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Abstract

The Monte Verde District in the Cordillera de Tilaran mountain range of Costa Rica
suffers from a housing crisis and negative environmental impacts. Our goal is to guide users to
construct sustainable, affordable, and accommodating compact houses within a how-to manual.
To achieve our goal, case studies and semi-structured interviews with industry experts and
residents were utilized to obtain essential information. The Monte Verde District landscape,
Bonos program regulations, and viable sustainable practices for houses were considered. Our
team recommends building sustainably around wildlife, and utilize water, energy, and resource
saving practices to reduce environmental impacts, as demonstrated by the manual.
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Executive Summary

Context

Environment

The Monte Verde District is known for its biodiversity, culture, and landscape. A quarter
of a million tourists a year explore the region for their cloud forest, among many other
attractions. These cloud forests support one of the most biodiverse regions on earth, making it
critical to protect the region.

The Monte Verde District is prone to natural disasters, such as earthquakes, landslides,
floods, and tsunamis. Disaster risk decreases the resilience of households and communities,
concentrated in low and middle-income countries. Climate change is increasing the frequency
and intensity of storms, with higher wind speeds, prolonged droughts, and heavier precipitation
and flooding.

Sustainability

“Sustainability” means to create and maintain conditions under which humans and nature
can exist in productive harmony (Federal Leadership in Environmental, Energy, and Economic
Performance into the Agency’s Green Purchasing Plan, 2009). People need to live sustainably
and utilize green architecture to protect surrounding environments and reduce environmental
impacts. In terms of architecture, sustainability relates to developing the present needs without
compromising the ability of future generations to meet their own needs.

Housing Design

Housing is an issue in Costa Rica, with 18% of people not having access to adequate
housing. Accommodated housing may be achieved by considering environmental impacts like
climate change. Compact housing has risen as a possible solution to this issue and has already
been partially accepted in the Monte Verde District. Compact houses can incorporate sustainable
practices, multi-functional spaces, and other space saving techniques to consume less resources
and materials.

The Bonos Program

Housing is a basic human right. One program implemented to achieve this in Costa Rica,
the Family Housing Bonus (Bono Familiar de Vivienda, BFV) or Bonos, is a donation that the
state grants to families with varied backgrounds and circumstances. The houses are typically
small, dark, and made of concrete slabs, and are generally not considered sustainable. The Bonos
Program encourages the opportunity for homeowners to adopt more sustainable practices in their
housing.
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Methods

Due to the housing crisis in Costa Rica and environmental impacts, architects, builders,
and homeowners have a greater responsibility to find sustainable practices in a manner that
creates a balance between human and environment interaction. The goal of our project is to
create a how-to manual to guide users in designing compact houses that are sustainable,
affordable, and accommodating for the Monte Verde District locals based on the current
environmental and economic situation, considering the funding for compact houses. To achieve
the goal of the project, we developed the following research objectives:

1. To understand the landscape where potential houses will be built in the Monte Verde
District.

2. To determine the Bonos program acquisition and building regulations in the Monte Verde
District.

3. To create sustainable practice considerations for compact houses by utilizing expert
feedback, regulatory requirements, and housing experience.

To understand the effects of previous natural disasters in the Monte Verde District area
and to gain insight on the Bonos program, the team conducted used case studies. Hurricane Nate
was researched to understand the challenges of building in Monte Verde District, as well as steps
to mitigate loss of housing or life. The information was used to promote safety consciousness in
our manual. We researched houses funded by Banco Hipotecario de la Vivienda (BANHVI) that
were constructed with materials through different engineering and design companies.

To understand current housing locations and to find viable sustainable practices for
houses, we interviewed residents in Bonos funded houses, current and future compact
homeowners, sustainable practice experts, architects, and builders. Interviews addressed the
locations considerations and sustainable practices associated with the accessibility of resources
and different landscapes in the Monte Verde District. We toured smaller and compact houses to
evaluate location considerations, sustainable materials, energy, and water saving practices, waste
management procedures, and outdoor spaces.

During the house tours, we requested to photograph the homeowners’ sustainable
practices and property to understand the application of these practices within smaller and
compact houses. The combination of interviews, tours, and photo documentations aided the team
to formulate viable, sustainable housing characteristics and considerations to improve future
practices and reduce environmental impact.

To understand building regulations in Costa Rica, the team interviewed a government
employee at the Concejo Municipal de Distrito de Monteverde, Monteverde District Municipal
Council. The interview addressed regulations for water and energy use, required permits for
compact houses and mobile houses, and regulations for Bonos funded houses.
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Findings

In the Monte Verde District, architects and builders consider the advantages and disadvantages
of the local landscape.

Interviews and tours with architects, builders, and compact homeowners, demonstrated a
preference of building on slopes with raised structures. The advantages include open-air space
for under-home storage, the potential installation of dry composting toilets, fresh air, and passive
heating and cooling to reduce energy consumption. Airflow may be increased by a south-facing
house that incorporates a substantial number of windows. After conversing with builders and
architects, the team concluded that adequate airflow prevents mold and lengthens the lifespan of
natural and earthen building materials due to the humid and rainy climate. The disadvantages of
building on a slope included water shedding and landslides, which must be considered when
during constructions. The Monte Verde District, a geologically active region, can result in the
instability of structures and presumably ruptured gas lines.

Architects and builders create space saving techniques in the design and construction of
compact houses.

Interviews and tours with compact homeowners demonstrated that compact houses limit
valuable space for homeowners, allowing space saving techniques to promote flexibility,
accessibility, cost efficiency, organization, and comfort. The design and construction of multi-
functional, moveable spaces and creative storage resulted in minimalistic living. Creativity is
crucial when finding alternatives ways to save space and add proper storage to the house. Some
examples included underbed, stair storage, sliding doors, and multi-functional furniture and
rooms.

Architects and builders in the Monte Verde District utilize sustainable and natural materials for
housing construction from the local area.

Through interviews and tours with architects, builders, sustainable practice experts, and
compact homeowners, we found an acceptance of sustainability sourced wood, natural and
earthen material as a construction material. Wood and other natural materials are commonly
found in the Monte Verde District, but not all are sustainable or accepted. Architects, builders,
and homeowners prefer to utilize local wood and support local economies. Insourcing locally,
rather than outsourcing building materials, highlights the importance of understanding product
supply chains, leading to better decisions that positively impact the environment. Earthen
materials, such as wattle and daub promote a natural and breathable feel of the house,
constructed from clay, sand, straw, and lime over a wooden frame.

The Monte Verde District homeowners utilize sustainable practices to reduce, reuse, and recycle
water and energy within houses to contribute to a circular economy.

Interviews and tours with architects, builders, sustainable practice experts, and compact
homeowners, gave insight on sustainable energy and water saving practices to reduce
consumption within houses, contributing to a circular economy by reducing the effects on the
environment, such as climate change.



To reduce the consumption of water, homeowners utilize water saving practices.
Homeowners in the Monte Verde District capture and hold rainwater in tanks during the rainy
season, allowing to installation of gravity fed systems to transport water throughout the property.
The installation of greywater systems is another option for the recycle and reuse of wastewater
through filtration for irrigation of gardens and fields. To reduce water in bathrooms, low flow
fixtures or dry composting toilets are installed. Dry composting toilets save water and support
the local environment.

Homeowners utilize energy saving practices and efficient, low emission appliances to
reduce the consumption of energy. Architects and builders designed houses to incorporate
natural lighting through a south-oriented house with many windows. If skylights were
considered, a smaller design was necessary to reduce heat. When natural lighting is not available,
energy efficient LED lights are utilized. Windows, proper sealing, and insulation creates
adequate cross ventilation, resulting in passive heating and cooling. Homeowners sought clothes
drying alternatives, air-drying clothes to utilize tropical climate. We found that homeowners
implement efficient, low emission appliances: solar water heaters to sustainably generate hot
water, solar panels and batteries if cost-effective, and induction stove stovetops if supplied with
renewable energy. Homeowners prefer to tie into the Costa Rica energy grid since it is supplied
by 99% renewable energy.

The Monte Verde District residents utilize different forms of waste management to reduce the
household’s carbon footprint.

Interviews and tours with architects, builders, sustainable practice experts, and compact
homeowners, gave insight on effective waste management through sustainable recycling
systems, composting and wastewater treatment. Residential waste is separated into the Costa
Rican recycling program and composting systems. An efficient way to reduce inorganic waste is
to separate into categories, allowing the reuse of potential waste. Residents reduce and reuse
food wase into composting systems, to return nutrients back into the soil for use in gardens. Dry
composting toilets allow for the separation of solids and liquids — solid waste may be composted,
and the nutrients returned into the soil for tree planting use. Maintaining adequate air circulations
and optimal temperature were key factors to kill pathogens and reduce odor. If a design
incorporated a low flow toilet, a septic system is required to treat wastewater. We found formal
and informal systems that could be used in the Monte Verde District. However, mobile
homeowners do not require a septic system since wastewater is discarded into a portable storage
tank.

Residents connect with the local environment and culture by utilizing outdoor spaces and
techniques.

Sustainable practice experts and compact homeowners addressed different gardening
methods and outdoor spaces that promote the local environment. The distinct types of gardens
constructed for compact houses included pollinator, container, and table gardens. Pollinator
gardens allows for residents to become self-sufficient to grow food, while promoting bee and
bird presence. Table and container gardens allow for flexibility based on space and accessibility.
We found that bird strikes were common in Costa Rica, to account for that different prevention
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techniques were utilized. The most common techniques included Zen curtains, reflective or
etched glass, and hanging mesh.

Recommendations

The Bonos program should be utilized by families in extreme need and families in the
low-income demographic. The qualifying families can receive sufficient funding from the banks,
while maintain a steady flow of income for necessities.

Building on a sloped land with a south orientation, allows for sufficient natural light,
passive cooling and heating, cross ventilation, and gravity fed systems, to aid in energy
reduction. Some appliances that should be considered are any solar appliances, induction
stovetops and alternative clothes drying methods.

To lower water consumption, we advise that rainwater may be captured, recycled, and
filtered for use. Installing a greywater system can help capture wastewater from fixtures and
appliances, which can then be used for irrigation in gardens. A composting toilet is one way to
eliminate all water when disposing of human waste. If the composting toilet is not desired, then
the team recommends using a low flow toilet. Low flow fixtures are recommended to be used
around the house as well.

