circulation in collective spaces should be avoided when several 

people are present in this space (Global Heat Health Information Network, 2020). Fans 

should be carefully used as air blowing from an infected person directly at another in closed 

spaces may increase the transmission of the virus from one person to another. If the use of 

fans cannot be avoided it is important to increase outdoor air changes by opening windows 

and minimize the air blowing from one person or group of people to another. The use of 

ceiling fans can improve circulation of outside air and avoid pockets of stagnant air in 

occupied space. However, it is critical to maintain good outdoor ventilation when using 

ceiling fans.  An efficient way to increase outdoor air exchange is by opening windows 
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(WHO, 2020d). In collective spaces, when several people are present in this space, the use of 

fans for air circulation/cooling is not advised particularly in small volume, closed or partially 

open spaces with minimal outside air exchange (HCSP, 2020). 

 

Hybrid or mixed-mode systems may have the same limitations as mechanical ventilation 

systems; however, it also has the benefits of both mechanical and natural ventilation systems 

(WHO, 2009). Mixed mode ventilation presents both benefits of mechanical and natural 

ventilation systems. Also, the wind turbines can be a good alternative to be used as a 

mechanical system that does not require electricity. As such, mixed mode ventilation could 

be considered a good system to be used for emergency shelters that are aimed at mitigating 

the risks of HCRD.  

 

In order to evaluate the overall performance of ventilation, we must consider the air exchange 

efficiency, which shows how efficiently the fresh air is distributed in the room. Ventilation 

effectiveness indicates how efficiently the airborne pollutant is being removed from the 

room. For that, the local mean age of air is determined as the average time that the air takes to 

arrive at the point it first enters the room, and the room mean age of air as the average of the 

age of air at all points in the room (Etheridge & Sandberg, 1996). 

 

Thus, it is important to take into consideration passive cooling in the design of shelters in 

order to allow people to open the doors and windows during heat and cold. It seems that the 

best ventilation option to take into consideration is a hybrid or mixed ventilation using both 

natural ventilation when possible, and supported by turbines to increase the air exchange and 

efficiency of natural ventilation, as indicated in figure 2.11 in the framed boxes.  
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Figure 2. 6: Types of ventilation (by Author) 

 

2.5.2. Ventilation for Comfort and Health 
Ventilation conditions inside a space have a direct influence on health, comfort and well-

being of the occupants (Edwards, 2006). It plays a key role in passive cooling and gives 

occupants more control over their comfort. However, the notion of comfort can differ from 

one person to another; most people find airspeeds up to 100 feet per minute (fpm) 

comfortable, while airspeeds between 100 and 200 fpm are often acceptable (Bainbridge, 

2011). Ventilation is not only necessary for cooling during summer, but also during winter 

because it provides fresh air. Ventilation can be provided by trickle vents, makeup air vents 

for fireplaces and furnaces, ventilation for bathrooms, kitchens, and other areas where 

moisture or pollution are concentrated (Bainbridge, 2011; NHBC, 2009a). All these options 
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are controllable so that ventilation rates can be increased or decreased to suit the occupier. 

Airtight buildings are more likely to use mechanical ventilation (Evans, 2014).  

 

One opening into a room is generally not enough for breezes to flow and makes the room a 

cave-type room that experiences less than half the ventilation of a comparable room with 

window openings on two sides. The air stagnates and indoor air pollution builds up because 

of furnishings, finishes, appliances, and mold. In fact, inside air is often more polluted than 

outside air because of household products, concentrations of toxic materials, stagnation, 

molds, etc. (Bainbridge, 2011). In addition, noise is also an issue in the sense where vents and 

windows are generally closed when there is noise, and as such does not allow proper 

ventilation. Cross-ventilationshould be used without losing acoustical privacy. In this case, 

large individual ceiling plenums can be used (Bainbridge, 2011). If shelters lack adequate 

forced ventilation and were fully occupied for several days in warm or hot weather, they 

would become so hot and humid that the occupants would collapse from the heat, unless 

body heat and water vapor from sweat are removed by air circulated through the shelter, 

(Kearny, 1987). 

 

There is in fact a correlation between respiratory diseases and thermal comfort in the sense 

that a higher indoor temperature, high particulate matter concentration, low ventilation rate, 

and high humidity can all create unsuitable thermal comfort parameters, which can correlate 

with cough among inhabitants and respiratory symptoms (Matic et al., 2015).  Conversely, 

high ventilation rate is expected to reduce the risk of cross-infection (Qian, 2009). 

 

2.5.3. Ventilation for Disease Contamination Prevention 
The quality of air in structure is related to the contaminating resources, and the rate of fresh 

coming air. If a structure has within it a contaminating substance that is thicker than the 
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authorized level, it will inevitably provide discomfort and unpleasantness for the occupants of 

the building and therefore require ventilation in order to remove this problem (Zarandi, 2006; 

Toronto Public Health, 2007; IFRC, 2020).  

 

In the event of a health hazard resulting from an airborne disease, people living together in a 

crowded, small, and cramped place, have a higher risk of being contaminated by an epidemic. 

It spreads further and quicker. Some diseases including respiratory infections such as 

influenza, tuberculosis, or the current COVID-19 are spread by droplets in the air when 

coughing or sneezing (WHO, 2020b; Centers for Disease Control and Prevention, 2020). 

Droplets containing the bacteria that cause the disease remain airborne for a long period of 

time until removed by natural of mechanical ventilation. These diseases can be contagious 

and transmission increases with close and prolonged exposure, which is intensified if the 

space is small and has poor ventilation (CDC, 2005). In shelters, the chances of transmission 

are often high as ventilation is often inadequate and people are living in congregate living 

situations (Toronto Public Health, 2007). In order to reduce the risks of spreading diseases to 

others, shelters should be properly ventilated especially shared, communal shelters, and 

emergency accommodation. Openings, whether windows or doors, allow fresh air to come in 

and stuffy old air to go out. In addition, when several people are living together, people 

should have enough space to move and breathe freely to reduce the risks of catching 

infections from one another (IFRC, 2020). As such, ventilation is needed to reduce the spread 

of airborne infectious respiratory diseases through dilution and removal. When clean or fresh 

air enters a shelter, by either natural or mechanical ventilation, the fresh air dilutes the 

concentration of particles, such as droplet nuclei in room air. This will allow to dilute 

objectionable odors (Toronto Public Health, 2007). In the Francis, J. Curry National 
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Tuberculosis Center Document (2000), natural ventilation is offered as an option to reduce 

the spread of Tuberculosis.   

 

The effectiveness of any given ventilation rate in clearing a space of air contaminants 

depends on how well the air is mixed. In turn, air mixing depends largely on how and where 

air enters and leaves the space. The most common causes of poor air mixing are stagnation 

and short-circuiting. They both reduce the benefits of ventilation. Stagnation occurs when 

part of the room does not benefit from the fresh supply air. It only occurs in a room with no 

ventilation. Short-circuiting occurs when clean air is removed before it has mixed well with 

room air, such as when the exhaust is located right next to the supply of incoming air. A 

room must not only have a satisfactory amount of clean air supplied to it, but this air must 

also mix with the air already in the room (Toronto Public Health, 2007).  

 

Ventilation can also help reduce the local concentration of infectious particles in a room 

depending on the directional air flow (Toronto Public Health, 2007).  As such, people whom 

we are trying to protect from TB should be located near supply air, or air coming on, and 

people who may be infectious should be situated where air is exhausted from the space, 

therefore going out (Toronto Public Health, 2007). To determine directional air flow, one 

needs to be able to determine the location of the supply air versus the return air to a room. In 

rooms where there are large numbers of people, anyone could be carrying a disease or 

airborne diseases, or everyone might be infected (Toronto Public Health, 2007). Therefore, 

the direction of air movement does not matter. It is more important to achieve good mixing in 

all locations so that particles are more quickly diluted and removed. In high-density areas, 

higher ventilation of disinfected air is required (Toronto Public Health, 2007).  
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It follows that natural and mechanical ventilation systems can, in practice, be equally 

effective for infection control. However, natural ventilation only works when natural forces 

are available, for example, winds or breezes, and when inlet and exhaust apertures are kept 

open. The difficulties involved in properly installing and maintaining a mechanical 

ventilation system may lead to a high concentration of infectious droplet nuclei and 

ultimately result in an increased risk of disease transmission. In existing healthcare facilities 

with natural ventilation, this system should be maximized where possible, before considering 

other ventilation systems. However, this depends on climatic conditions being favorable for 

its use (WHO, 2009). 

 

There are currently little empiric data on the role of substandard ventilation in the 

transmission of respiratory viruses. Most of the literature found gives an insight on 

ventilation within hospitals and isolation rooms. In fact, the CDC published guidelines (with 

a revision in 2005) recommending that rooms in healthcare centers should be equipped to 

conduct between 6 and 12 air exchanges per hour for proper infection prevention and control 

(Sehulster L, Chinn RYW, et al., 2003). The recommended ventilation rate is up to 

160 L/s/patient in airborne precaution rooms and 40–60 L/s/patient for other hospital spaces 

(Atkinson JCY, Pessoa-Silva CL, Jensen P, et al., 2009). Additionally, the recommended 

minimum ventilation rate for airborne infection isolation rooms is 12 air change per hour 

(ACH) in most guidelines (CDC, 2003; AIA, 2006; ASHRAE, 2013). As for airflow 

direction, different requirements of pressure difference or imbalance of airflow rate by 

different guidelines or design books range from 2.5 to 15 Pa (CDC, 2003; AIA, 2006; 

ASHRAE, 2013; TSHRAE, 2003). 
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However, there is not enough literature on ventilation related to emergency shelters. Thus, 

numbers provided for hospitals and isolation rooms will be considered as a basis, especially 

that they offer the maximum protection from such diseases.  

 

2.6. Conclusion and summary 
After a thorough review of emergency shelters, it is evident that the latter should constitute a 

home to the displaced, whether in the functions that they fulfill or the standards that they 

abide by. Various types of shelters exist, yet the ones to be considered should address the 

emergency or disasters to which they are responding, in the most adequate manner. In the 

context considered in this thesis, the possible shelter options seem to be planned camps and 

collective centers. Yet there are many standards and challenges that emergency shelters need 

to respond to, aside from the disaster or emergency itself, and that is a set of requirements 

that will offer the displaced the best safety possible during pandemics. The challenges 

include economic, technical, sociocultural, and climatic and environmental challenges, and 

health challenges that are at once a resultant and a challenge in itself.   

 

Materials used should also be sustainable by not allowing viruses to live for a long time on 

the shelter’s surface. Among the many challenges faced is the issue of ventilation, which is 

especially important given the considered context, which is pandemics caused by HCRD, in 

urban contexts strongly affected by the congestion of people, and therefore present an 

increased possibility of disease transmission. As such, it is crucial to address ventilation in 

emergency shelters created for pandemics caused by HCRD as it bears an important impact 

on health and the protection from diseases. The two types of ventilation that should be 

considered in this case are natural ventilation, because it is the best type of ventilation 

preventing diseases’ spread, but also the most economically viable. Because natural 

ventilation depends on the climate and the air exchange, hybrid or mixed-mode ventilation 
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could be used to reinforce the air exchange through wind-turbines when the climatic 

conditions do not allow proper natural ventilation.  

 

In the following chapter, I will develop the methodology used to interview experts in 

different fields in order to address the gaps in the research. I will also conduct a simulation 

modeling focused on Lebanon, especially the urban areas. This will allow me to better 

determine a solution in the Lebanese urban areas and put together guidelines for emergency 

shelters used during pandemics caused by HCRD.  
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3. Methodology 

3.1. Introduction 
This chapter explains the different data collection methods used in this thesis, focusing 

mainly on a pragmatic approach, combining both qualitative and quantitative methods. The 

pragmatic approach relies on a mixed-methods research methodology (Johnson and 

Onwuegbuzie, 2004), which allows focusing on the central question of the thesis and 

addressing it through data collection methods and their analyses (Parvaiz, Mufti, and Wahab, 

2016). Pragmatism as a research methodology focuses neither on positivism or interpretative 

perspective, nor is value free or value laden; it is a combination of all to address social real-

life issues (Creswell & Plano Clark, 2011; Saunders et al., 2009). The pragmatic approach 

goes from the conviction that knowledge arises from practice and must be practical (Johnson 

& Onwuegbuzie, 2004). Pragmatism not only identifies observable patterns in nature, but 

makes the questions being asked the central focus and sets out to find the most efficient way 

to solve the problem through data collection methods and data analysis (Parvai, Mufti, and 

Wahab, 2016). The key to the pragmatic method is a commitment to end-causes and 

outcomes of practice, rather than abstract first-causes. It therefore “tries to interpret each 

notion by tracing its respective practical consequences” (James 1995:18).  

 

In the case of this thesis, using mixed-methods will give a more comprehensive 

understanding of the situation (Biesta, 2010) allowing to better research the characteristics of 

emergency shelters created for pandemics caused by HCRD, with a focus on natural 

ventilation as a much-needed solution. This approach is helpful in mitigating the gap in the 

literature regarding ventilation in emergency shelters specifically designed for HCRD in the 

midst of pandemics, and particularly in urban areas in Lebanon.  
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3.2. Data sets and Methods for ventilation assessment 
Similar to the process followed by the WHO in the development of guidelines (2019), yet 

with the difference of having limited resources as opposed to having different committees 

and funding, the scoping of the guidelines begins through the literature review that allows for 

the formation of conceptual considerations (Boothe et al, 2019a; 2019b). The literature 

review, and the gap in the literature indicate which questions need to be addressed. These will 

comprise interview questions. The next steps involve synthetizing quantitative and qualitative 

evidence from interviews with experts and results from simulation modeling, and using 

mixed-methods (Higgins et al., 2019; Flemmings et al., 2019, Noyes et al., 2019), which will 

lead eventually to the formulation of guidelines (Rehfuess et al., 2019) focused on emergency 

shelters set up during pandemics caused by HCRD.  

 

In Chapter 2, literature review on emergency shelters, pandemics, HCRD, and natural 

ventilation was conducted to inform the development of guidelines for emergency shelters 

created during pandemics caused by HCRD. This allowed for compiling available standards 

for the emergency shelters, which offer proper protection for the shelters’ inhabitants from 

HCRD. The literature review provided secondary data that can be helpful for the study. The 

latter provided a first set of data that can be used as a basis for the guidelines and 

recommendations for emergency shelters set up during pandemics caused by HCRD. The 

literature review was based on the social determinants of health framework, which places 

housing as a key factor in health. The literature review identified the need for further research 

in the area of emergency shelters created to mitigate the threats of HCRD in the Lebanese 

urban areas, using natural ventilation (Nascimento, 2015; CDC, 2009). 

 

Therefore, to compensate for the gap, several considerations will be made including primary 

data on ventilation and airflow rates in emergency shelters during pandemics caused by 



 

86 
 

HCRD, emergency shelter dimensions that need to be adopted, hygiene and sanitation 

measures, and material used to construct the shelters.  Accordingly, this research will rely on 

firstly a qualitative method, through interviews conducted with experts in the fields relevant 

to this research and the ‘social determinants of health’ framework.  

 

The interviews will allow for the identification of themes as discussed with experts. These 

techniques can often produce complex and varied in-depth data in cost and time-effective 

ways (Payne, 2001). Furthermore, quantitative methods will be used, in particular through 

simulation modeling to assess the guidelines that need to be set in order to properly address 

emergency shelters created in response to pandemics caused by HCRD.  

 

The standards compiled from the literature review will be used to develop the guidelines 

focused on ventilation in the event of pandemics caused by HCRD. As mentioned in Chapter 

2, general design standards will not be contested. However, due to the lack of relevant 

guidelines focused on pandemics caused by HCRD such as the current COVID-19, they will 

be combined with new guidelines, relevant to ventilation and emergency shelters set up in 

response to pandemics caused by HCRD, and especially prevention measures that are 

necessary for the mitigation of threats imposed by HCRD and pandemics. This will be done 

following the data collection and analysis from the interviews and testing the proposed 

guidelines through the simulation model. After that, the findings will be interpreted and used 

to propose the final guidelines for emergency shelters (Gaglio et al., 2020) within the extents 

and limitations of the study. 
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Furthermore, a simulation modeling of an emergency shelter constructed in response to a 

pandemic caused by HCRD will be developed in Section 3.2.2.  The simulation modeling 

will allow to assess the information collected so far regarding emergency shelters. 

 

3.2.1. Interviews 
In order to address the objectives of this thesis, the threats that worsen the spread of 

contagious respiratory diseases in relation to the characteristics of the shelter still need to be 

analyzed, such as materials used, number of displaced people it houses, and the design. 

Moreover, the differences in urban contexts where shelters are needed the most also need to 

be tackled. 

 

As noted by Fidel (2012, p.36), a study ‘that aims to arrive at context-free generalizations, 

would produce an incomplete understanding of the process, and may even lead to erroneous 

conclusions. For this reason, the ‘housing as a social determinant of health’ framework 

provided a guide in identifying the fields that need to be considered to cover all aspects of the 

study. In fact, shelters constitute one of the social determinants of health. As such, more data 

on what constitutes a healthy and safe emergency shelter when it comes to the protection 

against pandemics caused by HCRD is needed. In addition, further data is needed to 

determine the characteristics of an affordable emergency shelter yet decent for its inhabitants 

to live in. These emergency shelters will have to abide by standards set by international 

organizations, but also will need to be available and possible to construct in urban areas, and 

protect their inhabitants from the threats of HCRD, especially during pandemics. 

