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ABSTRACT 
 
 This case study examines housing on the Hopi reservation, both traditional and 

contemporary and aims to create a future type of housing that will contribute to addressing the 

critical housing needs and alternative solutions addressing substandard housing on and for the 

Hopi people. Westernization has created a plague of substandard housing on the reservation that 

ignores pre-existing vernacular architecture and thus, the environment and the culture of the Hopi 

people.  Rather, Westernization has created a move toward inexpensive, and quick but highly 

inefficient types of housing.   

 

 The housing situation on Hopi presents a critical need for solution, an alternative to the 

substandard housing by creating a housing design that is sustainable, affordable and energy 

efficient.  This solution can be found by (re)linking to cultural patterns of sustainability, essentially 

the history of a cultural people which includes traditional housing methods and materials.  

Traditional Hopi housing was studied and a list of common strategies was compiled from traditional 

houses on the reservation into a Basecase. Modern strategies were applied to the Basecase to 

create a Newcase.  The percent savings in annual energy use and annual operation costs were 

compared between the two cases, however, it is important to note that the results were skewed 

due to a variety of factors that are discussed as limitations in the study.  Nevertheless, the study 

offered an alternative housing solution, one that demonstrated significant savings in annual energy 

use and operation costs.     
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INTRODUCTION 
 

A global crisis is occurring. Never before in history have human beings had such an impact 

on Earth.  It is in part due to the size and growth of population, the quantity of energy consumption 

and the quality of technology.  There are 6 billion people sharing one planet, Earth, and during the 

last decade the energy consumption has averaged about 400 x 1015 (quadrillion) Kilowatt-hours per 

year (Moeller, 2014).  Of the 400 x 1015 Kilowatt-hours per year of energy consumed, costing $450 

billion a year, buildings consume 50%.  The rest is consumed by transportation and industry 

(Moeller, 2014).  The residential sector consumes 17% of the energy in the United States 

(Chalfoun, 2014).  Single-family detached homes, which comprise 65% of the housing stock, 

consume 71% of the total amount of energy used or 12% of the total U.S. energy consumption 

(Chalfoun, 2014).  Studies have shown that cost effective energy efficient building designs could 

save half of the energy now consumed in buildings, reducing costs by $100 billion a year (Moeller, 

2014).   

 

Of the 6 billion people, 72% live in countries that are not industrialized, while developed 

nations make up about 25% of the population and consume 75% of the energy. Industrialization, 

then, is a major factor in the inequitable energy consumption of the world.  These statistics indicate 

that if the standard of living were to be raised to the level of developed nations, then the energy 

needed would have to be tripled or even quadrupled in the amount that is currently used (Moeller, 

2014).  

 

However, substandard housing in poorer developed/developing countries contribute 

significantly to inefficient energy consumption.  Often compared to poorer developing countries and 

third-world countries, housing on Indian reservations also contribute to the amount of energy 

consumed by buildings.  According to the statistics in Architecture for Humanity (2012), “One in 

eight Native Americans lives in overcrowded or substandard housing, nearly three times the 

national average” (p.156).  Despite their geographic isolation, the Hopi Indians of northeastern 

Arizona have not escaped disruption suffered by tribes from the colonization of Europeans. But 

they have slowly been adapting to American culture in ways that are not beneficial for them.  Cook, 

Knights & Lewis (1996) state, “Presently, redundant BIA dwellings are giving way to the convenient 

and inexpensive installation of trailer houses which dot once pristine plains and mesas” (p.43). .  
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Houses have changed gradually from the traditional Hopi designs to styles common in poorer parts 

of rural America (McIntire, 1971). Poorly constructed homes or mobile homes, which can be set up 

quickly and are less expensive and take less time than building a home, result in high utility bills for 

families who often times cannot afford them (Neumann & Vint, 2005).   

 

Prior to the availability of energy from the power grid, adequate shelter and comfort from 

the elements was a serious matter (Neumann & Vint, 2005). People responded to their climate and 

surroundings making use of available materials as well as expressing a particular way of life.  

Among the Hopi people, traditional Hopi housing reflected the culture and the building practices for 

their hot and arid summer climate as well as the cold plateau winter region—use of local materials 

and design strategies most efficient for their geographic region.   

 

Analyzing and incorporating traditional materials and design concepts into new building 

designs and structures to promote housing that is economically affordable to build, durable and 

energy efficient over its lifetime as well as being culturally appropriate is a sustainable alternative to 

the substandard housing in general (Neumann & Vint, 2005).  Addressing the substandard housing 

development that now encroaches upon the Hopi community is a step towards reducing energy 

consumption for the Hopi people.  Through the analysis of traditional Hopi housing and the use of 

residential energy modeling computer simulation, Energy-10, relevant lessons from traditional Hopi 

architecture can be applied to new housings.  This will result in a higher quality of affordable 

housing for low and moderate-income families within the Hopi community, saving energy that 

would otherwise be consumed in substandard housing. 