Household or organic waste may be composted with informal and formal systems, for
later use as fertilizer for gardens and lawns. The same composting method may be used for the
human waste which is collected by the composting toilet.

Utilizing all space is critical in the design of a compact home. One recommendation
would be to use the dead spaces, due to not needing insulation in Costa Rica, in stairs and walls.
Sliding doors can help with the flow of the home as well.

Materials should be sourced locally, and natural materials should be used as much as
possible to reduce the footprint of man-made materials. Fast growing wood can also be effective
with the ability to replenish itself without causing damage to the area. At the start of the building
process, it is important to keep the future in mind, to promote long-term sustainability.

To connect with the local environment and culture, create outdoor space where the
homeowner can create a garden for fruits, vegetables, and herbs. The homeowner can also plant a
pollinator garden which help restore and strengthen the sounding wildlife and vegetation.

Through these recommendations, our team will create a how-to manual to guide users in
building sustainable, affordable, and accommodating compact homes. This goal was set in hopes
of sustainable practices being adopted extensively throughout the community, to reduce negative
environmental impacts like climate change.
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. 7, v oo B Tl ™ LSRR, S
The Compact House Revolution Team pictured after interviewing a current compact homeowner
in the Monte Verde District of Costa Rica. From left, interviewees Pamela Villalobos Villanova
and Edwin Santamaria; team members Nadiya Chalak, Samuel Alden, Jolina Alonzo, Noah
Litzinger, Patrick Keiran; sponsor Paula Vargas.
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1.0 Introduction

Costa Rica is a small country in Central America, known for its biodiversity and unique
geography. The country currently faces a housing crisis, with about 18% of the population living
in inadequate housing. Environmental effects felt by the region, such as climate change, create a
need for people to live more sustainably. The construction and consumption of resources in
residential housing is a major contributor to climate change, which further necessitates living
more sustainably. Costa Rica’s biodiversity and the local environment must also be considered
when building, in order to minimize negative environmental impacts. Costa Rica differs from
other countries in that housing is a human right, and the government will fund housing for people
in extreme need. Unfortunately, many of these government funded houses do not use sustainable
practices and are harmful to the environment. The goal of this project was to create a how-to
manual that guides the user to implement sustainable practices into these government funded
houses, as well as other compact houses in the Monte Verde District.



2.0 Background

2.1 Introduction

The Monte Verde District is a beautiful region in the Cordillera de Tilaran mountain
range of Costa Rica that suffers from a housing crisis and environmental impacts from
unsustainable activities. Currently, there is a lack of sustainable, affordable, and accommodating
housing that needs to be addressed. As the population rises, more multigenerational and nuclear
families need housing. Throughout this chapter, we discuss important aspects of this challenge,
such as the local environment of the Monte Verde District, the different applications of
sustainability for housing designs, and cultural demographics.

The sponsor of the project is a nonprofit called CORCLIMA, or the Monteverde
Commission for Resilience to Climate Change. The organization strives to reduce greenhouse
gasses, capture more carbon than is emitted, promote climate change resilience, and have the
Monte Verde District serve as an example of green practices to the rest of the world.
CORCLIMA has tasked our team with advising residents on sustainable and affordable practices
to incorporate into compact housing, with emphasis on those who live in the Monte Verde
District, Costa Rica.

2.2 Environment

Cloud Forest Climate

The Monte Verde District is known for its biodiversity, culture, and geographic
landscape, containing over 200 volcanic formations and dozens of cloud forests. Cloud forests
are defined as “vegetation of tropical mountainous regions where there is heavy rainfall and
persistent condensation resulting from the cooling of the moisture being pushed upwards by the
mountains” (Macharia, 2021). Cloud forests are characterized by seasonal low-lying layers of
mist and cloud cover at the canopy level, in tropical mountainous areas. Heavy rainfall from
Can-October, humidity, strong wind, varied height vegetation, crooked trees, and bountiful
biodiversity are customary in this temperate climate.

Cloud forests support many species due to their temperate climate and bountiful
resources. Typically, the driest months in the Monte Verde District cloud forests are during the
first three months of the year, the most in February. The heaviest rainfall period lies between
Can-October, September having the most (Carter & Vella, 2011). An environmental impact like
climate change reduces cloud forest coverage causing longer dry seasons in the Monte Verde
District. Human interaction with the environment alters the temperature and humidity during
various months of the year and can cause irreversible damage (Barreca, 2012, p. 19).

Environmental Impacts

Implementing positive sustainable practices reduces the effects of climate change and
increases resilience within communities. The Monte Verde District appears to be currently
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experiencing a reduction in cloud immersion. Environmental impacts like climate change, appear
to upset the current dynamic equilibrium of the cloud forest (Foster, 2001, p. 73). This alarming
theory incentivizes travelers and residents to act in environmentally responsible ways.
Unsustainable practices further contribute to climate change effects through land conversion,
habitat loss, and pollution. Scientific studies indicate that natural disasters, such as earthquakes,
landslides, floods, and tsunamis intensify from environmental impacts. This creates a need for
residents in the Monte Verde District to build more sustainably, to plan for future disasters.

Natural Disasters

Costa Rica is prone to natural disasters, such as earthquakes, landslides, floods, and
tsunamis. Earthquakes occur from a sudden slip of slow-moving tectonic plates, potentially
resulting in tsunamis, a series of destructive ocean waves (Wald, n.d.). Landslides are
disturbances in the natural stability of a slope, often following heavy rains, droughts,
earthquakes, and volcanic eruptions (Centers, 2018). Flooding is characterized by an overflowing
of water upon dry land caused by heavy rains and ocean waves (NOAA, 2020).

Disaster risk decreases the resilience of households and communities, concentrated in low
and middle-income countries. Climate change is affecting the frequency and intensity of storms,
with higher wind speeds, prolonged droughts, heavier precipitation, and flooding. This steadily
increases the vulnerability of exposed populations like people in the Monte Verde District that
depend on access to water and electricity grids, and is creating increasingly unsafe living
conditions (UNDRR, n.d.).

2.3 Sustainability
Three Pillars of Sustainability

The terms ‘‘sustainability’’ and ‘‘sustainable” mean to create and maintain conditions
under which humans and nature can exist in productive harmony (Federal Leadership in
Environmental, Energy, and Economic Performance into the Agency’s Green Purchasing Plan,
2009). Sustainability is broken down into categories, the three pillars of sustainability, separating
into economic, social, and environmental factors. Each pillar of sustainability interacts with one
another and is divided into subcategories, where the scale and type of system is considered
(Fiksel, Eason & Frederickson, 2014).
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Figure 1. Categories of sustainability with a division into subcategories (Sustainability, 2015).
Green Architecture

To protect surrounding environments, people need to live sustainably, utilizing green
architecture. Green architecture has evolved through various periods based on interests or
concerns related to sustainability. In terms of architecture, sustainability relates to developing the
present needs without compromising the ability of future generations to meet their own needs.
Green architecture focuses on energy and design with the goal to reduce negative environmental
effects and unsustainable activities (Tabb & Deviren, 2017).

Each period of green architectural design (see Appendix A) corresponds with growing
public awareness on environmental issues, introductions of building regulations and
environmental policies, the launch of key green residential events, and the advancement of low
carbon technologies (Coma Bassas, Patterson & Jones, 2020). While each of the periods
involved different approaches, they all sought to achieve similar objectives such as the
conservation of energy and materials, response to climate, provide comfort and shelter, and the
reduction of carbon dioxide (CO>).

Evolution of green architecture showed to have changed the most when new building
regulations, environmental policies, international events, or funding calls were put into place.
The effect of national and international policies that targeted performance requirements proved
to motivate sustainable building practices, such as renewable energy and the reduction of
household pollution (Tabb & Deviren, 2017; Coma Bassas, Patterson & Jones, 2020).
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Renewable Energy

A key concept of sustainability for residential buildings is the successful utilization of
renewable energy - the residential sector is the largest consumer of energy globally. Therefore, it
is important to implement sustainable practices, since world energy consumption and CO»
emissions directly affect climate change (Seddiki & Bennadji, 2019). Costa Rica’s generation of
renewable electricity will soon exceed 99%, according to the National Center for energy control
(Costa Rica superara 99% de generacion eléctrica renovable en 2019, 2019). The movement to
switch to renewable energy will contribute to the development of environmental sustainability if

a proper approach is used to ensure practical and effective methods (Razmjoo & Davarpanah,
2018).

The main considerations for applications of renewable energy rely on social and
environmental impacts, technical aspects of the energy supply systems, economic factors, and
commercialization (Razmjoo & Davarpanah, 2018). Costa Rica is a prime example of utilizing
sustainability in residential structures through renewable energy and converting to highly
efficient energy systems.
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Figure 2. Different types of renewable energy supplied in Costa Rica (Prajapati, 2018).
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Residential Pollution

Residential pollution affects the overall sustainability of a structure, thus the effort to
minimize pollution is crucial. Residential pollution consists of both air pollution and waste
resulting in a negative impact on human health and the environment (Balmes, 2019; Pandey,
Surjan & Kapshe, 2018).

Residential air pollution can result from inefficient cooking and heating with solid fuels
in poorly ventilated houses. This is a major source of exposure to indoor air pollution in
developing countries, as well as a significant contributor to outdoor air pollution. Cooking and
heating with coal or charcoal indoors with inefficient stoves results in incomplete combustion.
Pollution concentrations are worsened by the lack of ventilation that characterizes many kitchens
in rural areas of developing countries. In 2019, the World Health Organization (WHO) reported
that an estimated 3.8 million people a year die prematurely from illnesses related to household
air pollution (Balmes, 2019).

The management of household waste is a worldwide issue resulting in adverse effects on
human health and the environment. To reduce household waste, the goal is to provide emphasis
on minimizing natural resources, toxic materials, and emission of waste and pollutants over the
life cycle of the product. Important components of this process are to bring public awareness on
the impact of waste management systems, knowledge of appropriate technology, and the
availability of equipment to manage and recycle waste (Pandey, Surjan & Kapshe, 2018). To
achieve sustainability within residential structures, there needs to be a reduction in household
waste, which may be achieved using a sustainable circular economy for household products.

