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Abstract
Honduras faces the highest levels of economic inequality in Latin America, 66% of the population live in
poverty, 8.1% is the unemployment rate and 1.1 million the housing deficit. One million affordable housing
units need to be built to cover the shortfall, which is concentrated mainly in Tegucigalpa, San Pedro Sula
and Choloma. Building at least half a million new homes and improving about 600,000 that do not meet
the minimum conditions of habitability is what is needed in Honduras, particularly in the cities of San Pedro
Sula and Tegucigalpa is required.
In Honduras, the government has the goal to massify new low-income affordable housing developments
around cities, with an estimated 12,000 new households to be constructed across Honduras by the end of
2018. But as in most developing countries, sustainable design is not taken into consideration when it comes
to affordable housing developments, yet low income-families are highly affected from increasing energy
prices and environmentally related health issues. These large-scale projects could minimize local and global
environmental impacts and improve the quality of life of its inhabitants, if sustainable guiding standards
are embraced during design, construction, and maintenance. The rising cost of utilities are affecting lowincome families in “affordable” housing developments, the energy expenses force them to make hard
choices between basic needs or going back to informal settlements. For this reason, reducing operating and
maintenance cost should be a priority for low-income housing design
Passive design is any technology or strategy that increase energy-efficiency and thermal comfort by taking
advantage of the climate, without the need for expensive mechanical systems. The study analyses different
passive design strategies that are applicable for affordable housing developments. Such strategies are
orientation, shading, natural ventilation, daylight, and open spaces. The aim is to address energy efficiency
and thermal comfort by evaluating and suggesting solutions that improve the quality of life of low-income
families in affordable housing developments.
The application of passive design strategies showed a 44% reduction in electric utilities, a base case and a
proposed design was modeled in eQuest, energy modeling software. The results show a significant
reduction towards low-income families’ housing expenses.
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I.

Introduction to Affordable Housing Developments and related
problems in Honduras

As San Pedro Sula gets ready to deliver 12,000 units of new affordable housing by 2018, it is of high
importance to deliver high-quality, energy-efficient, and low-maintenance housing. The rising cost of
utilities are affecting low-income families in “affordable” housing developments, the energy expenses force
them to make hard choices between basic needs or going back to informal settlements. For this reason,
reducing operating and maintenance cost should be a priority for low-income housing design. Affordable
housing refers to housing units that are accessible or affordable by that section of society whose income is
below the median household income. But it is important to ask Do they fulfill the requirements to achieve
an adequate quality of life? Affordable for who? Affordable for how long? How does affordable housing
remain affordable?
Passive design is any technology or strategy that increase energy-efficiency and thermal comfort by taking
advantage of the climate, without the need for expensive mechanical systems. San Pedro Sula is located
15°N latitude, and has a typical tropical climate. San Pedro Sula is hot and humid, with small seasonal
changes throughout the year. The air temperature for the year ranges from 70 to 90°F, while the relative
humidity varies from 55 to 90%. Most of the low-income housing being built in San Pedro Sula is unsuitable
for a hot humid climate due to the lack of passive strategies in its design, therefore thermally uncomfortable
most of the time. The application of passive design strategies in affordable housing will benefit low-income
families with an efficient and suitable living environment. Through the application of passive design
strategies, the objective of this study is to; Reduce electric utility expenses of low income families by
applying passive design strategies in future developments, establish new and more demanding energy
efficient design standards for low-income developments and Reduce peak loads in the power networks of
the city and reduce blackouts.
This section describes the procedures and research carried out while looking for the elements and factors
that impact a sustainable affordable housing development in San Pedro Sula, Honduras.
First, the statement of the problem emphasizing on current housing problems. Then the literature review
regarding sustainability and its importance towards affordable housing. Subsequently, the hypothesis,
research questions, objectives, and the scale of the research project are accordingly exposed. At the end of
this section, a description of the selected methodology for this investigation is offered.
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1.1. Background
This section will introduce briefly the major factors in San Pedro Sula’s history that contributed to the
current housing situation, and relate to the relevance of the object of this study.
San Pedro Sula is in the north of Honduras; west of the Sula Valley. It is the industrial capital of Honduras
and the second largest after the capital, Tegucigalpa.

Figure 1. San Pedro Sula location in Honduras.

San Pedro Sula was founded on June 27, 1536. In 1893 General Domingo Vasquez, president of the
republic, created the department of Cortes and pointed San Pedro Sula as the departmental head. This was
due to the establishment of the banana industry, which was responsible of the city’s transformation. In
addition to the food industries at the time, other manufacturing including textiles, clothing, and electronics
and other consumer oriented products concentrated in the city due to its proximity to Puerto Cortes, main
seaport of the country (Leonard, 2011). By 1900 the population reached a total of 5,000 inhabitants. The
city started growing in activities and this resulted in the immigration of settlers seeking for job and
opportunities. It was the urban center of greater manufacturing and industrial production of the country. It
was during 1998 that Hurricane Mitch, one of the Caribbean’s strongest storms, pounded Honduras. The
hurricane caused around 9,000 deaths and around 33,000 homes were destroyed, another 50,000 were
damaged leaving 1.5 million people homeless (Tribuna, 2015). Before the hurricane 60 percent of the
population lived in rural areas, after losing almost everything most of the population started settling in urban
areas (San Pedro Sula & Tegucigalpa). These factors helped in making San Pedro Sula the most
industrialized and the second largest city in the country.
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1.2. Problem Statement
Migration has become a major urban challenge, towns and cities are expanding. Cities are in need develop
strategic actions to adapt and transform cities in an age of migration. That means housing, educating,
training, and ultimately integrating individuals from different backgrounds and cultures, while maintaining
public order and safety. Housing plays a significant cultural, socioeconomic, environmental, and political
role in the lives of individuals, households, and nation.
In developing countries, most growing cities fail to meet the housing needs of the population, especially of
that part of the society with low-income (Opoko, Ibem, & Adeyemi, 2015). As a strategy to mitigate this
problem governments have the goal to massify affordable housing developments around cities. This study
will address the problem low income families and housing expenses related to electric consumption.
Affordable housing refers to housing units that are accessible or affordable by that section of society whose
income is below the median household income. In Honduras, the government applies a substantial
investment to resolve the problem of the housing deficit, which exceeds the one million 138 thousand
housing units in the nation (Torres, 2017). The state gives priority to improve the quality of life of the
vulnerable population by giving access to subsidies for the purchase of housing. This effort aims at the
delivery of a decent housing for an important segment of the population, which belong to the country’s
most exposed quintiles. In 2016 construction rate report, residential construction increased by 4.4% due to
the construction of affordable housing projects in Honduras. According to la C.H.I.C.O (camara hondurena
de la Industria de la Construccion) more than 23 thousand houses would be built in 1700 different projects.
More than 50% of this are meant for people with low income (Mejia, 2015).
Although a house of their own sounds promising, affordable-social housing development need to be much
more than four walls and a roof, it should fulfill the requirements to achieve an adequate quality of life for
their people. The components to adequate housing can be listed as legal security of tenure, availability of
services, materials, facilitates, and infrastructure; affordability; habitability; accessibility; location and
cultural adequacy (Thiele, 2002). Current affordable housing developments do not achieve the
requirements, resulting in an unsustainable living affecting the cities and population growth.
With the rapidly increase in population and housing prices, governments have focused in building sufficient
affordable houses to meet the forever increasing demand. There is a concern of the livability aspect on
affordable housing developments, mass construction of these houses is the main goal whereas the livability
aspect has been compromised. Issues such as safety, affordability, accessibility to health facilities and
location directly affects the economic growth of the low-income families. Sustainability is significant for
any development, but particularly crucial in affordable housing. It helps ensure that the building not only
have a minimal impact on the environment, but that they continue to be affordable and livable for resident
for years to come. Sustainability in affordable housing can promote equity and blur those invisible lines
segregating our society by integrating social, environmental, and economic concerns.
In Honduras, the main concern of the population is the location of the projects, long distance from their
work and no access to quality education, which is why 70% of them refuse to relocate (Zapata, 2017).
People prefer to stay on their previous settlement, in San Pedro Sula more than 18,000 families keep living
in informal settlements. That is, more than 100,000 inhabitants around 15% of San Pedro Sula’s population
(Lobo, 2017). To access housing costs affordable housing projects are built at the edge of the metropolitan
area with a lifestyle that center around car trips and public transportation, generating more costs and
pollution in the environment by emitting more carbon dioxide emissions, increasing greenhouse gases in
the atmosphere. Besides the cost, insecurity is a critical issue regarding public transportation,
10

there is a reduction between 50 and 60% of travelers in buses and taxis, population for fear of crime seeks
other alternatives to mobilize (Fernandez, 2015). Due to these circumstances, low-income families either
invest in getting a car or risk their lives by using public transportation.
The quality of affordable housing facilities continues to be a problem, and is blamed for contributing toward
social exclusion. Many areas have high crime rates and are poorly resourced (Ly, 2010). A neighborhood’s
physical characteristics can promote health and social integration by providing safe places for people to
interact that are free form crime, violence, and pollution. Affordable housing developments in San Pedro
Sula demonstrate an evident failure to provide these spaces as shown in Figure 2. There are no design
criteria, communal spaces are poorly plan and located in spaces where they can’t build more houses
exposing them to crime related issues.