 

As emergency shelters should be regarded in a holistic approach, and as the WHO guidelines 

preparation involves a multidisciplinary approach, data is needed from experts and specialists 

in the fields of architecture, engineering, medicine, and professionals working in NGOs and 
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INGOs in Lebanon to help in addressing these objectives. More importantly, these experts 

and specialists have experience in working in emergency shelters. Subjects and interviewees 

were selected from different fields to ensure a range of expertise and experience according to 

the ‘social determinants of health’ framework. This includes experts who have actively 

participated in studies related to emergency shelters were selected, in addition to staff 

members from INGOs and NGOs who have worked in the field. The collected data will aid in 

setting proper guidelines for emergency shelters that will protect against contamination from 

HCRD, through proper ventilation. Moreover, the Lebanese urban context is highlighted in 

the choice of subjects as some have worked in urban contexts, and specifically in Lebanon.  

 

In order to move forward with the interviews, the Institutional Review Board’s (IRB) 

approval was requested since human subjects are involved in the study. The required forms 

were submitted including all necessary information. After the IRB approval was secured, the 

subjects were invited by e-mail, and interviews were conducted at times agreed upon with the 

participants, online in light of the current pandemic. Also, all interviews were conducted 

separately with every subject alone. 

 

I conducted seven expert interviews of a maximum duration of 60 minutes, where the 

purpose of the thesis, the research question, the objectives of the research study, and the gaps 

found following the literature review were presented. The interviews moved forward with 

questions that were prepared based on the experts’ expertise, which are available in appendix. 

Questions were strictly limited to the issues pertaining to the research study.  The main topics 

that questions focused on are: health and pandemics, ventilation to protect from pandemics, 

and emergency shelter characteristics aimed at protecting from pandemics and mitigating the 

threats of contagion. The main questions investigated the most important factors to be 
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considered when setting up emergency shelters in response to a pandemic caused by HCRD, 

according to every expert from his / her point of view, field, and expertise. The questions also 

tackled other factors to be taken into consideration based on the subjects’ expertise and 

experience that would enhance the protection of a shelter’s inhabitants from HCRD. Based 

on the answers provided, in some cases further questions were asked for clarifications or to 

gain more insight into the topic. The interviews were semi-structured leaving some room for 

flexibility in order to gain an understanding of the requirements and recommendations for 

emergency shelters in urban areas in the Lebanese context.  Each interview lasted 60 minutes 

and was audio recorded for verbatim transcription. The transcripts are featured in the 

appendices.  

 

3.2.2. Simulation Modeling 
As quantitative methods complement the qualitative research (Corbin and Strauss, 2008), 

after the literature review and the interviews were conducted, it is necessary to test the 

guidelines. In particular, through simulation modeling, the guidelines will be assessed in 

order to properly address emergency shelters created in response to pandemics caused by 

HCRD. The model simulation will also gather quantitative data on the orientation of the 

emergency shelters, air quality, air flow through ventilation, materials used, and other 

variables that need to be tested in order to refine the guidelines. A model simulationwill also 

focus on emergency shelters in open sites in urban areas.  

 

The context for this study is the coastal urban areas, where there is a greater need for shelters, 

specifically the Karantina area. Following the context and location presentation, the 

simulation modeling will be presented, which suggests a location and an emergency shelter 

model. The latter addresses specific criteria that need to be redefined and studied further in 

order to determine the best guidelines to follow for emergency shelters.  
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Using these parameters, possible site locations were identified where the emergency shelters 

can be set up. After the site selection, the emergency shelters’ standards and guidelines 

compiled from Chapter 2, were used to design a model and assess it according to the site 

location. Three shapes were studied as well in order to understand the link between the shape 

of the shelter and ventilation. The aim is to put together guidelines properly at the end of this 

thesis, which will be adapted to urban areas in Lebanon when impacted by a global pandemic 

caused by HCRD. The benefit of these guidelines is that they can later be adapted to 

countries other than Lebanon, with same climatic or similar climatic conditions and urban 

characteristics. However, this will not be developed further in this thesis. The focus is on the 

design of the emergency shelters and not the settlement. The suggested prototypes use the 

compiled standards and are presented using AutoCAD and Sketchup.  

 

3.3. Data Analysis 
3.3.1. Analysis of data collected from Interviews 

In this section, I will explain how I will analyze the interviews conducted and extract the 

information that will serve me in defining the guidelines for emergency shelters created for 

pandemics caused by HCRD. After conducting the different interviews, I will use the content 

analysis method. As content analysis is usually used to in the analysis of qualitative data 

(Braun and Clarke, 2006), it is a method for identifying, analyzing, organizing, describing, 

and reporting themes found within a data set (Braun and Clarke, 2006; University of 

Auckland, n.d.). All the interviews will be transcribed, and the answers will be reviewed in 

order to find common themes or answers especially among the different categories of 

interviewees. I will observe patterns in the data and formulate hypotheses that will allow me 

to put together guidelines for emergency shelters created in response to pandemics caused by 
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HCRD. The simulation modeling will also complement the hypotheses generated to establish 

the most recommended guidelines. 

 

3.3.2. Analysis of simulation modeling 
As detailed in 4. Simulation Modeling, different emergency shelters models were tested and 

an in-depth analysis of these models using DesignBuilder was conducted. Statistical method 

was used to compare and analyze the variation of daylight factors, energy performance and 

air distribution of three kinds of emergency shelters usingDesignBuilder’s comprehensive 

user interface linked to the EnergyPlus dynamic thermal simulation engine. DesignBuilder’s 

features were used including rapid building modelling, rapid HVAC system built up, 

respectable visualization effect, easy to learn etc. Out of DesignBuilder’s modules this study 

focuses only on Visualization, Simulation, Daylighting and Computational Fluid Dynamics 

(CFD). CFD is a method used to model the behavior of fluids. In buildings, it is used to 

model the movement and temperature of air within spaces. In the case of this thesis, it was 

used to determine the air speed and temperature within the shelter as part of the simulation. 

The latter includes site shading analysis, energy and comfort analyses, daylighting analysis 

using radiance, and CFD calculation of air distribution properties in and around the shelters. 

 

Furthermore, the geometry of 3D printed wall was proposed as main construction material. 

The proposed wall consists of two layers of HPC with thickness of 3 cm and 14 cm of space 

between. The inner space is filled with a polyurethane foam. The outer layer is insulated with 

5 cm of mineral wool. Furthermore, the whole segment is then covered with gypsum plaster 

from the inner side and mineral plaster from the outer side (WMCAUS, 2018). The cross 

section of the layers is visible in Figure 4.14 in Appendix. Even though this construction 

material was not an available option in DesignBuilder, it was created as new input taking into 

consideration all specifications and characteristics. 
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The air flow and temperature inside the shelters depending on different scenarios was studied 

according to wall to windows ratios and the placement of the facades.  The placement of the 

windows had an impact on the temperature and air flow, which would either be pushed 

upward or downward to leave the space. The simulation showed how air leaves the shelter 

from the east side showing a cross ventilation system after circulating equally in the space. In 

addition, it shows air flow from the west side of the proposed shelter with medium speed and 

pressure. It is then distributed to the east façade where it leaves with lower pressure and 

speed as shown by the vectors. After that, I proceeded to study the air age in the space in 

order to determine how long it stays within the shelter.  

 

3.4. Reflections and limitations 
Some limitations were encountered throughout this study that might have affected the overall 

results. As the topic of the research is recent, it was difficult to find recent research related to 

emergency shelters created in the event of a pandemic caused by HCRD focused on natural 

ventilation.  It was in fact an opportunity to identify gaps and present the need for further 

development in the area of study. Moreover, in the context of a study on Beirut’s urban 

growth and demographics, there is a lack of accessible recent statistical data in Lebanon. 

From what was available, most reports are outdated from 1996, and 2005, and the most 

recent seems to have been in 2015. The study required socio-economic, demographic data 

that were not easily retrieved. In addition, as the WHO recommends having focus groups for 

the creation of guidelines, in the case of this study, focus groups could not be conducted due 

to the covid-19 pandemic and lockdown. Therefore, focus groups were replaced by 

interviews that were conducted individually with different experts. It was also not possible to 

have steering committees and review committees as suggested by the WHO. The study was 
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limited to the researcher reviewing the retrieved data and testing them through the simulation 

modeling.  

 

Also, some limitations were faced in the willingness of the experts to participate in the 

interviews. Many experts declined the invitation to take part in the study given their busy 

schedules, and others had restrictions about being recorded. As an alternative, some experts 

accepted to answer the questions in writing by email at their own pace and timing, or send 

documents that they believed would help in the study. In addition, some experts had to be 

replaced to ensure that a convenient number of interviews, feedback, and testimonials were 

secured for the benefit of this study. However, overall, experts with relevant experience, 

especially in the current pandemic seemed to be limited. For instance, the interviewed experts 

had not worked specifically on setting up emergency shelters during COVID, but rather on 

hospitals and setting up structures to decongest the flow of patients from the hospitals. 

Another limitation that was encountered was relevant to the country’s lockdown, curfew, and 

mobility restrictions, which limited my access to resources. It also restricted my research to 

online research, virtual interviews, and simulations via software as opposed to going on the 

field and studying the sites’ characteristics on ground, or measuring using equipment.  

 

Additionally, there were some challenges faced in the simulation modeling. Traditionally, 

Typical Meteorological Year (TMY) data, which was selected for this study, and which 

defines outdoor environment including dry bulb temperature, wet bulb temperature, relative 

humidity, wind speed, solar data and other, are used to represent long-term weather data. 

However, the difference between TMY data and actual weather data would predictably lead 

to deviations in building performance simulation. Although this factor affects the accuracy of 

the study, in practice the lack of good weather data assumptions represents typical flaws in 
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energy modeling industry, and are not limited to the analysis performed in Chapter 4. It is 

important to compare and rate the best shape for emergency shelters and not to assess the 

shelters long term performance. Thus, these assumptions represent limitations of the 

modeling data, which do not disturb the comparison but should be considered in the context 

of future energy performance studies. The template selected in DesignBuilder is shown in 

Figure 3.1 which represent a typical year of 2002. 

 

 
Figure 3. 1:Typical year using DesignBuilder by Author 

 
Typical year is a historical range average rather than a specific year. In order to give the 

study more accurate results a calibration was made between the TMY 2002 used in the 

simulation, a measured year of 2016 and Expected 2021-year recorder by the Lebanese 

Government. This comparison shows that a difference of 1 to 1.6 degree occur between the 

TMY and the expected year of 2021 and proves that the software hasalmost an accurate 

weather data because a slight difference is recognized between the measured year of 2016 
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and TMY of 2002. Therefore, this difference should be taken into consideration for future 

studies. 

 

3.5. Conclusion 
This chapter presented the methodology needed to compensate for the gap in the literature 

and finding the necessary data sets that will allow the formation of guidelines for emergency 

shelters focused on natural ventilation in the event of HCRDs. The selected methods to 

acquire the missing data sets are interviews and a simulation modeling. The interviews with 

the different experts provided an insight on the characteristics of the emergency shelters set 

up during pandemics caused by HCRD, focused on natural ventilation in Lebanese urban 

areas. The technical data provided by the experts complemented the standards already found 

in Chapter 2 to provide better guidelines specifically when it comes to dimensions of the 

shelter, ventilation, sanitation, and materials. Through the simulation modeling, a model was 

designed to test these standards in urban areas within greater Beirut. A site was selected and 

accordingly the model was tested to determine whether the ventilation and air exchange rate 

are adequate to offer proper protection against HCRD. 
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4. Simulation Modeling 

4.1. Context and Site Selection 
 

4.1.1. Introducing the context 

Lebanon has over one million Syrian refugees, and over 870,000 long term refugees from 

Palestine living among a national population of 6 million (Habitat for Humanity, 2015; 

Norwegian Refugee Council, 2015; Anera, 2020; Worldometer, 2021). The Lebanese 

Government has a no-camp policy (ILO, 2020), in response to the influx of Syrian refugees, 

which does not allow formal refugee camps in Lebanon (UNHCR, n.d.). This policy has led 

to the formation of ad-hoc informal settlements and the arrangement of 17% of the overall 

displaced population in informal settlements bordering Syria most recently in 2020 (ILO, 

2020; UNHCR, n.d.). The remaining 73% of the displaced Syrians reside in residential 

buildings, while only 9% reside in non-residential buildings, which are structures that were 

built for non-residential functions, such as warehouses, garages, farms, worksites (ILO, 2020; 

UNHCR, n.d.). They live mostly in suburban and urban areas in and around the main cities of 

Tyre, Saida, Tripoli (UN-Habitat, 2016) and in municipalities of Greater Beirut.  

 

Lebanon is among the highly urbanized countries in the world, with 87% of its population of 

over 6 million living in urban areas and 64% of its population residing in the areas of Beirut 

and Tripoli (UN-Habitat, n.d.). Urban expansion is concentrated in and around the main 

coastal cities of Beirut, Tripoli, Sidon and Tyre, in informal areas on the belts of these cities 

(UN-Habitat, n.d.). The displaced from Syria to a large extent follow the urbanization pattern 

of the host population as there are no formal camps, thus the refugees have found shelter 

mainly through the formal and informal market channels (UN-Habitat, n.d.). According to the 

Human Rights Watch World Report 2019, more than 1 million Syrian refugees are registered 

with the United Nations High Commissioner for Refugees in Lebanon, while the actual total 
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number is believed to be around 1.5 million (Human Rights Watch, 2019; UNHCR). For 

decades, Lebanon has witnessed a rapid and uncontrolled urban growth and sprawl. The 

urban areas are covering increasingly large areas. New constructions are massively increasing 

especially alongthe coastal zone, where the majority of the Lebanese population resides, 

contributing to the uncontrolled urban expansion (CDR, 2005). Rapid urbanization and 

densification are both factors that increase the transmission of HCRD.  

 

In 2009, surveys conducted by the Central Administration of Statistics (CAS), estimated that 

there are 930,500 dwellings of which 11% are in Beirut, and 43% of dwellings were found in 

the governorate of Mount Lebanon where the largest part of the population lived (Yaacoub 

and Badre, 2012). The Central Urban Area in Lebanon is congested with a very high density 

of population, earning a medium and unevenly distributed income, and spend a high 

percentage of their income on housing (Yaacoub and Badre, 2012; Council for Development 

and Reconstruction, 2005; CAS and ILO, 2019). 

 

Both the governorates of Beirut and Mount Lebanon have 54% of the total dwellings. They 

also constitute the ‘Central Urban Area’ (UN-Habitat, 2013, p.26). The term ‘Central Urban 

Area’ is used to designate an urban entity composed of three concentric spaces: 

‐ The city of Beirut; 

‐ The first ring: between Dbayeh and Khaldeh, below 400 m of altitude; it is the 

 remaining part of “Greater Beirut”; 

‐ The second ring: consists of the agglomerations of Jounieh, Bikfaya, Broummana, 

Aaley, and Damour (Council for Development and Reconstruction, 2005).  
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When the National Physical Master Plan was prepared in 2005, Beirut and the first ring, 

accounted for 1.3 million residents. Since then, there has been some urban changes that might 

not accurately reflect the greater Beirut area with its construction increase.  

Yet, the plan highlights a growth in the urbanized areas of the Central Urban Area was 

foreseen from 170 km2 up to 225 km2, a growth of 55 km2 in some 30 years (Council for 

Development and Reconstruction, 2005). This urban expansion poses a major challenge for 

Lebanon, because of its potential impact on the quality of life primarily (Council for 

Development and Reconstruction, 2005), and eventually on the transmission of HCRD in low 

quality and high-density environments.  

 

Being highly urbanized, Lebanon has all the factors that make it susceptible to higher 

transmission of HCRD and pandemics, given the high concentration of population, and 

informal settlements. In addition to the threats of COVID-19, in 2020, Lebanon endured 

multiple crises including the massive explosion in Beirut port, an economic collapse, and 

rising political instability (Human Rights Watch, 2020), which all affected the Lebanese 

population’s ability to access shelter, among others. More importantly, the Beirut Port’s 

explosion left 300,000 people without shelter, in the midst of the COVID-19 pandemic 

(Human Rights Watch, 2020), with little response to shelters.  

 

Lebanon received funding in response to COVID-19, however, they were limited to 

protecting outbreaks in refugees’ communities living in overcrowded settings, and enabling 

quarantining/isolation of refugees. Organizations such as the Norwegian Refugee Council 

(NRC), and the UNHCR played a key role in the response to these threats in refugees 

communities by allocating $39.4 M to shelter, water, hygiene, and sanitation, and $85M 

dedicated to COVID-19 efforts (UNHCR, 2020b). Additionally, in 2020, in response to the 
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August 4th Beirut port Blast, only $15,000 were donated to Lebanon for emergency shelters, 

out of a total of $165,144,211, while other donations focused on shelter repairs, food, health, 

and out of US$37,370,217 donated for overall shelter assistance (Financial Tracking Service, 

2020). Therefore, very limited funding was received for emergency shelters in response to 

COVID-19 and the population who were displaced as a result of the pandemic, and the 4th 

August Beirut Blast. All this calls for the necessity to address emergency shelter issues and 

respond to the challenges caused by all these threats.  