Composting

A viable way to combat residential waste is through environmentally friendly and
economically sustainable composting systems. Composting is a decomposition process that
breaks down organic waste and creates a nutrient rich substance called humus. Hummus may be
used as a fertilizer to improve the quality of plants and help reduce organic waste (Stechmann,
Herchenroder, Guinn & Bourgault, 2005). The direct benefits of a composting system include an
increased moisture retention ability, better capacity to hold nutrients, superior soil structure, and
higher levels of microbial activity (Singh, R.P., Singh, P., Araujo, Ibrahim & Sulaiman, 2011).
Composting is a viable solution to reduce the impact of residential waste in the environment.
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Water Management

Water management within houses encourages sustainable design. Greywater is one viable
method to conserve and use less potable water within a house. The system is a form of irrigation
that uses water from sinks, tubs, showers, and washing machines to fertilize and water gardens
and yards outside of houses (Greywater Reuse, 2018).

There are numerous alternatives to different greywater systems in terms of complexity
and cost. A simple greywater system, if installed manually, provides a more affordable option
with costs under $100. The installation process involves digging trenches through a yard, placing
tubing and pipes underground, then connecting the pipes from sinks and washing machines.

Another sustainable water management practice is rainwater collection. Rainwater may
be collected in a container on the roof of a compact home and used for toilets, sinks, and laundry.
If proper filters are installed, rainwater is utilized for fixtures. The recycle and reuse of
wastewater within a house minimizes the houses environmental footprint.

Rain gardens are a method utilized to reduce the total rainwater runoff and to reduce the
property damage and activity disruption caused from insufficient sewer network A typical rain
garden consists of a ponding area and inflow and outflow structures. The addition of native
plants that can tolerate an abundance of rainwater contribute to promoting the local environment
and retain certain pollutants and water quantities, provides improvement of rain runoff quality
(Basdeki, Katsifarakis & Katsifarakis, 2016). An overall sustainable circular economy is
achieved through practices stated above, due to the housing crisis in the Monte Verde District an
affordable option to achieve this needs to be implemented.

Sustainable Circular Economy

According to CalRecycle, green building materials consider resource efficiency, indoor
air quality, energy efficiency, ecological conservation, and affordability (Dick, 2021). An
important concept in relation to household products and materials considers a sustainable circular
economy, or the Doughnut Economy, introduced by Kate Raworth (DEAL, 2021). To meet the
needs of humans without overextending the use of natural resources and capabilities of the
planet, humans need to consider a sustainable circular economy. It denotes the idea that human
needs should be met in a way that does not have a negative ecological or environmental impact
on the planet (DEAL, 2021).
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Figure 4. A sustainable circular economy (DEAL, 2021).

2.4 Housing Design

Environmental Impacts

The impact that housing has on the local and global environment is immense, and steps
should be taken to limit these impacts. Environmental impacts take place during the entire life
cycle of the building, from planning to destruction. Generally, the smaller the building, the less
the environmental impact, making compact housing an effective choice for sustainability.
Approximately 90% of energy consumed by a building is during its occupancy phase, as opposed
to construction or destruction. To be sustainable, a house should be designed to be as efficient as
possible to reduce emissions and other environmental impacts and should take advantage of

energy saving practices as extensively as possible. (Quale et. al, 2012). Also, water use and
disposal, as well as waste generated within the home must be considered when designing a house

for sustainability.

Compact Houses

Compact houses have evolved to meet the needs of the lifestyles of people around the
world. A compact house offers the essentials for people, while significantly downsizing. Most
compact houses fall under the 400 sq. ft. range, reducing the cost of living and environmental
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impacts. They are advantageous because they offer all the functionality of larger houses, while
using significantly less resources and materials to construct, therefore costing less and being
more environmentally friendly.

Compact houses have been accepted as a viable solution to housing in Costa Rica as
shown by a survey from Delgadillo (Delgadillo, 2006). The survey data provides evidence of
Costa Ricans’ interest in compact houses, indicating acceptance of environmentally friendly
options to their housing problem. To simplify the building process and create accommodating
designs, the homes should have the ability to be modular, meaning that sections of the house may
be added to or changed to accommodate growing or changing families. Modularization is utilized
to create sections that may be added to existing or future compact houses, meaning that the same
house may be used for nuclear or multigenerational families because it can accept additions.

Building Materials

As mentioned previously, a sustainable circular economy is useful when designing and
building compact houses. The main goal of choosing sustainable materials focuses on meeting
the needs of humans and the environment. Materials or components should interact dynamically
with their environment to meet multiple goals of the system. The use of biodegradable and
repurposed materials would meet the needs of humans and the environment. Reclaimed materials
are advantageous because they have previously been created to serve a specific purpose,
therefore using them again for that same purpose not only saves time and money, but also takes
materials out of landfills and does not require as much energy to create and install. Organic and
renewable materials such as bamboo or plant fibers, as well as local, fast growing, or invasive
woods, serve the purpose of creating a sustainable circular economy, minimally impacting the
environment (DEAL, 2021). A sustainable system for building may be achieved by utilizing
environmentally friendly materials.

Utilization of local wood and other building materials, such as earth, help to promote a
circular economy by easily returning to the earth once they have served their purpose, rather than
becoming construction debris, such as concrete or steel. It will also be important to consider the
types of materials and methods used while building, as both can either contribute to more
sustainable practices or can negatively impact the environment.

Location Considerations

As previously mentioned, the Monte Verde District is prone to frequent natural disasters,
and these must be considered when building houses in the region. Environmental impacts related
to climate change cause harsher and more frequent storms, directly affecting the safety of people
living in the district. Therefore, efforts to limit climate change, which in turn will limit the
severity of these natural disasters, must be made. A larger priority for most, in terms of limiting
destruction and increasing safety, is to build houses to consider the local climate and natural
disasters. One recent natural disaster that occurred in the Monte Verde District was Hurricane
Nate.

When Hurricane Nate found its way to Costa Rica it brought a torrential downpour and
high winds. The Monte Verde District was given warnings to expect mudslides, power outages,
and torrential rains along with other related chaos. The wind reached up to 40-50 kilometers/hour
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(kmh) creating pounding, horizontal rain that lasted for 2 days. The sideways rain was able to
penetrate through windows and walls of homes and other buildings.

As water seeps into the ground and goes below topsoil, the layers of rocks in the soil
become saturated and unstable, forcing rocks to act as ball bearings, causing landslides. One
landslide caused power, water, and telecommunications to be completely cut. 17% of the Monte
Verde District's annual precipitation fell in 2 days, creating a concern of collapse for any slope
over 15%. After the ground became saturated, the weight of the soil and forest caused the land to
give way. The number of landslides had soon skyrocketed into the 100s.

Over 60% of the country was affected, as the storm took out approximately 437
highways, 42 bridges, 20 drainage systems, and over 124,000 acres of pasture. The total cost of
the damage totaled $562 million dollars (Monteverde Institute, 2018). One story had surfaced of
a home that was destroyed, where a family was forced to crawl out of a 2nd story window but
lost their home, car, and pets (Admin, G, 2017). It is evident from the case study of Hurricane
Nate that locations and their potential drawbacks must be considered when building in the Monte
Verde District. In order to build for safety, longevity and sustainability, careful considerations
and specific building practices will have to be implemented in Monte Verde.

| Landslide Susceptibility of the Monteverde District, Costa Rica
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Figure 5. A map showing landslide susceptibility in the Monte Verde District
(Monteverde Institute, 2018)
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Landslides of the Upper San Luis Watershed
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Figure 6. A map showing several landslides that occurred due to Hurricane Nate
(Monteverde Institute, 2018).

Residential Green Spaces

The implementation of residential green spaces, such as flower or vegetable gardens,
positively impacts the local environment. Green spaces are plant communities that include trees,
shrubs, bushes, flowers, grass, and other plant covers (Bakhshi, 2014). Examples of common
gardening green spaces are vertical, pollinator, and container gardens.

Vertical gardens are efficient in promoting space saving habits within houses and may be
designed for indoor or outdoor use. Vertical gardens may be combined with cooling systems if

designed inside only if the houses have evaporative ventilation or water function systems
(Bakhshi, 2014).

Pollinator gardens replicate plants indigenous to the local environment, thus conserving
bird and bee populations. Avian species benefit from a well-designed garden of native plants that
contain additional food and shelter resources in the area. Similar to container gardens that grow
in baskets, boxes, and clay, plastic or hanging pots, they also aid in increasing pollinator
populations.
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Accommodations

Costa Ricans are currently experiencing a housing crisis, with 18% not having access to
adequate housing (HOUSING DEFICIT, 2021). According to one study, more than 95% of the
resources allocated to housing were distributed among the wealthiest 39% of Costa Ricans, while
the lowest 32% received little resources (Delgadillo, 2006). The disparity of wealth in Costa Rica
has led to an issue with housing accommodations, as many of the most habitable developments
are owned by foreign investors with the intent to profit from tourism. Thus, many Costa Ricans
have to resort to less habitable, and less sustainable housing, provided by government subsidies,
such as the Bonos program.

2.5 The Bonos Program
Types of Bonos

Housing is a basic human right emphasized by the current housing crisis, and one
program implemented in Costa Rica to achieve this, the Family Housing Bonus (Bono Familiar
de Vivienda, BFV) or Bonos, is a donation that the state grants to families with varied
backgrounds and circumstances. The population demographics considered for this grant are
families with limited economic resources, middle class families in social risks or emergency
situations, people with disabilities, and elderly citizens. There may be other social groups
considered to solve their unique housing problem (/nstituto, 2021). According to Dagoberto
Hidalgo, the General Manager of BANHVI, “in a crisis like the one the country is experiencing,
investment in social infrastructure is a key factor in safeguarding people’s health, ensuring the
provision of vital services, while our work generates growth. We are decisive in the economic
reactivation gear, which is so needed, both in this canton and in the country” (Costa Rica
Gobierno, 2020).

In Costa Rica, Bonos are utilized to combat the difficulty of meeting the housing demand,
given the cuts of Portal del Banco Hipotecario de la Vivienda (BANHVI). There are several
types of Bonos that encompass the needs of specific housing sectors of the population - people
with disabilities, the elderly, middle class, a communal bonus, and extreme need (£l Banco
Hipotecario de la Vivienda informa al publico en general, 2021). The largest types of Bonos
desired are those involving low-income families. Other special types of Bonos are offered to the
elderly and those with disabilities.