Figure 2. Communal Space in Bosques de Jucutuma, San Pedro Sula. - (Michell Fernandez, 2017)

Conditions within the house are critical, families are limited to 35-50 m² which is a small space and no
room for organized future expansion. A stand-alone house or single-detached dwelling is common in
affordable housing developments, meaning that each family has the house on its own parcel of land. The
single-detached dwellings have a lot of 150 m² which gives a very reduce space to growth between the
house and the zoning required setbacks. These developments are built at the edge of the metropolitan area,
where land is cheap and municipalities zoning determines the construction type and results in low density,
rigid urban forms, and sprawl. The land use in affordable housing developments is critical for both low
income families because housing prices consist partially of land costs, and smart growth in the city to avoid
sprawl. It is necessary to move to a more efficient use of land than single-family residential and analyze
different design typologies alternatives for low-income families that will encourage sustainability along the
neighborhood and the city of San Pedro Sula.

Figure 3. Physical Conditions of Housing Units. - (Michell Fernandez, 2017)
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Housing encompasses a substantial portion of the built environment in Honduras, the importance of
sustainable development must be considered as populations continue to grow and stress cities’ resource and
housing allocations. It is urgent to move to a sustainable and meaningful approach to achieve more rational
use of energy resources available, which is why energy efficiency in homes is an important goal. Design
plays an important role in energy efficiency, architects must ensure the optimum performance of buildings.
Designing energy efficient affordable housing seems to be complex to many developers, limited budget,
tight timelines, poor design doesn’t take into consideration climate responsive strategies that will passively
reduce consumption and improve comfort. Thermal comfort is often ignored, and the house ends up being
uncomfortable and expensive to live because of the high energy rates.
The residential sector in Honduras is the most consumed at national level, representing a 52% of the national
consumption. In major cities of Honduras such as San Pedro Sula, consumption in the residential sector is
mainly by Illumination representing a 17% of energy consumed and air conditions a 40% (Baquedano,
2016). Rapidly escalating energy costs exacerbate the economic condition of low-income families due to
building inefficiency. In response to the elevated prices for electricity and low thermal comfort in the
houses, low-income families choose to illegal use of energy. The theft of electric power has been detected
in all the cities of the country but mainly in the two big cities, Tegucigalpa, and San Pedro Sula. About
L67.8 million monthly loses the national electric power company for the theft of energy in San Pedro Sula
(Baquedano, 2015). Energy prices and consumption continue to increase, high temperatures make it
impossible to be comfortable inside a low efficient house design. After transportation, energy is the second
most cost burden for low-income families. Efficiency should be a design priority, by paying less on utilities,
residents living on lower incomes will be able to purchase other necessities and will exert less demand on
the local power grid, preserving energy for the future use in the community.
Measures to provide affordable housing ignores the fundamental principle that housing comes with the
same standards as it would for median and high-income families, it also under-appreciates the lifestyle and
cultural values of the targeted population.
Therefore, given the characteristics outlined above, affordable, and sustainable housing solutions for lowincome families are urgently needed in Honduras. This study focuses in the development of sustainable
guidelines for a conceptual low income affordable housing community in San Pedro Sula, Honduras. This
research will serve as a pathway to overcome environmental, social, and economic challenges in affordable
housing developments. The results will outline sustainable multi-dimensional design strategies that
significantly improve the occupants’ quality of life and reduce living expenses of low-income families.
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1.3. Literature Review
Sustainable development has been embraced by the United Nations (1987) as a major guiding standard for
economic, environmental, and social development that aims to fulfill ‘the needs of the present without
compromising the ability of future generation to meet their own needs’. Sustainability is an integrative
concept in which environmental, social, and economic aspects should be considered as three central
dimensions for the wellbeing of present and future generations (Hansmann, Harald, & Frischknecht, 2012;
Boyoko, Cooper, Davey, & Wootton, 2006). These three dimensions, known as the three pillars of
sustainability, considers sustainable development involves the contemplation of the natural environment,
human wellbeing, and economic capital. However, the current practice in developing countries is missing
important socio-cultural and environmental factors, especially for low-income families in affordable
housing developments, which fail to integrate these sustainable indicators and results are neither sustainable
nor affordable (Muazu & Oktay, 2011).
Green design is not taken into consideration when it comes to affordable housing developments, yet low
income-families are highly affected from continually increasing energy prices and environmentally related
health issues (Himes, 2007). According to Attia (2013) housing has a considerable impact on the
environment as well, identified as responsible for high greenhouse gas emissions, extensive energy and
material use, waste production and urban sprawl. Affordable housing projects are a necessity in every
country to fulfill the growing population housing demand. According to Winston & Pareja (2008) these
large-scale projects could minimize local and global environmental impacts as well as to improve the
quality of life of its inhabitants, if sustainable guiding standards are embraced during design, construction,
and maintenance. In this context, Boehland (2006) agreed that housing shouldn’t be considered as a onedimensional issue but as an integrative concept that is environmentally responsive, socially just, healthy,
and affordable. Nevertheless, current projects are more focused and concerned in providing affordability
based on short term solutions that result in poor housing quality, social segregation, and strong
environmental impacts (Ahmed, Sager, & Cuong, 2010). The literature supports sustainability as an
integrative concept, in this sense, Winston (2007); Arman, Zuo, Wilson, Zillante, & Pullen (2009) stated
that sustainability seeks to protect and enhance affordable housing environment, society, and economy
through:
• Economical: Affordability, meaning that rent or mortgage repayments do not exceed 30 percent of
household incomes, convenient location ( access to jobs, education, healthcare, etc..) & economic
bouyancy.
• Social: Promote equity, social cohesion & cultural diversity.
• Environmental: Higher densities, materials, energy efficiency, passive design, water conservation
and waste management.
However, as Muazu & Oktay (2011) expressed, every city is different in terms of size, population growth
rates and their economic, social, cultural, political, and environmental settings. It results hard to integrate
all these characteristics in one development, priorities differ in relation to sustainability and development
from place to place, there is no uniform response to affordable housing challenges. But, it is necessary to
establish goals and define priorities within a context of seeking sustainability in affordable housing projects.
In San Pedro Sula, the rising cost of utilities are affecting low-income families in “affordable” housing
developments, the energy expenses force them to make hard choices between basic needs or going back to
informal settlements. For this reason, reducing operating and maintenance cost should be a priority for lowincome housing design.
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Passive approaches to low-energy affordable housing (2017) defines passive design as any technology or
strategy that increase energy-efficiency and thermal comfort by taking advantage of the climate, without
the need for expensive mechanical systems. The most effective passive design strategies can be defined in
the early design stages. Orientation, location on site, modifying the microclimate and natural ventilation
may potentially reduce energy consumption of a house by 20 percent (Morrissey, Moore, & Horne, 2011).
In hot-humid climates such as the one in San Pedro Sula, design considerations should focus in
incorporating strategies that minimize internal heat gains and maintain thermal comfort during overheated
periods (Bhikhoo, Hashemi, & Cruickshank, 2017) .
This research is focused on identifying areas for improving the thermal performance of these low-income
housing designs. The aim is to address energy efficiency and thermal comfort by evaluating and suggesting
solutions that improve the quality of life of low-income families in affordable housing developments.
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1.4. Case Studies
The following case studies are in Latin America, one in Mexico and the other will analyze an affordable
housing development in San Pedro Sula, Honduras. The purpose of this section is to investigate how
sustainable affordable housing is being implemented and learn from them as well to recognize the failures
and how can we improve.

