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The traditional architecture is replaced with modern architecture which delivers 
less sustainable designs.  The houses consume more energy, are less useful, and 
eventually cost more money. The focus of social, economical, and environmental 
impacts helps the project become more sustainable. The pillars are narrowed to 
patterns and principles.  The vernacular architecture with passive design 
supports the principle.  A Pattern Language with logical explanation supports the 
patterns.  The design includes a floor plan, elevations, and section to provide the 
idea of how to apply the principles and patterns. 
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Introduction 
Architecture evolved slowly for thousands of years, in diverse regions around the 

world. Architecture reacted to the climate and the population’s cultures. As the industrial 

revolution era came, the pattern of architecture changed. More influences of different 

regions and innovations have changed people’s view of what buildings should provide. 

Improved transportation has allowed people to travel more, so they brought their 

architectural experiences of how they grow up to different areas. With the technology 

they just discovered, they could bring the architecture from cold regions to hot regions 

without worrying about the climatic temperature. Also, the innovation of mass production 

brought up the idea of modernism, in which the materials or buildings themselves can 

be mass-produced which spread more quickly. Modern architecture sprawled so quickly 

that it caused many of the issues we face today. “It is alarming to realize that much of 

the current housing design and city planning for arid zones has occurred by the simple 

application of non-arid zone patterns” (Golany, 1980). The knowledge of traditional, 

vernacular architecture has been increasingly forgotten or ignored as many designers 

focus on what the population wants, not needs. As such, society has become more 

individualistic. The movement in the 1960s questioned the environmental 

consciousness as the population in modern society relies on unsustainable energy 

sources (Vint, 2005).  

    In a harsh environment like the United States Southwest, the architecture has to pay 

careful attention to the climate; otherwise it uses a lot of energy to achieve people’s 

comfort. For many thousands of years, people have created their own architectural style 

that utilized building materials used nowhere else in the nation (Vint, 2005). Therefore, 

we ought to study more vernacular architecture to understand why and how people 
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built. Furthermore, looking back will help to be better at sustainable architecture as they 

smartly designed the buildings placed in harsh environments and fitted best to their 

families’ needs. Seeing architecture today frustrates many and they agree that the 

designs ought to improve, especially in harsh climate regions like the Southwest 

Sonoran Desert. This society starts to focus in the city as most of the population resides 

in the city; therefore there are many research studies in city planning. Yet, many people 

are located far from the city which needs a different type of architecture in order to 

survive there. Rural architecture does not provide much information about how to 

design, since many families keep the traditional way by passing the properties down to 

their kids; this means they do not need to worry much about constructing their homes. 

In this society, the population keeps growing as many Western cities sprawl to their 

rural areas and their view of how far apart their homes should be from each other helps 

to spread even more. This issue poses such a difficult question: how can we improve 

rural architecture in the Southwest? 

    The study investigates the basic principles of vernacular housing in the Southwest 

which involves a lot of case studies. Including many older buildings, the goal of this 

study is to understand their intention of materials, technicals, forms, orientations, and 

locations to find fundamentals for designing a house. Understanding the intentions in 

the era of no active systems will help to fit the climatic region. The principles include the 

intentions and how to do that to help designers see a clearer image. 

    The application tests the principles provides a general example and understanding of 

how the housing in the Southwest should appear. With the actual world situation in play, 
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it helps to understand how the process works. As the principles may be a new concept 

for many, the application hopefully helps them to see how it can be done.   

Literature Review  
 Sustainability is a big topic today, and everything has a relationship with 

sustainability.  The three pillars of sustainability is one method to simplify and those are 

cultural and social aspect, environmental impact, and economical impact.  The action 

upon architecture typically focuses on environmental impacts because the architecture 

takes materials and space to construct the shelter for humans. However, through the 

recent innovation of mass-produced architecture along with the reliance on fossil fuels, 

the sustainability of architecture declines.  “Buildings use about 40% of all the energy 

consumed in the United States. Their construction takes another 8%” (Lechner, 20). 

That totaled almost 50% of energy. That 50% is a lot, considering the United States is 

the number one in consuming energy.   “Because most people in the world live in hot 

climates, and because they are becoming wealthier, the use of air-conditioning is 

growing exponentially.  Even in the United States, the energy for cooling is increasing 

as more people can afford it and as more people move to the South” (Lechner, 15)..  

From the book published in 1998 called The Alternative Building Sourcebook: 

Traditional, Natural, and Sustainable Building Products and Services, the author 

appears to be optimistic and confident that our design process focuses more on 

sustainability- “The quest to build both quality homes and a better future for the coming 

generations is no longer the individual musings of a few, but rather a cohesive effort by 

ever-growing numbers to change the building industry’s modus operandi” (Chappell, 

18).  They start to narrow down the types of houses and construction and integrate 
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modern and ancient technologies to create efficient and environmentally friendly homes 

(Chappell, 18). In the United States, we are spoiled with our comfort zone in any region. 

In the past, the desert was either known as the heroic or the hapless. (Bourgeois, 1), 

however in the United States, the desert is viewed as the heroic only.  The image of the 

desert is less intimidating - unless someone walks in the wilderness without water.  Our 

society provides so many tools to improve our safety and comfort in one of the worst 

locations on Earth. The architecture in the desert shows tremendous variety (4), but 

most of them use sun-dried mud and bricks.  In the Southwest United States, the 

country is rich, spoiled, and they do not accept poor countries’ construction methods.  

They either thought the appearance of mud walls are not appealing, or want to have 

similar architecture from their past experiences. 

“It is rare in the desert to find an isolated dwelling. Traditional houses tend to 

cluster.  …Generally, dwellings turn inward” (7).   The cities in the Southwest United 

States can be seen as not developed like traditional desert cities. Phoenix sprawls all 

the way to the edge, to towns in rural areas such as Queen Creek.  The society relies 

on cars and roads, and many reflect their experiences from somewhere else, which they 

do not or do not have to understand how to live in the desert.  “Borrowing appropriate 

regional design solutions from the past can help in creating sustainable buildings” 

(Lechner, 19). Lessons of passive design are necessary. 
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Methodology 
 My passion is to design a sustainable house that expresses passive cooling and 

heating, and the family will be able and be willing to be involved. To discover this 

project, I met a family that expressed the need for a new house.  However, they do not 

want to leave their property.  I evaluated their property and zoning codes to see if the 

property is flexible enough to apply the passive design.  I also evaluated their criteria 

and values to determine if the family matched my view of architecture.  To successfully 

design the house they need, I interacted with each member in the family to learn and 

understand their needs and beliefs, which will help me to improve the social and cultural 

aspect of the design. In my previous experience, I used the book called A Pattern 

Language, written by Alexander, to improve the social and cultural sustainability of the 

design by applying the patterns that match the family. 

 There are already passive design strategies for arid regions, but I researched 

more than one source, to find the common keys to include in the design, which became 

my principles. The study of vernacular architecture is necessary to support my 

principles.  After setting principles and picking important patterns for the family’s house, 

I go ahead to the design schematic, following the criteria of patterns and principles.  My 

mentor, Architect Bob Vint, is involved with the design process since designing is his 

expertise, especially his knowledge of vernacular architecture. I often interact with the 

family to make sure they are involved with the process and incorporate their ideas into 

the design. For this capstone, I delivered a floor plan, two elevations, one section, and a 

site plan to represent the passive design.  After the capstone, the goal is to continue the 

design to a construction documentation where the project becomes real. 
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Data and Analysis 
In this section, the findings of sources will help to improve the design of a 

sustainable multi-generational family housing in the low-desert region.  If we do not care 

about sustainability, then there will be only research and data based on people’s needs 

and wants in their housing.  Sustainability, mentioned in Literature Review, is an 

important topic for housing that includes three elements: environment, social, and 

economic. Most of us are aware of the environmental component of sustainability. A 

lack of attention to the environmental impact of the housing would be producing a lot 

more energy and give some kind of impact to the physical setting and climate. The 

social aspect provides a comfortable space that urges the family to stay at the house 

longer and to interact with each other.  Lastly, the economic element would be the most 

difficult for this capstone project, since there will not be a budget involved, but there are 

some strategies of sustainable economic mentioned later.  