 
 

4.1.2. Identification of Site Location 
 
In this section possible site locations will be identified in order to conduct the modelling 

simulation that will serve as an example to refine the guidelines for emergency shelters set up 

during pandemics caused by HCRD. In order to identify an adequate area to build the 

shelters, ArcGIS will be used to select the site to set up the emergency shelters based on 

specific criteria. The context is the Central Urban Area in Lebanon. As all reports prepared 

by the Lebanese Ministry of Public Health indicate that the highest concentration of COVID-

19 in Lebanon since its earliest appearance is located in the Central Urban Area, the latter 

was considered as the site location.  
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Figure 4. 1: Coronavirus COVID-19 Lebanon Cases (MoPH, 2020) 

 

Figure 4. 2: Map of distribution of cases by locality – 31 January 2021 (MoPH, 2021) 

 

The factors that increase the transmission of diseases in urban contexts are population and 

mobility, density, governance responses, slums and infrastructure (Bollyky, 2019, Lee et al., 



 

101 
 

2020, Kell et al., 2020, Bell et al., 2009; Ren, 2020). As such, the site location for the 

emergency shelters should take into consideration these factors that increase transmission and 

be the furthest possible while also accounting for parameters for site consideration. Based on 

the UNHCR (2012) and the Inter-Agency Coordination Lebanon’s (2016) site considerations, 

parameters to be considered are security and accessibility to the site especially given climatic 

challenges, the environmental situation of the site such as general and local contamination 

threats, infrastructure to provide electricity, water supply, sewer and waste disposal systems, 

and also livelihoods to the displaced and inhabitants. The location should be able to provide 

access to markets, transportation, and basic services. The site should be in close proximity to 

cultural, social, and religious sites (UNHCR, 2012; Inter-Agency Cooperation Lebanon, 

2016). Furthermore, assuming that all the inhabitants of the shelter have contracted COVID-

19, the same ventilation rates, airflow direction, and distribution will be used as hospital 

rooms and isolation rooms.  

 

As such, after combining the parameters for site considerations, and the factors that increase 

the transmission of diseases, in addition to the ventilation requirements that are needed to 

mitigate the threats of HCRD, the criteria used for the site identification and assessment are:  

1- Ventilation  

- Ventilation rate: between 6 and 12 air exchanges per hour 

- Airflow direction: between 2.5 to 15 Pa 

- Air distribution in the shelter 

 

For comfort: Airspeed should be between 100 and 200 fpm  

For proper cross ventilation: there should be no trees, or angles and buildings 
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2- Population density  

Density should be at most 0.29 persons per square meter (Shelter Cluster, 2020c) in order not 

to be considered a high-density environment.  

 

3- Hygiene  

There should be proper infrastructure: electricity, a water system, sewage system, waste 

disposal system.  

 

4- Proximity to services 

- Access to services and markets 

- Access to transportation services 

- Access to cultural and religious sites 

- Consider environmental threats and considerations 

- Security  

- Accessible site  

- Available land enough to have these shelters set up 

 
 
The overlap of these different factors allowed to retrieve different maps, according to the 

different criterion that would help determine a proper site for the shelters. This was done 

through a Multi-Criteria Decision Analysis (MCDA) decision-making tool involving charts 

and comparative tables. 

 

Maps of the different parameters were retrieved to show population density in the Central 

Urban Area, street map to show the proximity to services and make sure that the areas at the 

same time are not very dense, and to show the hygiene infrastructure. Because density and 
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poverty affect the transmission of HCRD in poor living conditions, socio-economic 

conditions in the different areas need to be mapped through a socio-economic classification 

map in the Central Urban Area. Additionally, since setting up emergency shelters require 

availability of land and need to have green surrounding places to ensure proper ventilation 

and some outdoor spaces, maps of these parameters were also retrieved in order to better 

select a site that would combine all characteristics. As for the ventilation, because it is related 

to weather, and is constantly changing, a map would not show changing data. As such, 

ventilation will be retrieved alternatively and detailed in the section Analysis of 

simulation modeling.  

 

A map showing the population density in the Central Urban Area was retrieved in order to 

compare the density across the different areas and determine the most convenient area to set 

up the emergency shelters, based on the least populated areas. Although the specific density 

per area could not be retrieved within Beirut, as opposed to the entirety of the city, yet the 

information provided through the map shows the areas with the least population density in 

the Central urban area. The data from the population density map (figure 4.1) in the Central 

Urban Area revealed that the northern Beirut promontory shows a low population density 

(between 0 – 46.5 / km) compared to other cadasters in the Central Urban Area. This is ideal 

to hold emergency shelters as a high population density increases the risks of transmission of 

HCRD in urban contexts.  

 

 

After the map of socio-economic classification was retrieved (figure 4.2), different areas 

were considered in order to compare better the characteristics of the emergency shelter. The 

areas considered are in nonresidential areas, where there cannot be transmission of diseases 

from other inhabitants, and non-poor areas that have proper infrastructure, offering therefore 
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inhabitants proper hygiene and sanitation. It would be equally beneficial to consider a 

location near poor areas in order to address the threats associated with poverty and poor 

shelter conditions.  

Figure 4. 3: Street Map of Beirut (Humanitarian OpenStreetMap Team, 2020) 
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Figure 4. 4: Medical Facilities in Beirut (Humanitarian Open StreetMap Team, 2020) 
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Figure 4. 5: Beirut Green Areas (AUB Neighborhood Initiative, 2015). 

 
 

When it comes to the streets map (Humanitarian OpenStreetMap Team, 2020) (figure 4.3), 

the areas to be considered for the emergency shelters are areas that are not completely 

serviced. The street map indicates the transportation routes and thus the transportation and 

mobility in the area. As these are factors that increase the transmission of the HCRD in urban 

areas, it is essential to consider mobility and transportation in the area and make sure that it is 

not too congested. As such, referring to the map, the northern and western areas of Central 

Beirut show a lesser concentration of streets, particularly in the coastal areas, whereas the 

inland areas show a higher concentration of streets.  

Furthermore, it is important for the shelters to be within a proximity of some essential 

services. As such, after exploring the streets map, the map of medical facilities (Figure 4.4) 

was explored to retrieve the most essential services during a pandemic: Medical facilities and 

pharmacies. The map shows a concentration of pharmacies and hospitals in the Central Urban 

area especially close to the coast.  
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There exists a cluster of hospitals in the North Western Beirut, among others, which will be 

called C1:  

‐ Trad Hospital  

‐ Clémenceau Medical Center 

‐ Bikhazi Hospital  

‐ Najjar Hospital  

‐ American University of Beirut Medical Center  

 

In addition, in the North Eastern Beirut, there is another cluster of Hospitals (C2) namely:  

‐ Beirut Governmental Hospital – Karantina 

‐ Hopital des Soeurs du Rosaire 

‐ Saint George Hospital   

‐ Roum Hospital  

‐ Lebanese Hospital Getaoui 

 

A third cluster of hospitals in mid – Central Urban Area (C3):  

‐ LAU Medical Center – Rizk Hospital  

‐ Hotel Dieu de France  

‐ Makassed General Hospital   

 

These three different clusters aid in determining locations within these different clusters in a 

way for the emergency shelters to be serviced by the different health facilities and be within a 

close proximity of healthcare services.  
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The damages incurred by the August 4th explosion can worsen the threats imposed by the 

pandemic, but also turn people who once had a shelter, into homeless people who are unable 

to seek shelter and keep safe from the threats of the COVID. In addition to the dwindling 

economy, the people who have suffered damages are unable to compensate for their losses, or 

provide shelter for their families. The map in Figure III.3in Appendix III indicates the 

explosion site, and the radius of damages surrounding the explosion. In red are the areas most 

affected by the blast and the biggest damages following the explosion. The map shows the 

concentration of the damages around the port, in the areas of Karantina, Mar Mikhael, 

Getaoui, around a 10km – 15 km radius.  As such, it is important to address, not only the 

threats of COVID, but those incurred by the explosion, who have left a bigger portion of 

vulnerable people unable to protect themselves against HCRD.  

 

Moreover, as emergency shelters and settlements require space and empty land lots, a map of 

vacant land lots around the Central urban Area was retrieved through a map generated by 

ArcGIS. The map in Figure III.4 in Appendix III specifically focused on public lands since 

the COVID pandemic is a public health matter that requires the cooperation of the 

Government.  

Several land lots were retrieved from the map:  

‐ Coastal recreational parcels 

‐ Corniche Promenade 

‐ Projected Seaside Parcel  

‐ Other vacant public parcels that are represented in yellow across the Central Urban 

Area 

Although some green spaces are visible on the map, such as Horsh Beirut, these are 

disregarded in order to preserve their ecological benefits, and the balance between built areas 
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and green spaces. Green spaces have a proven impact on the wellbeing of people this is why 

it is beneficial to preserve them. It is equally important to have some green spaces 

surrounding the shelters. In fact, links between green urban spaces and improved urban 

ventilation have been made clear in recent studies. Green spaces can allow for cooler air to 

infiltrate in built areas, thus reducing the heat (Climate ADAPT, 2015; EEA, 2012). They can 

influence air quality, outdoor thermal and human comfort, hence positively impacting health 

and climate change (Climate ADAPT, 2015; Száraz, 2014).  

For this reason, a map of green spaces in the Central Urban Area was retrieved (Figure 4.5). 

the selected site must have green spaces within a close proximity for all the benefits 

mentioned. The map reveals a few green spots, some are private areas and other public areas. 

Green areas were identified in the Medawar area, Mazraa, Ashrafieh, Minet el Hosn, and 

Zokak el Blat. More specifically these areas have gardens and parks and were mapped out in 

Appendix III: 

‐ Karantina Public Park 

‐ William Hawi Garden 

‐ Leila Osseiran Garden 

‐ Capucins Gardens 

‐ Bachoura Square 

‐ Gebran Khalil Gebran Gardens (El Helou, 2018) 

As a result of overlapping all the maps, three sites were considered:  

1- USJ Campus des Sciences Sociales Parking lot, Monot 

2- Beirut Waterfront Park, Biel Area 

3- Karantina public park and parking lot of Beirut Governmental Hospital, Karantina 

 



 

110 
 

These three different locations present different characteristics, which would be good to 

evaluate and determine how their locations, with their different characteristics impact the 

emergency shelters and their ventilation.  
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            Potential 
Sites 
 
Parameters 

USJ Monot Parking Lot  Karantina Public Park and 
Parking lot of Beirut 
Governmental Hospital 

Beirut Waterfront Park 

Population Density Low Population density  Low Population density Low Population density 

Socio economic 
classification 

Non-poor Limit between not 
residential and poor area 

Not residential  

Streets  Highly connected Moderately connected Moderately connected 
with less connections to 
markets 

Medical Facilities 
and services 

Within a close proximity 
to hospitals and 
pharmacies  

Within a close proximity 
to hospitals and 
pharmacies

Hospital in the area 

Damages from 
Beirut Blast  

Moderate damages Massive destruction Moderate damages 

Table 4. 1: Characteristics of the different potential sites (by author) 

 

The Karantina area presents the biggest threat to the transmission of COVID-19 as it is 

located close to a poor area. In addition, the area has suffered massive destruction due to the 

4th August Beirut Blast (UNDP, 2020b). The Karantina area suffered the highest level of 

damage in terms of human losses and physical destruction. The blast left the area in 

destruction, with houses destroyed, people displaced, and at a higher risk of contracting 

COVID-19. This also puts the area in a bigger risk of future disasters, such as environmental 

disasters namely tsunamis or earthquakes.  

 

The Governmental Karantina Hospital played an important role to provide medical services 

to a vulnerable community, and with its destruction left many people without healthcare 

services (UNDP, 2020b). Located in an area home to some of Beirut’s most vulnerable 

families and children, it is a key focal point of the neighborhood’s health infrastructure. 

UNICEF and DPNA had worked on restoring its essential services (UNICEF, 2020b). In 

addition, the UNDP is focusing on the recovery of the Karantina area, in close coordination 
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with the Municipality of Beirut and in partnership with other UN agencies and civil society 

organizations (UNDP, 2020b).  

 

In comparison with the two other suggested sites, the Karantina site will be selected to set up 

the emergency shelters for this study, given the increased risks that the area presents, which 

favor the transmission of HCRD. In addition, the site is located within close proximity to a 

Governmental hospital, which suffered destruction but is being renovated. It has also green 

spaces close, a low population density, and a low street irrigation, which makes it serviced 

but not isolated. The land is also Government owned and not private. All these factors allow 

the site to be a convenient site to hold emergency shelters for this study.  

 

4.2. Modelling 
 

Specific parameters were extracted from the literature review including (1) population 

density, (2) land tenure, (3) socio economic classification, (4) proximity to medical facilities, 

(5) proximity to main roads, which were used in the simulation modeling, in addition to the 

impact caused by the August 4th Beirut Blast.  After that, using the standards and guidelines 

provided by previous studies and IOs, a prototype was designed using AutoCAD and 

Sketchup. Using the parameters, and the data compiled from the literature review, the 

locations considered for this study became visible through overlaying different maps in order 

to understand what zones are best for hosting emergency shelters, and where they are needed 

the most in order to mitigate the threats of HCRD. 

 

4.2.1. Considerations for the shelter design 
The interviews with different experts provided an insight on the missing data from the 

literature when it comes to ventilation, material, dimensions, and hygiene. The interviews 

allowed to determine that natural ventilation should be used, specifically cross effect and 
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stack effect. The minimum recommended natural wind-driven ventilation rate through 

openings should be 10L/s / person, and there should be at least six air changes per hour 

(ACH) and 6 vol/ hr. In addition, it is important to reduce the number of inhabitants within 

the shelter. Modularity can solve the issue of over crowdedness within the shelter as it allows 

flexibility in the design, but also shelters can be easily constructed and deconstructed. 

Modular designs can also adapt to climatic conditions to offer adequate ventilation. When it 

comes to material, emergency shelters should be made from eco-friendly, lightweight, 

condensation-resistant, breathable, easily disinfected, and should not allow HCRD to remain 

infectious on their surface for a long period of time.  Finally, emergency shelters should 

provide access to safe and reliable water, sanitation and hygiene services.  

 

Because planned camps require land availability in order to set up emergency shelters, a map 

of empty land lots in the Central Urban Area was retrieved. Vacant land lots owned by the 

Beirut Municipality were identified since a pandemic is a public health issue that requires the 

cooperation of the Government. Privately owned land lots were disregarded. Secondly, 

emergency shelters set up in response to pandemics caused by HCRD have to be installed in 

areas with low population density in order to increase the transmission of HCRD. As such, 

population density in the Central Urban Area was mapped out in order to find adequate areas 

to set up the emergency shelters. Thirdly, because slums and poor areas are a factor that 

increases the transmission of HCRD, it is important for emergency shelters to remediate the 

challenges associated with poor areas and slums. As such, a map of socio-economic 

classification was retrieved. Non-residential areas, non-poor areas, and poor areas were 

mapped out in the Central Urban Area. The focus was on these three different socio-

economic classifications as non-residential areas offer a protection against the transmission of 

diseases from other inhabitants, non-poor areas offer proper infrastructure, offering therefore 
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inhabitants proper hygiene and sanitation infrastructure, and finally poor areas are a threat 

when it comes to transmissions of HCRD caused by poor shelter conditions. Also, the 

emergency shelters need to be located in areas that are secluded to minimize the risks of 

transmission of HCRD, yet also accessible and within a proximity to services. Hence, shelters 

should be located in areas with high street enervation, which would allow the shelters’ to be 

connected, yet not at the center of transportation and trade routes.  For this reason, a map of 

streets in the Central Urban Area was considered for this study to complement the different 

other maps needed in order to determine an adequate location for the shelters. Proximity to 

services is an important factor to consider when selecting a site. In the case of this thesis, it is 

particularly important to have access to hospitals and health services, which are needed in the 

case of pandemics. As such, medical facilities in the Central Urban Area were mapped out.  

 

Finally, COVID-19 cases are mostly concentrated in the Central Urban Area. Hence, 

emergency shelters need to be set up in these areas. However, impact of the August 4th Beirut 

Blast is an essential consideration in this context as the areas surrounding the port  were 

damaged the most. As such, there is a bigger need to set up shelters for the displaced, who 

lost their houses, and are thus more exposed to COVID-19. Using the map of damages 

incurred by the explosion (figure 4.6), possible site locations were identified that would 

preferably respond to the presence of COVID-19 cases, but also to people whose shelters and 

houses were initially destroyed.  The potential site locations for this study would all intersect 

together with the different criterion mentioned.  
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Figure 4. 6: Explosion impact and possible shelter locations (ARIA-SG, Earth Observatory of Singapore, NASA-
JPL/Caltech ARIA team, ESA, Copernicus, 2020) 

 

The model took into consideration affordability. A comparison with other emergency shelters 

constructed by INGOs provided an estimate of the price ranges of emergency shelters. 