1.4.1. Elemental’s Monterrey Social Housing
The project was design by the architecture firm “Elemental” whose founder is Alejandro Aravena, winner
of the Pritzker Architecture Prize in 2016 because of his dedication to improve urban environments and to
address the global housing crisis. One of the strongest approaches this project has towards a sustainable
development is the location. The project was developed in a middle-class neighborhood on a site in Santa
Catarina, one of the industrial areas in the city. Las Anacuas is located in an urban context rather than in
the suburbs of the city, allowing people to avoid long commutes and proximity to their jobs, school,
commercial, etc.
The duplex concept departs from the single unit dwelling which is typical in affordable housing projects in
Latin America. The efficient use of land allowed the project to accommodate 70 housing units without
compromising the quality standards. The layout and duplex concept allows a central green space with
proximity to the houses which make stronger social connections, enhance the community space, and fosters
the collective sense of a shared space. Although the strategy creates this central courtyard with recreational
activities there is a sense of lack of privacy mainly in the first floors which are facing directly to the open
space.

Figure 4. Monterrey Affordable Housing by Elemental. Source: www.archdaily.com
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Elemental principle is not to give a low standard house but to build half of a good adequate house, in this
way residents can increase the size of their units according to their budget and needs. They build the basic
house including bathrooms, kitchens and stairs but leaving voids that allow resident to adapt and expand
each property themselves, so that expansion happens thanks to the design and not despite it.

Figure 5. Alejandro Aravena Incremental Housing Philosophy. - (Modified After: www.archdaily.com )

Although the project has a great initiative to a sustainable development taking into consideration social,
environmental, and economic factors, it needs a more profound approach towards design in conformity
with climate. For this, it is essential to understand the microclimate of the site, and adapt the design
buildings that relate properly to their environment to achieve human thermal comfort and energy efficiency.
Some of the climate responsive strategies used in the project are listed below:
▪ White Color Envelope and Roof: The American Society of Heating, Refrigeration, and Airconditioning Engineers (ASHRAE) states that the heat gain through a white roof is half of that of
a black roof, and the heat gain through a white wall is two-thirds that of a black wall. Thus, in hot
climates, the walls should have a light color and the roof should be white to reflect the sun’s heat.
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▪

Attached Houses: By sharing walls, attached units can significantly reduce the amount of exposed
surface area. These shared walls are not exposed to direct solar radiation, meaning less surface
exposed to heat gain like in Elemental’s affordable housing in Monterrey, Mexico.

Figure 6. Envelope Solar Exposure Diagram, Monterrey Housing. - (Modified After: www.archdaily.com )

▪

Few and Small Windows: windows are essential in any building design, it allows the passage for
ventilation, daylight, views, and sound which creates a connection between the indoors and the
natural world beyond. But in terms of energy efficiency windows account for about 30 percent of
the heating and cooling load of a building, and they have a large impact on thermal comfort because
of their effect on the mean radiant temperature (Lechner, 2015). The experience and comfort in a
building is related to the air temperature and the temperature of the surfaces in the space (MRT)
one of these surfaces are windows.
Dimension and location of windows are crucial to reduce heat gain through them. Windows should be
placed all or most on the north and south facades, if windows are needed on the east and west they should
be as few and small as possible. That is the case of Las Anacuas housing design by Elemental, due to the
rectangular shape and orientation of the site, windows needed to face mostly east and west, so they kept
them small and few through the façade.
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This section is dedicated to analyzing some design approaches that were not successful in terms of energy
efficiency and environmental impact. The above mention strategies would’ve been more efficient and
beneficial if they have taken the following factors into consideration:
Building Orientation
A building cannot be energy efficient if it is not solar responsive.
Each orientation faces a very different environment. The climate responsive strategies need to be taken into
consideration since the site selection. Las Anacuas selected site has a rectangular form with the long axis
facing east and west, which defined the orientation of the housing development. Access to winter sun and
avoidance of summer sun are directly affected by the orientation of the building. When windows face south
and north, solar energy collection, shading and daylight can all be maximized at great savings of both energy
and money. Due to the existing building orientation, the long facades and all windows are facing east and
west which receives the major solar radiation throughout all day. No windows on north and south since it
is an attached development having one common wall.

Figure 7. Las Anacuas Housing Orientation.

It is hard to control heat gain and sunlight through east and west facing windows when the sun is at such
low angle in the sky. Optimum building orientation is essential for every project, particularly in affordable
housing projects were utilities cost implicates a huge burden to residents. Orientation is the most valuable
energy-saving strategy with no additional cost for the project, if well planned since the beginning taking
into consideration site selection, design form & geometry, windows size, and location.
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Window Position
Even though the windows in the project remain small compared to the façade area, the position in which
they are placed are inconvenient since they receive higher solar radiation. East and west windows should
be avoided, but if they need to exist it is better to make them as short as possible because they are easier to
shade with overhangs. Figure 8 shows why landscape orientation or ribbon windows are more convenient
than a portrait window orientation.

Figure 8. Windows in East and West Facades.

- (Michell Fernandez, 2017)

Shading
Each orientation requires a different shading strategy, to avoid direct solar radiation and stay comfortable
during overheated periods. From a shading point of view, east and west windows are best avoided, the sun
is so low in the sky that it is difficult to rely only on shading devices for these facades. The problem with
Las Anacuas design is that besides of having east and west direct exposure through windows, there is no
intention of shading devices or strategies for the facades as shown in Figure 9 .

Figure 9. East and West Exposed Facades in Las Anacuas Housing Design. Source: www.archdaily.com
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1.4.2. Bosques de Jucutuma
Housing represents a system of social and material relationships, which is simultaneously arranged at the
different spatial scales (homes, surrounding neighborhoods, settlements, regions, countries) and which,
therefore, requires a corresponding hierarchy of sustainable interventions. Developing countries rarely
address the social, cultural, environmental facets of housing in an integrated policy. The accommodations
provided by public-private programs often are constructed and design under poor standards, remote
locations, and no consideration of residents’ cultural and social lifestyles.
Bosques de Jucutuma is an affordable housing development located in San Pedro Sula, Honduras. It has
approximately 1,080 dwellings facing socio-cultural, economic, and environmental challenges affecting the
city and its inhabitants’ sustainable growth. The analysis will be done based on the three pillars of
sustainability to identify physical and social structure areas of improvement and aim to a more sustainable
future.

Figure 10. Bosques de Jucutuma Affordable Housing Development in San Pedro Sula.

Within the neighborhood context, one of the main concerns regarding affordable housing developments is
their location. From and environmental point of view, communities located far from the urban center result
in long commute distance thereby carbon dioxide emissions and air pollution. But the most critical aspect
about location is on the impact the long distance from jobs and education creates on the residents.
Transportation represents a major cost-burden specially for low income families, reason low-income
families in San Pedro Sula prefer to stay in slums rather than affordable housing developments. Bosques of
Jucutuma is located 10 miles away from the city’s center and no close access to public transportation.
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To access housing costs affordable housing projects are built at the edge of the metropolitan area with a
lifestyle that center around car trips and public transportation, generating more costs and pollution in the
environment by emitting more carbon dioxide emissions, increasing greenhouse gases in the atmosphere.
These low-density and monofunctional communities result in urban sprawl which create negative
environmental impact as well. Some issues that raise regarding sprawl are efficiency and equity concerns:
unproductive congestion on roads, high levels of metropolitan car pollution, the loss of open space
amenities, and unequal provision of public goods and services across sprawling metropolitan suburbs that
give rise to residential segregation and pockets of poverty. This is the case for all affordable developments
in San Pedro Sula, Honduras as seen in Figure 11. More than five low-income projects are in the southeast
part of the city were the land is cheap. The future project the government have in plan are no different form
the existing and there is an urgent call for a change in affordable projects towards sustainable development.

Figure 11. Location of Affordable Housing Developments in San Pedro Sula, Honduras.

Asides from the location, affordable communities face challenges within the neighborhood scale such as
lack of access to designed open spaces, accessibility and spread development which creates considerable
impacts socially, environmental, and economical. In this section, the author will analyze the physical
components of the built environment such as housing, landscape, and connectors (sidewalks & bikeways)
from a social, environmental, and economic point of view.
•
•
•

Social: There is a visible segregation in affordable housing developments creating a conflict in the
persons health and wellbeing.
Environmental: Conventional building practices are extremely resource intensive and have a
substantial negative Impact.
Economic: rapidly escalating energy costs exacerbate the economic condition of low-income
families due to building inefficiency. Further, low-income families are often constrained by limited
transportation options because of where affordable housing is located.
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The houses range from 35-50 m² in a 145m² lot, with a single-detached dwelling type. the single-detached
dwelling unit is not favorable to affordable housing developments due to the irrational use of land. The
houses have a 1.20 m setback from the property line, most of the residents build a dividing wall for security
and privacy measure which result in a 1.20m wide aisle with no usable function. Figure 12 shows the
inefficient use of land, within the small lots and the setbacks it becomes difficult for residents to expand
their houses and spaces in between houses are so minimal that are of no use.