Regular Bonos are awarded to middle class families with scarce economic resources and
families in social risk and emergency situations. Families with low incomes that require extreme
need Bonos that do not have their own lot is established by a socioeconomic study indicating
they live in extreme need. The program may be accessed individually or a part of the housing
project. For people with disabilities, the law authorizes families that have one or more members
that have total and permanent physical impairment to receive a family bond. For the elderly, the
law of the National Financial System of Living establishes a right for them to receive Bonos,
while also providing a way to solve their living problem and improve their quality of life (7ipos
de bono, 2021). To qualify for the Bonos offered, there are various requirements for the
qualifying demographics in Costa Rica, based on the descriptions of the Bonos stated previously.
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Qualifying Demographics

The Monte Verde District is a predominantly Spanish speaking municipality with a fast-
growing population. The growing population is due to tourism that helps the local economy
thrive. The current population is about 4,155 people with an even age distribution. Many of the
local people are in the age range of 15-64 with the next largest group being 0-14 and the smallest
is 65 and older. There are about 50.2% of males and 49.8% of females. The average income per
year is $11,460 USD, around $31.40 a day.

One qualifying aspect that the Bonos program accepts are people with an income below
¢415,447 (661.5 USD). If the local is considered elderly (65 and older) they can also qualify. A
female who is the head of their household and encompassed in the lower income demographic
can also apply for the Bonos program. People with certain disabilities can qualify for Bonos;
10.5% of Costa Rica’s population has a disability.

Bonos Requirements

Once a person is accepted to receive Bonos for a house, they may begin the building
process. The housing design needs to follow specific regulations set in place by the government.
The contractors are then required to meet all the criteria for the house for construction
regulations under Bonos (see Appendix B).

A set of regulations regarding the construction for residential use (see Appendix C)
contains the exact minimum dimensions for each characteristic of the house. The content of the
table sets a clear guideline for the minimum construction regulations and will be standard
throughout each compact house built.

2.6 Local Regulations

Construction Permits for Houses

When building a home, there are certain permits needed and regulations to follow. The
size of the structure, as well as the cost of constructing it, dictates what permits are needed. If a
home is built on wheels or contains an axle, then no permits are required because the house is
considered mobile. If the house is no longer mobile but contains an axle, a permit is not needed.

Water Regulations for Housing

A requirement for any home is access to some type of water. If a house cannot legally
access water through a stream of other sources of water, then they are required to connect to the
source of the local water company. If a resident does have access to water that is not through the
water company, it must be approved by the local water management company and the health
ministry, then official documentation saying that they have access to water must be obtained and
displayed. The water management company examines the flow capacity of the water source, and
the health ministry examines the color and filtration process.

Electricity Regulations for Housing
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A house is not required to be connected to the power grid for electric. All that is required
is an adequate amount of light, which may be obtained through several windows. If any other
type of electric source is used apart from the grid, then a license that allows the operation of such
a system needs to be purchased.

2.7 Conclusion

This chapter offers some background research regarding the creation of a how-to-manual
that guides the user to implement sustainable practices in government funded, compact houses
that are sustainable, affordable, and accommodating for Monte Verde District residents. This
research contains prerequisite knowledge for building compact houses that reflect environment,
biodiversity, energy, water, and local considerations for sustainable housing. Our preliminary
background information provides an understanding of the theme and goal of our project.
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3.0 Methods

The goal of our project is to create a how-to manual to guide users in designing compact
houses that are sustainable, affordable, and accommodating for the Monte Verde District locals
based on the current environmental and economic situation, considering the funding for compact
houses. To achieve the goal of the project, we developed the following research objectives:

1. To understand the landscape where potential houses will be built in the Monte Verde
District.

2. To determine the Bonos Program funds acquisition and building regulations in the Monte
Verde District.

3. To develop sustainable practice considerations for compact houses by utilizing expert
feedback, regulatory requirements, and housing experience.

This chapter will present the steps we followed to obtain research data and information to
create a manual for the advisement of people in the Monte Verde District area on building
sustainable housing.

3.1 Research Methods

The methods the team used were case studies and semi-structured interviews that were
organized and conducted to gain information for the target areas of interest. For context, a case
study is a deeper look into a specific type of event that has occurred and is researched with no
bias (Given, 2008a). Semi-structured interviews are based on the asking of predetermined
questions and specific topics catered to the participants' areas of knowledge (Berg, 2007). The
interviews are a qualitative data collection strategy in which the researcher asks informants a
series of predetermined but open-ended essential questions (Given, 2008b). To understand our
interviewees or participants' responses, we used in-depth note taking, audio recordings, and
coding for further analysis, essential to data collection.

3.2 Case Studies

Case Studies for Building Considerations

Case studies examine a specific event that has occurred and is researched with no bias
(Given, 2008a). Hurricane Nate was researched to understand the challenges of building in
Monte Verde District, as well as steps to mitigate loss of housing or life. The information was
used to promote safety consciousness in our manual.

Case Studies for Bonos Funded Houses

Information from our sponsor, Paula Vargas, was provided regarding the construction
and implementation of Bonos funded houses in multiple communities. The houses were funded
by BANHVI and constructed with sustainable materials through multiple different engineering
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and design companies. These houses were built specifically for families in extreme financial and
social situations.

Data Collection & Analysis

The data collected from case studies were organized into a brief report on key issues and
solutions with building and landscapes in Monte Verde District. Key factors and
recommendations were highlighted for construction, while avoiding disasters.

3.3 Semi-Structured Interviews

Semi-structured interviews are used to obtain detailed information from individuals with
knowledge or experience in a desired subject. The purpose of the information is to gain expert
opinions and advice (Interviewing, n.d.). We conducted semi-structured interviews within the
Monte Verde District community and contacted other relevant experts. The participants were
identified with guidance from our advisor, CORCLIMA sponsors, or other interviewees. We
then selected, contacted, and interviewed the participants in person or remotely.

Participant Identification & Selection

The conducted semi-structured interviews with Monte Verde District residents in Bonos
funded houses, Monte Verde District residents in compact housing, prospective compact
homeowners, compact housing architects, sustainable practice experts, government employees
(refer to Objectives 2 and 3).

To determine what elements were needed to meet the requirements of residents in Bonos
funded compact houses, questions were asked that pertained to each participants’ background
(see Appendix E).

To further understand the Bonos program and gather data on sustainable practices, we
utilized topic-based questions (see Appendices F-I) to guide semi-structured interviews within
the Monte Verde District and other relevant experts. We worked with the populations above to
focus on sustainable topics for compact houses and to further understand the governmental
regulations when building and designing residential structures.

Potential compact housing owners were interviewed to better understand their
aspirations for future compact housing in the Monte Verde District (see Appendix J). Modular
considerations were identified that accommodate a variety of homeowners: nuclear or
multigenerational families, elderly, or people with disabilities. We were able to distinguish the
factors and needs of a variety of prospective homeowners through accessibility, design,
location, living experiences, and space requirement.

Data Collection & Analysis

The team formed open ended questions based on guides (see Appendices F-J) specific to
each interviewee’s experience and knowledge based on the previously listed topics. Information
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was compiled through the audio-recording of interviews, in-depth notetaking, and coding
procedures. The information gathered furthered our understanding of requirements, trends,
designs, and construction of compact houses. Consent was required, approved through WPI’s
Institutional Review Board (IRB), for audio and video recording, as well as any photos taken
used in a public manner (see Appendix D).

3.4 Ethical Considerations and the Institutional Review Board (IRB)

When using human subjects for studies, it is important to consider the health and
wellbeing of the people involved and to not cause any unwanted harm to participants. According
to WPI, “The Institutional Review Board (IRB) at WPI promotes and supports efforts to conduct
innovative research at WPI while also helping researchers understand and comply with the
ethical guidelines and regulatory requirements for research involving human subjects”
(Research, 2021). The WPI IRB reviewed the methods listed above to ensure that research was
conducted ethically.

Research ethics were followed while carrying out research. According to the Belmont
Report, “The expression ‘basic ethical principles’ refers to general judgments that serve as a
basic justification for many ethical prescriptions and evaluations of human actions. Three basic
principles, among those generally accepted in our cultural tradition, are particularly relevant to
the ethics of research involving human subjects: the principles of respect of persons, beneficence
and justice” (Office, 2021). ‘Respect for persons’ meant that people were treated autonomously,
and that people with less autonomy were entitled to protection during the research process.
Beneficence means that the team worked to ensure that the outcome of the research is best used
to benefit the people involved in the research. Justice was implemented to ensure that everyone
involved was treated fairly, and no inequities occurred.

Our team believes this study did not subject anyone to unwanted stress or harm. All
questions were structured politely, and people were not forced to answer or participate if they
chose to do so. The questions were related to sustainable housing and did not contain any
potentially harmful material. To guarantee the safety of the information given from the
interviews, the team obtained oral consent (see Appendix D).

3.5 Potential Obstacles or Limitations

The methods were structured to collect data for a how-to manual for compact houses.
Obstacles and limitations were considered when analyzing the data collected. One obstacle was
the time constraint on collecting an effective sample size. Larger sample sizes were utilized to
collect accurate data. For IQP field work, we only had a few weeks to source and collect data
from residents and locations in the Monte Verde District. This limited the number of cases
identified and included in our study. When interviewing and researching case studies with
residents in the Monte Verde District regions, language barriers were experienced.
Communication problems were minimized by recording and providing transcripts of all
interviews conducted.
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3.6 Project Deliverables

Once all the data were collected and analyzed, the team submitted a how-to manual for
the utilization of sustainable practices in compact houses. The manual considered the design,
planning, and incorporation of sustainable practices in compact houses, in order to benefit people
that live in them as well as reduce environmental impacts, such as climate change. The team
analyzed and incorporated the best building strategies, features, and practices to ensure that the
houses aligned with CORCLIMA’s goal of climate resilience and ecological conservation. The
manual contained pictures and information taken by the team, as well as others that inform
residents on these practices, and also contains hyperlinks to articles and videos for further
information.
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4.0 Findings

4.1 Finding 1: In the Monte Verde District, architects and builders
consider the advantages and disadvantages of the local landscape and
climate.