 
 
LITERATURE REVIEW 
 

The goal of this thesis is to improve community housing for the Hopi people through the 

creation of an affordable alternative to substandard housing, and more importantly, an alternative 

that acknowledges and honors Hopi history and traditions.  As a literature review for this study, this 

chapter discusses the changes that have occurred in housing development in the Hopi community 

through examining existing research on the topic including the traditions of multiple cultures and 

examples from research and design projects with similar intents. 
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Transitions in Settlement and Housing Problems: From Traditional to Modern Hopi 
For hundreds of years the Hopi people have lived on and around the mesas of the arid 

plateaus of northeastern Arizona, what is now called the Hopi Reservation.  Consisting of 2,500 

square miles and plateau lands, elevations of the mesas range from 4,700 feet to 7,800 feet with 

an annual rainfall of about 10 to 12 inches.  Before reaching northeastern Arizona and even before 

reaching this “Fourth” world, the Hopi Emergence story tells of a history of existence in three 

previous worlds from which they emerged into the current world at a sacred place near the bottom 

of the Colorado River (Koyiyumptewa, O’Bagy Davis, & the Hopi Cultural Preservation Office, 

2009).  From there they began a search through migrations for the right, or “preordained” place to 

settle (S. Nicholas, personal communication, November 20, 2014).  Evidence of these migrations 

and prehistoric settlements can be seen in many sites including the cliff dwellings around the Four 

Corners and in the ruins in Canyon de Chelly (Koyiyumptewa, O’Bagy Davis, & the Hopi Cultural 

Preservation Office, 2009).   

 

Population density was high at the time. All villages were distinctive in plan, but similarities 

ran throughout them.  The basic unit for each village consisted of the multistoried, terraced house 

block, which included the houses of several extended families, grouped according to clan.  The 

terraced face of the structure was towards the east or southeast, a strategy for taking advantage of 

the morning sunlight in the winter.  Buildings were built of stone and adobe.  The house/residential 

blocks were usually parallel to each other and enclosed open spaces that formed plazas which 

provided the area for the social and ceremonial life of the community (McIntire, 1971).   

 

Defensive Measures 

In 1540 AD, Spanish explorers came in contact with the Hopi people; they brought with 

them sheep, horses, fruit trees and new crops, all of which benefited the Hopi people.  Conversely, 

outside contact also brought the introduction of ravaging disease, foreign education and 

government, and the imposition of alien religions and ideas (Koyiyumptewa, Davis & the Hopi 

Cultural Preservation Office, 2009).  The Hopi people felt they needed more protection against the 

threat of Spanish attacks as well as harassment by the Navajos and Utes, thus moved away from 

the valleys where their fields were to the tops of the mesas forming villages.  Defensive measures 
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included minimal amounts of openings in the outer walls and entrances that were located above 

and which could only be entered with the use of a removable ladder.  

 

In 1848 the Hopi people came under jurisdiction of the United States, and this trend of 

defensive mesa top village living reversed.  The tribes that raided the Hopi villages were subdued 

by the U.S. military (McIntire, 1971).  At the time of U. S. jurisdiction, the Hopi people were living in 

seven villages located on the three finger-like extensions known as Black Mesa.  Since most of the 

early visitors that came into the lands occupied by the Hopi people from the east, the three 

projections of Black Mesa, going east to west, are now known as First Mesa, Second Mesa and 

Third Mesa (Appendix A).  First Mesa had three villages—Hano, Sichomovi and Walpi—located on 

top of the mesa.  Second Mesa, the largest in land area of all three mesas also had three 

villages—Mishongnovi, Shipaulovi and Shungopavi.  Third Mesa had the largest village, Oraibi 

(McIntire, 1971), which is also considered to be the oldest continuously inhabited settlement in 

North America, dating to 1150 AD (Koyiyumptewa, O’Bagy Davis, & the Hopi Cultural Preservation 

Office, 2009).  These villages are hundreds of years old, although the Hopi people trace their 

existence back at least 2,000 years in the American Southwest (Koyiyumptewa, O’Bagy Davis, & 

the Hopi Cultural Preservation Office, 2009).  

 

American Culture and New Construction Materials 

American culture only began to influence the Hopi at the end of the 19th century.  Hopi 

houses and villages remained, at that time, very traditional.  Increasing contact with Americans— 

missionaries, schools, traders, the Bureau of Indian Affairs agents and occasional visitors—along 

with the removal of the threat of attack brought about considerable change in the character of Hopi 

settlement patterns and structures (McIntire, 1971).  Under U. S. jurisdiction, defensive needs were 

eased and mesa-top villages were no longer necessary which in turn led to newer towns being built 

below the mesas.  Polacca was formed below First Mesa.  On Second Mesa, a visitor center, hotel 

and museum were built on top of the mesa. The village of Kykotsmovi or New Oraibi is located 

below Third Mesa is where the Hopi government offices are located.  Moencopi lies 50 miles west 

of Third Mesa. Originally a farming area, men from Oraibi, Hotevilla and Bacavi would run the 50 

miles to tend to their fields there (Koyiyumptewa, O’Bagy Davis, & the Hopi Cultural Preservation 

Office, 2009).  The broad wash at Moencopi provided fertile fields and by the late 1870s the area 
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was permanently settled by people from Third Mesa.  Today, there are two villages situated there 

and are referred to as Upper and Lower Moencopi.  

 

The 1880’s brought to the Southwest the extension of the railroads.  This in turn led to the 

introduction of foreign materials and the beginning of alterations to the pueblo facades (McIntire, 

1971).  As defensive features became unnecessary, doors and windows began to appear on the 

ground floors.  The more traditional multi-story structures have been largely replaced by single-

story housing.  This trend began around 1882 and became common by the 1880s (McIntire, 1971).  