Figure 12. Housing Density in Bosques de Jucutuma, SPS. - (Michell Fernandez, 2017)

The single detached-dwelling typology also has an impact on the energy performance of the house and
thereby on the utility cost and expenses of the owners.
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1.5. Research Question
This research is driven by existing gaps in the literature. Sustainability has been known as and integrative
approach, but when it comes to affordable housing developments there is a lack of studies focusing in
solutions and integrative strategies (social, environmental & economical) to achieve sustainability in low
income affordable housing communities.
o Could sustainability in affordable housing communities be achieved in San Pedro Sula, Honduras?
o What are the components necessary in affordable housing communities for sustainable
developments?

1.6. Significance of Study
The increasing demand accompanied by governmental interest has resulted in a rapid growth in the number
of affordable housing projects, with an estimated 12,000 new households to be constructed across Honduras
by the end of 2017.The growing demand for low-income affordable housing justifies the need for more
effective and sustainable approaches. The findings of this study will benefit different groups, this section
will provide a brief description on the various significances of the study given the problems of San Pedro
Sula, Honduras regarding low-income affordable housing projects:
▪

▪

▪

▪

Government (city scale): The propose study serves the respective city authorities to take a step
closer to the 2025 vision: “To lead San Pedro Sula to be a competitive city, through effective,
transparent, efficient municipal management supported by sustainable design/technology to
promote the participation of all sectors; committed to the sustainable development of its
inhabitants, under a leadership based on human values and principles that ensure improvement
in the quality of life of the population”. The development of affordable housing projects, aimed at
a sustainable design, is a key component to comply with the city’s 2025 vision. This study will help
them identify the elements necessary for a sustainable development and establish new and more
demanding design and construction standards.
Architects/Developers: The findings of this study will be serving the design team as their reference
or guide towards an adequate affordable housing design. The information presented will enable
them to act accordingly on different projects, because as early as now, through this research study,
they will be able to see the effects, benefits, and advantages of sustainable design. Also, the
presented framework will allow them to assess and evaluate current housing projects and facilitate
them to formulate sustainable efficient strategies in existing developments.
Low income families: The application of this guidelines in the design and construction phase will
benefit low-income families with an efficient and suitable living environment. The guidelines
ensure affordability, physical qualities of the units, adequate physical characteristics of the
neighborhood environment and a more equitable society.
Future researchers: This study can provide baseline information to uncover critical areas such as
the use of technology in affordable housing without elevating the price costs.

23

2. Research Development & Methodology
A mixed-methods approach has been used in the research accommodating both qualitative and quantitative
data collection methods. This research first examines the affordable housing sector in San Pedro Sula,
including the social and physical components by site visits and individual interviews conducted over the
summer of 2017 with residents of Bosques de Jucutuma. Secondly, further energy modeling tools analyze
the context of energy efficiency. The eQUEST software, a building energy simulation and analysis tool that
models the thermal, visual, ventilation and other energy consuming processes to predict its energy and
environmental performance.
The possible models of affordable and sustainable housing derived from this research are intended to
suggest conceptual aspects only and not physical design solutions. Figure 13 is a first approach to
understand the parameters and components of sustainability in affordable housing developments.

Figure 13. Framework to achieve sustainability in affordable housing projects.

- (Michell Fernandez, 2017)

24

2.1. Project Description & Interpretation
As San Pedro Sula gets ready to deliver 12,000 new units of new affordable housing by 2018, it is of high
importance to deliver high-quality, energy-efficient, and low-maintenance housing. This section analyzes
several components that are applicable to achieve a sustainable low-income affordable housing
development.

2.1.1. Housing Typology
Most of Honduras’s population -78 percent- now lives in metropolitan areas, but due to social and economic
inequalities, population and employment continue to decentralize, and density levels continue to decline at
the city outskirts. The establishment of residential communities on the outskirts of a city, known as
suburbanization, is a trend that echoes the preference of city inhabitants to live in detached single-family
homes and long commute distances from city centers. For low-income families it is not a matter of
preference, due to high land cost they are forced to live far were land is cheap and access to jobs and
education is automobile-dependent. Yet these dispersed, automobile-dependent development patterns have
come at a cost, consuming vast quantities of undeveloped land; increasing the nation’s dependence on
petroleum, particularly imports; and increasing greenhouse gas (GHG) emissions that contribute to global
warming. There is a clear understating on why people live on the suburbs, cost of living, recreational and
outdoor activities, and privacy. This lifestyle is accessible for those who can afford it, have a big house with
big lawn and a car to get around almost everywhere but not the case for low-income families. Figure 14
shows the difference between high and low-income families physical space in the suburbs of San Pedro
Sula, single-unit dwelling typology is not functional for affordable communities since it violates every
reason by which people do prefer living in the urban fringe. Analyzing adequate housing typology is a great
matter for affordable housing developments, the typology needs to fulfill affordability restrictions without
compromising social conditions within the community. This research studies a housing typology - lowrise/high density – as a way of sustainability for affordable developments.
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Figure 14. Suburbs' Lifestyle by Economical Income.

- (Michell Fernandez, 2017)

Dense communities are more efficient, equitable,
and
vibrant.
Figure 15 shows how moving away from a single unit dwelling and start studying different typologies can
result in efficient land use, avoid sprawl, and ensure sustainable development. Compact development is an
important component for sustainability to conserve land, promote livability, walkability, and transportation
efficiency. Achieving higher densities in affordable housing can be challenging since high rise construction
is often more expensive to build. High rise developments have also been associated with negative social
impacts in comparison to other dwelling types particularly frequency of contact with neighbors (Kearns,
Whitley, Mason, & Bond, 2012).
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Figure 15. Variation of Housing Typology. - (Michell Fernandez, 2017)

Low-rise/high density developments are dense enough to achieve urban benefits such as access to public
transportation and civic and commercial amenities, while also providing a sense of individual identity for
residents and accommodating an integration of open space, the type attempts to combine the benefits of
urban and suburban living. This type of housing serves three functions: 1) to intensify land use as urban
growth escalates by providing higher density; and 2) to improve living conditions by using suburban
housing characteristics such as more open space, more daylight, and a closer connection to the ground 3)
reduce energy consumption within the units. A compact design will minimize the surface and result in less
solar exposure of the envelope.

2.1.2. Energy Conservation
In developing countries such as Honduras, the delivery of adequate low-income housing has historically
been compromised, cost and quality being a priority over quality and comfort. In a country known by its
hot and humid temperatures throughout the year, buildings need to be adaptable to the climate to improve
the thermal comfort and quality of life of its inhabitants. This section is focused on identifying areas for
improving the thermal performance of these houses through passive design.
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The increasing cost of utilities can make low-income houses unaffordable, or force the residents to sacrifice
basic needs. There is an evident necessity for energy-efficient affordable housing models that improve
performance and provide better quality living environments (Winnipeg, 2017). Passive design is a design
approach in which buildings takes advantage of the climate and can significantly reduce energy
consumption, while creating a thermally comfortable, attractive, and healthy living environment. To
achieve thermal comfort, it is necessary to avoid heat gain and apply passive cooling strategies. Minimizing
heat gain can be achieved through appropriate use of shading, orientation, color, vegetation, daylight, and
the control of the internal sources. The following strategies were selected as key parameters that influence
thermal performance in housing and do not represent an increment in the project’s budget.
Optimize Orientation
Buildings main function is to provide shelter. As Rashid, Ahmad, Malik, & Ashraf (2016) states, “buildings
act as a barrier between the indoor and outdoor climate conditions”. Different energy conservation strategies
depend upon the climate of an area or region, function, and orientation. Orientation can be the most valuable
parameter for passive design, with no cost for the project if optimized early in the design, taking into
consideration the site, form & geometry, windows size, and location. For a hot-humid climate and
geographical location such as the one in San Pedro Sula, optimum orientation should be long axis facing
north & south. The reason is that the amount of solar radiation received by the window on North and South
is less than that received on East and West. Figure 16 shows a shadow pattern relative to the day and time,
June 21 at 9:00 am, 12:00 and 3:00 pm which are the most critical times of the day.