Our team found that homeowners in the Monte Verde District preferred the advantages of
building houses on slopes. One advantage of building on sloped land is storage space that may be
incorporated under the house, explained below. Since houses in Monte Verde District do not
have basements, ample open-air space under houses built on slopes solved this issue. Houses we
encountered incorporated a raised structure that was built into a slope, creating useful space
underneath the home. This is useful for increasing airflow around the house, to aid with fresh air
and temperature control within. This aids extensively in reducing energy consumption, as the
team saw many residents utilizing large windows for breezes and sunlight, both of which are
more readily available when the house is built on an exposed slope, and limits or removes the
need for using electricity or gas to control temperature in a house.

Residents took advantage of having a breeze or air circulation inside the house.
According to multiple Monte Verde District residents, air conditioning is not common, as the
climate is very accommodating. A design of a south-facing house creates good air circulation,
crucial to ensure comfortable living conditions while limiting the amount of energy
consumption. After conversing with builders in the Monte Verde District, we concluded that
airflow is also important to prevent mold. Natural and earthen building materials, which were
also found to be preferred, are susceptible to water damage over time in the Monte Verde
District, due to the humid and rainy climate. The creation of good airflow around these materials
aids in the longevity of housing, greatly contributing to sustainable construction.

“My house is actually anchored on a hill, so actually if you have the platform flat and then you
have the hill underneath, there's lots of space underneath the house to store things”

Elena Florian, compact homeowner

As was demonstrated by multiple residents we interviewed, the area under a house built
on a slope allowed space for storage. The extra space under the house facilitates the use of
composting toilets, which have bins for collecting human waste, situated directly under the floor
of the bathroom. Aaron Hoffman, a new resident of the Monte Verde District, utilized the space
to create an area under his house where he could easily access the bins, which made composting
toilets a more viable option.
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Figure 7. Composting toilet under a house, built on a slope.

The disadvantages to building on a slope are water shedding and landslides, the latter are
very prevalent in the Monte Verde District. During Hurricane Nate, the Monte Verde District
experienced 20% of their annual rainfall in three days, leading to oversaturated ground, resulting
in many landslides. In an interview with Carrick Eggleston, a geotechnical engineer at Worcester
Polytechnic Institute, the team learned of the dangers of building in a geologically active region,
such as the Monte Verde District. Many concerns arose regarding the stability of structures and
issues of ruptured gas lines in the event of landslides or earthquakes. Residents also used rain
gardens, or other terraced gardening methods to control water on slopes and add rigidity to the
soil.
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4.2 Finding 2: Architects and builders incorporate space saving
techniques in the design and construction of compact houses.

Compact houses constrain valuable space for homeowners, creating a need for space
saving techniques to promote flexibility, accessibility, cost efficiency, organization, and comfort.
Creating multi-functional, moveable spaces and incorporating creative building storage in the
house are two techniques that enable minimalistic living during the housing crisis.

Multi-functional, moveable spaces can include a living room or dining room with
moveable furniture that transforms into an office space and hallway with shelving and storage.
Some alternative examples include ottoman seating that doubles as a coffee table or a moveable
countertop space for cooking.

Figure 8. A moveable countertop space for cooking.

Creativity is key when finding alternative ways to save space and add proper storage to a
house. Some examples to include in the housing design are underbed, staircase, and window
seating storage. These methods reuse the space while drawers and hidden compartment spaces
are extremely useful because they are long, deep, and store many belongings. Sliding doors such
as fitting pocket sliding doors, barn doors, or bi-fold doors, save crucial floor space as opposed
to hinge doors and are some of the most effective space saving techniques. Creating a tri-level
shower floor also saves space, storage, and water drainage. Space saving alternatives add proper
storage to a house but also creates a free-flowing, open design.
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Figure 9. A staircase with built-in storage.

Figure 10. A hidden shoe compartment.
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Figure 11. A barn sliding door. Figure 12. A lowered shower floor.
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4.3 Finding 3: Architects and builders in the Monte Verde District prefer
to utilize local, sustainable, and natural materials for housing
construction.

Residents of the Monte Verde District were accepting of sustainably sourced wood as a
construction material. Wood and other natural materials are commonly found in the Monte Verde
District, but not all wood is sustainable or accepted. It was found that using invasive species
from the local area, such as pine, promotes the recovery of native species and solves the issue of
ecosystem disruption while promoting the local economy and providing building materials.
Imported pine is an unsustainable wood although it is readily available and fast growing.

“I try not to use pine because most of the pine in the country is imported pine from Chile.
It's an exceptionally good wood, but it has a high carbon footprint™

Elena Florian, a compact homeowner

Residents would rather utilize local materials, such as wood, and support local
economies. All interviewed residents recognized a value in repurposing wood created during
construction. Pamela Villanova Villalobos, who converted a mobile bus into a living space, with
local builder Edwin Santamarias, built a repurposed floor with reclaimed wood and construction
scraps. This drastically reduced the cost of construction and limited unnecessary deforestation.
Insourcing locally, rather than outsourcing building materials such as pine wood from Chile,
highlights the importance of understanding product supply chains, leading to better decisions that
positively impact the environment.

Figure 13. Flooring and furniture made from reclaimed wood and scraps from construction.
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Figure 14. Timber frame home constructed with local teak wood and wattle and daub walls.

Wattle and daub was also found to be another method of construction in the Monte Verde
District, which incorporated natural and sustainable materials. Walls are made of clay, sand,
straw, and lime, which are mixed with water and applied in layers over a wooden frame. One
interviewed resident, Kris, who had moved to Monteverde with his wife, was in the process of
building a timber framed house using walls made of wattle and daub. The use of natural
materials in the house made it more comfortable to live in, according to multiple residents
interviewed.

“We feel doing earthen walls...there is no barrier between synthetics like cement or plastic walls
or barriers, but with wattle and daub it's going to breathe continuously, and that makes us feel
more comfortable with the home that we're living in, and in the humid climate of Costa Rica.”

Kris, compact house builder

Modified wattle and daub (using metal instead of wood for structure), was also preferred
in the Monte Verde District, because some residents felt that using wood would lead to termites
removing the structural integrity of the house. Residents and builders also pointed out that walls
built with earthen materials require more upkeep than other methods of construction, Kris had
also hoped to utilize other natural and reclaimed materials in his home, mentioning driftwood
and rocks for mosaic designs in his floors and walls.
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Figure 16. Wattle and daub, applied to the cedar frame.
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4.4 Finding 4: The Monte Verde District homeowners utilize sustainable
practices to reduce, reuse, and recycle water and energy within houses to
contribute to a circular economy.

Residents in the Monte Verde District prioritize saving water through various methods
and practices. Common among these practices are rainwater capture, dry composting toilets, rain
gardens, and the utilization of greywater systems, all of which positively impact the environment
when implemented.

Homeowners implement rainwater capture systems to take advantage of the rainy season
during half the year in the Monte Verde District, using tanks to hold the water for later use.
Another way residents manage the heavy rainfall is the implementation of a rainwater garden,
which absorbs the rain and reduces runoff pollutants that are harmful to the surrounding
environment.

Figure 17. Illustration of a rainwater garden reducing runoff. (Domnik, 2010)

Residents of the Monte Verde District do not only reuse rainwater, but also recycle the
water that flows through washing machines and fixtures like sinks, baths, and showers. This
greywater may be gravity fed or pumped through filters of to irrigate gardens and fields along
properties to support the surrounding environment.

“Why would you defecate in the water that you could be drinking?”

Fern Perkins, sustainable practice expert

To save even more water, individuals use dry composting toilets to support the
environment with their solid waste. These toilets can vary in complexity, but the most basic
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design consists of a bucket that is emptied every few days in a composting pit, consuming no
water to operate. We have found that residents prefer to use no water to power toilets, or instead
use non-potable water. There are many ways to reduce consumption of water, and only one
practice mentioned in this section needs to be implemented to make a difference by positively
impacting the environment.

To reduce the consumption of energy, homeowners utilize various practices to reduce the
carbon footprint of the compact house in a circular economy. To achieve the previous goal, the
following electricity saving practices are common in the Monte Verde District: natural lighting,
light emitting diode (LED) lights, and cross ventilation.

“Find the little things that you can do very easily to reduce that footprint”
Elena Florian, compact homeowner

Homeowners in the region took advantage of natural lighting within the house, indicating
that natural lighting is the most efficient energy saving practice in a compact house to lessen
environmental impact. It is accessible to design a compact house with a considerable number of
windows on three sides of the house — this is feasible since insulation is not needed; thus, an
abundance of homeowners takes advantage of this opportunity. To create optimal opportunity to
receive sunlight throughout the day and maximize natural light, house designs considered a
south-facing orientation. However, large skylights are rarely considered with the option of
vertical windows — the orientation of skylights heat up the house. If a house was constructed with
skylights, a smaller design was used to reduce the heat. When natural lighting is not available at
night, homeowners have LED lights installed — a low energy consumption option.

“Take advantage as much as possible of natural lighting and ventilation™
Fern Perkins, sustainable practice expert

Cross ventilation is an important consideration to take advantage of passive heating and
cooling, achieved from the utilization of windows and proper sealing and insulation within a
house. The effect causes the house to heat up slower on warmer days and retain heat at night.
Blackout curtains are utilized to aid in the retention of heat at night. A house design that
incorporates taller ceilings allows for good cross ventilation and the addition of a ceiling fan.
Adequate cross ventilation allows for a reduction of energy consumption within a house.

“Make use of the windows so that it doesn't get too hot, or it doesn't get too cold”
Elena Florian, compact homeowner

Homeowners implement efficient, low emissions appliances to further reduce the
consumption of energy, achieved by alternative clothes drying options, solar appliances, and
induction stove tops.

“Appliances are probably your biggest energy hog”
Cary Bernstein, architect

Clothes dryers are not common for homeowners throughout most of the year - many opt
for air-drying clothes. A design of a greenhouse or sunroom with clear roofs and natural lighting
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is preferred to take advantage of the tropical climate and energy saving alternative. A pulley
system may be utilized if a higher design is built to maximize space. The only prevalent issue in
this design is during the rainy season for two months out of the year.

3 ] 5

Figure 18. A greenhouse for air-drying clothes.

Homeowners utilized solar water heaters as an efficient and sustainable appliance to
generate hot water for houses. There are two types of solar water heating systems: active systems
that include circulating pumps and controls, and passive systems (Solar water heaters, n.d.). In
the Monte Verde District, solar water heaters are commonly placed on rooftops to maximize
space and energy efficiency. The rooftop design allows for a gravity fed system, or a passive
system, reducing energy consumption.