According to the UNCHR’s Shelter Design Catalogue (2016), a family tent, and a framed 

tent made of polyester cotton blend and plastic sheeting for the flooring, are priced at 

approximately $420, and $700 respectively, while a refugee housing unit is $1,150. As such, 

the proposed shelter needs to offer a competitive price. 
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4.2.2. Location and Climate 
The Karantina area has an empty area of 5000 m2 where shelters can be setup. The area is not 

crowded as the rest of Beirut and consequently helps in better air flow and improves 

ventilation. 

Besides location, an essential input for building energy, comfort and daylighting simulations 

is location weather data, which provides the key environmental conditions needed to drive 

the calculations. Accurate weather data are crucial for building performance simulation. The 

closest weather data chosen is Rafic Hariri International. In fact, most weather data used in 

simulations have been based purely on historic readings depending on previous dates.  

 

 

 
 
Figure 4. 7: Outside Dry-Bulb Temperature by author (X axis: Temperature, Y axis: Months) 

 
 
The climate analysis is a main function for designing a comfortable indoor environment with 

reducing the energy consumption for heating and cooling. There is limited data about 
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Karantina, meanwhile the following analysis concerns Beirut, which is in the central Coastal 

Plain. The summer season is usually in the Coastal region is hot, humid and rainless.  

During summer and winter respectively, the average daily maximum temperatures range 

from 30oC to 18oC and the minimum temperature from 24oC to 10oC. As for the average 

daily mean temperature, it ranges from 26oC to 13oC (Figure 4.8). The coldest month of the 

year is January, which recorded the lowest monthly mean temperature 13.3oC in 2016 as per 

the latest study provided by the UNDP. August is the hottest month reaching 26.6 °C, as the 

mean temperature, meaning the average of average temperature of the air measured during 

the timeframe

(UNDP/GEF & MPWT/DGU, 2005). 

 

Figure 4. 8: Monthly Average of Air temperature in Beirut 

 

Generally, relative humidity is high throughout the year. As part of the simulation modeling, 

the relative humidity data was measured four times a day, at 4 h, 10 h, 16 h, and 22 h (figure 

4.9). The average relative humidity slightly fluctuates between 76.6% in daytime and 74.3% 

at night in the summer (Aug), whereas between 62.2% in the daytime and 60.1 at night in 

winter (Jan) (UNDP/GEF & MPWT/DGU, 2005). 
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Figure 4. 9: Monthly Average of Relative Humidity in Beirut 

 

Additionally, Beirut has a high solar radiation. It has approximately 2940 hours of sunshine 

per year which covers about 367 days. The longest day of the year is registered in July with a 

value of 11.36 hr/day whereas the lowest one was in January with a value of 4.13 h a day 

(UNDP/GEF & MPWT/DGU, 2005). 

 

Figure 4. 10: Direct normal solar radiation in Beirut 
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Figure 4. 11: Sunshine duration in Beirut 

 
As for precipitation, the annual average of precipitation is 825.5 mm, January recorded the 

highest rainfall quantity with 190.9 mm. The summer has a negligible quantity (table 4.2) 

(UNDP/GEF & MPWT/DGU, 2005). 

 

 

Table 4. 2: Average precipitation in Beirut by Author 

 

There is slightly daily fluctuation in wind speed during the different months, for instance 

November recorded the highest velocity of 23.7 kmh at daytime and 20.1 kmh at night. 

Nevertheless, it is noticed that even in summer between May and August the wind speed is 

high (table 4.3) (UNDP/GEF & MPWT/DGU, 2005). 
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Table 4. 3: Wind Speed and direction in Beirut by Author 

 

In summary, the hottest day is third of June with an average of 28.8 °C. The coldest day is 

20th December with an average of 3.8 °C, and the windiest day is 9th July with an average 

26.1 kmh. Finally, the least windy day is 30th October with an average 4.3 kmh. These 

measurements and results allowed us to find a range of numbers to work with and consider 

when it comes to providing appropriate thermal comfort and proper natural ventilation during 

the different seasons.  

 
 

4.2.3. Emergency shelter design 
 

‐ Windows 

For this part of the study, ENERGY STAR was used, which is a program that provides 

certification to buildings and consumer products that meet certain standards of energy 

efficiency. It is run by the US environmental protection agency and provides information on 

the energy consumption of the product and devices using different standardized methods. For 

lack of other similar programs, it was used in this study to help determine qualified windows 

for the envelope, and both the U-Factor and the Solar Heat Gain Coefficient (SGHC) are 

defined. The U-Factor measures how well the window insulates. While the U-Factor can take 

any value, in general for windows it ranges from 0.20 to 1.20. The lower the U-Factor, the 

better the window insulates. The SHGC measures how much of the sun’s heat comes through 
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the window. It can range in value from 0 to 1. The lower the SHGC, the less solar heat the 

window lets in. (ENERGY STAR Program Requirements for Windows, Doors, and 

Skylights: Version 5.0 (April 7, 2009). As per table 4.3. Shop for Performance was used to 

guide people in the design for better energy performance in regards to windows selection.  

 

 
Table 4. 4: Shop for Performance using Energy Star by Author 

 

 
Figure 4. 12: Anatomy of an Efficient Window (EERE Information Center website, 2010) 
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‐ Shelter shape 

Emergency shelters with different shapes are considered for this study. The shapes include 

square, circle and hexagon. Assessing the shapes will allow to determine the shape’s impact 

on the dimensions of the emergency shelters, in addition to the ventilation within the shelter. 

In addition, some shapes offer more stability and thermal comfort, which is why it is 

important to focus on the shape of the shelter among other criteria.  

 

As explained in Emergency Shelter Standard Handbook (2018), hot and humid climates 

require spaces to allow additional air circulation, which is essential to maintain a healthy 

environment. To meet these considerations, a covered floor area in excess of 3.5m2 per 

person will often be required (UNHCR, 2018). Therefore, the proposed shelters will be 

suitable for a max of 13 persons. These three shapes have approximately the same area as 

represented in Figure 4.13 Another essential factor is the floor to ceiling height. Greater 

height is desirable in hot and humid climates to support air circulation, while a lower height 

is needed in cold climates to minimize the internal volume that requires heating (UNHCR, 

2018). The climate of Lebanon is generally subtropical, characterized by hot, dry summers 

and mild, humid winters. Therefore, the height used for the shelters is 3m. Building detail 

specifications are listed in Table 4.5 and Shelters overview is shown in Figure 4.14.  

 

Figure 4. 13: Different shelters shape and Areas (by author) 
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Item  Description Item Description 

Floor Height/ H  3 m Window/U 2.665 

Outer wall/ U  0.136 Occupants 

density 

0.2 

Roof/ U  0.25  Inner wall/ 

U 

1.639 

Window wall 

ratio 

 40 %   

Design 

temperature 

Residential    

Heating/ 

Cooling 

Common 

circulation area 

No Heating /No 

Cooling 

  

 

Table 4. 5: Building detail specifications (by author) 
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Figure 4. 14: Shelters overview using DesignBuilder(by Author) 

 

‐ Shelter orientation and window to wall ratio 

Two different orientations for the shelter were chosen: the first one is when one side of the 

shelter is parallel to east-west façade (position 2) and the position is oriented 30 degree 

(position 1). Also, three different percentages of window to wall ratio were chosen: 20%, 30% 

and 40 %. 
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 Position 1     position 2 

 

Figure 4. 15: showing 20% window to wall ratio in both direction 

 

Figure 4. 16: showing 30% window to wall ratio in both direction 

 

Figure 4. 17: showing 40% window to wall ratio in both direction 
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Figure 4. 18: graph showing indoor temperature in the above six cases (by Author) 
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Figure 4. 19: Zoom showing summer season (by Author) 

 
 

4.3. Conclusion 
 
 
Following site selection, a prototype was designed using AutoCAD and Sketchup. The 

prototype was based on the standards and guidelines compiled from the literature review.  

However, a particular focus was given to the elements that are necessary to mitigate the 

threats of HCRD. The dimensions of the shelter were set to ensure social distancing, 

ventilation focused on ensuring proper indoor air quality, and sanitation was planned to 

secure proper hygiene, aside from these criteria, the shape of the shelter was also studied to 

provide the optimal design and protection from HCRD. Furthermore, the material was 

selected to prevent the virus from living on its surface. It also combined nanotechnology, but 
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also had to be prefabricated and recyclable in order to follow the standards of emergency 

shelters generally, and constitute a sustainable shelter.  
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5. Analysis of Results 

5.1. Introduction 
 
In light of the reviewed literature, this chapter analyzes and discusses the data collected from 

the interviews and the simulation modeling, based on a mixed methodology, and sets 

guidelines for emergency shelters to mitigate the threats of HCRD in urban contexts in 

Lebanon. The aim is to adapt emergency shelters to the urban context of the Greater Beirut 

area, and respond to the challenges imposed by pandemics caused by HCRD. 

Based on the interviews and the analyzed findings, a simulation model of an emergency 

shelter was generated. The design was tested to better understand, refine, and redefine the 

characteristics of the emergency shelter, especially in relation to ventilation.  

 

5.2. Interview Results 
 
The participation of seven experts contributed to generating the missing data needed to put 

together emergency shelter guidelines adapted to pandemics caused by HCRD, namely: (1) 

Ventilation, (2) Dimensions, (3) Sanitation, (4) Material. I have used the interviews’ results 

in a two-step approach. I have identified additional indicators that emergency shelters need to 

abide by to offer proper ventilation to protect against HCRD. Furthermore, as a second step, 

the interviews results were used in the simulation modeling to test the proposed shelter 

designs.  

 

4.1.1. Ventilation 
 
This section collates the data provided by the interviewees regarding the specifications and 

characteristics of natural ventilation to be used in emergency shelters in the case of 

pandemics caused by HCRD with the information that was missing from the literature. The 
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interviewees were able to provide information on the ventilation and air flow rates necessary 

to protect the shelters’ inhabitants against HCRD.  

 

- Air flow rates  

As per ‘Médecins sans Frontière’ Architect (interviewed on 16/3/2021), it is challenging to 

offer good ventilation within an emergency shelter from a ‘design’ perspective. 

The most important criterion for an emergency shelter in this case is to provide good 

ventilation and air flow, according to UNHCR professional G.P., interviewed on 06/15/2021. 

However, from a design perspective it is challenging. It should reconcile proper ventilation 

with the safety and comfort of the shelter inhabitants by reaching the right balance between 

both. In order to do so, as per the interviewee the number of inhabitants should be reduced to 

ensure the right amount of air exchange per hour. If the area is limited and the number of 

people cannot be reduced within a shelter, this can be remediated for by using modules.  

 

Based on the conducted interviews, natural ventilation is a way to protect against the threats 

of HCRD, but it is also efficient and cheap given that budgets are always limited from an 

NGO’s perspective working on emergency shelters. In one interview with a Dr. Brager 

Professor of Architecture interviewed on 03/23/2021, the minimum recommended natural 

wind-driven ventilation rate through openings should be 10L/s / person, and there should be 

at least six air changes per hour (ACH) and 6 vol/ hr. ‘Médecins sans Frontière’ Architect 

(interviewed on 16/3/2021 provided an example where the size of the tent is 45m2, fitting 

eight (8) persons:  

 4 exchange / hour can take 1 minute to change the whole volume of air in the space 

 12 exchange/ hour can take 23 minutes to change the whole volume  

 20 exchange / hour can take 40 minutes to change the whole volume 
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But these numbers depend on the number of patients and inhabitants in the shelter. 

 

Following the provided ventilation rate formula below, it is possible to calculate what the 

smallest required opening area for the shelter is. As for the wind speed, it will be retrieved 

following the CFD as the site was chosen in the Karantina area.  

 

Dr. Brager provided the below formula for the ventilation rate; 

Ventilation rate (L/s) = K x wind speed (m/s) x smallest opening area (m2) x 1000 L/ m3 

where:  

 K = 0.65 in the case of cross ventilation 

 wind speed (m/s) = value of the building height at a site sufficiently away from the 

building without any obstructions 

 

Accordingly the conducted interviews, the guidelines of the emergency shelter created during 

pandemics caused by HCRD should rely on natural ventilation in cross ventilation and stack 

effect ventilation methods to provide proper ventilation and thermal comfort. To ensure cross 

ventilation, windows and doors have to be placed facing each other, and it is recommended to 

keep doors open to allow air movement. Exhaust fans should be installed on windows. The 

shelter should also have windows or openings in its upper part in order for hotter air to leave 

the shelter. These elements should be included in the design of the emergency shelter set up 

during pandemics caused by HCRD. 

 

 

 

- Safety and Environmental factors  
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Outdoor air should be introduced into the emergency shelter and distributed within the 

shelter. Proper ventilation should ensure that air is healthy but also should focus on odor 

control, containment control, climatic control (temperature and humidity), and removing 

pollutants. Outdoor air pollution levels should be assessed when working on improving 

indoor ventilation. For instance, if there are high pollution levels outdoor air filtration could 

be more appropriate than increasing ventilation rates. A contaminant dilution strategy, which 

consists in monitoring the dilution of concentrations when a quantity of contaminant is 

suddenly released in an environmental flow (Ye, 1995), should be followed where the indoor 

air should be changed as uniformly as possible. Some tools can be used to ensure that proper 

parameters and conditions within the shelter offer optimized ventilation such as an 

anemometer to maintain proper ventilation and thermal comfort. A gas tracker, incense 

sticks, and smoke tests or generators highlight the airflow direction. However, as per Dr. 

Salem Associate Professor and Chairperson of the Department of Civil & Environmental 

Engineering at the Notre Dame University-Louaize interviewed on hybrid ventilation is very 

complicated and expensive for a temporary solution. From an energy expert’s perspective, 

hybrid ventilation is important for long term and permanent solutions as they offer more 

energy saving options and reduces the cost of mechanical ventilation.  

 

It is essential to consider environmental aspects when setting up emergency shelters. Being 

one of the challenges faced essentially by emergency shelters as seen in Chapter 2, software 

programs such as Eco-Tech and BIM that consider climatic factors and location topography 

allow emergency shelter managers or Architects to respect the environmental aspect. 

Interviewed Assistant Professor of Architecture and Interior design, whose research interests 

focus on sustainable architecture, advanced a new idea related to considering not only 
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environmental aspects but also “client’s acceptance and rate of socialization within 

community” through augmented reality.  

 

4.1.2. Materials 
 
As mentioned in Chapter 2, the material used for emergency shelters plays an important role 

in mitigating the threats of transmission of HCRD. Some materials allow the disease to live 

much longer on its surfaces, especially when it comes to certain temperatures, and humidity 

levels. The material used for emergency shelters should consider different factors as will be 

detailed below in order to optimize the protection against HCRD, specifically COVID-19, as 

per the available literature, which was also emphasized by the interviewees again.   

 

- Material characteristics  

The shelter construction material needs to provide protection from climate and the weather as 

per the standards of emergency shelters (Lundgren, 2014). However, it should be 

condensation-resistant, especially in hot or humid climates, such as Lebanon in the Central 

urban area particularly. Secondly, the material used needs to be easily disinfected given that 

HCRD that are transmissible through air droplets can remain on surfaces and increase risks of 

transmission. Material such as PVC, plastic, and plastic sheets are low budget and easily 

cleaned and disinfected, are also material where the COVID-19 virus remains for a longer 

period of time compared to other material. As an alternative, ‘Médecins sans Frontière’ 

Architect (interviewed on 16/3/2021)mentioned polycotton or polyester as these are 

breathable materials, but still difficult to clean. UNHCR Professional G.P suggested painting 

walls with oil-based paint that can create a washable surface. However, cost and maintenance 

consequences were not tackled, and thus remain unknown in the case of this thesis.  
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Also, “eco-friendly materials, natural materials, and anti-bacterial fabric, all of these 

materials became mandatory” - Assistant Professor of Architecture at the University of 

Sharjah explains. She relies on research on anti-bacterial materials when it comes to 

sustainable architecture and emergency shelters. It is important to remember that the shelter 

needs to be easily set up by the displaced, easy to transport, and should not be heavy. For this 

reason, potential materials for emergency shelters set up during pandemics caused by HCRD 

need to be lightweight, condensation-resistant, breathable, easily disinfected, and should not 

allow HCRD to remain infectious on their surface for a long period of time.  

 

When it comes to the shape of the shelter, it should also be adapted to the culture of the 

population and should consider socio-cultural aspects in the design theme as Dr. Ibrahim, 

Assistant Professor of Architecture at the University of Sharjah mentioned. Dr. Salem, 

Associate professor and chairperson department of civil and environmental engineering at 

Notre Dame University also mentioned 3D printing technique as being adequate in the case 

of emergency shelters as it allows us to get any wanted shape. Similarly, to prefabricated 

houses, 3D printing can allow to construct a lightweight affordable emergency shelter, within 

an hour, using steel structure.  

 

4.1.3. Dimensions 
 
The dimension component of an emergency shelter is a key parameter, as social distancing is 

one of the important measures to mitigate the threats of HCRD. Similarly, to ventilation 

being dependent on the number of inhabitants in a shelter, the time that inhabitants spend 

together inside a shelter within a close proximity to each other is important. This is especially 

risky if the shelter is inadequately ventilated.   
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- Flexibility and modularity 

From an Architect’s perspective, physical distancing can be implemented by adopting a 

modular design that will create flexible units to manage as per Dr. Ibrahim. As such, modules 

should be designed to address the flexibility of the emergency shelter but also reduce the 

over-crowdedness in the shelters and provide a bigger unit if needed for larger families. The 

modular designs can also follow the climatic conditions and adapt to the wind to offer 

adequate ventilation. Dimensions provided by interviewed Assistant Professor of 

Architecture, Architect, and NGO professional are a maximum of 45 m2 tent for 6 persons 

fitting 6 beds. This means that the space should provide 7.5 m2 for every inhabitant. For 

families larger than six, they would require two tents.  