Figure 16. Solar Exposure of Houses in Bosques de Jucutuma. - (Michell Fernandez, 2017)

Figure 17 demonstrates solar exposure of west facades on June 21 at 3:00 pm. Long axis facing east and
west receives direct solar radiation on the roof and west façade. The example shows Bosque’s of Jucutuma
houses typical orientation A (long axis facing east and west) on the left and B at the right the optimum
orientation, long axis facing north and south. In case A 30m²/322sq.ft is exposed to direct solar radiation
whereas on the right only 17m²/172sq.ft.
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Figure 17. Direct Solar Radiation of West Facades in Bosques de Jucutuma. - (Michell Fernandez, 2017)

Building Shape and Window Placement
Ideal house orientation is one that runs along an East-West axis, but orientation alone can’t ensure optimized
energy performance. Window placement and size make a significant difference to the levels of energy
efficiency. Windows oriented in the right orientation can significantly reduce heat gain and improve thermal
comfort, especially in hot climates. Windows facing east and west as shown in Figure 17 are responsible
for excessive solar gains in overheated periods. High solar radiation is shown in red, north, and south receive
less direct radiation than that received on east and west. For this reason, these orientations are considered
critical and can be handled only through appropriate orientation, building shape and window design. Figure
18 shows an example in which orientation is optimum but because of the incorrect placement of windows
the building receives excessive heat gain through east and west facades.

Figure 18. Building Shape and Window Orientation. - (Michell Fernandez, 2017)
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Natural Ventilation
In hot and humid regions, maximizing natural ventilation is a priority to increase evaporation from the skin,
provide an acceptable indoor air quality, increase thermal comfort, and thereby reduce energy consumption
(Masoumi, Nejati, & Ahadi, 2017;2016). ISO 7730 states that “thermal comfort is that condition of mind
that expresses satisfaction with the thermal environment.” To achieve thermal comfort through natural
ventilation the design needs to consider influential factors such as landscape/topography, nearby vegetation,
buildings and other structures, geographical location, and climatic elements.
San Pedro Sula is located 15°N latitude, and has a typical tropical climate. San Pedro Sula is hot and humid,
with small seasonal changes throughout the year. There are three recognizable, although not completely
distinct, seasons. The hot summer months from April to August are characterized by a high sun angle, high
temperature, and north wind. The rainy season from September to November has a lower temperature but
a higher humidity than the summer months. The remaining months, November to February, are the winter
months, where the sun angle is the lowest and the temperature is moderate. The air temperature for the year
ranges from 70 to 90°F, while the relative humidity varies from 55 to 90%. Most of the low-income housing
being built in San Pedro Sula is unsuitable for a hot humid climate due to the lack of passive strategies in
its design, therefore thermally uncomfortable most of the time.
Table 1 shows analysis of 25-year weather data shows that natural ventilation is suitable year-round in San
Pedro Sula from 7:00pm to 8:00 am were dry bulb temperature does not exceed 80ºF (26°C). Givoni (1992)
& Lechner (2015) shows that maximum suitable outdoor air temperature for natural ventilation is between
82ºf (28ºC) and 86ºf (30ºC). Relative humidity is an influential factor, in terms of thermal comfort, relative
humidity should be below 60 during underheated periods. High humidity levels make it hard for the body
to cool itself through sweating. The small diurnal range (below 20ºF or 11ºC) as shown in Table 1, results
in nighttime temperatures that are not cool enough to significantly cool thermal mass. The best strategies
for hot and humid climates are heat avoidance and maximizing natural ventilation during day and night.
Table 1. Analysis of San Pedro Sula's Weather Data. - (Michell Fernandez, 2017)
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Figure 19 shows a psychrometric chart plotting multiple data points of average conditions per month. It can
be observed that during months like October, November, and March the conditions are already within the
comfort zone without the wind effect included. The comfort zone is defined as the range within occupants
are satisfied with the surrounding thermal conditions. The rest of the months it is necessary to apply passive
design strategies to achieve thermal comfort, such as natural ventilation.

Figure 19. Average Monthly Psychrometric Chart Conditions for San Pedro Sula.

Ventilation in this type of climate is not intended to cool the house but to cool people by passing air over
the skin therefore increasing evaporative cooling on their skin which creates a physiological cooling effect
known as comfort ventilation (Lechner, 2015). Comfort ventilation is more efficient when there is certain
control over the temperature of the incoming air, the lower the outdoor air temperature is the better. During
overheated periods in San Pedro Sula, average maximum temperature can reach 93ºf (34ºC), which is too
warm to exploit outside air for natural ventilation. Therefore, the microclimate around a building must be
modified and improved for the use of natural ventilation. The microclimate of a region has a great impact
on the thermal comfort inside a space, surroundings such as asphalt street contribute to heat island effect
and affect communities by increasing summertime peak energy demand, air pollution and costs. The use of
vegetation and shading structures can mitigate heat island, it decreases the outdoor air temperature by direct
shading of surrounding surfaces, reducing the heat gain through evapotranspiration of plants and therefore
reducing energy cooling demands (Lee, et al., 2017); (Dimoudi & Nikolopoulou, 2003).
The following section will demonstrate how microclimate surrounding low-income housing developments
can be modified to decrease the outdoor air temperature and thereby provide comfort ventilation for users
inside the space. strategies such as central courtyards will be reviewed and study for this section, and how
they influence on outdoor and indoor human thermal comfort.

31

Modify Micro-climate
Figure 20 shows how surroundings such as adjacent buildings, ground type, paved surfaces etc. significantly
impact the microclimate around a building and the indoor thermal comfort of a space or building. Comfort
ventilation in this context is not possible since exposed areas such as asphalt roads and building materials
are creating a heat island effect, overheating the surroundings, and reflecting radiation towards the building
during the day, and at night they will reradiate the heat stored during the day. People in low-income housing
developments in San Pedro Sula are constantly exposed to uncomfortable ambient due to poorly efficient
design of housing.

Figure 20. Bosques de Jucutuma microclimate and impact on indoor thermal comfort.

- (Michell Fernandez, 2017)

External spaces need to be designed as carefully as the building itself. In climates such as the one in San
Pedro Sula, evergreen trees can strategically used to modify a building surrounding microclimate and cool
the temperature down for comfort ventilation. Passive cooling on the building scale can be achieved through
blocking of heat entering the building (shading) and the removal on internal heat to the outside (natural and
cross-ventilation).Trees canopy provide shade, which reflects direct sunlight and avoids overheating walls
and hard surfaces such as roads. Figure 21 shows how a cool microclimate helps indoor and outdoor thermal
comfort. In residential/sub-urban areas with large areas of vegetation with evergreen canopy trees, the
cooling effect of trees due to heat avoidance and evapotranspiration can be up to 10ºF (5.6ºC) (Simpson &
McPherson, 1996).Moreover, changing the ground material from concrete to grass, or water-permeable
blocks or gravel, can improve the microclimate. Also, spaces in between or courtyards are able to enhance
air circulation through principle of stack effect ( air movement driven by bouyancy). After air passes
through the interior of the houses it heats up and sarts rising, the outdoor courtyard allows this air to escape.

Figure 21. Shaded open courtyard to improve outdoor/indoor thermal comfort.

- (Michell Fernandez, 2017)

The use of passive cooling strategies can significantly improve human thermal comfort and reduce energy
costs in low-income affordable housing developments in San Pedro Sula. The following section analyzes
important factors to achieve natural and cross ventilation inside the house. Factors such as wind direction
and wind speed are crucial to apply this passive cooling strategy. The design of the house regarding layout,
orientation, roof shape and height will be studied, and optimum solutions will be proposed to improve
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comfort in low-income affordable housing developments as well as to lower the energy consumption of
cooling loads.
During the design process it is necessary to enhance ventilation by adequate position of windows and
buildings’ layout taking in consideration the speed and direction of the wind in the site. Prevailing winds
in San Pedro Sula come from the north, and wind speeds between 16.00 – 20.00 mph as shown in the wind
rose analysis of Figure 22. For natural ventilation in hot and humid climates, higher air speeds may be
desirable to improve subjects' thermal comfort.

Figure 22. Wind Rose Analysis for San Pedro Sula, Honduras.

- (Michell Fernandez, 2017)

Based on the climate and location analysis of San Pedro Sula, this section will analyze suitable ventilation
principles for low-income housing. According to Kleiven (2003) there are three essential aspects of natural
ventilation. These three aspects are known as driving forces, ventilation principle and characteristic
ventilation element as shown in Figure 23. Natural driving forces can be either by wind, thermal buoyancy,
or a combination of both. The ventilation principles are design strategies meant to exploit the natural driving
forces to ventilate a space, such as cross, stack and single-sided ventilation. Characteristic ventilation
elements are known to release ventilation it could be achieved through atriums, double facades, wind
scoops, etc.

Figure 23. Different Ventilation Principles for Natural Ventilation.