The Hopi people were also introduced to western customs including the wage economy and 9 to 5 

jobs, compulsory schooling and individualism as opposed to the community living they were 

accustomed to (Nabokov and Easton, 1989). The introduction of modern utilities eliminated the 

dependency on natural springs—a key component to the formation of villages—(Cook, Knights, 

Lewis, 1996) and led to the sprawl of small communities comprised of groupings of houses that did 

not follow clan-influenced development.  Demands for electrical service and underground plumbing 

were met by federal appropriations and initiated the sprawl of villages (Cook, Knights, Lewis, 

1996).  This new living settlement pattern was reflected in their buildings and spaces through the 

abandonment of kivas, the sprawl of smaller and numerous settlements and the separation into 

single-family residences.  New construction was no longer solely being built in or around villages.  

Separate single-family houses began to appear while multi-storied houses began to decline.   

 

 In the time period from 1920 to 1940, there were two main changes (McIntire, 1971).  The 

first change was increasingly good masonry and the second change was the appearance of 

peaked roofs with eaves made with a variety of new forms of construction materials. The change in 

roof style also brought the change in materials.  Instead of local materials—logs for ceiling beams, 

and insulation material of packed earth and woven rabbit brush—the wood for roof construction 

was almost entirely commercial lumber and tar paper or corrugated metal.  Peaked roofs as 

opposed to a flat roof were evidence of the American cultural influence and many traditional roofs 

during this time period were replaced or covered over with shingles.  

 

In addition, doors on the ground became universal and windows began to increase in size, 

replacing animal skin with glass (McIntire, 1971).  In the case of improved masonry, while the 
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materials and construction methods were not significantly changed, there was a noticeable 

difference in the care taken in shaping the quarried stones for wall construction.  Also, in the early 

transition, the house plan went unchanged with the single-roomed house considered to be a 

complete living unit and the positioning of the door, now always located on the ground floor, 

remained unchanged and was usually on the east or southeast side of the house.   

 

Federal Impositions 

With the influence of the Bureau of Indian Affairs (BIA) and other federal entities into the 

Hopi way of life, 50% of all buildings constructed before WWII were  remodeled in ways that 

replaced  traditional housing materials and eliminated the qualities in Hopi housing that supported 

the Hopi belief that buildings are alive and living (Cook, Knights, Lewis, 1996).  Hopi craftspersons 

acknowledge that they have not upheld the traditions and crafts of masonry work and mud 

plastering; in the last two generations concrete cinder block has replaced quarried sandstone 

(Appendix B), commercially grown lumber has replaced the hewn tree trunk and bag cement has 

replaced the clay of the earth (Cook, Knights, Lewis, 1996).  Since WWII, cinder block has 

replaced stone as the principle building material. During the last half century, commercial produces 

have almost entirely replaced traditional building materials.  Some traditional houses are still lived 

in today; however, most have been altered with quick-fix over roofs (Appendix C), inexpensive 

aluminum windows and haphazard plumbing interventions (Cook, Knights, Lewis, 1996).      

 

In the 1960’s, tract housing built by the U.S. government further changed residence 

patterns (Nabokov and Easton, 1989).  Housing structures gradually changed from the 

“Southwestern Pueblo” style to housing more common in poorer rural parts of the United States 

(McIntire, 1971).  With the westernization of the Hopi communities also came national standards 

used by the Bureau of Indian Affairs (BIA) and several other external agencies in providing basic 

housing and amenities including water and sewer systems that complied with these standards.  

These national standards reinforced the creation of the American suburb on the Hopi reservation 

through the integration, or more appropriately, imposition of westernized housing designs, layouts, 

dimensions, and materials that specifically met the criteria for Housing and Urban Design (HUD) 

projects (Cook, 2002).   Since the 1960’s, the BIA has planned and hastily erected dwellings with 

little or no regard for traditional Hopi construction and history (Cook, Knights, Lewis, 1996).  
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HUD introduced the American design, form and structures on a large scale on Indian 

reservations and has only led to reasoning that it has been one of the most negative forces 

shaping contemporary Indian housing, planning and community design (Winchell, 1991). One 

example of a familiar and redundant type of BIA dwelling on the Hopi reservation is the trailer 

module both convenient and inexpensive, while simultaneously being inefficient and non-

traditional.  According to Neumann & Vint (2005), the efficiency of the assembly line greatly 

outdoes the long process of site-built houses. They further comment that “Mobile homes realize the 

promise of modern architecture: houses can now be mass-produced like cars or washing 

machines” (p.17). HUD offered low-cost housing projects which ignored the environment 

surrounding as well as the environmental factors influencing the cultural and structural 

considerations for housing construction   of the people they were for.  Instead, they met American 

urban lifestyle needs that were unfamiliar, at the time, to the Hopi people.  Although HUD housing 

tends to bring architectural designs to reservations and are inappropriate for the environmental and 

cultural settings, it is a response to and reflects the critical need for housing on the reservation and 

is often provides the only financing available (Winchell, 1991).  HUD projects, therefore, had a 

positive effect in that they provided housing for the rapidly growing population.  