Climate 
The climate is a big component of environmental impact of sustainability from 

housing.   Most architects today do not understand how to design a climatic adaptive 

house.  This would be more of post-construction, where the family is already settled 

down in their home. Understanding about the climate requires several researches 

including three different scales where the housing is planning on place at: 

ecosystem/region, community/urban, and site.   

Ecosystem 

Low Elevation of the Sonoran Desert 

The climate is characterized as extremely hot and dry in the summer and 

moderately cold in the winter. The southwest desert region is well-known for its hot 
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temperature during the summer - the hot temperature exceeds human comfort zone 

37% of the year. In Lechner's textbook, the human comfort range is between 68 to 78 

degrees Fahrenheit if all other factors, including relative humidity and air velocity are 

neutral. However, in the same manner as other regions, the cold temperature hits below 

the comfort zone longer than hot temperature at 48% of the year. (Lechner, 2009) That 

leaves us with 15% of the year that fits human’s expectation of climatic comfort. 

However those statistics mean almost nothing as other factors such as “availability of 

shade, air movement, and relative humidity are basically more important than 

temperature in such a climate” (Callaway, 1980). As previously defined the arid region, 

the annual precipitation apparently is low at only 7 inches, however the amount of rain 

tends to cause flash flooding due to the high amount of water in such a short time. 

August is the wettest month, with one inch of rain while April, May, and June receive 

almost none of rainwater. Due to the lack of precipitation and the location of latitude 30 

degree above the equator, the relative humidity tends to be under the human comfort 

range, (Lechner, 2009) which psychologically increases the temperature. The air 

velocity is moderate and matches the wind speed efficient for natural ventilation. 88% of 

the daylight hours is spent in sunshine. 

Site 
Architects probably spend more time on site analysis compared to the other two, 

because each site has unique characteristics and architects tend to have projects 

settling in the same urban area and especially the same ecosystem.  From my 

experience in architecture school, we studied many factors including water flow, human 

circulation, wind direction, views, and unique characteristics.  At the end, the house 

design settling at a certain point on the site most likely should not be able to place on 
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anywhere else on the site except if the land is flat and plants, buildings, streets, etc. are 

nearby. Compared to the other two, this would be the most abstract since there are not 

many numerical data and some characteristics could be questionable.  

 Fortunately, the Peña family resides on the site they plan to build their house on. 

They are very aware of the setting, and what kind of situation would happen to the site 

such as water direction and possibly future settlement in the area. This is probably the 

most sustainable strategy since they are most comfortable and aware of this certain 

environmental condition. (Figure 1) 

Principles of Passive Design 
Designing a building requires knowledge about the climate in the region, but so 

what? That helps us to improve our design by applying our knowledge about the climate 

and using the principles to keep the spaces within the human comfortable zone.  

“Indigenous inhabitants of the US/Mexican deserts relied on their instincts to inform 

themselves about their regional climate to obtain thermal comfort, or that state of 

contentment a body desires within its thermal environment” (Vint , 126).  To simply 

describe the elements of a comfortable house, it requires protection from the sun and 

rain, protection from ground humidity, and protection from the wind (Lengen, 42).  The 

Heating, Cooling, Lighting: Sustainable Design Methods for Architects textbook provides 

priorities of designing buildings in specific regions - the climate region #11 yields 

characteristics that buildings settled in arid regions,  such as Phoenix, should possess. 

Here's the guideline below. (Figure 5 and 6) 

Higher Priority  

1.     Keep hot temperatures out during the summer 

2.     Protect from the summer sun 
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3.     Use evaporative cooling in the summer 

4.     Use thermal mass to reduce day-to-night temperature swings during the 

summer 

Lower Priority 

1.     Keep the heat in and the cool temperatures out during the winter 

2.     Let the winter sun in 

3.     Use natural ventilation to cool in the spring and fall 

The principles are the guideline to designing a durable, comfortable house in an arid 

region without any kind of mechanics, understanding that the comfort zone is up to 80 

degrees in the summer and down to 72 degrees with a minimum of 20% relative 

humidity (Lechner, 108). (Figure 2) As seen in the diagram, adding some principles 

within the design will allow the family to tolerate higher or lower temperatures, which 

happens 85% of the time during the year.  It is important to understand that some 

people may have a different comfort zone, especially today with technology that is able 

to stabilize the temperature and relative humidity, regardless of the climate outdoors. 

Some principles may overlap a little bit, but in a good way. 

For this section about the principles, I will put as many as I could find through my 

research, specifically relating to southwest designs. The principles could be very 

abstract or have multiple meanings.  It is important to understand all alternatives, and 

how they all work together. 

Compact and Minimal Design 

 In modern or recent architecture, many would recognize this quote, “Ornament is 

a crime” by architect Loos. However, this principle does not relate to this concept at all.  

“Until the advent of modern architecture, buildings generally consisted of simple 
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volumes richly decorated. Modern architecture changed that situation and created 

buildings of complex volumes simply decorated” (Lechner, 467).  The compact design 

speaks of the volume and shape of the building.  Simple volumes are shaped as 

squares or rectangles.  Complex buildings typically offer a higher surface-area-to-

volume ratio (Figure 7). In arid regions, the air is extremely hot, and both radiation and 

high air temperature will affect the skin of the building.  The more surface area there is, 

the more chances for heat to transfer into the building. Vernacular, traditional 

architecture already understood this factor; many would argue that several examples of 

traditional architecture such as, Arizona’s Empire Ranch, displayed the spread floor 

plans. “Our image of a traditional home is one with many wings.  This can be a 

misleading prototype because authentic old homes almost always started out as 

compact designs.  It was only after many generations of additions that the quaint 

nostalgic image we have today emerged” (Lechner, 467).  Most of them actually attach 

the buildings together to reduce even more surface-area-to-volume ratio instead of 

separating all of them and suffering higher temperature in each building. Many 

traditional houses have multiple additions because the family stays together from 

grandparents to grandchildren, where the spaces are needed for more members.  That 

relates to another concept of sustainability - multi-generation, which will be discussed 

later. Sharing walls means typically only two facades are exposed to the exterior, plus, 

of course, the roof. That would successfully incorporate Lechner’s higher priority #2- 

protect the building from the summer’s sun.  Sharing the walls with neighborhoods may 

be awful for some people because of the privacy conflict, but the choice of materials 

and innovations should overcome the issue. For example, Acoma is built on the mesa in 
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Western New Mexico, where the average July temperature is 88 degrees, while January 

temperature is 14 degrees. The climate can be either cold or hot.  Attaching walls could 

help to keep the inside of the building cool during the summer and hold heat inside 

during the winter.  They added walls in between each house to create more privacy 

(Figure 2).  That also highlights the Lechner’s lower priority #1 about keeping the heat 

inside the building during the winter due to cold temperatures overnight.  Unfortunately, 

attaching walls may be a challenge in the United States. Their land use code forces the 

buildings to be setback from the property line. The reason is outweighed when sharing 

walls could also save materials. Supposedly, there is one existing building on the site, 

and they could add three more walls, instead of four, to create more space, even for 

people who are not related to the residents of the existing building.  That also saves 

more space for further construction, therefore more density in the area, using less 

material per household.   

 Minimal component targets more openings on the facades of the buildings. 

Windows and doors are common openings. Today, many people like to add more and 

bigger windows to their houses for more daylight and the feel of bigger rooms. Also, 

they like to add more doors, so they will not feel stuck inside. The fewer openings for 

hot air to enter, the more stable the temperature indoors will have. Lechner’s number 

one higher priority is to keep the hot temperature air out, and, apparently, the 

penetration is the easiest way for them to enter.  “Ordinary windows tend to raise the 

indoor daytime temperature, and the larger the window area the greater is their heating 

effect, especially when sun penetration is not effectively prevented by shading or 

orientation” (Clark, 62). The location of most openings should be on the South or North 
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facades while avoiding as much as one can on the East and West facades due to easier 

control of the sun’s radiation. (Figure 10) This logic will be explained in the next 

principle.  The material of doors typically does not match the material of the façade that 

either owns high thermal mass or high insulation.  The windows are filled of glass along 

with either metal or wood panels, which are not the best thermal mass or insulation 

material either. Glass is awful insulation – it does not even protect against radiation or 

hot temperatures. 