- (Michell Fernandez, 2017)

The key to optimize natural ventilation are shape, internal layout, and orientation, as well as sizing and
placing openings appropriately for the climate.
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Cross & Stack Ventilation
The layout has a great influence of the air movement through the house, Figure 24 shows two scenarios, A
being the typical layout for houses in affordable housing developments and B the optimum design for
enhancing natural ventilation

Figure 24. Airflow Diagram with Different Layouts and Orientations.

- (Michell Fernandez, 2017)

In layout A walls are running perpendicular to the air flow, placement, and orientation of walls within the
building is important since this could obstruct or change the course of airflow as shown in Figure 24.
Another important aspect in Bosques de Jucutuma house prototype is that there is no inlet on the highpressure zone thereby no ventilation occurs inside the house. The opening and layout in diagram B optimize
the air flow through the building. Windows or vents placed on opposite sides of the building give natural
ventilation a pathway through the structure. This is called cross-ventilation. This type of ventilation results
effective because air is both pushed and pulled through the building by a positive pressure on the windward
and a negative on the leeward.
In addition to cross-ventilation, houses can also take advantage of stack ventilation. This creates a natural
air flow; hot air is exhaled from a higher outlet of the house and fresh cool air is introduced from the bottom,
also referred as chimney effect (Xin & Liu, 2011). Hot air rises because it has a lighter density than colder
air, the hot air can be exhausted from the top.

Figure 25. Analysis of low-income housing and stack ventilation strategy. - (Michell Fernandez, 2017)
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Roof Ventilation
The height and shape of the roof can help exhaust hot air. In hot-humid climates with rainy seasons it is
preferable a sloped roof for proper drainage of water as well as effectively induce ventilation and draw hot
air out, if properly designed. Conditions in low-income housing design allow for heat to be transmitted
through the roof building because of poor ventilation provisions. Thermal design of low-income housing
in San Pedro Sula is ineffective, and results in discomfort of occupants in a non-conditioned space (Halipah,
2015). The focus in this portion of the study is the roof, surface that is most exposed to direct solar radiation.
Heat transmitted from the roof surface, is trapped creating a higher temperature, transmitting heat gain
through the ceiling and stored inside concrete walls and floor slabs that are later radiated to the space. The
houses are designed with less ventilation mainly for construction saving, rain protection and security issues,
increasing indoor temperature because of stagnant air. (Qairuniza, Siti, Rohaida, Mohd, & Azhaili, 2016).
As mentioned before, first strategy in this type of climate should be heat avoidance. Reflecting solar gain
is critical to ensure comfort in spaces below and it can be achieved through light coloring on the roof. As
shown in Figure 26 a roof can be ventilated by placing exhaust vents at or near the ridge and intakes at the
lowest point in the attic, typically in the soffit or near the roof edge.

Figure 26. Roof Ventilation through soffit and ridge vents. - (Michell Fernandez, 2017)

Wind-driven flow of air over the building’s roof surface creates areas of high and low air pressure. High
pressure or windward zone forces air into the attic through the soffit vents, while low pressure or leeward
zone pulls air out. In hot humid climates it is common to use high ceilings or nonexistent for the benefit of
air stratification. Roofs are usually steep gable allowing for a better stratification and well ventilation all
the way to the ridge vent to exhaust hot air. Proper ventilation of roof can sufficiently reduce energy
consumption and improve thermal comfort inside the space since a lot of hot air is released to the outdoors.
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Shading
The previous section was dedicated for natural ventilation, and as discussed in hot and humid climates large
windows are required to maximize natural ventilation, but at the same time, large openings are source of
heat gain which increases the discomfort inside a living space. As mentioned before, the first stop and most
valuable sustainable strategy in hot climates will always be heat avoidance. In tropical climates such as the
one in San Pedro Sula, there is no winter and since it is to warm most of the time, it is usually overheated
period year-round. For this, windows should be properly shaded the whole year. This section will emphasize
on shading strategies and application on low-income affordable housing.
Shading in low-income affordable housing relies only in roof overhang, that barely results efficient since
is not long enough to shade east and west windows and no intention for proper shading on north and south
facades as shown in Figure 27.

Figure 27. Shading in Bosques de Jucutuma, San Pedro Sula.

- (Michell Fernandez, 2017)

Each orientation requires a different shading strategy, to avoid direct solar radiation and stay comfortable
during overheated periods. At 15ºN latitude, the south façade receives direct solar radiation from September
through March, while the north façade receives direct radiation from April through August as shown in
Table 2. shows periods of the year were the sun is on the north and south façade by the altitude and azimuth
angles. The altitude angle is measured in a vertical plane and tells us how high is the un in the sky, and the
azimuth angle is measured in a horizontal plane.
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Table 2. North and south façade are easier to shade, on south façade a fixed horizontal overhang can
completely shade the window and avoid heat gain, while the north façade a combination of horizontal
overhang and vertical fins can be enough. Unlike north and south windows, east and west windows cannot
be fully shaded without blocking the view, the sun is so low in the sky that it results difficult, reason east
and west windows should be best avoided.
Table 2. shows periods of the year were the sun is on the north and south façade by the altitude and azimuth
angles. The altitude angle is measured in a vertical plane and tells us how high is the un in the sky, and the
azimuth angle is measured in a horizontal plane.
Table 2. Shading Analysys for 15.50 degrees North Latitude, altitude, and azimuth
angles.

- (Michell Fernandez, 2017)

South
Shading

North Shading

South
Shading

Latitude: 15.50 ºN
Day/Month

Hour

Altitude

Azimuth

21-Jan

3:00 PM

34.07

52.41 W of S

21-Feb

3:00 PM

39.65

61.99 W of S

21-Mar

3:00 PM

42.86

75.92 W of S

21-Apr

3:00 PM

43.92

92.07 W of N

21-May

3:00 PM

44.31

103.52 W of N

21-Jun

3:00 PM

45.55

107.86 W of N

21-Jul

3:00 PM

46.61

103.34 W of N

21-Aug

3:00 PM

44.92

91.36 W of N

21-Sep

3:00 PM

39.48

77.31 W of S

21-Oct

3:00 PM

33.03

65.39 W of S

21-Nov

3:00 PM

28.88

55.94 W of S

21-Dec

3:00 PM

29.42

50.93 W of S

Opening in the envelope such as windows are an important part of the design since it allows light in the
space and views, but it usually brings certain heat load from solar radiation, and leads to overheating in
summer increasing the cooling loads. To avoid this heat gain it is important to consider shading early in the
design process. Each façade is exposed to different conditions thereby different shading strategies. Shading
should be a priority in low-income affordable housing and designed to reduce energy consumption and
improve indoor thermal comfort of the residents. Because at 15.50º N latitude all four facades are exposed
to direct solar radiation, each façade and shading strategy will be analyzed in the following segment.
North and South Façade Shading Strategies
Orientation plays a significant role with shading, if properly oriented shading strategies become simpler
and more efficient. Shading in hot-humid climates is achieved mostly by large roof overhangs, shaded
outdoor porches, and shutters. Summer sun from the north is at a high angle and is easily excluded by fixed
horizontal devices or roof overhangs as shown in Figure 28.
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Figure 28. Roof overhang as shading strategy on north facade. - (Michell Fernandez, 2017)

The north windows are only exposed at 8:00 am and 4:00 pm and can be resolved by small vertical fins.
In San Pedro Sula, shading the south façade with the roof overhang is not enough, the sun is a little bit
lower in the sky during this time (September - March) Figure 29. In this façade shading devices should
increment in size in comparison to those used in north façade. Horizontal shading and vertical fins need to
be bigger to avoid direct heat gain through the windows.

Figure 29. Exposed south facade with roof overhang. - (Michell Fernandez, 2017)

The following example is from a house in Bosques de Jucutuma, San Pedro Sula. In order to fully shade a
3’ by 3.28’ window on the south façade a horizontal shading device of 3.60 ft. (1.10m) width is needed and
vertical fins of 1.95 ft. (0.60 m) depth as shown in Figure 30. The shading devices needed to fully shade a
south façade (vertical fins and horizontal overhang) compromise the view factor of the user.

Figure 30. South facade shading strategies - horizontal overhang and vertical fins.

- (Michell Fernandez, 2017)

It is possible to avoid heat gain by using only horizontal overhang, but it should increase in depth and width.
In tropical houses it is usual to use transitions spaces such as screened porches as a shading strategy.
Shaded outdoor porches avoid heat gain through windows, envelope and provide a protected – thermally
comfortable (if properly designed) space to enjoy the outdoors. They are also important living spaces, that
create a transition between indoors and outdoors.
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Figure 31. Shaded outdoor porch for south facing facade.