 

 Currently, on the Hopi reservation, there is a mixture of community living patterns.  Hopi 

villages have changed over time; however, the Hopi people continue to live in villages.  There are 

three main reasons for the continuance of this tradition according to McIntire.  The first reason is 

that “community” still plays a large role in the Hopi tradition (McIntire, 1971). The Hopi people 

continue to carry out cultural practices according to the ceremonial calendar that depends on the 

traditional practice of communal interdependence which makes “participation” and carrying out 

individual, family and clan responsibilities easier if living in the village.  Secondly, imported crops 

and grocery stores have contributed to the decline of agriculture as a form of subsistence, this in 

turn has lessened the importance of distant fields, contributing to more in-village living 

(McIntire,1971).  Lastly, the increased accessibility to automobiles has allowed those who do still 

farm to be able to reach their fields quickly and easily even when they live in the villages (McIntire, 

1971).  Other sources suggest that the last two of the three reasoning’s that McIntire suggests are 

not valid. Instead the overall reasoning for the in-village lifestyle still exists because Hopi people 
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still have an active cultural life and much of the cultural activities still happen in the village and the 

kivas which are located in the villages (S. Nicholas, personal communication, November 20, 2014).  

The main differences between village living in the 17th century as compared to the present is the 

separate single-story homes, with multi-room plans that have replaced the “incomplete” single 

room houses and installation of modern day conveniences—electricity, running water and gas 

(McIntire, 1971).  HUD housing developments are mainly outside of villages and have formed 

separate communities, but substandard housing is a visible reality throughout both villages and the 

HUD housing communities.     

 

Some villages have chosen to remain largely traditional in terms of modern conveniences 

such as Walpi on First Mesa and Oraibi on Third Mesa which have chosen to reject running water 

or electricity.   Although such influences came much later to the Hopi people than most other tribes 

due to their isolation and extreme terrain conditions, the integration of such outside influence on 

the Hopi people has had a negative impact—it has caused traditions to fade.  Yet, through all of 

this outside contact, the Hopi people have managed to sustain and preserve their culture adapting 

to new ideas and innovations in both beneficial and non-beneficial ways.  Hopi housing displays 

this preservation of culture while also demonstrating the changes that have occurred.  

 

This transition from traditional to modern housing seen in the Hopi community can also be 

observed in other Native American communities and other cultures throughout the world.  Fathy, 

an Egyptian architect who worked to re-establish the use of mud brick and traditional designs as 

opposed to western building designs, criticizes modern Egypt for its lack of indigenous style and 

characterless houses (Fathy, 1973).  The transition from efficient, culturally influenced design and 

traditional architecture to impractical and culturally mundane modern architecture is evident in 

many cultures of the world.  

 
What Researchers Found:  Use of Labor and Local Materials 

Fathy’s (1973) thinking suggests that even without affordable housing, people would find a 

way to house themselves through their physical labor and the innovative and effective use of local 

materials; this has been evident in all cultural societies.  In his book, Architecture for the Poor, 

Fathy proposes a new form of partnership between “the architect and the ‘poor’.”  According to 
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Fathy, the partnership between the architect and the poor has been one in which the “poor”, tend to 

be the natives who put in the labor while the architect solves the technical problems.  Fathy goes 

on to assert that without the help of the “poor,” the project would be sterile, unloved and untended, 

and without the architect, the buildings would be ugly, inappropriate and expensive.  In this 

partnership and in most cases, the one building material they can receive for essentially no cost is 

“the earth beneath their feet” (p. xii).  What Fathy further proposes is that it is possible for an 

architect to guide what is essentially a self-reliant or self-help public housing project in partnership 

with the poor or people, yet, ironically, most public housing in the world today is done without the 

collaboration of either the architect or the people (Fathy, 1973).  Instead, public housing 

development is a bureaucratic decision built by select contractors that almost immediately become 

slums.  Fathy states, “It costs more to produce this form of ugliness,” and proposes that with the 

kind of partnership he introduces, “we will be driven toward better, more beautiful housing simply 

because we cannot afford any other kind” (p. xiii).    

 

Referring Back to History and Tradition 

Fathy’s (1973) research on the discovery that, “the solution to Egypt’s housing problem lay 

in Egypt’s history” (p.8) puts important attention on a culture’s tradition and history of housing 

design and construction in the following example.  When the Egyptian War stopped all building 

projects; steel and timber supplies were completely cut off and new construction came to an abrupt 

halt.  However, he writes, “At least I still had my mud bricks! And then it occurred to me that, if I 

had my mud bricks and nothing else, I was no worse off than my forefathers” (p.5).  Fathy began to 

rebuild using mud-bricks made of earth and straw and mud mortar to hold the mud bricks together.  

As he began work on his mud-brick buildings, he was challenged in determining how to build a 

durable roof without the use of columns of steel or timber to hold it up.  He traveled to Aswan 

where he visited the Egyptian sites of Fatimid Necropolis and the Monastery of Saint Simeon.  

Here, he discovered the ancient technique of roof building that the Egyption’s used in the 

construction of vaults.  These structures were made of earthen-mud bricks that had withstood the 

elements for thousands of years.  Throughout his travels across Egypt, he saw this technique used 

in ancient buildings including a vault that was supported by a staircase in the Touna el Gabal 

(Appendix D) and in the Granaries of the Ramesseum in Old Gourna.  Fathy called on Nubian 

Masons who still used traditional tools to help him build these vaults.  By referring back to Egypt’s 
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history, Fathy was able to rediscover an economical and efficient solution to his roofing problem.  