 The exception of this principle would be focusing on natural ventilation, where the 

compactness is not the most efficient method. Natural ventilation is mainly used for 

passive cooling, where many desert dwellings could use this method during summer 

nights to release warm air and welcome cooler air. 

Solar Orientation and Shading 

Many buildings are defined by topography and surroundings such as urban 

design.  However, for this paper, I am speaking of more rural context, with a minimum of 

exterior influence except nature itself.  The sun path in different times of the year is 

important to follow in order to have a successful solar orientation. (Figure 3) To learn 

more about sun path, go back to the climatic data section. The important fact about the 

Sonoran Desert, especially in Queen Creek, is that the annual sunshine is about 85%, 

which the day is most likely to be clear.  Apparently, the challenge is to avoid the 

summer sun, especially direct gain, and to allow and collect the winter sun’s heat.  The 

buildings cannot change its form from protecting the summer sun to gaining the sun for 

winter. The tricky part is to do both with one design. The solar orientation typically 

focuses on the building’s form which responds to the sun’s path and enables successful 

shading devices because of its form. The longer surface-area on the South and North 
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façade is recommended compared to the East and West. During the summer, the sun 

tends to reach up to 82 degrees at noon, but the Earth does not stop rotating.  The sun 

will get lower and lower as the day goes on.  That is when the sun hits the west façade 

and the altitude is low, ranging from 81 degrees to 0 degrees. The same goes for the 

East façade, except it is in the morning before noon.  The south façade is easier to 

control because the altitude only ranges from 82 degrees to 50 degrees. (Latitude 32 

degrees)  The sunray that is perpendicular to the façade is the strongest, and noon is 

South’s worst time of the day.  However, the altitude is high enough that a simple 

addition such as an overhang can protect the South façade. The East and West façade 

has the longest sun exposure during the summer, and the strongest point is at 3 pm for 

the West and 9 am for the East.  The West typically is the worst façade because the 

temperature is at its peak, and we cannot afford to increase the temperature indoors. 

However, at 3 pm and 9 am, the altitude of the sun is at about 50 degrees, which 

basically is straight to our eyes.  It cannot be protected from both horizontal and vertical 

panels. It can be seen as a metaphor of our hats.  The baseball cap is ideal protection 

for south, where the summer sun will not touch our face.  However, even with the 

cowboy hat, where the overhang is all around the head, the East and West sun still has 

the ability to hit our face due its angle (50 degree altitude). 

The shaded devices are very important after understanding the building’s form.  

“When appropriate adjustable shads are provided the solar heat gain through the 

windows can be reduced by as much as 80% of the impinging radiation” (Clark, 62). 

That 20% probably comes from the point where the sun is pointing straight at our eyes 

at 3 pm, where the best solution is probably just to cover our eyes. Each orientation 
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requires a different shading strategy. Fortunately, there are plenty of different shading 

devices, and some of them could be overlapped.  In the hot arid region, it is always nice 

to have double shading during the summer.  The existing structure could be a shading 

device, especially those that are not used often by humans such as sheds, garages, 

storages, etc. Those could be attached to the building, but it would be best if it is 

separate, to avoid exchanging the warmer or hot air from the vacant room.   Another 

strategy would be to locate vegetation at specific spots intended to shade the building.  

There are many varied sizes and types of vegetation, which is a good thing.  We could 

put large, deciduous trees and plants on the South and North facades to protect from 

the summer sun, while letting the winter sun shine upon the wall due to lack of leaves 

on the plants.  Evergreen would be great for the East and West to secure permanent 

shade. The challenge would be to hybrid the idea of natural ventilation and shade. The 

vegetation has the ability to control the ventilation, depending on the design’s intention 

to block the hot air or to collect the natural ventilation for night flush.  Since the 

vegetation, especially trees, takes time to grow man-made structures, such as a fence 

or wall, is another strategy. The cost of constructing a man-made structure and its 

appearance are a major obstacle.  The operable or movable structure would be best, to 

match the season. 

Overhang on the South façade is a wonderful tool.  After determining the desire 

of a certain angle on the South, then the length of the overhang can be found.  The 

ideal angle would be from 45 degrees to 60 degrees.  When the sun gets lower than 45 

degrees, it will be able to hit the wall for solar gain.  That is called a horizontal element, 

where the plane is horizontal. Horizontal elements tends to be used on the South 
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façade. Vertical elements tend to be applied among openings on the East, West, and 

North orientation, so it minimizes the direct radiation.  The depth of the sill of its window 

could count as both a vertical and horizontal shade element, and many traditional 

building with thick walls use this method.  However, today most windows have no depth 

which matches the wall, which means the sunray is able to reach the glass on the West 

right after noon and continue for the rest of the day. 

Microclimate and Evaporative Cooling  

 Having a microclimate in the desert is like a paradise. The saguaro cactuses 

even have their own paradise under the Palo Verde, their mothers; they rely on Palo 

Verde and their microclimate for its growth into mature status.  The tree has the ability 

to decrease the diurnal temperature... Unlike mature saguaro cactuses and Palo Verde, 

“desert is unfavorable to humans, but not to organism that are adapted to it” (Wallace, 

161)  Water and shelter are key for our survival in the desert. Water requires a lot of 

energy to raise a degree of temperature.  “One cubic foot of water can store or transfer 

the same amount of heat as over 3,000 cubic foot of air” (Lechner, 45). That explains 

why the climate in a humid area is less diurnal than an arid region. Mentioned in the 

climate section about psychometric chart, specifically for arid regions, the increase in 

humidity actually improves comfort in the space.  However, that does not mean we 

cannot add more humidity to our environment.  Since we already develop the ability to 

transport water to our area, we just need to develop the ability to increase the humidity 

from the availability of the water. We ought to offer a place to hold the water such as a 

water fountain that will do the work. 

 The courtyard is a popular feature for traditional architecture. It has so many 

functions that make living in the desert possible. In older arid communities, there are 
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more buildings with courtyards, regardless of the size and wealth. (Figure 4)  The basic 

shape of the courtyard house can be “L”. After initial construction of compact design, it 

can be extended to courtyard design by adding the “L” shape around a courtyard to 

create shape “H”, “U”, or square with a courtyard inside. (Figure 8) First of all, the 

courtyard concept protects the external environment, especially the hot air from entering 

into our paradise environment. Once the hot air is developed in the courtyard, it will rise, 

up and out.  The structures from the building and its shading devices will be able to 

shade the courtyard.   A courtyard provides the ability to add more openings toward the 

courtyard since the air is manipulated to a cooler environment from evaporative cooling. 

More openings mean more natural ventilation and daylight. 

Any house in an arid area could be considered an oasis, however, many of them 

today do not act like an oasis without some kind of mechanical system to maintain the 

relative humidity and temperature. 

Materiality 

In the first tier of the three-tier design approach, three out of four methods of 

cooling or heat avoidance for basic building design are on materiality (Lechner, 9). The 

first tier can be viewed as a foundation for the design. Materiality is part of Lechner’s 1st, 

2nd, and 4th higher priority and the 1st lower priority. Therefore, the materiality plays a 

huge role of passive design strategy in this region. Today, most buildings focus on the 

cost of construction and the time that includes the cost of materials and labor.  Many 

arid region vernacular and traditional buildings’ materials are rarely used anymore - 

those materials are very sustainable due to high insulation quality or thermal mass and 

are durable (Bjornard,3 ).  There are two types of materiality that are good for an arid 

region - insulation and thermal mass. Thermal mass has the ability to absorb the heat 
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and provide a time-lag for heat to radiate into the house instead of preventing the heat 

from entering.  If the mass is thick enough, the heat will not radiate until nighttime when 

the temperature starts to drop. Thermal mass concept is not new.  “Ever since man 

learnt to build homes and cities around 10,000 years ago, earth has undoubtedly been 

one of the most widely-used construction materials in the world” (Guillaud, 3).   In many 

arid regions around the world, the resources are very limited except for the earth itself. 