 

This is where the modularity of the units allows for a more flexible shelter. Generally, there 

should be a minimum of 2 meters distance between tents.  These modular designs can be 

easily deconstructed, as per Dr. Salem, it is easy to set up the structures and deconstruct 

them. This is, from an engineer’s perspective the most important thing when it comes to 

emergency shelters during pandemics  

 

- Density and social distancing 

Additionally, from an NGO professional’s perspective working on shelters, overcrowding is 

the most important factor to consider when setting up emergency shelters in response to a 

pandemic caused by HCRD. Density and living conditions are intrinsically related to 

infection and spread of disease, for this reason it is essential to address this component and 

design a shelter that does not allow overcrowding and a high density. According to UNHCR 

professional G.P, whatever available space in urban areas should be used for emergency 
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shelters. Empty spaces must be used to avoid congestion of people, and thus the transmission 

of HCRD.  

 

Furthermore, Mr. Stein, Executive Director at Thrive Coliving Communities (interviewed on 

04/07/2021) highlighted the need for maintaining socialization in central areas. Far before 

COVID-19, the world suffered from “the epidemic of loneliness” as Mr. Stein described it, 

and now it has become even worse. As such, it is important to maintain social relations while 

respecting social distancing. For this reason, he suggested having common spaces where the 

displaced can socialize, or exercise. He also mentioned having two shelter accesses, one from 

the outside where the inhabitants can access the shelter, and another interior access for 

example where food can be delivered internally within the shelter unit.  

 

4.1.4. Hygiene 
 
The hygiene and sanitary aspect of the shelter, which is also one of the key measures of 

protection against HCRD, specifically COVID-19, was mentioned as an important factor to 

consider when designing emergency shelters by NGO professionals. One NGO professional 

ranked access to water and hygiene as the second most important thing to consider when 

setting up emergency shelters, in addition to maintaining proper hygiene within the 

inhabitants and shelters. Access to safe and reliable water, sanitation and hygiene services are 

all key components of the emergency shelters’ design, in addition to providing sound 

knowledge about COVID-19 to the displaced and emergency shelters inhabitants and 

spreading awareness about prevention measures.  

 

4.1.5. Emergency Preparedness Plan  
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Considering that NGOs view emergency shelters more from an ‘Emergency Preparedness 

Plan’ (EPP) perspective, which is a scenario-based tool for planning response to potential 

emergencies and to ensure that adequate arrangements are made in anticipation of a crisis 

(CARE, 2011), it is natural to regard emergency shelters from a holistic approach.  

The protection against pandemics requires a coordinated advocacy, awareness-raising and 

activity/service implementation. This involves different actors who are also involved in the 

response as one actor cannot address all aspects of an emergency. The EPP generally includes 

details such as transportation, storage, production, resources, and location. It also identifies 

the entities contributing to the EPP, such as Ministries, local communities, local Government, 

suppliers, and so on. The EPP needs to take into consideration proper water sanitation, 

infrastructure, energy, as the shelter is one unit that needs to comprise everything in order to 

offer proper protection to its inhabitants. Hence, a proper WASH (Water, Sanitation, 

Hygiene) strategy and services should be put in place to allow proper hygiene in order to 

mitigate the threats of contagion. Furthermore, from an NGO perspective, characteristics of 

the shelter differ from a developing country and a developed country primarily due to the 

nature of governance and availability of social support.  

 
In summary, the interviews provided additional parameters and standards that should be 

included in the guidelines for emergency shelters set up during pandemics caused by HCRD. 

The information was fairly helpful as it did not address all the aspects needed. Most experts 

were not specialized in the topic or had not worked directly in the field because of the 

recency of the issue. In particular, the information provided confirmed that natural ventilation 

should be adopted with cross effect and stack effect. It should also ensure proper air 

exchange, air flow, but also safety and comfort of the inhabitants, as such, it is it is 

imperative to reduce the number of inhabitants. The minimum recommended natural wind-

driven ventilation rate through openings should be 10L/s / person, and there should be at least 
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six air changes per hour (ACH) and 6 vol/ hr. Additionally, the selected material should be 

lightweight, condensation-resistant, breathable, easily disinfected, and should not allow 

HCRD to remain infectious on their surface for a long period of time. It is very important to 

use eco-friendly materials, natural materials, and anti-bacterial fabric. When it comes to 

design, emergency shelters should be based on modular and flexible designs as they are 

easily constructed and deconstructed but also reduce the over crowdedness in the shelters and 

provide a bigger unit if needed for larger families. Modular designs can also follow the 

climatic conditions and adapt to the wind to offer adequate ventilation. Finally, emergency 

shelters should provide access to safe and reliable water, sanitation and hygiene services are 

all key components of the emergency shelters’ design.  

 
 

5.3. Simulation Modeling Results 
 
In this section, I will be analyzing the model that was designed to assess the shelters’ 

properties. This will eventually allow to put together better guidelines for emergency shelters 

set up in the midst of pandemics caused by HCRD. The performed simulation resulted in 

adjustments and further elaborations of the guidelines needed for the emergency shelters 

created during pandemics caused by HCRD. A digital prototype was designed to assess the 

standards and guidelines that were gathered so far. During the current pandemic, it was 

difficult to go on the field and take measurements in the selected site to assess the wind, 

ventilation, and so on. As such, I had to rely on Designbuilder and CFD for the simulation 

modeling and assess the ventilation within the shelter and the thermal comfort conditions, 

and study the shape of the shelter to ensure the best ventilation possible. The study focused 

on the location and its climate, the design of the emergency shelter, the plot layout. The 

outcome included results from a shading analysis, energy and comfort analysis, daylighting 

analysis using radiance, and computational fluid dynamics calculation of air distribution 
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properties in and around the shelters. These tools in Designbuilder that allow me to perform 

these types of analyses in order to provide a better design for the emergency shelters to meet 

standards.  

 

The outcome was based on Typical Meteorological Year (TMY) weather data of 2002. 

Calibration between the software weather data and the real weather data of year 2002 is 

outside the scope of this study and will not be considered. In addition, due to climate change, 

the 2002 weather data may vary between 5 to 7cin temperature compared to 2021 outside 

dry-bulb temperature.  

 

Moreover, three different shapes were compared in order to determine the best ventilation 

and protection against HCRD. Due to time and software limitations, the study was conducted 

on one shelter of each shape out of 29, because a slight change of the shelter location will 

have insignificant effect on the results. Thus, the conclusion will be based on the comparison 

of the results of the three shape shelters regardless of the results value itself. 
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Figure 5. 1: Outside dry bulb temperature showing winter season(by author) 

 
 

Results show that 20% window to wall ratio offer better indoor temperature in both summer 

and winter season compared to other percentages of window to wall ration. Also, the 45-

degree orientation has a slight change on the indoor temperature. The results show that when 

the shelter is rotated 30 degrees compared to the original direction selected, the temperature 

increases in winter but stays almost the same in summer. This shows that the shelter 

orientation with its south façade is better, which decreases the demand for heating in winter 

seasons.  
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For both shelter positions an optimization study was simulated defining best window to wall 

ratio for each position. 

 
Figure 5. 2:Discomfort analysis results using Designbuilderby author 

 
 

For the case 1, the 24% window to wall ratio was selected as the best and 28% for case 2. 

Both cases achieve the optimized design for an emergency shelter however, case 1 proved to 

have the best indoor comfort in terms of temperature.  
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 Position 1     Position 2 

 

 
Figure 5. 3: Chart illustrating air temperature at 24% and 28% during different dates (by author) 

 

When comparing among the 6 cases in natural ventilation, the 40% ratio allow the highest air 

flow. The result show that the shelter orientation has no effect on the natural ventilation as 

the Hexagon shape has same sides and angles. 
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Figure 5. 4: Natural ventilation comparison during different dates by author 

 
 

4.2.3. Plot layout 
 
Site planning was based on urban design and urban planning principles in “The Sphere 

Handbook” of UNHCR (2018). The plot layout should support existing social networks, 

maintains safety and security, and respects privacy and dignity of separate households, as 

UNCHR. In addition, it ensures that each shelter opens onto a common space and takes into 

consideration the needs and preferences of different age, sex and disability groups therefore a 

space of 3m is left between shelters. As well every eight shelters open onto an outdoor area 

of 729 m2 used as open space for facilities and services. Moreover, a ratio of shelter footprint 

to plot size of 1:2 or 1:3 is recommended, to allow sufficient space for the most essential 

outdoor activities of the households. However, a ratio closer to 1:4 or 1:5 is preferable 

(UNHCR, 2018). Plot size here is considered 5 000 m2 and the shelters footprint is 
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approximately 29x50= 1450 m2. The ratio here 1450/5000=0.29, which is between 1/3 and 

1/4. This ratio considers cultural and social norms and practical space availability. The 

shelters planning design is illustrated in Figure 5.5 showing the orientation of the shelters 

following plot direction, distance between shelters respecting privacy and open spaces area 

available for each shelter. 

 

 

Figure 5. 5: Shelters site layout (by author) 

 

Since the study does not focus on the site layout of the shelters, which in fact can play major 

role in building performance, yet it studies what is the best shape of emergency shelters. 

However, the layout chosen considers most of the principles and requirements presented by 

the UNHCR and Lebanese construction law. 

 
 

4.2.4. Shading analysis 
 
Shadow studies demonstrate the impact of development in terms of sun and daylight access 

to the building and its surrounding context including surrounding structures, and open spaces. 

In addition, it helps in discovering the solar gain rate, which in turn regulates cooling loads. 

Exterior shades provide the most effective shading to reduce solar gain. For instance, south-

facing windows can be shaded from the summer sun using overhangs or awnings, and east 
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and west windows, consider wing walls, porches, and attached garages to provide shading. 

However, in winter, solar gain is necessary in order to reduce heating loads. Therefore, 

moveable exterior shades, which are uncommon and have durability concerns, are convenient 

in this case in spite of the concerns presented in comparison with other alternatives. Shadow 

Studies will be conducted for the following dates for the shelters: June 21, September 21 

(similar to March 21, and therefore, criteria for Sept. 21 are deemed to apply to March 21), 

and December 21. 

The key goal of this study is to show that exterior shades are important for the shelters and to 

determine which shelter shape has less solar gain even though the areas are almost alike and 

windows to wall ratio is equal to 40%. Shades here are placed on the east, west and south 

façade of the shelters only as illustrated in Figure 5.6. The only conditioning of the shelters is 

provided by naturally driven airflow through windows. 

 

 

Figure 5. 6: Shelters forms and shading location (by author) 
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Figure 5. 7: Charts showing relation between solar gain and indoor temperature for square shelters (by author). 

 
The square shape shelter was simulated in the specified dates in order to compare the pros 

and cons of exterior shades.  All outcomes show that shading elements reduce heat gain 

which simultaneously reduce air temperature. In winter season, between 21st September and 

21st March, solar gain is dramatically reduced however indoor temperature is slightly 

reduced. As for summer season, between 21st March and 21st September, solar gain and 

indoor temperature are significantly reduced. Shading elements can be removed in winter 

season in order to optimize the absorption of solar gain but should be kept in summer in order 

to reduce the heat gain.  

 

June 21st was chosen for the rest of shelters to make the comparison as it has the highest solar 

gain of 2.32 Kw for shaded shelter and 2.8 Kw for unshaded one. The circular shape and the 
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hexagon shape were simulated as well with and without shades in 21st June. Results are 

presented in the graphs below in Figure 5.8. It is visibly demonstrated that shading elements 

reduce the solar gain which decrease the air temperature inside and respectively reduce 

cooling loads. 

 

Figure 5. 8:Graphs indicating the difference in solar gains and temperature for both circular and hexagon shapes (by 
author) 
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Figure 5. 9: Graphs indicating comparison between three shapes (by Author) 

In order to determine which shelter shape has the lowest exposure to sun, the results of the 

three shelter forms are compared in one graph as illustrated in Fig 4.29, taking only the 

shelters with exterior shades. The circular shape shelter (blue color) prove to have the lowest 

solar gain with a daily average of 25.95 kW compared to square and hexagon which have 

respectively 36.3 kW and 43.9 kW. It is important to keep in mind that the glazing to wall 

ratio in all types of shelters is 40%. 
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Figure 5. 10: Plans of the three shapes using (by author) 

 
East and west facades experience their maximum solar gain during summer, whereas a south-

facing surface receives its annual maximum in late autumn or winter. That is why, both east 

and west façades of hexagon and square shelters have high solar gain in summer compared to 

the circular shape, which has 8 m long facades (Figure5.10). Therefore, the circular shape 

seems to have the best shape for less solar absorption in summer. It is settled that shade has a 

huge impact by reducing peak solar gain. This highlights the benefits of applying shading 

devices, but it also serves as caution to ensure that they are applied correctly due to the huge 

impact they have on the building cooling loads and plug sizing.  

 

 

4.2.5. Energy and comfort analysis 
 
In this study, EnergyPlus is used to evaluate the potential energy savings of the natural 

ventilation systems for the shelters. In addition, it studies the effect of ventilation on the 

overall thermal comfort of shelters. Unusual features of the building model are presented 

above in Table 1. The lighting load is more constant from zone to zone because the installed 

lighting density is the same throughout the shelters. The only conditioning of the shelters is 

provided by naturally driven airflow through windows without mechanical assistance. Pure 

cross ventilation from one side of the shelter to the other is assumed. In addition, Table 2 

shows the activity template used which includes occupancy density, metabolic activity, 

metabolic factor, clothing, and equipment power density.  

Zone Type  Standard 

Occupancy density  0.2 (people/m2) 

Metabolic activity  Standing/walking 
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Table 5. 1: Activity template (By author) 

 
Two simulation scenarios are conducted on each shelter shape. The first will have the natural 

ventilation schedule on and the second will have no ventilation at all with windows closed 

24/7. Results presented in Figure 5.11 show that natural ventilation has a significant impact 

on inside temperate and on the indoor environment in general. In the case of square shelter, 

29th of July scores the highest fresh air rate of 8.35 ac/h in terms of temperature and humidity 

conditions, and direction of prevailing wind and breeze, which causes a 6.6c reduction in 

temperature from 36.1C to 29.5c. Same date for the circular shape records the highest fresh 

air 8.3 ac/h causing a 5.7c reduction from 34.4 C to 28.7c in indoor temperature. As for the 

hexagon shelter, 30th of July, is considered to have the highest fresh air rate of 5.8 ac/h with a 

temperature reduction of 6.7 C from 36.3 C to 29.6 C. 

Metabolic Factor (Men=1, 

Women=0.85, Children=0.75) 

 0.9 

Clothing winter 1(clo) 

summer 0.5 (clo) 

Equipment power density  2 (W/m2) 
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Figure 5. 11: Ventilation rate and Indoor temperature in all kind of shelters (by author) 

 

Figure 5. 12:Comparison between shelters with ventilation (by author) 
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The number of occupied hours that the average shelter temperature exceeds a given 

temperature for each natural ventilation case. This allows more heat gain to be absorbed by 

the flooring during the day and released at night. Natural ventilation alone cannot provide 

year-round comfort in the shelters studied, but would be effective as part of a hybrid system. 

Therefore, additional mechanical ventilation or cooling/heating systems are necessary.  

A circular shape maintains regular temperature in winter between 18-25°C because of the 

high solar gain, as opposed to other shelters that have very low temperature reaching 13°C. 

As for summer, in circular and square shelters the temperature is slightly increased compared 

to the hexagon shape. However, a circular shaped shelter keeps the lowest daily average 

temperature in summer and the highest daily average temperature in winter. 

According to these measures, sufficient thermal comfort is not achieved with this natural 

ventilation system. For instance, the circular shelter, which is the best option, exceeds 25°c 

for 934 hours and 28°C for 1080 hours a year. However, the shelter is quite close to being 

within the comfort criteria. To achieve acceptable comfort conditions, a mechanical systemis 

suggested to be installed to provide cooling during peak periods, while natural ventilation 

could be used for the rest of the year.Also, thermal comfort is a subjective assessment 

thatreflects a person’s satisfaction with their local thermal environment. There are a number 

of variables that influence the body’s heat balance with the environment, and in turn that 

person’s perception of thermal comfort. Figure 5.13 illustrates the thermal comfort equation 

of the circular shape shelter, which represents the best practice so far. 
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Figure 5. 13:Thermal Comfort graph generated using DesignBuilder(by author) 

 
The PPD index offers an approximation of the number of occupants feeling dissatisfied by 

the thermal conditions of the circular shape shelter. For indoor temperature of 25°C, 5% of 
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people experience dissatisfaction based on whole-body discomfort (all listed influencing 

factors of PMV) or based on local discomfort/partial body discomfort (includes fewer factors 

than whole-body). And 10% for indoor temperature of 28 C (Figure 5.13), noting that, all 

occupied areas in a space should be kept below 20% PPD in order to ensure thermal comfort 

according to the known standards (ASHRAE 55 and ISO 7730). 