His re-discovery also provided an alternative to Egypt’s current roof construction material—foreign 

timber and steel—which would often collapse during heavy rains or in earthquakes, resulting in 

fatalities and which were also unavailable during the ongoing war.    

 

When conducting their research, Nabokov and Easton (1990), authors of Native American 

Architecture, found that in almost every Native American community there were people, often times 

elders who knew about the traditional design and construction of the buildings and who were 

actually living in and using the traditional buildings.  As well, Fathy, after searching, he was able to 

find Native Nubians who still knew how to build mud brick vaults using traditional-local materials 

and helped him in completing his project.  This supports the idea that traditional architecture is not 

a thing of “the past”, but it is actually still present today, functional, and can continue to exist 

alongside modern architecture (Winchell, 1991).   

 

By comparing the Egyptian and the Hopi peoples ’“vernacular” architecture—the designers 

were not “certified” by modern standards, the designs and spatial patterns they used had specific 

meaning to their local traditions and community and are based on local needs and construction 

materials that reflect the environment in which they exist (Winchell, 1991), they share similarities.   

In addition, while Egyptian architecture is different from Hopi architecture in the use of mud bricks 

and vault roofing, the difference is distinctly influenced by culture as well as geographic location 

and climate conditions.  Yet, the two cultures are similar in that potential solutions to their 

contemporary housing problems lay in their history.   

 
Traditions of the Past 

Tradition is created and is recurring because of practical experiences with the same 

problem(s) over many generations (Fathy, 1973).  Scientific analysis has organized observations of 

the problem (Fathy, 1973).  When either tradition or scientific analysis is used, they both result in 

the same end product, vernacular architecture.  Taking this into account, innovation needs to be a 

completely thought-out response to a change in circumstances (Fathy, 1973).  It therefore should 

not be done solely for its own sake, like much of the low income and modern housing in Egypt and 

the substandard housing on the Hopi reservation.  Modernity does not have to be viewed as being 
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negative but instead viewed as improving the quality of life through change.  By consulting 

tradition, the use of logical reasoning as well as scientific analysis, more effective and appropriate 

decisions in regards to Hopi housing can be achieved, and importantly, deliberated decisions that 

balance both tradition and modernity.  

 

Fathy (1973) states, “Tradition embodies the conclusions of many generations” (p.23).  

Tradition is seen throughout all Native cultures, varying in innovative and distinctive ways to meet 

their physical and cultural needs in regards to their environment.  Westernization brought new 

construction methods and materials that were foreign and largely inappropriate for the environment 

and climate of the region.  Wood frame construction is a disadvantage in desert climates because it 

has a small thermal mass, which refers to the ability of the material used to store heat, and creates 

resistance to changing temperatures (Thermal Mass, 2009).  Wood frame construction is also 

susceptible to termite and rot thereby reducing its longevity and increasing its life-cycle cost.  A 

common alternative to wood frame construction is frame stucco.  It is convenient and practical in 

that it can be quickly erected and less costly than adobe, but it still proves to be more costly to heat 

and cool (Neumann & Vint, 2005).  Neuman & Vint further describe how Native peoples had a 

sophisticated understanding of local materials.  Without massive walls to stabilize the desert’s 

temperature extremes, the fluctuation of day and night temperatures make it necessary to run 

mechanical air conditioning and heating to maintain comfort.  These Native cultures did not 

originally have an energy source to power mechanical devices such as air conditioners and gas 

furnaces.  They instead developed building techniques through the use of natural forces and 

materials for passive heating and cooling—“energy efficient construction and adaptable operational 

techniques which evolved from the local climate to gain a greater level of thermal comfort” 

(p.127)—such as solar orientation, thermal storage mass walls, earth cooling, evaporative cooling, 

vegetated and built shade devices and natural ventilation .  

 

Casa Grande, located in southern Arizona, is one example for which the fundamental 

principles of how to build in the desert can be seen (Appendix E).  Caliche, a concrete-like mix of 

sand, clay and limestone, was used to build the Great House at the Casa Grande Ruins (National 

Park Service, 2014). The caliche mud was layered to form 4 feet thick walls at the base of the site, 

tapering toward the top (National Park Service, 2014).  These thick earthen walls had a high 
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thermal mass capacity that accommodated hot days and cooler nights (Neumann & Vint, 2005).  A 

simple and compact rectangular building form was used for easy construction and for structural 

stability.  This simple and small form also served to minimize exposure to elements such as the 

sun, wind and forms of precipitation while small openings—doors and windows—In the structure 

worked to reduce heat gain (Neumann & Vint, 2005).  Timber was anchored in the walls to form 

ceiling and floor supports (National Park Service, 2014).  Despite centuries of weathering and 

neglect, the Great House at the Casa Grande ruins still stands today and is a great example of 

Native American architecture and their survival techniques to their climate.    