More than a third of humans in history live in a house made of Earth (Guillaud, 3).  

There are few wood resources available, and people typically have to carry those from 

somewhere else, requiring more energy.  This process of construction has been trial-

and-error since the beginning of humankind (Adobe and Rammed Earth Buildings: 

Design and Construction), but technology has evolved to provide a better quality of life 

for people living in the desert.  Although, sometimes materiality cannot guarantee a 

perfect shelter, sleeping outdoors on the roof or in the courtyard is a solution for 

extremely high nocturnal temperatures (Clark, 65) while the heat storage releases the 

heat it’s gathered from daytime into the house.  The construction of earth materials is 

varied, and I will discuss specifically two popular construction methods that vernacular 

architecture uses - adobe and rammed earth.  Adobe, or sun-baked brick is made by a 

thick malleable mud that is left in the sun until it dries and straw can be added to the 

mud.  It can be shaped by hand or molds of metal or wood.  This method requires time 

as the bricks will not dry quickly and the process of stacking all the adobe together 

takes time, especially working on the stability of the walls. The labor is high since the 

amount of adobes is high and the effort to mold all the bricks and build the structure is 

difficult. Rammed earth is a method where the mud is compacted into formwork and 
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allowed to dry, then the formwork is removed to create a wall.  The formwork is typically 

made from wood. This construction method requires less labor than adobe, but is still 

higher than many other construction methods like wood studs. 

The availability of insulation was developed recently with a better understanding 

of how to keep a constant temperature within a building. Insulation’s goal is to prevent 

or block the heat from going through.  The heat leaks are the problem for insulation. The 

popular choice of insulation material in an arid region is strawbale.  “Most straw 

produced in the United States is a waste product, which must be disposed of at a 

considerable cost to farmers” (Chappell, 36). 140 million tons of loose straw is left from 

modern grain harvesting (Vint, 97). That straw could make up two different sizes of 

bales - the 2-string bale (15”x18”x36”) and the 3-string bale (16”x24”x48”). The material 

is not a traditional building material, but those wastes are something we could use to 

build a shelter.  The straw adapts well to the desert climate. The walls have to be 

protected from moisture, insects, and fire by plastering interior and exterior surfaces. 

This is similar to adobe, not something new. The advantage of plastering is that anyone 

could learn and do it anytime they need to patch up the cracks. Before applying the 

plaster, the gaps in the stacks of strawbale tend to be filled with loose straws to reduce 

heat leaks or air infiltration.  Most 2x6 wood frame walls have an insulating factor of R-

19, while string-3 strawbale has R-33.5. This construction method is doable for unskilled 

laborers in many construction phases.  The environmental impact of this method 

reduces by 85% in CO2 in comparison to wood frame houses (Vint, 104). The overall 

cost of constructing and owning a strawbale building is cheap, saving 2/3 of the cost 

(Vint, 104). 
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The color of the material cannot be forgotten. The albedo plays a big role on 

absorbing the heat. Each color has a different ability to absorb the heat from the sun.  

White with high reflectance could reflect up to 85%, while black membrane reflects only 

5% (Lechner, 253). 

Casa Grande Ruins 

The compound was built by the Hohokam Native American people before A.D. 

1450 in Coolidge, Arizona today. The location is very close to the Peña family's 

property. The climate is a low-arid region, and they rely on irrigation canals from the 

Gila River.  The civilization was able to live in the area for 700 years, thanks to the river 

and well-designed shelter.  The collapse of their civilization was because of 

environmental pressures (Vint, 42).  The buildings include thick earthen walls for 

thermal mass - the material is puddled adobe which is very similar to today's rammed 

earth.  The soil includes caliche which helps the longevity of the material; therefore, we 

are still able to see the ruins today.  The primary cause of structure failure was when 

people were looting the timber wood beams to reuse for other buildings in the area, 

before the historic preservation came in to preserve the site. Otherwise, the buildings 

could last for a long time, beyond our imagination. 

The buildings included the principle of Materiality, Compact and Minimal Design, 

and Evaporative Cooling and Microclimate.  The materiality obviously works since the 

civilization survived for such a long time in the middle of the desert, where the walls are 

three feet wide, protecting inhabitants from the hot air.  The design is almost as simple 

as it could be - the shape is a simple rectangle for ease of construction and structural 

stability, which lasted into the 21st century.  The openings are very minimal, on all four 

sides, since there are no windows or something to open and close. Those minimal 
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openings intend to reduce heat gain.  Evaporative Cooling and Microclimate can be 

hard to detect since the site was developed a while ago, but their irrigation canal 

provides the ability to live in the middle of desert. That means the site has access to 

water.  Also, looking at the entire compound, most of the buildings are attached 

together, sharing walls to provide multiple plazas to block hot, exterior air from entering.  

The materiality is so well-performed, that the shaded devices and orientation can be 

ignored. However, they did share the walls to minimalize the surface-area-to-volume to 

the exterior. This construction method is difficult to apply today due to land codes and 

costs of labor and time to build three feet wide walls. (Figure 11) 

Main Building of Desert Botanical Laboratory on Tumamoc Hill 

 The laboratory was the first center for the study of desert plant ecology, and the 

site was designated a National Historic Landmark and a State Natural Area and listed in 

the National Register of Historic Places. The site is placed on Tumamoc Hill, north of 'A' 

Mountain in Tucson, and the main building was built in 1903 and expanded in 1906. The 

building started with an 'L' shape, then added another 'L' to create a 'U' shape with the 

courtyard facing South.  The building followed three principles; from creating a courtyard 

to using local volcanic rock to being about to avoid the heat gain except the size of the 

design is not compact or minimal. Their intention was probably to gain more natural 

ventilation and daylight due to the space’s function – a science lab - which requires 

more lighting.  The building is located on the hill, which means the ventilation is higher, 

resulting in higher diurnal temperature. The building is able to night flush from its 

design.  There is plenty of microclimate from its plants, while the material holds a high 

thermal mass.  (Figure 12) 
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Inhabitants and Labor 

The future residents have to be involved with the design to understand more 

about the passive design. This principle is not required, however it is encouraged.  The 

cost of labor will reduce dramatically, if the residents are able to help with the 

construction or even repairing the house someday in the future.  For example, strawbale 

typically is covered by earth plaster to avoid moisture.  The duration of earth plaster is 

not long, but the repair is simple and cheap, unless someone else comes and charges 

for doing the work.  Metaphorically, the Peña family has a mechanic who is an expert in 

working with cars.  The family is capable of saving a lot of money by avoiding sending 

the cars to the shop and paying for labor.  During the construction, the strawbale 

requires several men to stack due to its weight.  The family could help which costs only 

their time and energy to construct. 

Conclusion 

Providing this many principles does not mean the design requires applying all of 

the principles - even many vernacular architecture, which most likely respond to the 

climate, have to leave out some principles to invest with certain other principles.  Also, 

some principles could make up for others. However, in my opinion, most well-designed 

housings include all four principles. (Figure 9) 

A Pattern Language 
This section is probably the longest one in this paper due to the abstract concept 

of sustainability- the social aspect with minimal quantities available within the design.  

People could have various opinions or views, i.e. some people would rather small 

spaces while others prefer big spaces.  A Pattern Language –a book-- includes a great 

explanation of different elements to concentrate on in the towns, buildings, and 
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construction which Christopher Alexander, the author, intended to alter current ideas 

and practices. Even though the book was published in 1977, in my opinion, the ideas 

include a lot of great sustainable strategies for housing designs, especially social 

component, of sustainability, which is the most under-studied pillar.  Recently, most 

projects either obsess with the programmatic component for the spaces that maximize 

the experience for the users, or make the building zero-energy with less functional 

spaces for users. Since this data is more qualitative, with no actual evidence that the 

answer to the sustainability is correct, I will present my best possible opinion that 

provides the most logical explanation how and why this is an important component to 

think about and to include in the design. 