Finally, it is important to highlight that the accuracy of modeling is restricted not only by the 

characteristic of shelters, but also by dissimilarity in operational factors such as schedule and 

occupancy, systems or equipment, internal plug loads, and weather. Therefore, modeling here 

is a tool to identify relative energy performance, not to predict actual energy use. 

 

4.2.6. Daylighting analysis 
 
Daylight is a valuable natural resource (Sun) and plays a role in passive solar building design. 

Proper daylighting strategy offers a connection with surroundings, ensuring appropriate 

illuminance level with high uniformity and a glare free atmosphere, and save energy (Cakir 

and Caki, 2000). For instance, 30 to 70 percent of electrical light consumption can be saved 

in energy through daylighting (Ihm, NemriKrarti, 2009). Illuminance is defined as the 

amount of light that reaches a surface, before it is reflected. It is unit is lux.  

A computer simulation for illuminance is performed on the three shapes of shelters in a CIE 

clear sky condition on September 21st at 9:00 a.m. and 3:00 p.m. to demonstrate that the 

applicable spaces achieve daylight illuminance levels of a minimum of 10 foot-candles (fc) 

(108 lux) and a maximum of 500 fc (5,400 lux). Measurements are taken on a 10-foot (3-

meter) grid and recorded on shelter floor plan. This study follows the requirements of LEED 

v3 (Leadership in Energy and Environment Design) rating system, which is an available 
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option in DesignBuilder.An hourly time-step analysis based on typical meteorological year 

data 2002 is used.   

 

Figure 5. 14: Plan showing windows depth (up), South-west façade of the shelter showing the windows design (down) 
(by Author) 

 

The choice of windows has a direct impact on energy consumption in terms of daylight, solar 

gain and ventilation rates. Commonly, for fixed windows, the higher the window is placed 

the deeper the daylight reach. The typical depth of a day lighted zone is 1.5 to 2 times the 

head height of window O’Connor, 1997). The windows design area presented in Figure 5.14. 
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Figure 5. 15:Illuminance measurements of the three types of shelter (by Author). 

 
As illustrated in Figure 5.15, the amount of daylight varies throughout the day. South facade 

windows provide strong illumination. North facade windows provide consistent indirect light 
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with minimal heat gains. As for east and west elevation, illumination is strong for east side in 

morning and west side afternoon. It is critical to compare between the shapes in terms of 

illuminance. The three shaped shelters have almost same configuration when it comes to 

illuminance performance simulation. The key factor that permits this similarity is the 

orientation of hexagon and square shape shelters to the west. The three types of shelter meet 

daylight illuminance levels of a minimum of 10 foot-candles (fc) (108 lux) and a maximum 

of 500 fc (5,400 lux). Sill the square shape proves to have better illuminance for the rooms of 

zone 1 and 3 at 3:00 pm.  

 

The level and distribution of natural light within a space are determined by the following 

factors: the location and orientation of windows and the characteristics of the internal surface 

which are the same for the three shapes; and the geometry of the space which changes. 

However, the three shapes goal is to maximize the benefits of daylighting of the shelter and 

improve its ventilation while eliminating the problems of solar gain and other comfort 

parameters. Therefore, the geometry of the space here has a minor impact on the daylighting. 

The bulk of this study, including the above findings focus on “windows design”, as described 

before, plays a substantial role in terms of solar gain, daylighting, and ventilation rate. In 

addition, it is necessary for visual comfort which builds the connection with the outdoor 

environment. 

 

Moreover, the Daylight analysis shows that cloudiness has insignificant effect on the natural 

light. Case 1 showcased below shows that corner suffer in achieving good natural lighting 

compared to case 2. Natural lighting in case 2 is evenly distributed in the space reaching the 

center compared to the hexagon shape in case 1.  
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Figure 5. 16: 24% glazing cloudy sky, case 1 using CFD (by author) 

 

 

Figure 5. 17: 24% glazing cloudy sky, case 1 using CFD (by author) 
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Figure 5. 18: 28% glazing clear sky, case 2 using CFD (by author) 

 

Figure 5. 19: 28% glazing cloudy sky, case 2 using CFD (by author) 
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4.2.7. Computational fluid dynamics calculation 
 
CFD was specially used to estimate the shelter’s air speed and temperature. Controls on the 

natural ventilation rate have not been implemented. The open window area was assumed 

constant, as if all operable windows are always open (same schedule used before). This is 

acceptable for evaluating summer conditions because in the Lebanese climate, the outdoor 

temperature is nearly always lower than the indoor temperature, so the maximum ventilation 

rate is desirable throughout the day. Wind direction in Lebanon is most often from west for 

12 months, from January 1 to December 25, with a highest percentage of 57% on August 22. 

Its hourly average varies thought the year. 

 

Figure 5. 20: Wind direction using DesignBuilder(by Author) 

 

Simulations are run for the three shapes of shelters, testing the behavior under same level of 

occupancy, same climatic conditions, same operation modes and same openings ratio. 

Accurate data of velocity, pressure, temperature and density of moving fluid will be 

determined. This will build up an overall perception on how each shelter shape is likely to 

behave under normal conditions which help in optimizing natural or passive heating, cooling 

and ventilation.  
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The DesignBuilder software allows the simulation of the air flow from each space to those 

surrounding it, and the exchange of heat between the boundary surfaces and the space 

adjacent to them. It will come up with a steady state after series of iteration that represents 

the actual air velocities and distribution of temperature expected to be found within the space.  

It is essential to highlight that cut planes, which show results on a slice through the model, 

and are used to gain a comprehensive understanding of the flow. As for the vectors they are 

used to show the velocity direction and magnitude throughout the shelters. 

The mean wind flow pattern inside the shelters for three turbulent models was studied. The 

mean flow is generally similar for these shapes. The figure shows that the air speed is high 

maximum at the corner of the rooms and the shelters reaching 0.2 m/s. The air velocity is 

0.11 at the windows for the square and circular shape and 0.1 m/s for the hexagon shape. It is 

verified that all room have enough fresh air. In addition, maximum velocities tend to occur at 

the inlet opening. 
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Figure 5. 21: Cross sectional view of mean velocity vector fields on the vertical plane for the three cases. 
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The three visualizations in Figure 5.22 show results of the mean velocity vectors which 

illustrate the direction of the winds. The wind flows from the inlet opening at low level, hits 

the opposite wall and go for upstream direction to hit the roof and then leave the outlet 

opening at a higher level. This forms a circular system for wind as seen in the cross-sectional 

vertical plane. This circulation is caused by the temperature difference between inside and 

outside. The outside temperature is lower which allow the hot air to leave the room and let 

the fresh air come inside. 

The cross-sectional view of mean velocity vector fields and air temperature on the vertical 

mid-plane for the three casesshows that the circular shape’s mean air temperature (16.6c) is 

lower than the square’s mean air temperature (18.04c) as well as the hexagon’s (17.58c). It 

appears that since the internal flows are primarily driven by cross building surface pressures 

which did not vary strongly, the cross-ventilation values are very similar. However, circular 

shape proves to facilitates proper ventilation.  
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Figure 5. 22: Cross sectional view of mean velocity vector fields on the horizontal plane at h=2.3m for the three cases 
using CFD (by Author). 
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Figures 5.23 and 5.24 present arrows that show the direction of air movement and length or 

scale of the movement. For case one, 24% glazing oriented 30 degree was considered. Air is 

supplied from the west side of the shelter with medium to high speed, then it hits in the 

middle, which forces the air to circulate to the wall edges with lower speed and movement.  

 

Studying the age of the air within the shelter indicates that the air flow comes in and out 

quickly. In the center, air changes every 12 to 24 seconds, and air mostly stays on the corner 

of the east façade. In case 2, there is 28% glazing and direction parallel to east west. Air is 

supplied from the west and south side of the shelter with medium to high speed. Then it turns 

and circulates in the space where some leaves the space from the east and some other 

circulate more in the space. Air also enters the shelter’s windows, goes upwards to reach the 

roof. It is then pushed against the opposite wall to move downwards and then leave the space. 

A higher air movement happens next to the windows on the west side of the shelter, which 

supply air and varies in velocity and scale. As for the opposite side, less movements occur. 
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Figure 5. 23: Air exchange and velocity temperature (by author) 
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Figure 5. 24:Graph illustrating air movement (by author ) 
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Figure 5. 25: Air movement indicating cross ventilation (by author) 
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Figure 5. 26: Graph illustrating air flow movement (by author) 
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Figure 5. 27: Distribution of wind pressure in a horizontal section of the space (by author) 
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Figure 5. 28: Graph indicating the air age in the space (by author) 
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Figure 5. 29: Air circulation in the space (by author) 
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Figure 5. 30: Graph indicating air movement entering through the windows (by author) 
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Figure 5. 31: Graph indicating air movement and the variety in velocity and scale (by author) 
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Figure 5. 32: Single side ventilation (by author) 

 
 

A single side ventilation occurs more than cross ventilation. As such, there is a big variation 

in the flow that is recognized in this case. Furthermore, the pressure, temperature, and the 

north east façade are very low compared to the south west side. Finally, air circulates in the 

space at different speeds and scales. Equally, the supplied air has low temperature compared 

to the air inside. 
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Figure 5. 33: Graph illustrating pressure, temperature, and the north east façade (by author) 
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Figure 5. 34: Air circulation speed and scale (by author) 

 
 
 

5.4. Conclusion 
 
This chapter discussed, evaluated, and compared different shapes and designs for emergency 

shelters in the Lebanese context in order to find an optimized solution. It included two 

parts.The first part determined which of the circular, square, and hexagon shapesare more 

suitable. The second part determined the best design in terms of orientation and envelope 

strategy for the best shape selected. 

 

A simulation was done for shading analysis, energy, comfort, and daylight analysis, in 

addition to CFD using DesignBuilder. To facilitate the comparison between the three types of 

shelters, the study was limited to the layout shape of the shelters and neglected other shelter’s 
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components.The key findings of the first study area is that free cooling and night cooling by 

ventilation with outside air is very effective in the Lebanese climate whatever the shape is. 

However, natural ventilation alone cannot maintain appropriate summer comfort conditions. 

In addition, shading elements proved to have a huge impact in reducing peak solar gain 

which reduce cooling loads. As well, windows design plays a substantial role in terms of 

solar gain, daylighting, and ventilation rate, which was further examined in the second part. 

Furthermore, the study of the parameters like indoor air speed, indoor air quality, flow 

pattern, wind velocity distribution were helpful in understanding the distribution of air and 

thermal energy in the three different shapes. Also, Natural ventilation is evaluated in this 

study by the average air velocities (m/s) in horizontal planes across the spaces. 

 

In conclusion, the circular and the hexagon shapes proved to have the best shape for an 

emergency shelters because they have lower solar gain, lower average temperature and higher 

ventilation rate. Furthermore, they meet the LEED requirements for daylighting and facilitate 

proper cross ventilation. Yet, the hexagon shape was chosen for further investigation, as it is 

a tessellating cell shape in that cells can be laid next to each other to form a bigger shelter 

with no overlap; therefore, they can cover the entire geographical region without any gaps, 

unlike the circular cells which must partially overlap in order to avoid gaps.  

This chapter aims to provide an expanded set of advanced solutions to help deliver healthier, 

safer, more efficient, and productive indoor air quality regardless of building type/indoor 

environment. Further study was conducted on the orientation and windows design in order to 

optimize indoor air quality in a hexagon shaped emergency shelter. The selection of the 

windows glass material is an important factor with low U-Factor and SHGC, the better the 

window insulates and less solar heat gets in.  

 



 

184 
 

In summary, results showed that 20% window to wall ratio offer better indoor temperature in 

both summer and winter season compared to 30% and 40%.  As well, the orientation of 

shelter making its south façade parallel to the east west axis is better, in which the 

temperature increases in the winter seasons but almost stay the same in summer period, 

which by its turn decreases the demand for heating in winter seasons. Nevertheless, an 

optimization simulation was run for the purpose to define best window to wall ratio for the 

two different shelter positions. Two cases were suggested: case one- 24% window to wall 

ratio for 30-degree orientation- and case two 28% window to wall ratio when the south 

façade parallel to the east west axis. To summarize, case one showed to have the best indoor 

comfort in terms of temperature. Case two showed to have higher velocity and scale of air 

flow. As well, natural lighting in case two is evenly distributed in the space reaching the 

center compared to case one. Nonetheless, both cases have almost same discomfort hours per 

year.  

 

Finally, hexagon in practice is a more appropriate shape when it comes to emergency 

shelters. Window to wall ratio is an essential parameter when designing a comfortable indoor 

environment that reduce the energy consumption for heating and cooling. In the Lebanese 

climate conditions, the lower the ratio is the better the performance becomes. Yet, further 

studies can be conducted on the distribution of the shelter units on the geographical terrain 

and on the time and cost factors of such an emergency shelter. As well, it is important to 

discuss in the future how these shelters can be relocated and reused. 
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6. Conclusion 

This research sought to address a recent need in the area of emergency shelters specifically 

related to COVID-19, the most recent type of HCRD. Specifically, the main question that 

guided this thesis is: What are the characteristics of a shelter that mitigates the spread of 

contagious respiratory diseases? What is required to implement such shelters? 

How can they be integrated within the Lebanese context, in the Central urban areas affected 

by a pandemic caused by HCRD to mitigate the spread of the diseases.   

The research questions were unpacked into several objectives. The latter were addressed in 

Chapter 2 through a literature review that presented the characteristics of HCRD and 

emergency shelters. After that, a simulation model was done in Chapter 4 where the threats 

that worsen spread of contagious respiratory diseases in relation to the characteristics of the 

shelter were analyzed. The simulation model allowed to test the design and assess the 

guidelines in the considered site location, and formulate design guidelines for emergency 

shelters that will protect its inhabitants from the spread of HCRD. 

 

A literature review was conducted, which revealed a gap in the field and also challenges 

generally associated with emergency shelters that could worsen the threats of the HCRD. 

These challenges faced with emergency shelters generally revealed the inadequacy of 

standards and guidelines to the current pandemic, and the need to revisit them to mitigate the 

threats of HCRD and protect shelter inhabitants against these diseases. For this reason, the 

research focused on the key factors in the protection against HCRD: ventilation, social 

distancing, hygiene, and using adequate material for the emergency shelters.   

 

Interviews were conducted with experts to provide insight on the missing data from the 

literature, and later a simulation modeling for emergency shelters set up in the Karantina site 
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in the central urban area in Lebanon was conducted. The literature indicated that there are 

standards for emergency shelters to follow in order to provide a minimum protection to the 

shelters’ inhabitants, comfort, privacy, and so on. However, they were not adapted to the new 

recent challenges imposed by the pandemic caused by HCRD. The latter requires preventive 

measures that should be incorporated within the emergency shelter to mitigate the threats 

imposed by the disease, which focused on ventilation, hygiene, social distancing translated 

into dimensions, and material, and needed to be incorporated in the new guidelines. The 

interviews conducted with experts and the simulation model designed focused on these 

parameters, which were initially missing from the literature. The interviews and the 

simulation allowed to better determine the characteristics of emergency shelters set up during 

pandemics caused by HCRD.  

 

Initially, the literature review presented standards for emergency shelters to follow generally 

including using draft and stack effect, with the possibility of having windows and doors 

closed and opened to create a larger air draft. A gable window could also be placed in the 

back. The literature mentioned a higher demand for high air exchange in hot climate, which is 

particularly the case of the context considered in this study, in Lebanese urban contexts. 

However, when it comes to shelters created for pandemics caused by HCRD, the only data 

provided by literature revealed a need for natural ventilation, with some hybrid ventilation 

options to increase the air exchange and air flow. However, any other data seemed to be 

missing from the literature.  

 

Through the interviews and the simulation model, the findings revealed that natural 

ventilation should be used in emergency shelters set up for pandemics caused by HCRD.  

Cross and stack effect should be used to find a balance between comfort and proper 
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ventilation. Through the interviews, I was able to determine the recommended ventilation 

rate, air changes within the shelter, especially the number of inhabitants, which should be 

reduced in order to minimize the risks of contagion and follow proper social distancing 

measures. Modular designs should be used to compensate for reducing the number of 

inhabitants within the shelter, but also allows it to be easily set up and deconstructed, and 

allows shelters to adapt to climatic conditions and offer adequate ventilation.  As for the 

simulation, the findings revealed that free cooling and night cooling by ventilation are 

effective in Lebanese climate, and shading elements are needed. The circular shape used for 

emergency shelter is conducive to good ventilation and thermal comfort as it provides a 

higher ventilation rate and cross ventilation, but also lowest temperature, and best daylighting 

requirements. As such, the conducted research methodology aided in finding the missing 

information that would guarantee a more adequate protection against HCRD in the event of a 

pandemic using proper ventilation  

 

The materials used for emergency shelters need to provide protection from the climate and 

weather. Additionally, in the case of this research, some materials offer a favorable 

environment for the disease to live for longer periods of time, hence, the chosen material 

needs to provide adequate protection. Contrary to the different elements presented in this 

chapter, the literature had offered some data when it comes to the material that cause the 

HCRD to live on material and the different factors that impact the lifespan of the disease of 

the material including temperature and humidity for instance. Hence, some recommendations 

were given to avoid plastic, and replacing them by drywall, particle board, makeshift walls, 

and wood as possible options to limit the possibility of the disease living on the material and 

increasing the risks of transmission of HCRD.  However, further data was sought from the 

interviewees in order to determine the best material to use.  
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The interviews suggested using material that is lightweight, condensation-resistant, 

breathable, and easily disinfected. It is also important to use eco-friendly materials, natural 

materials, and anti-bacterial fabric. These are mainly for safety measures. However, another 

important factor to consider is the ease of setting up the shelter and allowing it to be 

lightweight, easily set up and easily deconstructed. Being a low budget and affordable 

material is equally important. For instance, aluminum could be a possible option as it is most 

ergonomic material used for emergency shelters. It is lightweight and durable, which makes it 

suitable for immediate and long-term use. In addition, the virus lives on aluminum from 2 to 

8 hours  

 
When it comes to dimensions, the literature provided general standards that an emergency 

shelter should follow including total area, ceiling height, dimensions of the different areas 

within the shelter and the minimum dimensions depending on the number of inhabitants. 