 

Neumann and Vint (2005) describe traditional Acoma Pueblo housing as teaching the 

importance of density and community form.  Like Case Grande, the Acoma people built their 

structures with high thermal mass walls only theirs was made of stone and mud.  Located in New 

Mexico, their two and three story houses provided high densities for efficient use of the land. The 

houses incorporated roof terraces facing south to receive the winter sunlight that also provided 

private outdoor spaces.  Wood beams at the roof level were positioned over the top of the wall to 

provide a cantilevered overhang that protected the walls from the high summer sun and allowed 

the lower winter sun to hit and warm the wall, thus warming its thermal mass.  The shared walls 

created row houses that helped to reduce the amount of exterior exposed to the elements.  These 

row houses created a balance of community and privacy by providing a public space for gatherings 

and ceremonies.  Early rainwater harvesting techniques can also be seen on mesa tops through 

the use of hollows that were dug into the stone surfaces. 

 

In comparison, according to Fathy (1973), traditional Egyptian housing was designed to 

protect residents from the hot and arid climate.  Houses were made of mud and straw bricks, 

typically 10” x 6” x 2” and held together by mud mortar, which would sparingly be used due to the 

fact that mud shrinks when it is dried.  The adobe provided thermal mass for cooler indoor space 

during the hot days.  Designs of buildings would include roof terraces and courtyards serving as a 

cooler place to sleep during the evenings while also providing private spaces.  Housing design was 

oriented to both the sun and the wind. The wind was allowed to pass through, cooling the building, 

while also ensuring protection from the harsh sun.  A Malkaf, or a wind catcher was often used and 

consisted of a tower that would catch the wind and send it down through the building.  
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Traditional Hopi housing designs considered the hot, dry summers and very cold winters in 

a barren plateau region.  Houses originally were multi-storied with connecting walls, lowering the 

amount of surface area exposed to the elements.  The small and compact forms also reduced the 

amount of surface area exposed to the elements.  Few and small windows and doors reduced heat 

gain.  The use of local sandstone and clay mortar provided thermal mass, moderating the extreme 

climate.  Overhangs provided shade from the hot and high summer sun, while also allowing the low 

winter sun to hit and warm up the sandstone.  The physical layout of the homes reflected a 

communal and ceremonial village life with homes facing toward the central plaza area.   

 

Traditional desert houses have thick earthen or stonewalls to moderate the extreme 

climate.  Small and deeply recessed openings helped to reduce the glare from the sun while small 

and compact building forms allowed less exposure to elements and provided easy construction 

with strong durability.  Passive cooling and heating strategies used in traditional housing 

emphasized thermal comfort with minimal to no energy consumption, holding important lessons 

that need to be applied to contemporary affordable housing designs (Neumann & Vint, 2005).  As 

Neumann and Vint state, “Traditional houses built with adobe, rammed earth or straw bale walls 

have withstood centuries of rain, wind, snow and even earthquakes when properly constructed.   

When built well, they can outlast and outperform conventional wood-frame houses” (p.121).  As the 

importance of tradition has become more recognized, it is not only being considered but also 

incorporated into current architectural designs more and more often.  In the following section, I 

describe examples that demonstrate this trend. 

 

 
Examples 

 

In their book, Design Like You Give a Damn: Architectural Responses to Humanitarian 

Crisis, Sinclair and Store (2006) provide a history of the movement toward socially conscious 

design, showcasing more than 80 contemporary solutions to urgent needs.  One case the authors 

described was in response to the need for basic shelter on Native American reservations.  The 

authors’ state, 
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“It is estimated anywhere from 90,000 to 350,000 Native Americans, nearly half of them 

children, are homeless or live in substandard conditions.  In severe cases 20 to 25 people 

live together in homes with as few as three bedrooms.  And the complexity of financing 

construction on tribal lands means the waiting list for federal housing assistance is much 

longer than average” (p.156).   

 

The need for an affordably priced material and the want of more traditional material led to 

straw-bale construction, which although is not traditional for the Hopi people, is traditional for 

nearby native cultures and is easily accessible to the Hopi people.  The foundation was laid and 

the hay bales were stacked to form walls, making sure they were tightly compressed.  With the 

help of volunteers, a 2-bedroom house was built in 4 weeks for a total cost of about $45,000.  The 

thick walls insulated the house against extreme weather and lowering the heating bills while the 

basic layout provided structural durability and the open plans leaned towards more traditional Hopi 

layouts.   

 

 Another case example is described in Environmental Works (2012) constructed by the 

Native Communities Collaborative. Place of Hidden Waters is located on traditional Puyallup tribal 

lands on a hill overlooking the Puget Sound tidal flats.  Near the site is a gulch that feeds into 

Commencement Bay via the Hylebos Waterway, which historically is one of the most productive 

salmon runs in the state of Washington.  It was critical that the project have no negative impacts on 

this important habitat.   Place of Hidden Waters represents a culturally and environmentally 

responsive new housing design for the Puyallup Tribe in the Pacific Northwest, one that achieved 

Leadership in Energy and Environmental Design (LEED).  The design emulates the rectangular, 

shed or gabled-roofed form of a traditional Coast Salish longhouse in which multiple families 

shared a single long building and a shared linear gathering space, with sleeping spaces on either 

side.  The design was redefined in this project in contemporary terms as a linear courtyard, partially 

covered, with townhomes lining either side.  The residential buildings are situated along an east-

west axis that allowed for prevailing summer breezes as a form of passive solar heating and 

cooling.  Of the three single, repeatable modular buildings, two are 10-unit townhouse clusters.  