The book begins with the language that defines a town or a community including 

“the growth of town and country, the layout of roads and paths, the relationship between 

work and family, the formation of suitable public institutions for a neighborhood, the 

kinds of public space required to support these institutions” (Alexander 3).   This project 

will be a small-scale comparison of this section focusing on only a multi-generational 

family housing on a 5 acre lot, but we have the power to influence and change 

something in the community.   Christopher Alexander believes that centralized authority, 

through laws or master plans is not able to contribute a strong structure to a town or a 

neighborhood, but one by one could make the difference. The scale of a community can 

be diverse, and, in my opinion can be applied even to a house.  A house acts like a 

community within a family. Including a courtyard in a house is similar to including a 

plaza in a town. The scale in this book starts a big scale- an independent region.  “Do 

what you can to establish a world government, with a thousand independent regions, 
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instead of countries” (Alexander 9). A sustainable, passive design will take time to make 

up the whole community that identifies each individual’s needs and wants. Then, the 

scale gets smaller to focus on interior details, understanding that many patterns will 

overlap which I will repeat in some topics. 

35 Household Mix/ 40 Old People Everywhere/ 68 Connected Play/ 75 The Family 

 
 The current Peña family already has seven members in the house, with a 

possibility of two or three additional member in the future. However, they always 

welcome several guests in their house, even though they do not really have enough 

room for them.  Three members are the kids of the family, and all of them intend to stay 

with their parents for the rest of their lives.  That may sound unappealing for most 

nuclear families.  Many houses today are designed for a family of parents and children.  

Those children are used to having only their parents in their house, and seeing their 

extended families less often than in past.  Until a few decades ago, “human society was 

based on the extended family: a family of at least three generations, with parents, 

children, grandparents, uncles, aunts, and cousins, all living together in a single or 

loosely knit multiple household. But today people move hundreds of miles to marry, to 

find education, and to work.  Under these circumstances the only family units which are 

left are those units called nuclear families: father, mother, and children.  And many of 

these are broken down even further by divorce and separation” (Alexander, 377). This 

sustains the culture within the family by providing the children with the opportunity to 

learn from everyone, including elderly people. They have wise words that can be 

learned everyday, rather than twice or three times a year. That wisdom will be lost soon 

and indefinitely, if someone young does not meet with the elderly often enough. The 
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quality and variety of education from more than just parents is high. “No one stage in 

the life cycle is self-sufficient” (189). The older the person you have regularly contact 

with, the more experience you will receive through theirs.  However, the younger the 

person you have contact with, the more energy and full of questions yet to be answered. 

“Old people need old people, but they also need the young, and young people need 

contact with the old” (216).  The social aspect of the relationship typically goes the same 

after generation to generation such as love, fighting, etc., which the elderly can help 

from their past experiences. As for physical, the elderly typically had some experiences 

such as building, designing, or even repairing something, and they know some tips or 

secrets they can pass down to the younger generations. However, repeating the actions 

could be difficult due to their age, and that is where the youngsters come in.  They have 

so much energy and space to learn and improve from the past. That is how evolution 

works, rather than trying to figure it out themselves and repeating the mistakes their 

past generation has already made. “Only a fool learns from his own mistakes. The wise 

man learns from the mistakes of others” (Anonymous). 

 Also, sustainability within this category is saving time and money.  Rather than a 

family owning about five houses in total, they could save a lot of money by focusing on 

one property where everyone stays together. Again, rather than paying for five dinners, 

they could cook a big dinner, which would be cheaper.  They do not have to worry about 

hirng a babysitter since there is more of a chance that someone in the house stays at 

home during the day to take care of the children.  Those children have the chance to 

interact with their extended family members and learn even more! Along with that, “if 

children do not play enough with other children during the first five years of life, there is 
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a great chance that they will have some kind of mental illness later in their lives” (342).  

The parents will not have to plan a “play date”, where the parents have to schedule a 

playtime with other kids in the same neighborhood. Since the society becomes more 

unsafe or further apart from each other, they have to spend a time driving and watching 

their kids playing at a park. Wasting their time and gas plays a role. The list can go on. 

Many would argue that the more members staying together, the less privacy they 

get- even, the Peña family has the issue of privacy in their mobile home.  This quote is 

important for this element, in order to have a successful, large house for a big, multi-

generational family: 

 “Physically, the setting for a large voluntary family must 

provide for a balance of privacy and communality.  Each 

small family, each person, each couple, needs a private 

realm, almost a private household of their own, according to 

their territorial need.  In the movement to build communes, it 

is our experience that groups have not taken this need for 

privacy seriously enough.  IT has been shrugged off, as 

something to overcome. But it is a deep and basic need; and 

if the setting does not let each person and each small 

household regulate itself on this dimension, it is sure to 

cause trouble. We propose, therefore, that individuals, 

couples, people young and old—each subgroup—have its 

own legally independent household—in some cases, 
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physically separate households and cottages, at least 

separate rooms suites, and floors” (379). 

 A sustainability design will provide a private space for each member for their 

peaceful times. Architecture plays a big role in family’s relationships. 

60 Accessible Green/ 74 Animals/ 104 Site Repair/ 170 Fruit Trees/ 171 Tree Places/ 172 Garden 

Growing Wild 

 

 The design does not just focus on the interior space, but also urges people to 

socialize.  “People need green open places to go to; when they are close they use 

them. But if the greens are more than three minutes away, the distance overwhelms the 

need” (305). That is a problem for areas like the rural in arid regions.  Queen Creek 

does not have any green open space, and in many arid cities in the world, many streets 

are narrow while the buildings are tall enough to shade the pedestrians. The 

appearance is very desert- no green space unless there is a public plaza.  However, 

looking at the aerial picture of a desert city in the Middle East, there are plenty of open 

spaces that cannot be seen from the streets. These are private courtyards- where many 

have access to the green space within their home. 

 Since the Peña family has lived on this 5-acre property for 20 years, they are 

fortunate to be connected to the site.  Therefore, they are able to identify where the 

worst landscape condition are, and the house will be built in this area. “Buildings must 

always be built on those parts of the land which are in the worst condition, not the best” 

(509). These lands are already damaged from the family’s use, and they would like to 

keep the healthiest components of the site, to have them accessible whenever they 

need them. For these low conditions, we have an opportunity to improve the condition 
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by adding landscaping and allow them to grow upon their limitations- “a garden which 

grows true to its own laws is not a wilderness, yet not entirely artificial either” (802).  

This allows us to educate the family on how nature works.  The education includes how 

to treat the native plants and receiving the reward. This includes in their courtyards 

where they are able to grow fruit trees. “The fact that the trees are seasonal and bear 

fruit has special consequences” (795), where the family would gather under their 

shadows. 

 Another benefit of having a green space is that it creates a comfortable 

environment for the family to engage with their pets as well as native animals. “Animal 

are as important a part of nature as the trees and grass and flowers. There is some 

evidence, in addition, which suggests that contact with animals may play a vital role in a 

child's emotional development” (372).  The Peña family already owns several dogs, 

cats, and horses, which they use every day, as a part of their lives. This allows them to 

explore the entertainment outdoors in nature.  Green spaces deliver plenty of activities 

and those daylights are free-energy, which we should use them wisely. 

24 Sacred Sites/ 70 Grave Sites 

  The average family in the South remains in a house for about 13 years (Emrath). 

In the past, the house was typically passed down the generations- which mean the 

family would be proud of their history, both tangible and intangible. However, today 

society urges or requires moving, even to different regions for marriage, work, 

education, or just for a different taste of life.  As part of childhood, they experience a lot 

of nature and local to understand the context including the site, wildlife, and climate.  

These experiences are important to be aware when they grow up.  For the site where 

they grow up, they develop plenty of memories, along with their families. Those sites will 
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not disappear, so are memories there, rather it becomes stronger.  The buildings have 

to be sustainable so the families become more willing to stay.  The longer they stay at 

the property, the less they will change the site. 