Some recommendations were found to adapt these shelters to the pandemics such as 

distancing the sleeping arrangements and having a head-to-toe disposition within 1.8 meter 

apart from each other, and allowing 10.2 m2 per person.  

 

However, more data was needed in order to determine the general dimensions of the shelter, 

and the best way to achieve optimal protection against HCRD. The interviews provided the 

most adequate measurements to follow and the best number of people to have within the 

shelter to maintain proper social distancing and protect against HCRD as overcrowding 

presents risks of transmission of the disease. The modularity of units was presented as a 

solution for limiting the number of inhabitants within the shelter, in order to enlarge the 

shelter unit.  In addition, social relations should be maintained for wellbeing while following 

social distancing measures, for this reason, outdoor common spaces to socialize and interact 

are recommended. As an example, the hex house is a scalable modular design for houses that 
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can be joined into multifamily arrangements or combined to form larger units. It also allows 

various combinations of clusters creating outdoor courtyards, green spaces and covered 

porches (hex house, n.d). The Hex House is a sustainable, rapidly deployable structure based 

on Structural Insulated Panel (SIP) technology, which can be shipped flat-pack and easily 

assembled (hex house, n.d).  

 
While the literature provides information about hygiene and sanitation in emergency shelters, 

it does not provide any information about hygiene and sanitation adapted to emergency 

shelters set up during pandemics caused by HCRD. The literature presented standards about 

the location of the latrines being within 50 m distance from the sleeping accommodations, the 

number of latrines per family, the water distribution and water needed for each family in 

addition to the sewage system. These standards still apply given that access to safe and 

reliable water, hygiene and sanitation are very important to protect against the threats of 

HCRD. Regularly washing hands and cleaning and disinfecting items is essential. However, 

social distancing should still be applied, and as such, common latrines are not favorable in 

such conditions. These toilet and latrines units should be placed indoors and regularly 

cleaned and disinfected.  

 

The hexagon shape proved to be the most adequate shape for emergency shelters in terms of 

allowing the best temperature within the shelter. The window to wall ratio that should be 

considered is 20% and the orientation of the shelter should have its south façade parallel to 

the east west axis in order to offer the optimal thermal comfort and ventilation within the 

shelter based on the Lebanese climate in the urban area, and selected site location in 

Karantina.  
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With the standards of the emergency shelters more adapted to the pandemic caused by 

HCRD, the shelters are inclined to offer adequate protection against HCRD as these new 

guidelines are more in line with the precaution measures found in the literature. Setting up 

emergency shelters that are adapted to the threats that HCRD cause, could possibly decrease 

the cases of HCRD since people who have been displaced due to the economic crisis, or who 

lost their houses due to the Beirut blast, are now better protected against HCRD in a shelter 

that presents characteristics adequately designed for pandemics caused by HCRD.  

 

Furthermore, an Emergency Preparedness Plan (EPP) must be set in place that will include 

the design of the Emergency shelters, but also a plan that will consider different factors to 

ensure the success of the emergency response and disaster relief. The EPP would also 

guarantee having green spaces around the emergency shelters for ecological, architectural, 

and urban planning benefits, in addition to ensuring wellness benefits of the displaced. This 

provides spaces for them to sit in open spaces and socialize while respecting social 

distancing.  

 

Finally, when it comes to the material used for Emergency shelters, we would like to consider 

that if the shelter follows the guidelines proposed in this study, the shelter should be able to 

mitigate the threats of HCRD. It is also worth mentioning some other concerns about the 

permit process in Lebanon for the use of such printers, in addition to construction companies 

that are able to handle the process for the set-up of emergency shelters. Furthermore, in order 

to take this study one step further, more research can be conducted on the windows design in 

order to optimize indoor air quality in a circular emergency shelter.Further studies can also be 

conducted on the distribution of the shelter units on the geographical terrain in addition tothe 
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time and cost factors, and how they can be reused for different purposes to minimize their 

environmental impact.  
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Appendices 
 

Appendix I: General Design Standards, Challenges, and Types of Shelters 
 

A) Standards  

Standard 1: Security and Privacy 

One of the fundamental aspects of a home environment and recreating a home for the 

displaced is instilling a feeling of safety, security, and privacy (Lundgren, 2014). Camps and 

settlements are generally dense and crowded environments. Control of space can be 

construed as control of social interactions within that space, and this implies a state of 

privacy, or control of access to the self (Altman, 1975). 

 

Shelters’ walls should prevent people from outside from being able to observe whether the 

shelter is occupied. It must be possible to cover the doors and windows, light the shelter at 

night without creating silhouettes and have sound insulation. It is possible to provide privacy 

by using material such as the Re-board that has enough opacity to prevent silhouettes from 

being visible on the walls even when the shelter is illuminated. Windows and doors should 

also be lockable, from the inside and the outside, in order to protect from burglaries and 

aggressions, and ensure the protection of inhabitants and their belongings. Interior partitions 

should equally allow a separation between rooms (Lundgren, 2014).  

 

Standard 2: Permanence 

Permanence refers to the experience of continuity and stability that characterizes the home 

environment. It recalls the sense of belonging and the connection with the place (Hayward, 

1977). The shelter should convey continuity and stability through a safe and solid house. 

Beyond the supply of residential needs, the shelter should provide long time benefits. For 

example it could be disassembled and the material could be recycled as furniture or insulation 
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for a permanent housing solution (Lundgren, 2014). Temporary shelters should be designed 

to be upgradable, repairable, and movable. The construction material should be reused or 

transformed into useful items for durable housing solutions. This requirement is fundamental 

for transitional shelters (IFRC, 2011). Additionally, the shelter package shall contain a tool 

kit and instructions on how to maintain or repair the house in case of damages. Solutions for 

the recyclability or reuse of the material can be developed (Lundgren, 2014).  

 

Standard 3: Appropriateness and adaptability  

Shelters should reflect human needs, vulnerability and capacities of the affected community 

and the resources available. Shelters must adapt to every location, response, and project and 

thus change their designs, layouts, orientations according to countries and ethnicities (IFRC, 

2011). The existing emergency shelters mostly consist of repetitive units without any 

differentiation from one another. As a result, many people from different backgrounds are 

compelled to dwell in identical spaces. When considering that shelters are built temporarily, 

usually for short periods, this problem might seem to be insignificant. However, in some 

cases where the provision of permanent housing is challenging, temporary shelters are 

Used for a much longer time than they are supposed to. Thus, the problem persists for a 

longer period of time than intended (Gümüs, 2000). In general, the design should encourage 

flexibility in design and allow occupants to add internal divisions for privacy, or change the 

positions of the walls and windows. Shelters also have to be flexible and modular in order to 

be combined if needed to create a bigger residential space. The possibility to switch the 

position of windows and doors around the perimetral walls allows to adapt the arrangement 

of the shelter depending on the characteristics of the surrounding environment (Lundgren, 

2014). Equally, experience has proven that shelters often have to uphold requirements of a 

permanent house and serve a different purpose from the purpose it was initially intended for. 
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Therefore, it is crucial for these shelters to be flexible in terms of service periods and user 

types (Bashawri, 2014).  

 

Standard 4: Self-Assembly and Personalization  

When individuals are in control of the space they live in, and have their needs met, feelings 

of comfort and freedom are possible (Smith, 1994). Self-assembly is an important strategy 

that strengthens the sense of pride, ownership, and self-reliance of the future inhabitants, 

creating knowledge about house maintenance and a greater involvement in the community. It 

also helps reduce the labor cost, and the necessity to train staff for the construction (Habitat 

for Humanity, 2014; Lundgren, 2014), which might seem demoralizing to the able-bodied, 

and a waste of needed resources” (Atkinson, 1962). This strategy is used by the Habitat for 

Humanity and is called sweat equity. These are hours of labor that the homeowners dedicate 

to building their homes but also spend investing in their own self-improvement (Habitat for 

Humanity, 2014).  

 

The freedom of the home permits an extensive and significant range of self-expression 

(Sebba and Churchman, 1986; Pennartz, 1986). The inhabitants should see the shelters as 

their home, which they can manage however suits best their needs. The process starts with 

the possibility of self-assembly of the unit. This creates a strong bond with the house from the 

beginning. The design of the shelter should allow customization and personalization of the 

spaces by having interior movable partitions, furniture, and adjustable openings (Lundgren, 

2014).    
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Standard 5: Social relationships 

A home provides a significant social function (Smith, 1994). The quality of habitation 

depends essentially on the quality of the interpersonal relations (Pennartz, 1986). Shelters 

should allow social interactions and feelings of ease and relaxation, preferably through a 

common room where the family can sit together. In fact, it is important to divide the house in 

a way to accommodate for a private core and a more public area. A covered outdoor area 

could be used for social activities (Lundgren, 2014). 

 

Standard 6: Color 

Colors have a big influence on people’s behaviors and on people’s perception of the 

surrounding environments (Nurlewati, 2012). White color is good for camps, and can be 

supplemented with colors that inspire calmness and relaxation such as green and blue 

(Lundgren, 2014). In fact, warm colors focus people outwards, while cool colors are calming 

(Hidayetoglu et al., 2012). The shades of green and brown should be avoided in emergency 

shelters not to be confuse them with military camps (UNHCR, 2011b).  

 
Technical  
 

Standard 3: Foundation & Flooring 

The presence of a flooring or a foundation enhances the quality of a residential environment, 

as well as protecting from flooding and insects and insulating from the ground. However, a 

flooring is not necessarily needed for the structure and in emergency shelters is often 

excluded. Protective tarpaulin on the ground is considered as an adequate solution. It can be 

folded outwards and taped around the walls. Also, sandbags could protect from flooding and 

consolidate the lightweight structure. Standard woven polypropylene sandbags filled with soil 
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on site are inexpensive. Floor can be built from wooden bars, which provides thermal 

comfort at night if inhabitants sleep on thin mattresses (Lundgren, 2014).  

 

Standard 4: Roof structure 

Among the different roof types; single pitched, double shed, and hipped roofs, the gable roof 

seems to offer structural advantages for emergency shelters. It keeps an average ceiling 

height reachable when assembling, and is high enough when standing. For overlapping roof 

panels, the roof structure is strengthened by adding a tertiary beam system, and by 

strengthening the ridge beam with a wooden core. The triangles are connected with the beams 

in the upper side, and by using plastic plates it helps distributing the tension in the connection 

on a larger area. To moisture proof the whole roof, a tarpaulin is added allowing skylights 

next to the ridge beam solving the problem of too dark interiors. A thicker roof tarpaulin for 

extra roof cover is recommended for tropic wet climate. For folded overhang, the roof sheets 

are folded in around the walls, so that the overhang is constituted just by the tarpaulin. The 

meeting between wall pillars and roof beams is reinforced by adding a thin wooden board on 

each side that helps in distributing the loads over a larger surface. The boards are adapted to 

attach a tension wire connecting to the opposite wall and preventing the structure to deform. 

The roof structure can be formed by double Re-board beams as an additional connection 

between the roof panels, and reinforcing the ridge beam with the addition of a plywood core. 

The walls could be kept together by adding tension wires, connected to the top of the pillars 

through wooden plates. By folding the roof panels and connecting them to the walls stabilizes 

the whole structure and directs the vertical tension of the roof downwards, preventing the 

walls to blend (Lundgren, 2014).  

 

 



 

226 
 

Standard 2: Loadbearing 

Emergency shelters should be able to withstand a minimum wind speed of 18 m/s in any 

direction. Windows and doors should be placed more than 600 mm from corners. The 

building should be strongly anchored to the ground, which could be achieved by connecting 

lightweight structure to a foundation. Generally, by having a symmetrical structure and a 

simple building layout, the risk of damages in case of an earthquake is reduced. The shelter 

should be able to withstand 300 N/m2 of potential snow load without damage or changes 

affecting the shelter’s functional capacity. In addition, the frame should be able to support at 

least 6 hanging live loads of 30 kg (Shelter Center, 2010).  Such loadbearing demands can be 

fulfilled with appropriate dimensioned Re-board, which is as strong as wooden boards but 

more lightweight (Fransson, 2006). In fact, 16 mm Re-board for the wall sheets of 1200 x 

2080 mm, and 22 mm Re-board for the flooring with a span of 600 x 675 mm are sufficient 

to meet the demands. To withstand uplift forces by wind guy-ropes may be needed to hold 

down the shelter (Fransson, 2005). Guy ropes consolidated to sandbags give house stability 

(Lundgren, 2014).  

 

Standard 6: Assembly 

In an emergency, it is important for the shelter to be assembled by a few number of people 

with low technical experience, in a very short time. Therefore, the inhabitants should be able 

to construct the whole structure themselves without the help of a technical authority or 

assembly tool (IFRC, 2013). The shelter package should contain clear and illustrative 

instructions on how to assemble the process of assembly would be faster if there were pre-

drilled holes and the construction of the roof is proceeded by single boards. The material of 

connections and fasteners cannot be economically valuable, primarily due to the risk of 

thievery but also to prevent the residents to take down the pieces and sell them. These are 
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generally later replaced with locally sourced wood, causing local deforestation problems 

(Lundgren, 2014).  The sheets can be connected by folding those inwards, and screws can be 

substituted with plastic cable ties that don’t require tools for assembly and have a much more 

reduced cost (Riesenfeld, 2005).  

 

Standard 7: Permanence and Durability  

Emergency shelters all have a certain lifespan based on the material used. If they are used 

longer than the expected time, these shelters might become “inhumane” (Mounaim, 2020). 

The most decisive requirement for financial purchase of shelters by aid organizations is the 

durability since the investment is calculated per lifespan. The durability of a shelter is 

substantially connected to the weather resistance and load-bearing properties, and since many 

shelters are placed in regions with extreme weather such as typhoons, draught, monsoons, 

extreme cold or heat, the material might not endure all these conditions. In fact, cheap tent 

canvas can be structurally weakened by the sun’s UV light. The structure of the shelter 

should therefore be calculated with a margin of safety, considering a structural capacity 

beyond the expected loads or actual loads. Ropes can consolidate the house to the ground. 

Also, material development and waterproofing strategies can provide the possibility of 

prolonging the lifespan of the emergency shelter (Lundgren, 2014).  

 
 
Standard 8: Transportation  

The dimensions of the pieces of the emergency shelter structure are expected to be minimized 

in order to be able to fit a larger number of modules within a vehicle or a storage unit 

(Karaoglan, 2018). An emergency shelter packed for transport is recommended not to exceed 

100 kg and 0.5 m2. It should be possible to fit onto a 1200x800 mm EUR pallet at least four 

packed shelters. The height of the package cannot exceed more than 2100 mm to fit in 
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shipping containers (Shelter Center, 2010). In addition, the weight and volume of the box 

containing the shelter should allow an easy transportation from the distribution site to reach 

the location of the emergency shelter. If the weight for each package is 73 kg, it would be 

enough for two people to carry it (Lundgren, 2014).  

 

Standard 10: Fire resistance 

Settlement layout should be designed so distances between shelters are secure to prevent fire 

from spreading in case of fire inside the shelter. Fast evacuation should be possible through 

the door and the openable windows (Lundgren, 2014).  

 

Standard 11: Water resistance 

An adequate solution to protect the shelter from water and moisture should be considered as a 

priority in the design. The most exposed part of the shelter is the roof that shall preferably 

have an inclination of 20 to 30o to facilitate the drainage of rain water. A roof overhang 

would keep the rain water off the walls and prevent the ingress of water at the junction. The 

overhang could vary between 15 to 30 cm, being limited due to wind loads. The flooring and 

wall basis in close contact with the ground has to be isolated from water. An elevated 

foundation or plinth can be used to raise the living area above the level of potential flood 

water. For this purpose, sand bags are a good and cheap solution. In fact, the empty bag is 

lightweight and easy to fit in the shelter package, and it allows to fill locally with available 

materials. For an additional protection a ground drainage is preferable (Lundgren, 2014). 

 
Standard 14: Vector control 

The term vector is used to define any organism or vermin that could carry diseases from one 

place to another. In case of shelters, two categories of animals can be considered; insects 

(fleas, mosquitoes, flies, and so on) and small animals (rats, birds, and so on). The design of 
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the shelter should prevent insects from entering. It should be possible to hang a mosquito net 

on the windows, at least in the sleeping area. Holes in the material should be avoided if 

facing outdoor and not filed (Lundgren, 2014).  