The one and two-story townhomes face a central, partially covered courtyard, with an orientation 
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that maximizes natural light, views, and cross-ventilation in every room.  The courtyard, like the 

longhouse, creates a shared common area and protected entry area, which was intended to 

encourage community interaction, provide safe play for children, and ensure greater security for 

each family.  On the south side are five one-story, two-bedroom homes for small families.  The 

shed roof is partially open to the spaces below, adding height and daylight to the homes.  The 

newly renovated and expanded gymnasium building is located between the two developments and 

include new community rooms, a kitchen and office space.  A “community living room” with a gas 

fireplace serves as an informal meeting space for story-telling and conversation.  Residents and 

staff participated in the design process and meetings were held at the Puyallup Nation Housing 

Authority (PNHA) offices. 

 

Cook (2000) describes a third case example of four design diagrams developed by five 

graduate students who planned  a 56-acre new village site expected to hold 200 housing units on 

the Hopi reservation.  The plans integrate solar access just as traditional characteristics of Hopi 

housing do as well as passive solar heating and solar domestic hot water.  The material for the wall 

construction is 12-inch poured scoria with three standardized housing dimensions.  Following 

traditional practices, all housing was designed with usable outdoor rood decks for crop drying and 

sleeping as well as large family spaces combining kitchen, dining and living needs.  Single as well 

as double-story elements were used and nontraditional garages and carports were left out.  When 

the diagrams were shown to the community, one response was, “It looks Hopi” (p.34).  This 

comment confirms  that attributes of the late twentieth-century American culture such as bedrooms 

and bathrooms as well as new technologies for sustainability—passive heating, photovoltaic 

electricity, and the use of constructed wetlands as a means of wastewater disposal—can be 

successfully integrated with the patterns of Hopi tradition.  Not all housing has to be completely 

traditional, but lessons from traditional architecture need to be integrated and innovation needs to 

be carefully thought out to serve the functional and cost-effective needs of the community, which 

current modern housing on Hopi does not incorporate.  

 

A final case example describes a sustainable and affordable designed home—the Nageezi 

House—built on the Navajo Indian Reservation by the Arizona State University (ASU) Stardust 

Center (2005).  The house was built using a design that honored and reflected Navajo traditions, 
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but also integrated conventional housing designs such as size, privacy and compartmentalization 

(ASU, 2005).  Designed like a hooghan, the primary traditional dwelling of the Navajo people, the 

doorway is located on the east façade with circulation moving through the home in a clockwise 

flow.  A chahash’oh, meaning “shadow”, “shade” and “ramada” in the Navajo language, provides 

shade for the house.  Although there are private bedrooms and bathrooms, the living, kitchen and 

dining areas are combined in one large open space much like a traditional Navajo hooghan.  This 

Stardust Center project was the first house to be built by Navajo FlexCrete, a subsidiary of the 

Navajo Housing Authority.   

 

Many Native cultures have experienced the westernization of their housing, moving from 

traditional housing to more modern housing, which has shown to be inefficient and inappropriate 

for the environment they have been built.  Many are HUD housing projects which have used 

foreign construction materials that have replaced traditional and local materials and have only two 

main goals in mind—to be built quickly and inexpensively.  Research confirms that the vernacular 

architecture of native people is still in use today and it is this type of building design that will inform 

appropriate modern housing design while accommodating the culture, the environment and the 

cost.  The research suggests that we can and should look to the past or to “tradition” in housing 

design to find the solutions to contemporary housing problems.  Action has already been taken as 

seen in the straw-bale house constructed on the Hopi reservation and the housing proposed for a 

new Hopi village community, the Nageezi House on the Navajo reservation, and Place of Hidden 

Waters on the Tulalip reservation, but current existing substandard housing on many tribal 

reservations also demonstrate that more action still needs to be taken. This thesis delves deeper 

into creating an alternative solution that integrates tradition and modernity in a beneficial way.   

 

METHODOLOGY 
 
Overall Methodological Approach 

The goal of this thesis is aimed at studying and designing sustainable, affordable and 

energy efficient housing on the Hopi Reservation with regards to cultural relevancy through the 

means of climate design, traditional materials and energy efficient modeling providing an 

alternative to nontraditional substandard reservation housing.  A methodological approach was 

taken by approaching the research by using both   qualitative research and quantitative methods 
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because both ancient and modern research are qualitative and quantitative (Blake, 2010).  This 

research approach allowed for the opportunity to create a design for a more sustainable, affordable 

and traditional way of life for the Hopi people by reintegrating the efficient and sustainable methods 

from the past through the use of qualitative research, which was then supported through 

quantitative methods.  

 

Analysis of Qualitative Approach 
“All divisions of science have a qualitative side in which personal experience, intuition, and 

 skepticism work alongside each other to help refine the theories and experiments” (Stake,  

2010, p.11).  