 In the Peña family's neighborhood, there are many owners of 5 acres properties, 

and the first thing they did was destroy almost every single plant on the site. The reason 

for that could be varied from ease to landscaping and locate a new house just looking 

the way they want it to look. The problem about demolishing the site and installing the 

plants aka memories and experiences they had is those plants could be a threat to 

nature and to native plants.  Why do not they stay in the place they used to live, so that 

they could experience the specific nature they desire?  Now, the sites provide less 

native plants, which children gain experience through, and they will believe these non-

native plants are what this site should provide in this region for the next generation.   

 For those people who have lived in the desert for a while, they cherish the region 

including thorny plants that unintentionally harm humans. They would not be happy with 

grass in their front yard. 

 Another part of the site that would help the families to keep respect of the land is 

the graves. The Peña family has owned many horses in the past, and some of their 

favorites were buried on the property.  Those gravesites help them to look back and 

remember their happy times with the horses and dogs. The next residents would be less 

caring about that. If the Peña sold their land, the next family would not have any of 

these previously mentioned connections to the land-making them less to stay there for 

long.  
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108 Connected Buildings/ 115 Courtyards Which Live/ 119 Arcades 

 This component is the most similar to the principles, which are necessary to 

reduce the energy and make the environment comfortable for humans; it can improve 

the cultural and social aspect of sustainability.  “Isolated buildings are symptoms of a 

disconnected sick society” (532).  The connected buildings create a courtyard and help 

to minimize the impact of the exterior climate.  The arcades, again, are needed in arid 

regions, since the sun is scorching.  After minimizing the extreme, the space becomes 

more comfortable, like a paradise in the desert. 

 To include an arcade helps to urge people to use the circulation along the 

courtyard. “Covered walkways at the edge of buildings, which are partly inside, partly 

outside play a vital role in the way that people interact with buildings” (581). Also, it has 

the ability to provide two different spaces, both in winter and summer, so it will not be 

useless in some point of the year. The space will be comfortable for gathering. 

 These courtyards almost define a family's culture since the space is very private 

and they are able to express their lifestyle in that space.  Each minor courtyard can be 

individualized by each nuclear family within the Peña family. But, even in public 

courtyard, they will be able to decorate or install anything they want. The unique 

features created by the very member in the family will be spiritually connected in the 

courtyard. 

95 Building Complex 

 This section is a transition from a larger scale, like an overall image of the 

building to a smaller scale like a feature of the room.  That smaller scale with more 

details cannot be forgotten; otherwise the buildings will be missing a purpose, like a 

hollow house with no interior.  “A building cannot be a human building unless it is a 
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complex of still smaller buildings or smaller parts which manifest its own internal social 

facts” (469). In another phase, “A building is a visible, concrete manifestation of a social 

group or social institution” (469). Each nuclear family home has the potential for 

projecting the family’s uniqueness.  Specific rooms can be adapted to match the person 

or family’s preferences or lifestyles. Also, the features within the house can be changed 

to accommodate the family’s needs or wants. This allows for each family to have a 

unique home that meets their requirements, while remaining within their family-oriented 

culture. 

 

99 Main Building/ 129 Common Areas at the Heart/ 139 Farmhouse Kitchen/ 147 Communal 

Eating 

The common house is a main building for the community or multi-generational 

family where everyone will meet. It acts like a public space. Alexander encourages 

including those spaces in the common space-cooking, working, gardening, child care 

(Alexander, 380). Consequently, the Peña family often has trouble managing the 

amount of people in their current tiny kitchen. The mother has always said she wants a 

huge kitchen, where people can come together and socialize.  The kitchen is the center 

of all activity in their current home, and needs to continue this function in their new 

home.  The kitchen being in the common house will ensure that this tradition lives on. 

132 Short Passages/ 136 Couple's Realm/ 137 Children's Realm/ 141 A Room of One's Own/ 145 

Bulk Storage/ 157 Home Workshop 

“The homogeneous and undifferentiated character of modern cities kills all 

variety of life styles and arrests the growth of individual characters” (43). This in mind, 

the design incorporates a versatile room in each home that can be changed to the 

specific owner’s preference. Similarly, each home will have an exterior toolshed, tack 
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shed, work shop, or carport based on each person’s hobbies. This allows for an 

individualized place for owner’s to retreat to when enjoying their hobbies or alone time. 

159 Light on Two Sides of Every Room/ 192 Windows Overlooking Life 

 This is probably the smallest scale I chose from the book. Daylighting is another 

strategy of saving energy instead of using lights in the house.  However, this is not the 

only reason carefully installing the windows should be included. “When they have a 

choice, people will always gravitate to those rooms which have light on two sides, and 

leave the rooms which are lit only from one side unused and empty” (747).  The rooms 

with less than two sides of light are typically used for storage or actions that require less 

light like watching a television. Also, the light needs to spread to balance the lighting in 

the room; otherwise there will be a glare or a strong contrast of shadow and light. The 

more faded the lights are, the calmer visuals will be.  

 Including the windows allows nature to be included in the rooms. Rarely, the 

plants within the house are noticeable, but nature, through the windows, can be easily 

detected.  These trees and plants filter and calm the light before entering the room. For 

those days someone does not feel or does not have ability to go outside, he will be able 

to interact with nature nonetheless. 

Conclusion 

I cannot apply all that I just mentioned to the design, but it is important to 

understand that the family has a right to be part of the design, both prior to the building 

process and during the time they live in the design. They should be able to express their 

culture and comfort, even if they have to extend the house, or something big that 

typically requires permissions from the city.  The government is most likely never 

residing in the same house this family resides in, yet it decides the restrictions for them. 
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Some people won’t have a great sense of the environment- design a horrible 

design, but they are willing to pay the higher bill. Eventually, some of them will show 

more care about bills aka human comfort- which they will make them wiser on their 

designs, to avoid the scorching sun in Southern Arizona.  The designs will evolve to 

meet their expectation. That represents their time devoted and committed to their 

house. 

Design/Result 
 
 The Peña family is family-oriented and has lived on 4.55 acres in Queen Creek 

for the past 20 years in a 50-year old, double-wide mobile home.  Since they moved to 

the property, they aimed to build a house, calling a mobile home their temporary home.  

However, the plan did not go as expected while the manufactured house has been 

declining rapidly in recent years. Throughout the years the children of the family have 

grown up on the property, while taking care of several animals including dogs, cats, 

horses, and goats. The family is very connected to the site, which they do not plan to 

move away from but to persist until they build a new house. (Figure 14, 15, 16) 

 The family mentions that the environment has changed a lot in the past 20 years, 

due to Phoenix's urban sprawl, but the family wants to stay. The area used to be rural, 

filled with agriculture, but recently developers have bought farmers’ lands and built 

subdivisions, including Johnson Ranch, which is right next to the neighborhood.  Since 

the recent recession, many of the subdivisions have remained half built or full of homes 

that stand empty.  The zoning district of the 4.55 acre properties is SR - Suburban 

Ranch, which allows only one family dwelling unit.  A unit of family dwelling typically 
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means only one kitchen is allowed, but does not mean it has limitations of amount of 

bedrooms or bathrooms. SR has a goal to limit the amount of residents and buildings 

per 5 acres, however it just happens that the Peña family is a large family.  They 

currently have seven members in the family including the parents, three kids, and two of 

their boy/girlfriends living with them.  The adult sons and daughter do not plan to move 

out but remain like a nuclear family.  The children are in their 20's, one in his 30’s, and 

two of them already plan to marry eventually and extend the family.  A grandmother 

plans to move in with the family in the future as well.  The setback of the zoning district 

are at 50 feet from the front and back property lines, but does not disclose the 

percentage of coverings, which is great for a big family like the Peñas. Designing the 

Peñas a house on the property is a challenge. 