Rearrange and check where I can use them 

General Design Standards Guidelines 

Security & Privacy  Windows and doors lockable 

 Use material that will be thick enough to 

provide privacy 

 Interior partitions to separate between 

rooms 

Permanence   Recyclable material  

 Upgradable, repairable, movable  

 Tool kit and instructions 

Appropriateness & adaptability   Repetitive units  

 Internal divisions for privacy 

 Flexible and modular units  

 Possibility to switch windows and doors 

depending on surrounding environment 

Self-assembly & Personalization  Movable partitions, and adjustable 

openings 

Social Relationships   Common room 

 Private core v/s public area 

 Covered outdoor area 

Color   White colors, blue, and warm colors 
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should be used 

 Shades of green and brown should be 

avoided 

Table I.  1: General Design Standards for Emergency Shelters (by Author) 

 

Technical 

Standards 

Specific to Emergency shelters Specific to Highly 

contagious respiratory 

diseases  

Dimensions  Should fit at least 5 people 

 Minimum total area of 17.5m2 

 Minimum of 3.5m2 – 5.5 m2 per person 

 Ceiling height 1.8 m2 

 For 6 people:  

Resting area: 15.6m2 

Activities area: 7.02 m2 

Private area:3.24 m2 

 For 5 people: 

Resting area: 13m2  

Activities area: 5.85m2  

Private Area: 2.7m2 

 For 4 people: 

Resting area: 10.4m2 

Activities area: 4.68 m2 

Private area: 2.16m2 

 

 1.8 m sleeping 

distance apart in a 

head-to-toe 

arrangement 

 Minimum of 10.2 m2 / 

person during a 

pandemic 

 Isolation areas need to 

be created  
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Loadbearing • Windows and doors should be placed more 

than 600 mm from corners 

• Connect lightweight structure to a 

foundation 

• Lightweight and loadbearing material; Re-

board better than wood  

• 16 mm Re-board for the wall sheets of 

1200 x 2080 mm, and 22 mm Re-board for 

the flooring with a span of 600 x 675 mm 

• Guy-ropes consolidated to sandbags give 

stability 

 

Foundation & 

Flooring  

• Protective tarpaulin can be used as 

flooring, folded outwards and taped around 

the walls  

• Standard woven polypropylene sandbags 

used to protect from flooding and 

consolidate the lightweight structure 

• Floor can be built from wooden bars, 

which provides thermal comfort 

 

Roof structure   Gable roof 

  For overlapping roof panels, the roof 

structure is strengthened by adding a 

tertiary beam system, and by strengthening 

the ridge beam with a wooden core. 

 Triangles connected with the beams in the 
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upper side 

 Use of plastic plates helps distribute the 

tension  

 Tarpaulin is used to moisture the whole 

roof and allow skylights 

 Roof sheets are made of tarpaulin 

 Wooden boards used for the meeting 

between wall pillars and roof beams 

 Tension wire used to connect opposite 

walls 

 Roof structure can be formed by double 

Re-board beams 

 Fold the roof panels and connect them to 

the walls to stabilize the structure 

Windows • Plastic sheet of 44 mm  

• Metal hinges are used and the windows are 

closable with a string 

 Edges are taped 

 Windows should be 

opened as much as 

possible to allow for 

proper ventilation 

 Windows must be > 

7.6 m from air intakes, 

other open windows, 

or be more than 91.4 m 

from another occupied 

building or high-risk 
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area to facilitate air 

flow 

Assembly  • Pre-drilled holes in the structure for easier 

assembly 

• Single boards for roof construction  

• Connections and fasteners should not be 

economically valuable  

• Assembly using plastic cable ties 

 

Permanence & 

Durability  

• Weather resisting material  

• Ropes to consolidate the structure to the 

ground 

• Waterproofing strategies 

 

Transportation • The emergency shelter should not exceed 

100 kg and 0.5m2 packed  

• Height of package should not exceed more 

than 2100 mm  

• Ideally the package should weigh 73 kg 

 

Light • Recommended illuminance is around 300 

lux, with a minimum of at least 100 lux 

• Skylight recommended 

 

Fire resistance  • In the settlement, shelters should be 

distanced to prevent fire from spreading 

• Doors and openable windows should allow 

fast evacuation  

 

Water • Inclination of the roof 20 – 30 degrees to  
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resistance facilitate drainage of rain water 

• Roof overhang varying between 15 – 30 

cm  

• Elevated foundation or plinth for the 

flooring using sand bags 

• Ground drainage is preferable 

Sanitation  Latrines located within a 50 m distance 

from sleeping accommodations 

 One latrine per family 

 Water distribution point located within 

100 m 

 4 L of water per person for drinking  

 20 L of water for hygiene needed 

 Sewage grey water system separate 

 Not necessary to include a toilet in the 

shelter design  

 

 

 

 

Missing information 

Ventilation & 

Thermal 

comfort  

 Ventilation using draft and stack effect, 

with the possibility to be closed 

 Elevated flooring to keep away from the 

moist ground 

 Gable window placed in the back 

 Door and windows can be opened to 

create a larger air draft 

 Hot climate demand a high air exchange 

 Natural and hybrid 

ventilation through 

turbines  

 

Missing information 
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Vector Control  Mosquito Nets on windows  

Material   Avoid using plastic in 

emergency shelters 

 Drywall, particle 

board, or wood are 

possible options 

  Portable room 

divider/screens, 

hanging drapes, or bed 

linens could work. 

 Makeshift walls that 

are floor to ceiling 

should be created 

 

Table I.  2: Technical Standards for Emergency shelters and specific recommendations for highly contagious 
respiratory diseases (by Author) 

 
B) Challenges and issues  

‐ Sociocultural issues 

Shelters exist in different regions and countries around the world, and are standardized 

independently of their locations (International Organization for Migration, 2012). However, 

shelters must be adapted to the different communities and cultures, which need to be 

respected to provide adequate shelter solutions (Félix et al., 2013a). Shelter solutions must 

reflect the needs and requirements of the displaced including their traditional values, 

religions, family sizes, genders, and local architectural styles (Bashawri, 2014). Additionally, 

after a disaster, the displaced are physically and mentally affected yet they would like to be 
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involved in building their own shelters. However, when they are not employed or involved 

because of physical and mental exhaustion, which makes it difficult to organize works in the 

field, this translates in a general sense of frustration of the displaced populations. They feel 

marginalized, which leads to the partial abandonment of temporary housing. Interviews 

conducted with displaced people also mention frustration about not being asked where they 

would like to set up their shelters. Throughout different interviews, the word “invisible” is 

mentioned several times to describe how they felt in the temporary settlements (Subasinghe, 

2013). In addition, shelters should be designed in a way to make the displaced feel socially 

integrated and provide space to live with dignity and security (IFRC/RCS, 2013). Privacy and 

dignity should be ensured in the settlement and in the shelter itself. (International 

Organization for Migration, 2012).  It is vital to a feeling of safety and adequate privacy 

(Lundgren, 2014). In fact, space requirements, privacy and space planning are a big issue that 

is faced in emergency shelters. Emergency shelters need to include a place and space to rest 

and sleep, a place to gather to eat, sit, and socialize, and personal space to store goods and 

food, get dressed, read and write, and pray. Experiencing comfort is an important factor in the 

recovery process. In fact, when the functions of the rooms are mixed and serve a number of 

activities, this causes a loss of privacy thus causing disruption of comfort. This  problem  is  

caused  by a  shelter  that  does  not  have  a  good  arrangement  of  spatial planning  and  

space  requirements (Mounaim, 2020). Many shelters and tents have insufficient standing 

height that reduce significantly the living space (Lundgren, 2014). On a different note, other 

limitations include electricity, which can be rare in temporary settlements and does not allow 

for proper communication, outer awareness through cellphones, televisions, radios, or even 

domestic functionalities such as ovens or refrigerators. Going back to Maslow’s hierarchy of 

needs, the need to socially communicate in this case is strongly affected by the lack of 
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electricity, but also the need to eat and store food (Lundgren, 2014; International 

Organization for Migration, 2012). 

 

‐ Technical issues 

Many of the emergency shelters are not  foldable  in  a  configurable  geometrical  order,  

which  makes  their  transportation  more  difficult  and  their  storage  for  future  use  mostly  

problematic, and affects their sustainability. The latter refers to the phase while using the 

shelters, but also following their use. All of these  mean  that  there  is  a  necessity  for  the  

development  of  lightweight, foldable, and  transportable  units that have the ability to be 

stored for future use and be deployed in a short period of time (Ergunay, 1999; Asefi  2010). 

Shelters need to be easy to transport, erect, and dismantle, lightweight, and have few pieces 

in order to serve different purposes and functions (Bashawri, 2014). Most importantly, the 

need to set up on time and in a short timeframe (Bashawri, 2014). For instance, during some 

disasters, certain types of shelters, such as plastic sheets and tents, are erected for a short time 

span and then dismantled (AGOTS, 2007). If the design of a shelter were complex, it would 

require training and resources to build it, leading to potential delays in the set-up of the tents 

to shelter the displaced (IFRC/RCS, 2013). Materials, as I have elaborated on in (2.2. 

Emergency shelters), need to be adapted to the availability of the material in the local market, 

their appropriateness to the context and disaster. For instance, some material are appropriate 

to protect from earthquakes, such as bamboo-framed structures, yet, they could be vulnerable 

during storms (IFRC/RCS, 2013). The material used needs to have an appropriate price and 

impact on the environment. In fact, it is important for the material and the shelter itself to be 

sustainable, and recyclable as mentioned in the previous couple of paragraphs, and offer good 

noise and temperature insulation (Bashawri, 2014).  Also, fire is a common hazard in 

temporary settlements despite the strict regulations and protective measures. Tents that are 
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made from textiles or plastics can ignite easily if the material is not treated with some kind of 

flame retardant. Fire can be started from the inside but also external fires can be started 

naturally by lightening (Corsellis and Vitale, 2005). Moreover, shelters should be designed to 

protect its inhabitants from storms, earthquakes, and diseases (Camp Coordination/Camp 

Management, 2010).  

 

Generally emergency shelter solutions are designed to fulfil technical requirements instead of 

addressing the needs of the final users (Lundgren, 2014). In a post-disaster situation, it is not 

possible to define the needs of the displaced and preferences due to the urgency of sheltering 

(Karaoglan, 2018). However, emergency shelters need to be adaptable in terms of both 

materials and technologies used (IFRC, 2011). Research has shown that only 19% of 

emergency shelter residents have not made changes in their units, while 48% of the cases 

have made alterations outdoors and indoors, and 30% have only made alterations outdoors 

(Şener and Şener, 2003). When displaced people are compelled to live in these shelters for 

several months or years, they feel the need to make modifications, and this is not easy if the 

structures are not made flexible enough to allow the participation of the displaced people 

during and after the construction process (Karaoglan, 2018). Also, excluding shelterees from 

the decision-making process in creating the emergency shelters often leads to conflicts and to 

the partial abandonment of the shelter facilities (Subasinghe, 2013). When disasters happen, 

the victims are considered passive recipients of aid. They all receive the same care and 

support such as shelter, security, health, and food. Yet no attention or differentiation is given 

to their threatened and traumatized identity (Agier, 2002). In fact, it is important to consider 

design elements to reduce stress of affected people when designing and arranging emergency 

shelters (Caia et al., 2010). For example, a sloped roof may be more fitting than a flat roof 

and large windows (Bashawri, 2014). On a different hand, limitations given by criteria such 
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as shelter dimension and transportation packages bring to a necessary reduction of the sheet 

sizes of the roof (Lundgren, 2014).  Sometimes as well, water leaks inside the tents because 

of missing drainage or improper roof (Lundgren, 2014).  

 

Finally, in some shelters, the cooking area is placed indoors. This creates a common problem 

where there is an increased risk of inhalation and asphyxiation of smoke. Also, in many 

settlements located in tropic areas, overheating inside the shelter is a major problem and in 

some cases shading roof covers together with roof openings are used to create a proper 

ventilation (Axelsson, 2012). Ventilation is of vital importance in hot-dry and hot-humid 

climates as well as shade from the sun (Ashmore, 2004). Shelters for hot climates should also 

take into account possible temperature drops, particularly at night, in open areas such as 

deserts, and in areas at a high altitude (Bashawri, 2014). 
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C) Types of Shelters 

Types of 

settlement 

Types of Shelter 

and context 

Material  Pros Cons 

Dispersed 

settlement 

Hosting with 

Local families in 

urban and rural 

areas  

 

N/A ‐ Encourage 

independence  

‐ Allow 

cooperation with 

the hosts 

‐ Constitute small 

investments  

‐ Require less 

resources  

‐ Faster to 

implement 

‐ Lead to 

development of 

host  

 

‐ Present risks of 

disapproval of the 

community 

‐ Time consuming  

Rural or urban 

self-settlements 

 

N/A 

Grouped 

settlement 

Collective 

shelters;  

‐ Town Halls 

‐ Gyms 

‐ Warehouses 

Schools 

N/A ‐ Used in urban 

settings and for 

big 

displacements 

‐ Require community’s 

approval  

‐ Not adequate in the 

case of pandemics 

caused by HCRD as 

they might not 

respect social 

distancing 

Self-settled 

camps;  

private or state-

  ‐ No aids provided 

from organizations 

or governments 
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owned lands  

(public squares, 

parks) 

‐ Authorities relocate 

camps from private 

and public lands 

 

Planned camps 

(Urban or rural);  

‐ Tents 

Tarpaulins 

‐ Prefabricated 

shelters 

‐ Containers 

‐ Informal 

shelters 

 

‐ Textile 

‐ Plastic 

sheets 

‐ Tarpaulins 

‐ Services 

provided by aid 

organizations 

and 

governments 

‐ Require high 

investments and 

resources 

‐ Population becomes 

reliant on aid and 

assistance 

‐ Difficult to provide 

privacy and security 

‐ Facilities do not 

satisfy the needs 

adequately 

 

Table I.  3: Summary of settlements and shelter typologies (by Author) 
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Appendix II: Interviewees 
 
Here are the subjects I will be approaching for the interviews are:  

1- Dr. Kazuhiko Hanzawa, Niigata University, Japan Department of Surgery, Specially 

Appointed Professor, hanzawa@med.niigata-u.ac.jp 

2- Dr. Francis Francis, Notre Dame University, Lebanon 

Department of Mechanical Engineering, Associate Professor, ffrancis@ndu.edu.lb 

3- Dr. Talal Salem, Notre Dame University, Lebanon, Department of Civil and 

Environmental Engineering, Associate Professor and Chairperson, tsalem@ndu.edu.lb 

4- Mr. Fabrice Richeri, National Airport Engineering Service, Head of the PCCV 

technical office, and Course Manager of the Professional License in Civil Engineering in 

Ventilation Mastery Course (No Contact info found, can be contacted through Linkedin) 

5- Mr. Pierre Michel, Ecole Nationale des Travaux Publics de l'Etat (ENTPE), France, 

Chair of Department, pierre.michel@entpe.fr 

6- Dr. Stefano Schiavon, UC Berkeley, USA, Associate Professor of Architecture and 

Civil and Environmental Engineering and Associate Director of CEDR, 

schiavon@berkeley.edu  

7- Dr. Gail S. Brager, Professor of Architecture at UC Berkeley and Associate Director 

of the Center for Environmental Design Research, gbrager@berkeley.edu 

8- Dr. Malcom Cook, Supervisor of PhD studentship at Loughborough University in 

“Ventilation Effectiveness and Coronaviruses” - malcolm.cook@lboro.ac.uk 

9- Dr. Raquel Colacios, Architect and Assistant Professor at the UniversitatInternacional 

de Catalunya and Assistant Director of the Master degree in International Cooperation: 

Sustainable Emergency Architecture at UIC, rcolacios@uic.es  

10- Mr. Paul Cabrera, Architect, Médecins Sans Frontiers (MSF), 

paul.cabrera@barcelona.msf.org 
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11- Ms. Marta Peña, Architect, International Federation of Red Cross and Red Crescent 

Society (IFRC), marta.pena@ifrc.org- 

 

Other professionals in Lebanon will be interviewed as well, possibly from: 

- World Health Organization  

Dr. Iman Shankiti – WHO representative Lebanon 

shankitii@who.int 

- UN-Habitat 

Taina Christiansen 

Head of Country Programme 

unhabitat-info@un.org 

- CARE international  

- High Relief Commission (HRC) 
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Appendix III: GIS maps for Site Selection 
 

 

Figure III. 1: Population Density per Cadaster Map (Facebook Data for Good, 2020) 
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Figure III. 2: Socioeconomic Classification of Neighborhoods map (UNHabitat, 2020) 
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Figure III. 3: Public vacant lots and possible shelter locations 
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Figure III. 4: Buildings Exposure to Blast with Damaged Hospitals and Health Facilities (LRC, WHO, OCHA, 
Google, 2020) 
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Appendix IV: Results - Maps 
 

 

Figure IV. 1: Location and Weather data Template (by Author) 
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Figure IV. 2: Glazing specifications used for shelters(EERE Information Center, 2010) 

 

 

Figure IV. 3: Section of printed wall 
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Figure IV. 4:3D printed wall generated using DesignBuilder (by author) 

 

 
 