30



Figure 19. A solar water heater located on the ground.

Homeowners indicated that solar panels and batteries are not common in the region due
to the easily accessible energy grid. Connecting to the grid is sustainable since 99% of the energy
produced in Costa Rica is renewable energy. A cost analysis over a 20-year period for solar
panels was conducted, showing that solar systems in Costa Rica are more expensive than tying
into the grid. However, solar panels are a sustainable energy option for mobile or remote homes
that cannot easily be connected to the grid. If installed, homeowners must consider to the costs of
installation, maintenance skills and costs, and environmental degradation — costal location, salt
air, battery corrosion, etc., for solar panels in Costa Rica.
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4.5 Finding 5: The Monte Verde District residents utilize different forms
of waste management to reduce the household’s carbon footprint.

Residential waste is separated based on the Costa Rican recycling program: inorganic
waste, food waste, or green and brown material. Homeowners utilize the Costa Rican community
recycling program to separate paper, glass, plastic bottles and aluminum cans, allowing the reuse
of potential waste. Having separate bins under the sink allows for a waste separation
system. Recycling rather than consuming more resources than necessary creates low waste
production.

Composting green and brown material produces humus within food gardens - fruits,
vegetables, and herbs. Homeowners gather food waste and bring it to an informal composting pit
on their property, based on their personal composting methods. A composting bin or container
system is another option, but it requires more investment.

“The issue has been finding the right way to compost. I've been trying different ways, but I can't
get it just right. The thing is that for someone that has never done it before, it's an experimental
thing”

Elena Florian, compact homeowner
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Figure 20. A green and brown material composting system.

32



To further improve waste management, some homeowners preferred dry composting
toilets, a safe and natural method to recycle organic materials when water or electricity are not
available. Homeowners also can make more compost from the waste to return nutrients to the
soil (Composting Toilets, n.d.). To separate waste efficiently, solids and liquids are separated and
disposed into large, sealed bins under the house, with woodchips to aid in the separation process.
An important consideration by homeowners when creating a design with dry composting toilets
is to ensure good air circulation and an optimal temperature to kill pathogens and reduce odor.
However, a dry composting toilet requires attention to waste management for homeowners.

Figure 21. Dry composting toilet for solid waste. Figure 22. The solid waste bin.

A housing design that does not include a dry composting toilet will include a water-based
toilet, requiring a septic system. Septic systems are common to treat water in the region - the
only source of pretreatment of wastewater. The wastewater treated is produced from household
plumbing from bathrooms, kitchen drains and laundry (How your septic system works, n.d.). One
option for a nontraditional septic system used in the Monte Verde District is a simple, pre-dug
hole with tires that will last for many years. However, mobile homeowners do not require a
septic system - wastewater is discarded into a portable storage tank that is emptied at designated
wastewater stations, or a composting toilet is installed.
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4.6 Finding 6: Residents connect with the local environment and culture
by utilizing outdoor spaces and techniques.

Outdoor decks, and gardens promote the natural environment and are multi-functional
spaces that all interviewed homeowners either wanted or had. Gardens lower environmental
housing impacts by improving air and soil quality and increasing plant and pollinator
biodiversity. Gardening (through vertical, pollinator, and container gardens), is a widely
accepted practice in Costa Rica. Vertical gardens encourage plants to grow on a vertical surface
like a wall, frame, or garden bed while pollinator gardens use plant species that naturally grow
on their land like herbs, vegetables, and fruit-bearing plants to attract bees and hummingbirds.
Plants can grow in baskets, boxes, and clay, plastic, or hanging pots in container gardening,
helping to increase the bee and bird population.
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Figure 24. Plastic container herb gardens.

To preserve Costa Rica’s avian species, homeowners adapted their windows
appropriately to prevent bird strikes, although the techniques to solve the issue varied. Birds fly
into windows due to the reflection of sky or forest. When available, non-reflective or etched
glass is known to help lower strikes. In addition, maintaining the obscurity of higher, unviewable
windows by not cleaning them and including Zen curtains made of paracord or hanging mesh on
those in eye-range, minimize bird strikes further. Mesh unlike Zen Curtains, enable a scenic view
for homeowners. In addition, pockets in the mesh may be created for birds’ nests.
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Figure 25. Zen Curtains at the Monteverde Institute. Figure 26. A hanging window mesh.
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5.0 Discussion

Our team formulated recurring themes from a variety of diverse backgrounds: to connect
with nature using green spaces, to create an awareness of building location and materials, to
reduce energy, water, and waste consumption, and to design for future expansion and space
saving.

5.1 Environment

Green spaces are multi-functional spaces that all interviewed homeowners either wanted
or had. Examples of green spaces include an outdoor deck, greenhouses, and gardening methods
through vertical freestanding raised beds, pollinator, and container gardens. Although Bonos
houses have space and economic constraints for greenhouses, gardening methods such as
vertical, allow homeowners to connect with their culture and environment. Gardening increases
bird and pollinator populations so because bird casualties are high from striking windows,
techniques like maintaining dirty, unreachable windows or having non-reflective or etched glass
ones are important to include in window design. Hanging mesh and Zen Curtains are useful on
the exterior of the window although mesh is most effective method because it limits bird strikes
and does not obstruct the view from the inside.

Home gardening represents a natural environment and helps diminish impacts of harmful
pollutants. Vertical gardens can limit noise pollution if constructed with that intent. Plants absorb
carbon, releasing oxygen to the environment, and the pollen from the plants attract native
pollinators. Native pollinators are crucial to the production and health of plants that humans and
wildlife depend on. Gardening prevents soil erosion and creates habitats for small species like
birds and insects, while lowering one’s carbon footprint. Planting trees lower energy bill costs. It
is crucial to understand the environment and building location of compact houses so that
gardening remains an option, architects are cognizant of natural disaster-prone areas from
landslides, earthquakes, and erosion, and homeowners can promote sustainable, continuous
practices.

5.2 Sustainability

Outdoor spaces, water saving practices, energy saving practices, waste management, and
building with sustainable materials that promote sustainability are essential to residents in the
Monte Verde District to create and maintain conditions that balance humans and nature.

In the Monte Verde District, residents utilized outdoor space to create several types of
gardens to fulfill their desire of growing their own food and creating a regenerative and self-
sufficient food source on their property. Rain gardens are another example of an outdoor space
that contribute to promoting the local environment and naturally filtering rainwater from certain
pollutants and water quantities. The recycled non-potable water can then be used for garden
watering, toilet water, and laundry.

Water management practices within houses that encourage sustainable design include
greywater and rainwater capture systems. Residents have access to clean potable water for use
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inside the house, however rainwater and greywater systems are utilized to recycle and reuse non-
potable water for the uses listed above. The reuse and recycling of water from rainwater capture
and greywater systems promotes a circular economy to minimize waste and pollution and to
preserve and regenerate natural systems.

Waste management is successful within the community when a circular economy is
utilized to minimize natural resources, toxic materials, and the emission of waste and pollutants
over the life cycle of the product. Residents create spaces to separate waste for the community
recycling program, food waste, and inorganic waste. Residents recycle food waste for food
composting pits to produce humus to promote growth in food gardens. Waste that is not
produced by products is minimized using dry composting toilets and septic systems, when
applicable. Dry composting toilets have the potential to compost human feces for use in outdoor
spaces. A septic system is required for water-based toilets — a common way to treat wastewater
from household plumbing.

In the region, residents are influenced by social and environmental impacts, energy
supply systems, economic factors, and commercialization to utilize energy saving practices.
Costa Rica is currently generating 99% renewable energy, influencing the community to
consider sustainable energy practices. The location of the Monte Verde District allows for an
abundance of natural lighting within houses, only utilizing LED lights at nighttime — a low
energy light fixture option. The abundance of natural lighting produced by windows allows for
cross ventilation, allows for passive heating and cooling of the house. To minimize the energy
used for laundry, a greenhouse or sunroom is common for air-drying clothes in a tropical
climate. Energy consumption is also minimized by efficient, low emission electricity appliances
such as solar water heaters and induction stoves to promote sustainable energy sabing practices.

The construction of houses in the Monte Verde District and surrounding regions utilize
sustainable materials; sourced, reused, or recycled, to interact dynamically with the surrounding
environment. Locally sourced wood is preferred by builders; both softwoods for interiors and
hardwoods for exteriors are available within the area, - minimizing a house’s footprint from
production to transportation and installation. Repurposed wood remnants from the initial
building are recycled for wood furniture and aspects within the house. Earthen building methods,
such as wattle and daub aid in the reduction of synthetic materials within the house, creating a
breathable and sustainable house. The most sustainable practice for housing materials is building
it once and building it right, influenced by the sustainable practices within the community.

Sustainable practices are preferred within the Monte Verde District community due to the
social and economic factors. Sustainability within a house occurs through the overall reduction
and recycling of water, waste, energy, and materials.

5.3 Housing Design

Findings from research on modularity led the group to the conclusion that residents of the
Monte Verde District were very accepting of modular building. As our research led us to find,
family dynamics in Costa Rica mean that the need for multi-generational and nuclear family
housing is prevalent. Most participants wanted to have the ability to add to their existing homes,
while maintaining functional outdoor spaces that could be used as multipurpose areas.
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It was also found that creative solutions to the issue of storage were a necessity among
the Monte Verde District residents. People preferred to take advantage of all useful or empty
spaces in their house, as it was found that storage for possessions was a common issue in smaller
houses. Commonly, people used deep cabinets and drawers built into the structure of the house,
and different methods of storing things underneath their houses, as well as underneath furniture
such as beds.

Considering location and environmental constraints was also found to be particularly
important when building homes in the Monte Verde District. Earthquakes and landslides were
found to be prevalent in Costa Rica, and choosing a location to minimize the risk of injury or
damage from these occurrences is vital to safely living in the Monte Verde District. Also,
building on slopes and in open spaces is advantageous for airflow, storage, and utilization of
composting toilets and other systems. The advantages of building on slopes may be utilized by
most people in the Monte Verde District, as flat ground is somewhat difficult to find.