 The concept of co-housing comes when the requirement of one family dwelling 

unit means one kitchen per lot.  The family is used to having one small kitchen in their 

trailer, even though they want a bigger one.  They eventually will need a bigger kitchen, 

due to more people coming in. Co-housing includes a main gathering room such as 

dining and living room, a shared laundry room, and a kitchen. Those spaces are 

included in the common house, for the entire family to gather and socialize. For 

example, the idea of keeping the extended family together saves money, by giving the 

grandchildren to grandparents to babysit during the day, instead of using up more gas, 

time, and money to drop off the children at a babysitting place.  The family will be able 

to know and learn from each other more and the parents know how their children are 

being treated and raised when they are away. More information of how co-housing is 
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sustainable and related to pattern language is in the previous section. The concept of 

co-housing is already sustainable! 

 The extended family or multi-generational family does have several families 

within the family, where they each need space and privacy to live comfortably.  The 

space includes their own gather and social space, including a living room, a multi-

purpose room, and a private courtyard, along with their sleeping and cleansing space 

which translates to bedrooms and bathrooms. The overall design of each family's space 

could be seen as a house without a kitchen.  

 To design a passive, sustainable house, the involvement of principles and 

pattern language is necessary to achieve all three pillars of sustainability. Principles and 

pattern language are expanded in the previous sections, explaining why those are 

important to implement. 

 All four principles, along with one extra, are included within the design.  The 

design involved several iterations, where the design begins to take shape with more 

details. From the research of principles, the building started with a courtyard in the 

middle and expanded from there. The first principle to achieve was Microclimate and 

Evaporative Cooling from the idea of having an oasis in the desert, where everyone 

gathers. In the final drawing, the design delivers five courtyards in total, one public and 

four private.  The public courtyard holds a swale, where the water will be harvested.  

Those courtyards include native trees to function as a better microclimate.  Another 

function of a courtyard and trees is shading, which brings us to the second principle - 

Solar Orientation and Shading.  The design delivers more than plenty of shading 

devices, along with the attention to orientation.  The roof extends about 2 feet all around 
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the building, while the extra roof for the colonnade shades the pathway and the 

buildings. The depth of the walls where the windows are placed differ due to each 

façade providing different amounts of sun exposure.  The windows on the East and 

West facades are typically placed on the furthest inside, where the depth of the wall 

used the horizontal and vertical panels’ concept to shade the windows. The height of 

the colonnade is about 8 feet while the distance between the edge of the roof and the 

wall is about 12 feet.  The calculation brings this to 33 degrees, where the sun will be 

able to reach the wall during most of winter by reflection from the floor.  The carports 

and tack sheds are included on the East and West sides, intended to protect the walls 

from heat gain.  The materiality of the design is mainly strawbale, with most floor 

covered by concrete and roof covered by corrugated metal panels, supported by wood 

trusses. The principle focuses more on the walls, which strawbale provides high 

insulation.  The dimension of the strawbale is 4 feet x 2 feet x 1 feet 4 inches.  By 

intention, the wall’s thickness depends on orientation. The walls on the East and West 

side need insulation the most, therefore the thickness would be 2 feet.  However, the 

North and South walls are only 1 foot 4 inches, which saves the material - 3 bales reach 

up to 6 feet instead of 4 feet.  All heights rely on the total of bales.  The hardest principle 

to follow is Compact and Minimal Design because of conflict between courtyard and 

compact design.  The concept of co-housing helps to create a courtyard between 

compact buildings.  The common house is the most compact out of all, where the space 

should be cool during the winter without an active system.  In private houses, the design 

focuses more on natural ventilation than compact, where the courtyard is included.  The 
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total surface-area-to-volume could be higher than I expected, but providing a common 

house for the summer season could be a substitute for this situation.   

The reason for a less compact design in the private houses is to include more 

patterns. Eight general patterns are already chosen based on the Peña family's 

characters, and those are translated and included within the design. Most of the 

intentions and reasons to include those patterns are already explained in the previous 

section. The details can be found in the floor plan, elevations, section, and/or site plan. 

 Along with the design of the house, the study of site plan is necessary to find the 

best, sustainable possible location.  The property includes several unique 

characteristics that are important to the family.  One of the pattern languages I have 

mentioned is the site and its connection to the family.  The goal of building the house is 

to avoid some extra damage to their site from building a new house. The property is in a 

flood zone. There is a wash, scale of a whole neighborhood's water flow, going through 

the property, as can be seen on the aerial picture by seeing a line of green through the 

desert parcel.  The property actually has a mini-pond, which is called “The Pit”, where 

the previous owner dug there for a pond but never poured foundation. Today, the pit 

holds a habitat for many species, and water tends to fill the pit during the monsoon 

season.  The pit is the lowest point on the property while the Northwest part of the 

property is the highest point, where the least amount of water reaches the area.  On the 

east side of the wash, closer to the back of the property than to the road, there are 

horse facilities where the family has kept from 5 to 11 horses at a time - including one 

that was born on the property. The west side of the property is already destroyed by the 

previous owner, who wiped all native plants and planted nothing, and vehicles where 
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the entrance is from the west.  Due to living in a rural area, the family owns plenty of 

vehicles - every individual needs one for transportation - plus several more for 

recreation. They tend to leave those vehicles on the west side, which has destroyed 

most of the land.  The location of the house would be on the Northwest component, the 

highest point of the property, where the land is already destroyed and the least amount 

of water will flow through.  Since the family heavily relies on vehicles for transportation 

and for hauling their water trailer, there must be a significant amount of room for at least 

one car in length, plus two cars in width for passing through the space between the 

house and the property line.  Suburban Ranch Zoning District includes the setbacks at 

50 feet from the front and back, which is on the East and West side of the property, and 

at 10 feet from the sides. The house will include an approximate 3 foot mound, which 

helps to reduce the risk of flash-flooding into the house, and makes it easier to control 

the water flow downward to the wash, where it should be heading. 

 The size of the design matches the family's size and needs, but in reality, the 

family cannot afford this size of a house.  Similar to most ranch houses, the houses are 

passed down the generations, where all the spiritual connections occur at the site, and 

their goal is to maintain the house.  Mentioned in Pattern Language, one of the easiest 

sustainable methods is use the existing structure or building.  Therefore, most of 

vernacular ranch houses are never actually built all at once, but in several phases of the 

building's lifetime, through additions. Having several additions and phases, while the 

family and its size changes overtime, is necessary to successful satisfy the family's 

social needs and achieve their budget. For this design, the common house will be the 

first to build. Since only one kitchen will be allowed, the mobile house will be destroyed 
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after building the common house.  The question is: where will the family reside while 

paying off the loan for the common house. Fortunately, the common house is “the head 

of the snake”, where the height is high enough to provide two stories.  Reached by 

ladders, the lofts, above the laundry room, bathroom, guest room, and pantry, could act 

as temporary bedrooms for the entire family.  The main courtyard can be achieved by 

putting two semi-truck trailers (already on site) where the future houses will be set at.  

Hopefully, the loans will be paid off in almost no time since there are plenty of incomes 

in the family to pay, before the family gets more privacy in the second phase.  The 

second phase would be the two houses on the West side, so the view of the main 

courtyard from the road will be limited.  The maximum amount of bedrooms would be 

nine, including the guest room at the common house and the multi-purpose rooms 

turning into bedrooms, plus the loft. The space will be a lot bigger than the original 

mobile home anyway. The mortgage will be higher, since the square footage is higher 

and the house does not provide a simple shape like the common house.  The Peña 

family may have to wait for a while before they can add a third phase.  Experiencing 

building through phases will help them to learn what they actually need and want to 

include in the next phase. Therefore, the East wing floor plan and design will not be 

exactly the same as the West wing.  Along with phases, the amount of family members 

means they will be able to pay extra costs of details within the property such as horse 

stables, features in the courtyard, and ornaments because they all basically own one 

home, instead of four separate mortgages at four separate properties. 
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Conclusion 
Many may say, well, why not use newer technology on the buildings instead of 

spending more time on the design phase. Today, most of the construction requires 

much less time than those principles I mentioned to be included to the design, but they 

are most likely to be unsustainable.  Hi-tech could repair those issues, right?  Well, I 

personally believe that those technologies still require more energy, especially in the 

manufactured process, and people are just looking at the market costs and long-term 

costs.  The better technology, the cheaper electricity bill they will receive. They just do 

not realize that the design process does not require much more time to apply our 

precedents’ discovery from previous thousands of years of exploration - that is what 

principles are included.  Once the principles are followed, the design should consume 

less energy.  However, this all depends on the consumers’ usage of energy. For 

example, the Peña family owns several horses, and they require a lot of water, no 

matter what.  Today, we just happen to have more accessibility to resources, so we end 

up using more energy.  The principles and social aspects are just a way to improve 

sustainable design without adding more complication and costs. 