- (Michell Fernandez, 2017)

East and West Façade Shading Strategies
As mentioned throughout this section, east and west windows are best avoided, the sun is so low in the sky
that results difficult to apply an effective shading strategy without completely compromising the view to
the outdoors. To maximize the view a very extensive overhang should be used with movable vertical
shading system. Figure 32 shows shading strategy for a west façade in Bosques de Jucutuma, San Pedro
Sula. A 4.85 ft. (1.48 m) depth and an 18.80 ft. (5.75 m) length horizontal shading device is needed to fully
shade two windows on a west façade without compromising the views.

Figure 32. West shading horizontal overhang.

- (Michell Fernandez, 2017)

With a more compact design in low-income affordable housing developments, it is possible to avoid
exposure on west and east façade. As mentioned in the case studies from the architect Alejandro Aravena,
by sharing walls, attached units can significantly reduce the amount of exposed surface area. These shared
walls are not exposed to direct solar radiation, meaning less surface exposed to heat gain.
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Figure 33. East and West shading strategies.

- (Michell Fernandez, 2017)

The use of vegetation such as trees and ivy-covered walls help minimizing heat gain on east and west
facades, this if summer rains support native plant growth.
Daylight
Daylight is significant factor to meet illumination requirements of an architectural space, which impact the
occupant comfort (visual and thermal), and energy use in buildings (Li, Lo, Lam, & Yuen, 1999).
Daylighting has been shown to have a significant psychological impact on people, overall attitude,
satisfaction, and wellbeing.
Low-income housing lacks daylight-inclusive design guidelines, which can provide support in reducing
energy consumption. as shown in Figure 34 the design uses plenty of window for enjoyment of views,
visual relief and aesthetics, but not proper for daylighting. In this section, energy conservation through
daylighting is studied with a low income, residential house in the city of San Pedro Sula, Honduras.

Figure 34. Low-Income housing poor daylighting design. - (Michell Fernandez, 2017)

It is important to understand the difference between direct sunlight and daylight. Daylight is the volume of
natural light that renders into a building to provide acceptable illumination of interior spaces. Sunlight refers
to direct solar radiation (heat content) that will impact the human thermal comfort and the energy
consumption of the building. Daylight shouldn’t jeopardize other energy conservation strategies such as
orientation, shading and window location, they should work together to ensure the building best

40

performance. Figure 34 shows how daylight is not properly designed in low-income housing, no shading,
wrong location of windows and poor orientation results in direct sunlight, heat gain for the building.
Figure 35 shows how shading strategies shade the window from direct sunlight but allows diffuse daylight
to be rendered into the space. Bilateral lighting or two sources of light, allows for more balanced daylgihted
zone in the space.

Figure 35. Bilateral proposed daylight design for low-income housing.

- (Michell Fernandez, 2017)
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2.1.3. Open Space
Open spaces have multiple benefits for communities, but mostly social and environmental. Open spaces as
discussed before help in providing outdoor living and vegetation which can help in shading the buildings
and natural ventilation if properly designed. But open spaces have far more benefits, it can create walkable,
integrated communities and contribute to public safety. The quality of open/public spaces as well as the
surrounding environment determine how people use them. They need to be accessible, attractive, and safe,
and motivate different uses and activities. In contrast, when public spaces are abandoned or neglected, they
can cease to be places where people feel safe.

Figure 36. Park in Bosques de Jucutuma.

Open spaces in low-income housing developments are not well planned/designed. Figure 36 shows how
parks are far from the houses with no direct visual contact, making the places insecure and inhabitable. The
characteristics of a safe and secure atmosphere in open spaces according to Jane Jacobs (urbanist and
activist) are: ample room for walking, contact between building and street, attractive spaces, and lighting.
Public spaces, like people, are not islands, isolated from the surrounding environment. Public spaces are
connected to collective identity, everyday life, and the ways that we interact and meet one another. The
following portion of the research studies how open spaces can integrate to the built environment and
residents in low-income affordable housing developments. Providing places to engage as a community and
as environmental friendly developments.
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Figure 37 shows how central spaces in between buildings are more accessible and secure since people have
views from almost every point of their houses to the public space. it also creates a cohesion with
neighborhoods since they have more opportunity to share moments and experience.

Figure 37. Open spaces proposal for affordable housing developments.

- (Michell Fernandez, 2017)

43

3. Application in Bosques de Jucutuma, San Pedro Sula
Through the analysis of fundamental components towards a sustainable development of low-income
housing in San Pedro Sula, Honduras such as housing typology, energy conservation, etc. the following
sections introduces a design application applied in Bosques de Jucutuma.

Base Case Scenario
Bosques of Jucutuma is located east of San Pedro Sula, Honduras. It has approximately 1,080 low-income
dwelling units. It is known as one of the biggest low-income affordable housing developments in the city,
and it continues to grow. The purpose of this section is to demonstrate energy efficiency in current dwelling
units to proceed and challenge authorities and designers to implement more sustainable approaches to
decrease energy costs for residents and reduce burden in power networks of the city.

Figure 38. Bosques de Jucutuma location in San Pedro Sula.

The city’s vision for 2025 is to promote the participation of all sectors; committed to the sustainable
development of its inhabitants, under a leadership based on human values and principles that ensure
improvement in the quality of life of the population. This statement provided the opportunity to envision a
sustainable approach in low-income housing developments. An energy analyze was done with Equest to
define the energy consumption of a house prototype of Bosque’s de Jucutama and thereby compare it with
a design based on the aforementioned sustainable strategies.
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The houses are of 556 ft² (52 m²) with two bedrooms, a living room, dining room, kitchen, bathroom, and
a small decorative outdoor porch. The houses range in orientation due to the topography of the site, but the
house in study has the long axis facing east and west. Figure 39 shows the layout and building schedule
with information such as areas, walls, and conditioned spaces.

Figure 39. Bosques de Jucutuma House Data.

- (Michell Fernandez, 2017)

It is typical in hot-humid climates and specially in developing countries such as Honduras, to have
conditioned spaces only in the bedrooms. Even though the entire house is not conditioned Figure 40 shows
that 38% of the total area is covered by the bedrooms (conditioned spaces).

Figure 40. Conditioned spaces in Bosques de Jucutuma. - (Michell Fernandez, 2017)
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In hot-humid climates, lightweight construction is a better option since it doesn’t store heat and radiates it
back into the space at night. Due to the location of the country, frequent tropical storms and in hurricane
belt – lightweight construction is not considered appropiate. Figure 41 shows an exploded view of the
material components of the houses in Bosques de Jucutuma.

Figure 41. Exploded Axonometric of a house in Bosques de Jucutuma

- (Michell Fernandez, 2017)

The poor ventilation in the houses and the materials makes the residents feel thermally uncomfortable inside
during day and night. The windows are single pane with aluminum frame and no thermal break.
Table 3. Window area and percent of wall.
Windows (Area & % of Wall):
South
West
North
East
Total Windows
Skylight
Doors
Perimeter
Internal Doors
Partition Walls
7 Ratios
Total Glass to Floor Area

Wall (206.12 ft ²) Windows (24.75 ft ²)
Wall (370.81 ft ²) Windows ( 19.37 ft ²)
Wall (205.15 ft²)
Wall (334.54 ft ²) Windows (21.52 ft ²)
65.64 ft²
No Skylight
20.35 ft² x 2
18.08 ft² x 3

12.01%
5.22%
0%
6.45%
5.87 % of Gross
40.70 ft²
113. 18 LF
54.24 ft²

11.80%

Even though the glass to floor area is 11.80% the windows are mainly facing east and west which is a huge
source of heat gain to the building.
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In San Pedro Sula, there is no need of heating systems since the climate is overheated throughout all the
year. Utilities costs are mainly for space cooling and area lighting. The house used for this basecase has
two conditioned spaces (bedrooms) with a packaged single zone DX (no heating) and a direct return air
path. This units are typically located in the windows or mounted on the wall as shown in Figure 42.

Figure 42. Cooling systems in Bosques de Jucutuma.

- (Michell Fernandez, 2017)

The next pages will show the results of the energy modeling simulation based on the basecase house in
Bosques de Jucutuma. The basecase is necessary to understand the components that are consuming energy
and take it into consideration for improvement or future developments.
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3.1.1. Basecase Energy Simulation
eQuest is an energy modeling analysis tool that provides professional-level results. The software has a
building creation wizard, an energy efficiency measure (EEM) wizard and a graphical results display
module.

Figure 43. eQuest base case energy modeling.

Utilizing the energy modeling software eQuest, the base case scenario was modeled based on the parameters
defined above such as envelope construction, roof materials, window type, etc. Due to budget concerns,
low-income affordable houses are designed with no wall insulations (exterior/interior) and roof insulations.
The above grade exterior and partition walls are 6 in. CMU, this cosntruction material is not adequated for
hot-humid climates such as San Pedro Sula.