Lastly, the local municipality requires that people obtain permits for building houses in
the Monte Verde District. These permits depend heavily on the size and type of building
structure. Additionally, an electric source is not required for building in the Monte Verde
District. The use of green energy systems were quite easy to implement, since the electrical grid
in Costa Rica is 99% renewable electricity with the biggest issue being the upfront cost of these
systems. It is necessary to obtain permits for water in the Monte Verde District, but rainwater
collection and filtration systems may be approved by the municipality.

5.4 The Bonos Program

The current construction of Bonos funded houses uses a substantial amount of concrete,
which is not aesthetically pleasing and damages the local environment, as well as contributing
substantial amounts of carbon to the atmosphere from production and transportation. A
sustainable alternative method is needed to lessen the impact on the environment, as well as
making a more suitable home for the owner.

The Bonos program helps families in extreme need as well as families in the low-income
demographic. The application process may be started online through a bank offering Bonos, such
as BANHVI. The future homeowner can then file for the loan and seek more information on the
Bonos program and the requirements.

The Bonos program is intended for low-income families, therefore some suggestions in
the manual created by the group might not be applicable due to a high initial cost. However, with
the focus of sustainability for compact houses, expensive alternative energy systems are not
practical due to Costa Rica already producing 99% renewable energy. The main reason for
adding alternative energy generation is to reduce the electricity bill, but the lengthy payback time
is not economically practical for a person under the Bonos program funding.
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6.0 Recommendations

From our findings, we formulated many recommendations for sustainable practices in
compact houses. These recommendations do not only apply to compact houses, and many may
be implemented in any household across the world in the hope of living a more sustainable
lifestyle.

We recommend utilizing the Bonos program available in the Monte Verde District, which
should be used by families in extreme risk situations, as well as low-income demographics.
Residents should be aware of all the regulations that surround Bonos funded houses, so they can
plan to design and create sustainable compact houses that support the environment.

When building such sustainable compact houses in the Monte Verde District, individuals
should build on sloped land. Building on sloped land provides views, better temperature control
and airflow within the house, and additional space under the house for storage. Building on
slopes also provides more exposure to utilize natural lighting and cross ventilation for passive
heating and cooling by positioning south-facing windows. The team also recommends building
in places where the soil is more stable, to minimize the risk of landslides. Also, pier and beam
foundations should be utilized, as they offer more resilience and protection against landslides and
earthquakes.

Within the topic of energy saving, alternative sources of electricity should be considered,
as houses in the Monte Verde District do not need to be connected to the power grid, however a
documented water source is needed for construction approval. Housing plans and designs must
also be approved by a college of engineers before construction may begin. There are a few ways
to save money and time when building by taking advantage of certain regulations, like designing
a home with an axle so it is considered mobile and therefore does not require certain permits.

While an energy source is not needed in a home, access to clean water is required in all
houses within the Monte Verde District. To reduce water consumption from these sources, our
team recommends several methods and practices. Rainwater should be captured and used for
watering gardens or yards, as well as supplying fixtures like toilets when possible. Greywater
systems are recommended to recycle the water that comes from all fixtures and appliances except
toilets, to use for irrigation in the surrounding environment. There are multiple ways to recycle
water, but dry composting toilets are recommended to lower water consumption overall. They
use no water and support the surrounding environment by composting solid human waste. If a
dry composting toilet is not a viable option, low flow toilets that use less than one liter of water
per flush are a recommended alternative. To reduce household waste, our team recommends
composting organic waste, a customary practice in the Monte Verde District. Composting
systems recycle and reuse copious amounts of organic and human waste by returning nutrients to
the soil and promoting the local environment.

Energy and water are not the only resources that should be conserved and reused. Space
saving is also important in compact houses, and we recommend implementing these various
practices within such homes. Rooms and spaces should all serve multiple purposes, and furniture
should be built to take up the least amount of space possible. Storage may be created under stairs
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and beds, and sliding doors allow builders and architects to maximize the floor space within
these houses.

Builders in the Monte Verde District prioritize space saving, but they also use sustainably
sourced, reused, or recycled materials when building to support the surrounding environment.
The team recommends building with recycled or reclaimed wood, invasive and native species of
trees, as well as earthen materials like wattle and daub to create a sustainable and
environmentally friendly design.

To further promote the local environment through construction, residents are encouraged
to build around flora, to use trees as natural shade and wind blocks. Also, to protect wildlife such
as birds, our team recommends covering windows with mesh netting or Zen curtains to prevent
birds from crashing into windows.

Through these recommendations and the other chapters within this report, we believe that
our project goal of creating a how-to manual to help users build sustainable, affordable, and
accommodating compact homes will be achieved. This goal was set in hopes of sustainable
practices being adopted not only in the Monte Verde District, but also throughout the global
community, to reduce environmental impacts and the effects of climate change. Humans depend
on the earth, and it will be crucial to our survival to implement ways of living that support it
rather than destroy it.
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8.0 Appendices

Appendix A — Evolution of Green Architecture

Evolution of Green Architecture (Coma Bassas, Patterson & Jones, 2020).

Period of Green Architecture

Characteristics

Vernacular Architecture

Tropical Architecture

Environmental Architecture

Low Energy Architecture

Passive Architecture

Sustainable Architecture

Low Carbon Architecture

Net-Zero Energy Architecture

Net-Zero Carbon Architecture

Plus-Energy Architecture

- Built to meet specific needs
- Climate Responsive
- Evolved over time — reflect changes on cultural identity, best

use of local materials and conditions

- Addition of complexity and reliance on modern technology
- Energy inefficient architecture

- Climate Responsive
- Design for energy conservation
- Introduction of financial incentives for householders

- Rapid expansion of use of chemicals
- Exposure of negative impacts of modern life on the

environment

- Introduction of UK building regulations addressing energy

conservation

- Principles of “long life, loose fit, and low energy”
- Focus on low energy architecture

- Climate Responsive
- Optimized natural resources - sustainable

- Sustainable architecture stated to become standard practice

- Technology evolved with construction methods and design
process

- Attention on detailed design on building elements

- Principles of “long life, loose fit, and low energy”
- Focus on low energy architecture

- Architecture with exceedingly high energy performance
- Reduction of energy demand

- Focus on building design with renewable energy supply
systems

- Architecture that produces an annual surplus of energy
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Appendix B — Construction Regulations under Bonos Funding

Construction Regulations under Bonos Funding

Regulation

Characteristics

All inhabitants have the right to a healthy and
ecologically balanced environment

National Institute of Housing and Urban
Development (INVU)

Urban Development Regulations

Purpose of INVU

Establishment of the National Institute of Housing
and Urban Planning

- Conservation, use and sustainable management of the
environment and equitable sharing of wealth.

- Issues urban development regulations.

- Construction must contain regulations that consider
safety, health and placement of structures of buildings,
without detriment of other applicable regulations.

- To ensure families achieve greater economic and social
well-being.

- Advisory and oversight functions of municipal
governments of the country for promotion of urban
planning and development.
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Appendix C — Buildings for Residential Use Regulations for Bonos

Requirements

Buildings for Residential Use Regulations for Bonos Requirements

Regulation

Characteristics

Area for Each Housing Unit (Article 155)

Areas Per Part (Article 157)

Minimum Height from Floor to Ceiling

Size of Doors

Window Size (Percentage of Each Part Size)

Patios

Maximum number of housing units per lot (Article
162)

Illumination and Ventilation (Article 163)

Common Circulation Spaces (Article 164)

Exits (Article 166)

Water Storage Tanks (Article 167)

Sanitary Services (Article 168)

Life Safety and Fire Protection (Article 170)

- 30 m? - Total Area

- 9m? - Primary Bedroom

- 7.5m? - Additional Rooms

- 5m? - Kitchen

* 10m? - Combined Living/Dining Room
* 6.5m? - Separate Living Room

- 7.5m?- Separate Dining Room

24 m
- 2m x 0.9m (height x width)

- 15% - Kitchen
- 10% - Bathroom
- 15% - Stairs and Hallways

- Utilization of 25% free space (maximum)

- Depends on sanitary sewer service and if you are
inside or outside an urbanization.

- Living areas must have natural lighting and
ventilation that open directly to patios or public space.

- All residential buildings must have access to corridors
or corridors leading directly to exit doors or stairs.
Width of hallways or corridors cannot be less than
1.2m.

- Buildings with more than 1 level must have an exit
that goes through all levels.

- Water storage tanks must be constructed to prevent
contamination and water spillage.
- Easy access for internal cleaning.

- Each unit must have shower, sink, toilet, kitchen sink
and laundry sink.

- Must guarantee compliance of the human safety and
fire protection measures indicated by fire department

Note: The table contains minimum dimension requirements, the size may be larger depending on the needs of the homeowner.
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Appendix D - Oral Consent for Semi-Structured Interviews

This form is applicable to all interviews conducted as shown in Appendices E-J and Section 3.3.

This [is state name]. Today is [current date]. We are interviewing for the [number of times you
have interviewed before, ex: first, second, third...] time with [state the name of the
participant(s)]. The interview is being conducted at [state location] at [address]. This interview is
being conducted and recorded by the Tiny Homes Revolution team sponsored by CORCLIMA.
We would like to inform you this session is being conducted on a voluntary basis. You can
choose only to answer certain questions and can end the session at any time. Do we have your
consent to audio record our conversation, take pictures and videos of possible identifiers to
potentially use in a public document? If so, would you like to remain anonymous? With your
permission to record audio, our team will begin the session. The recordings, pictures, and videos
will be kept private within our research team.

WORCESTER POLYTECHNIC INSTITUTE

Institutional Review Board
FWA #00030698 - HHS #00007374

Notification of IRB Approval

Date: 12-)Jan-2022

PI: Sarah Strauss
Protocol Number: IRB-22-0318
Protocol Title: Tiny Home Revolution

Strauss, Sarah~Chalak, Nadiya S~Alonzo,
Approved Study Personnel: Jolina~Litzinger, Noah S~Keiran, Patrick A~Alden, Samuel
C~

Effective Date: 12-)an-2022
Exemption Category: 2
Sponsor*:

The WPI Institutional Review Board (IRB) has reviewed the materials submitted with
regard to the above-mentioned protocol.We have determined that this research is exempt
from further IRB review under 45 CFR § 46.104 (d). For a detailed description of the
categories of exempt research, please refer to the [RB website.