Limitation 
First of all, all designs are expected to be built in full-scale model to display its purposes 

in third dimension. This project involved a multi-family house, and it would be great if we 

are able to build the house to prove that the three pillars of sustainability in the house 

are successful. Due to financial and time reasons, it will not be possible to immediately 

build this design in its entirety. In reality as I mentioned before, the construction of this 

house may require three stages, in which the common house comes first.  The 

courtyard, that holds the important environmental and social aspect of the sustainable 
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project, will not be there unless we add the truck trailers to create a makeshift, 

simulated courtyard space. For the environmental aspect, the goal of a microclimate will 

not be achieve because of the different, undesired material and more gaps for exterior 

air to enter. For the social aspect, the space will not look as good, and the climate can 

be a little too hot for people to use. Again, the design requires three stages to complete 

in order for the sustainability to be successful.   

Moreover, after all initial cost and construction is completed, the buildings cannot 

be expected to have the perfect condition that we will not have to pay extra costs.  

There will be heat or moisture transfer or leaking somewhere in the house.  We will 

either pay the higher electricity bill or eventually repair the mistakes.  That is an 

additional reason why the mechanical system is required for our social, human comfort 

in the space. 

Secondly, proving the project to be sustainable for all three pillars will be difficult, 

especially related to the social and economic aspect.  As my social aspect relies on 

Christopher Alexander’s books, these books are old, published in the 1970s. Even 

though I called Pattern Language, my old testament of Bible, many may argue with 

some of the ideas of how to improve the space to become more social-able and 

comfortable for humans. Finding out if the social aspect is working will not occur until 

after designing and building the whole house. It may take time before the residents 

understand and occupy the spaces. In other hand, they may use the space differently 

than I intended. For the economic aspect, due to my lack of experience in the field of 

construction and managing a build budget, I cannot really pour knowledge about the 

economic aspect of sustainability. 
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To continue, each member of the family, who discussed with me about the 

house, has a variety of needs, and it was not possible to include all to maximize the 

social aspect for their satisfactory.  I tried my best to apply all general needs and needs 

they never thought of - many mentioned in Pattern Language. 

Recommendation 
My recommendation is to always use the priority principles I mentioned in the 

Data section of this paper with no exception! The principles in this paper specify 

designing for Low Arid Region houses.  I understand some regulations in the city 

including land codes may contrast with the principle, and for more sustainability, those 

regulations must change.  Within the principles, I encourage all to alternate choices. For 

example, the sustainable materials are strawbale, rammed earth, and adobe, and for 

this project, I chose strawbale, mostly for financial and social reasons. The bale is 

cheap, and labor may be cheap if the future residents are involved with the construction. 

For the next project, I may choose rammed earth, adobe, strawbale (again) or a 

combination of those materials for more variety of aesthetic and challenges.  The 

owners may have their own preferences. 
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“The house of moderate cost is not only a major architectural problem, but the problem 

most difficult for architects… the chief obstacle to any real solution… is the fact that our 

people do not really know how to live.  They imagine their idiosyncrasies to be their 

‘tastes’, their prejudices to be their predilections, and their ignorance to be virtue—

where any beauty of living is concerned.” Frank Lloyd Wright 
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Figure 1: Peña Family Property 

Figure 2: Bioclimatic Psychometric Chart 

Appendix I 

  



47 
 

Figure 3:Horizontal Sun-path Diagram 
 

Figure 4: The Ideal Building Form in Local Climate 
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Figure 5: Three Tier Design Approach 

Figure 6: Three Tier Design Approach 
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Figure 7: Surface Area to Volume Ratio 

Figure 8: Basic Courtyard House Form 
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Figure 9: The Basic Design with All Principles 
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Figure 10: Acoma 

Figure 11: Casa Grande Ruins 
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Figure 12: The Main Building of Desert Botanical Laboratory 
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How Do We Build a Sustainable Multi-Generational House in the Low-Desert?

Introduction
Architecture has evolved slowly for thousands of years, in diverse re-
gions around the world, reacting to the climate and population’s cul-
tural values. The recent technology including the innovation of 
mass-production that developed modern architecture reduce the sus-
tainability of social aspects, economical and enviornmental impacts.  
Studying of vernacular architecture helps to understand their design’s 
intention in order to improve the sustainability, especially in an arid-re-
gion, where humans are not adapt to the environment without shelter. Principles

Creating principles is not a new concept for this �eld- there is plenty of 
research or knowledge on this topic.  However, I set up four clear princi-
ples to include in the design to achieve passive design a.k.a. tier 1.  This 
component helps to increase the sustainability before we break ground 
for the building.  Most of them aims for the enviormental impacts, 
which can be seen through energy costs.

Compact and Minimal Design

Solar Orientation and Shading

Microclimate and Evaporative Cooling

Materiality

A Pattern Language
This is based on a book written by Christopher Alexander who intended 
to alter current ideas and practices.  In my opinion, this context includes 
plenty of sustainable strategies for housing designs especially under-ap-
preciated, controversial social components.  This data is more qualitative 
with no actual evidence that the answer to the sustainability is correct. 
Since there are many I chose to represent this project, I picked top eight.

“It is alarming to realize that much of the current housing design and city planning for arid zones 
has occurred by the simple application of non-arid zone patterns.”

Conclusion
The process of designing a building in the low desert region requires 
paying attention to the climate and following those principles and �nd-
ing the logic choices of pattern language. The key of the building, espe-
cially a home, is to be comfortable both socially and physically.

Design
The Peña family has lived on a 5- acre property in Queen Creek, Arizona for the last 20 
years in a 50- years old mobile home.  They have been waiting to build a permanent 
home.  The family currently contains 7 members, but they typically welcome many 
family members to stay at their house  as long as they need. The grown-up kids are 
planning on living with their parents, and at the same time they plan a family someday. 
The zoning district only allows one dwelling unit per property, which is a challenge for 
this design.  The single-family co-housing plays a big role for sustainability and going 
around the zoning code by providing one kitchen.  In designing a common house and 
multiple houses for a multi-generational family simply one cannot forget the princples 
of designing a house in an arid region and patterns from A Pattern Language for im-
proved social aspects.

Presented by William Landgren
Mentored by Architect Bob Vint
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Casa Grande, A.D. 700-A.D. 1450

The Main Building of Desert Botanical Laboratory on Tumamoc Hill, A.D. 1903-1906 

Psychrometric-Bioclimatic Chart

Three-Tier Approach to the Sustainability Design The Ideal Building Form in Local Climate

The Basic Design with All Principles

The openings, especially on the East and West sides, should be minimal 
while the shape should be as compact and simple as it can be.

The design must respond to the sun, avoiding the heat gain during the summer 
 and gaining the heat during the winter.

Creating an oasis helps to perform a microclimate which helps to increase
 the humdity which cools the temperature

The residents are encouraged to be involved with the design, 
so they feel connected with their home, while understanding how the building works.

The natural, local material has to be either high insulation or high thermal
to protect the hot, exterior air.

Site Plan  1/64”= 1’



53 
 

Most figures come from the book of Heating, Cooling, Lighting: Sustainable Design 
Methods for Architects by Lechner 
 
Figure 10 and 12 come from Library of Congress 
 
Figure 13 and 14 are the design of Peña’s House 
 
Figure 15 is the poster for the SBE showcase on May 1st, 2015 