Figure 44. base case Building Envelope Construction.

The ground floor in 4 in. concrete with no perimeter insulation, earth contact exposure and interior finish
with ceramic tile. The infiltration parameters are high since joints and windows are not adequate to have a
tight shell.
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The results display the energy consumption per month on different areas of energy consumption. The
months with the most consumption are March – October. A total of 4,487.1 kwh are consumed throughout
the year. Out of this annual energy consumption, eQuest also shows us a graph of energy consumption by
enduse in which 47% in for space cooling, 45% for area lighting and 8% for ventilation fans. Applying
passive cooling, shading and daylighting strategies is crucial to reduce energy consumption in low-income
affordable housing developments.

Figure 45. base case Monthly Electric Consumption (kWh)

Reducing energy consumption in low-income affordable housing is not only important to low the residents
utility bills but as well to reduce loads in the power networks in a city scale. There are approximately 1080
single unit dwelling in Bosques de Jucutuma, which means that annually the development is consuming
around 4,487.1 kWh or more. As mentioned before, low-income housing construction rates continues to
get higher, which means that more sustainable approaches need to be implemented to generate benefits to
low-income families and in at a city scale level.
The figures below represent the monthly utility bills per month and a total annual bill across all rates of $
709. The following analysis will show a relation between low-income salaries and the percentage dedicated
to electrical utility bills in Bosques de Jucutuma.
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Figure 46. base case Total Annual Bill Rate.

Based on the requirements for applying to subsidies programs, we can tell that most families in low-income
affordable housing developments earn around one until two minimum wages. In San Pedro Sula the
minimum monthly wage is $ 312.18, around $ 3,744 annually, meaning that for a family earning one
minimum wage per month, approximately 19 percent of their income is dedicated to electrical utility bills.
As a global definition, the government says housing is “affordable” if a family spends no more than 30%
of their income to live there, including utilities. This threshold is called “affordable rent burden.” But if 19
percent is for electrical utility bills, without transportation and mortgage included, can these houses be
really affordable?
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Figure 47. shows the percentage of low-income family’s income dedicated to basic housing needs such as
mortgage, transportation and utilities. The cost of housing expenses leaves a remaining 23% for families,
to fulfill needs such as food, clothes and education.

Figure 47. Low - Income Family Housing Expenses and Affordability. - (Michell Fernandez, 2017)

The more significant costs in housing expenses as shown in the above figure are mortgage with a 33%,
transportation 19% due to its remote location, and electric utilities with a 19% making a total of 77% in
basic housing needs.
The following section is a proposed designed case scenario for low-income affordable housing
developments in San Pedro Sula, Honduras. The goal is to reduce electric utilies by applying passive design
strategies to new affordable housing developments
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Designed Case Scenario
As sustainable design criteria for this new affordable housing developments, three main factors were taking
into consideration:
•

Efficient use of land: Higher density/more compact development

Two story compact buildings, having common walls and no space in between, which creates a central
accessible functional space in between buildings.
•

Energy conservation: Passive design strategies

Strategies used: orientation, natural ventilation, shading, and daylight.
• Social integration/cohesion: Accessible open spaces
Integration of open spaces, more secure since it is central and visible from any house.
For this proposal, the same materials as the ones in the base case were used, exterior and partition walls are
6 in. CMU, single plane windows and steel galvanized roof. The aim of this proposal is to show reduction
in electric utilities just by applying passive strategies in the design phase of the developments.

Figure 48. Building Envelope Construction for Base case and Designed Proposal.

It is important to take into consideration that every site is different, variation in climate conditions, modified
microclimate because of surrounding environments, etc., which means that every site needs a unique
strategy. The proposal focuses in Bosques de Jucutuma affordable housing site conditions and population
needs for the development of this designed proposal.
Figure 49. shows a render in which the main strategies are highlighted, at the end of this section a
comparison between base case and new proposal is shown in terms of energy efficiency. The application
of this strategies goes beyond the economical aspect of sustainability, but as well in a more efficient and
suitable living environment for low-income families.
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The strategies applied ensure affordability in terms of electrical utilities, physical qualities of the units,
adequate physical characteristics of the neighborhood environment such as access to safe open spaces and
a more equitable society.

Figure 49. Designed Proposal for New Income Affordable Housing in Bosques de Jucutuma.

The proposal intends to improve the indoor thermal comfort by taking into consideration the climate
conditions and optimum orientation. As shown in Figure 50 the long axis is facing north-south, no windows
on east and west and taking advantage of north prevailing winds by open layouts and proper window
placement.

Figure 50. Floorplan of New Proposal for Affordable Housing Developments.
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Due to high humidity and temperatures, comfort ventilation needs to be taken into consideration in every
design, open layouts to provide cross ventilation to each room is relevant in this proposal. Another
important type of ventilation is the one provided by the stack effect, allowing hot air to rise and exit through
higher openings. Shading is critical component and each façade displayed a different strategy due to sung
altitude and azimuth. These strategies can be further demonstrated in Figure 51 with an environmental
section and vignettes.

Figure 51. Environmental Section of Proposal for New Affordable Housing Developments.

The project was able to accommodate 36 units in a 112ft x 288ft land space, create functional secure open
spaces and reduce electric utilities through the application of passive design strategies.

Figure 52. Units per land in new proposal for affordable housing developments.

54

3.1.2. Designed Case Energy Simulation

Figure 53. Electric consumption for designed case scenario.

As shown in Figure 53 annual electric consumption is a total of 4,965.0 kWh, since the new proposal is a
two-story building, one family living in the first floor and the other family in the second the amount should
be divided by two, 2482.5 kWh annual consumption per family. This represents a 44% percent reduction
in electric consumption with the application of passive design strategies. With this reduction families have
31.5 percent of remaining income compared to 23% of the base case.
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Figure 54. Annual electric Rate for New Affordable Housing Developments.

Figure 55. Comparison between base case and new proposal housing expenses.

56

These large-scale projects can reduce loads in the power networks of the city and reduce blackouts. Figure
56 shows a comparison between base case and conceptual designed case, which is significant to reduce
loads in power networks due to the massive construction of this developments.

Figure 56. Electric Consumption Comparison

Through the development of this master thesis, it has been proved that passive design strategies can
significantly reduce low-income family’s expenses and provide for a better quality of life. And also provide
benefits at a city’s scale.
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4. Conclusion and Future Research
The growing demand accompanied by governmental interest has resulted in a rapid growth in the number
of affordable housing projects, with an estimated 12,000 new households to be constructed across Honduras
by the end of 2018, which justifies the need for more effective and sustainable approaches.
The current practice in developing countries is missing important socio-cultural, economic, and
environmental factors, especially for low-income families in affordable housing developments, which fail
to integrate these sustainable indicators and results are neither sustainable nor affordable.
The application of passive design strategies helps in reducing considerable cost burden expenses for low
income families, 44% reduce in electric utilities. even though it is a significant reduction and contribution
for a better quality of life for low-income families, as a future research it is necessary to integrate all
sustainable factors, economic, environmental, and social to keep improving conditions for these families.

Figure 57. Future research areas for low income affordable housing developments.

Sustainbaility is not a one-dimensional approach, but integrative solutions between disciplines. Application
of Passive Design Strategies for New Low-Income Affordable Housing Developments in San Pedro Sula,
Honduras is a first step for improving conditions for low-income families. Factos such as location,
transportation and mortgage are important factor for a next approach.
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APPENDICES
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APPENDIX A
Renders of proposed designed case scenario and environmental section highlighting each passive strategy
applied in the design.
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Designed Case Scenario - Courtyard view

Designed Case Scenario - North façade and main access

61

Designed Case Scenario - Courtyard view
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APPENDIX B
Screenshots of results of eQuest Analyses of base case analysis in Bosques de Jucutuma affordable
housing developments in San Pedro Sula, Honduras.
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Basecase - Monthly Electric Consumption (kWh) Base case Scenario
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Basecase - Annual Energy Consumption by Enduse
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Basecase - Monthly Peak Demand by Enduse
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Basecase - Annual Peak Demand by Enduse
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Basecase – Monthly Electric Peak Day Load Profiles
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Designed Case Scenario - Monthly Electric Consumption (kWh) Base case Scenario
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Designed Case Scenario - Annual Energy Consumption by Enduse
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Designed Case Scenario - Monthly Peak Demand by Enduse
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Designed Case Scenario - Annual Peak Demand by Enduse
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Designed Case Scenario - Monthly Electric Peak Day Load Profiles
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