The study is approved indefinitely unless terminated sooner (in writing) by yourself or the
WPI IRB. Amendments or changes to the research that might alter this specific approval
must be submitted to the WPI IRB for review and may require a full IRB application in
order for the research to continue. You are also required to report any adverse events
with regard to your study subjects or their data.

Changes to the research which might affect its exempt status must be submitted to the
WPI IRB for review and approval before such changes are put into practice. A full IRB
application may be required in order for the research to continue.

Please contact the IRB at irb@wpi.eduy if you have any questions.

IRB Approval from WPI.
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Appendix E - Semi-structured Interview Guideline for Monte Verde
District Residents in Bonos Funded Houses

Goal: To determine what elements are needed and desired for compact houses that meet the
requirements of Bonos funded compact houses.

1. How long have you lived in the Monte Verde District region?
A. Time lived in current house
B. Time lived in past house, is applicable
2. What are some changes between your current house and previous house? (If applicable)

3. What would you add to your house to improve its functionality? Are there particular essential
appliances or features for compact houses that you could not live without or favor? What are
appliances or features you wish you had?

4. Do you have any experience with sustainable practices used in your house?
A. Saving electricity
B. Efficient, low emission electricity
C. Water saving practices
D. Waste management
E. Green spaces and wildlife

5. With your current experience with the Bonos program, what are features that you were not
able to add due to Bonos funding/requirements?
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Appendix F - Semi-structured Interview Guideline for Architects

Goal: To determine what elements are needed and desired for compact houses that meet the
requirements of Bonos funded compact houses and general housing requirements.

1. What influenced you to become an architect?
2. What are your areas of focus or expertise?

3. As ateam we have viewed the variety of projects as seen on your website, what is your
favorite project you have worked on or one you are looking forward to in the future?

4. When designing and building houses, are there any particular considerations considered for
making a sustainable house, specifically in the current environment in Monte Verde District? For
context, Monte Verde District is located in the cloud forest region, with characteristics of steep
terrain, heavy rainfall, mudslides and earthquakes.

A. Specific location considerations
e.g., extreme events; earthquakes; steep slopes; heavy rainfall
B. Utilization of reclaimed or recycled construction materials
C. Methods or aspects of saving electricity within the house
e.g., tube lights; good air circulation; good natural lighting; air drying clothes
D. Methods for efficient and low emissions electricity
e.g., solar water heaters; solar panels; batteries
E. Methods of water saving practices within houses

e.g., rainwater capture; dry composting toilet; watering landscape with greywater;
artificial wetland for greywater; rain garden for reducing runoff

F. Methods of waste management within houses

e.g., compost systems for compact houses; spaces for separating waste
G. Utilization of outdoor gardens

e.g., vertical gardens; rooftop gardens; native gardens

5. A common issue in Costa Rica is birds crashing into windows, are there any particular
considerations for prevention?

6. Are there particular essential appliances or systems for compact houses based on affordability?

7. Due to the limited space within compact houses, what are other particular considerations for
space saving and the potential for modularity?
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8. Are there other materials or methods of sustainability that were not previously mentioned?
A. Saving electricity
B. Efficient, low emission electricity
C. Water saving practices
D. Waste management
E. Green spaces and wildlife

9. Based on predictive current models, in the province where Monte Verde District is located,
there will be a slight increase in precipitation and temperature. What are some ways that we
might factor in these expected environmental changes as our team designs modular compact

houses?
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Appendix G - Semi-structured Interview Guideline for Compact
Homeowners

Goal: To determine what elements are needed and desired for compact houses that meet the
requirements of Bonos funded compact houses and general housing requirements.

1. How long have you lived in the Monte Verde District region?

2. How long have you lived in your current house?

3. What are some changes between your current house and previous house?
4. What are some of your future plans for your current house?

5. What are some favored features or characteristics within your house?

6. What would you add to your house to improve its functionality? Are there particular essential
appliances or features for compact houses that you could not live without? What are appliances
or features you wish you had?

7. When you were designing your compact house, were there any particular considerations for
making a sustainable house?

A. Specific location considerations
e.g., extreme events; earthquakes; steep slopes; heavy rainfall
B. Utilization of reclaimed or recycled construction materials
C. Methods or aspects of saving electricity within the house
e.g., tube lights; good air circulation and natural lighting; air drying clothes
D. Methods for efficient and low emissions electricity
e.g., solar water heaters; solar panels; batteries
E. Methods of water saving practices within houses

e.g., rainwater capture; dry composting toilet; watering landscape with greywater;
artificial wetland for greywater; rain garden for reducing runoff

F. Methods of waste management within houses
e.g., compost systems for small houses; spaces for separating waste
G. Utilization of outdoor gardens

e.g., vertical gardens; rooftop gardens; native gardens
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8. The time you have spent living in Monte Verde District, have you experienced birds crashing
into windows? If so, does this happen often? Have you seen or used anything for prevention?

9. Based on our conversation so far, are there other characteristics for a compact house that
would seem appealing or useful?

A. Utilization of reclaimed or recycled construction materials
B. Methods or aspects of saving electricity within the house
e.g., tube lights; good air circulation; good natural lighting; air drying clothes
C. Methods for efficient and low emissions electricity
e.g., solar water heaters; solar panels; batteries
D. Methods of water saving practices within houses

e.g., rainwater capture; dry composting toilet; watering landscape with greywater;
artificial wetland for greywater; rain garden for reducing runoff

E. Methods of waste management within houses
e.g., compost systems for small houses; spaces for separating waste
F. Utilization of outdoor gardens

e.g., vertical gardens; rooftop gardens; native gardens
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Appendix H - Semi-structured Interview Guideline for Water
Management Experts

Goal: To determine what water management elements are needed and desired for compact
houses that meet the requirements of Bonos funded compact houses and general housing
requirements.

1. What influenced you to become involved in [organization]?
2. What are your areas of focus or expertise?

3. What is your favorite project you have worked on or one you are looking forward to in the
future?

4. Why are water management considerations important when designing and building houses?

5. When designing and building houses, are there any particular considerations considered for
making a sustainable house, specifically in the current environment in Monte Verde District?

A. Specific landscape characteristics
e.g., Steep terrain, heavy rainfall, proximity to water sources
B. Methods of water saving practices within houses

e.g., rainwater capture; dry composting toilet; watering landscape with greywater;
artificial wetland for greywater; rain garden for reducing runoff

C. Methods of wastewater management within houses
D. Utilization of outdoor gardens
e.g., vertical gardens; rooftop gardens; native gardens

6. Based on your knowledge of water management in Monte Verde District, how does housing
location affect clean water availability?

7. Can you speak at all about the application of gray water systems in Monte Verde District?
A. Watering landscape with greywater
B. Artificial Wetland for greywater

8. What are the typical systems like for stormwater and rainwater systems in houses?
A. Cost

9. Are there other materials or methods of sustainability that were not previously mentioned?

A. Water saving practices
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B. Waste management

C. Green spaces and wildlife
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Appendix I - Semi-structured Interview Guideline for Government
Employees

Goal: To better understand government regulations for building residences.

1.

2.

10.

11.
12.

13.

How long have you worked for the municipality of Monte Verde District?

What influenced you to become involved in [organization]?

What are your areas of focus or expertise?

Why are water management considerations important when designing and building houses?
How do people in Monte Verde District usually get their water?

What are the regulations for getting water from the grid?

What are the regulations surrounding rainwater collection and use? Are there other methods
of water collection?

a. Size of home
b. Location
c. Proximity from water sources
What are the regulations for getting energy from the grid?
What are other common methods used to generate electricity for private residences?
a. Proximity from grid
b. Location
c. Size of home

What are building regulations to consider when building a house near a road or other
structures?

a. How far from the road, etc.
What are the necessary construction permits needed for compact housing?
On average how long does it take to obtain these permits?

Are there regulations for the types of materials used during the construction of the home?
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a. Timber frame

b. Wattle & daub

c. Steel

d. Cobb

e. Cement (hemp)
14. What are the regulations on the collection of these materials? (Referring to question above)
15. Do you know anything regarding the future of Bonos funded housing regulations?

16. Do you know the easiest way to obtain Bonos funding for someone living in the local area?
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Appendix J - Semi-structured Interview Guideline for Prospective
Compact Homeowners

Goal: To acquire what potential compact homeowners will expect or need within their houses.

1. Where do you live now, how long have you lived there? Why do you want to move?

2. Are there any aspects from your current house you hope to bring or see in a compact house?

3. Are there any characteristics or features you believe are essential to include in a compact

house?

4. What is your ideal property size for a house, and how would you utilize the full scope of the

land?

5. Are there certain sustainable practices that work better for you to have in a compact house?

A.

m o a w

Saving electricity

Efficient, low emission electricity
Water saving practices

Waste management

Green spaces and wildlife

6. Do you have any need for your house to be more accessible? (i.e., elderly, those who cannot
walk, disabilities). What are these needs?

7. Are there any other characteristics or features for designing a house that we have not

discussed?

A.

m o o w

e

Saving electricity

Efficient, low emission electricity
Water saving practices

Waste management

Green spaces and wildlife

Space Saving/Multi-Purpose Spaces

59



Appendix K — Overview of Interviewees
Overview of Interviewees

Name

Expertise

Information Obtained

Cary Bernstein

Elena Florian

Anibal Torres

Pamela Villanova
Villalobos

Tim Sales

Fern Perkins

Zacharias

Gabriela McAdam

Kris

Aaron Hoffman

Floribeth

Paula Vargas

Architect in San Francisco

Compact Homeowner and
Forester

Water Management Expert

Compact Homeowner

Smaller Homeowner

Sustainability Expert

Architect for Compact Homes

Architect

Compact Home Builder

Sustainability

Municipality employee

Potential Compact Homeowner
and sponsor

Basic understanding of building concepts.

Water saving; energy saving; space saving techniques;
waste management

Rainwater capture techniques; greywater systems;
septic tanks; other water recycling systems.

Space saving techniques; recycled materials; objects.

Gardening practices; recycled materials; sustainability
practices.

Gardening practices; composting toilets; water saving
methods.

Works within compact housing along with water and
energy saving practice. Has extensive knowledge on
choosing the location for a compact home

Dry composting toilet information; choosing locations
for potential homes.

How to use natural materials; energy saving practices;
water saving practices.

Composting toilets, grey water systems, biodigesters.
Local regulations; housing permits, water regulations;

energy regulations.
Needs for a modern person in a compact house
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