 

According to Stake using qualitative methods also means, “thinking relies primarily on 

human perception and understanding” (p.11). Data collection methods for this study included: site 

visits, field observations and field notes, photographs and unstructured interviews.  Following a 

review of the literature which included reviews of books, online articles and journals, case studies, 

theses and lectures, a site visit to the Hopi reservation was made a trip was where photos, 

observations and field notes were taken.  Deconstructive research was used for the analysis 

process of the qualitative data.  Stake (2010) defines deconstructive research as the analyzing and 

breaking down of research of multiple pieces of data into core concepts and themes creating a set 

of common themes within the data in order to find common material and design trends in traditional 

Hopi housing as well as in substandard housing on the Hopi reservation.  These themes were then 

used to draw conclusions about sustainable and effective housing designs in hot and arid regions.  

Mixed methods, or the use of interactively using multiple methods was a vital tool in the analysis 

process of the qualitative section of the research (Stake, 2010).   

 

Analysis of Quantitative Approach 
Quantitative methods rely heavily on “linear attributes, measurements and statistical 

analysis” (Stake, 2010).  The qualitative research data in addition to utility bills for a nine-month 

period provided by one local Hopi resident who lives in substandard housing comprised the 

quantitative data for the study.  This allowed for the design of a Basecase model of a traditional 

Hopi house.  The computer simulation model used in this study was Energy-10, a computer 
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program specifically designed to analyze the energy performance of passive solar and 

conventional residences.  An analysis on the Basecase results using Energy-10 was performed 

where a problem identification and solution suggestion was conducted.  Solutions were then 

applied to Energy10 and the results were rerun.  A comparison of the Basecase design and the 

Newcase design was conducted and analyzed to demonstrate the energy savings.  The utility bills 

were compared to the estimated cumulative amount of the utility bills for the Basecase and the 

Newcase. This allowed a final percent and dollar savings to be calculated between traditional Hopi 

houses, substandard houses and the new Hopi house design.  

 
THE HOPI PEOPLE 
 
Overview 

The name Hopi is derived from the ancient word Hopitu, which means the “peaceful 

people” (Cook, Knights, and Lewis, 1996).  For hundreds of years, the Hopi people have lived on 

and around the arid mesas of northeastern Arizona.  The Hopi Reservation, as it is known today, 

consists of 2,500 square miles, within the larger Navajo Reservation (Appendix F).  The Hopi 

people live in pueblo villages on three rocky escapements, known as First Mesa, Second Mesa, 

and Third Mesa going from east to west.  These mesas range from 4,700 feet to 7,800 feet in 

elevation with the annual rainfall ranging from about 10 to 12 inches (Appendix G).  Surrounded by 

desert on all sides, the Hopi Indians escaped much of the early westernization due to their isolated 

and inhospitable environment, consisting of hot and dry summers and cold and barren winters 

(McIntire, 1971).  The environment was extremely harsh for agriculture; however, some crops were 

able to grow crops such as corn, beans and squash among others which supported their 

subsistence.  Currently, there are three villages on First Mesa- Hano, Sichomovi and Walpi.  Below 

First Mesa lies Polacca.  Second Mesa, the largest in land area of all three mesas also has three 

villages—Mishongnovi, Shipaulovi and Shongopovi.  Third Mesa has the largest village, Oraibi with 

the village of Kykotsmovi, also known as New Oraibilocated below the mesa is.  Fifty miles to the 

west of Third Mesa are the villages of Lower and Upper Moencopi.  Of the twenty-one Native 

American tribes residing on federally protected lands in Arizona today, the Hopi Tribe is recognized 

as one of the most traditional and distinct (Lewis, 1996).  More than 7,000 people are permanent 

residents of these Hopi villages; the total Hopi population numbers close to 14,000 (Hopi Tribe 

Enrollment Office, 2014), these villages are characterized by substandard housing.   
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Climate Analysis – Hopi Reservation 
 The American Society of Heating, Refrigerating, and Air Conditioning Engineers 

(ASHRAE) categorize the United States into 7 climatic zones.  The Hopi reservation lies in Zone 

5B—Dry (Appendix H). 

 

 Weather files for the Hopi Reservation were not available for use in Energy-10, therefore 

the most closely related weather file available to Energy-10 was selected for the Basecase.  This 

was Flagstaff, Arizona, located approximately 90 miles southwest of the Hopi Reservation.  

 

Climate Consultant provides downloadable weather data variables and calculated statistics 

for specific locations throughout the world.  The Hopi reservation was not one of the included 

specific locations so an alternative location was selected.  This location was Winslow, AZ; chosen 

because of its close proximity, approximately 70 miles south of the Hopi Reservation, and because 

of its similarity in weather conditions (Appendix, I, J, K, L, M, N) to the Hopi Reservation. 

  
DISCUSSION 
 
Observations 

While approaching the Hopi Reservation heading North from the closest main town, 

Winslow, Arizona, which is still about an 87 mile drive, the first housing community appearing on 

the right hand side is the Sipaulovi Housing Community.  It is designed much like that of an 

American suburb in that the housing consists of all individual houses with carports and a cul-de-sac 

street (Appendix O).  All of these houses are nontraditional, many of which are made of cinder 

block and have very little insulation.  This community is isolated from all village activities and 

ceremonies, creating what was once a close-knit community into an abundance of spread out 

houses.  Driving up to the mesas a plethora of substandard housing dots both the area below the 

mesas as well as the areas on top of the mesas.  Trailers can be seen throughout the Hopi 

Reservation as well as cinder block houses.  Many cinderblock houses are less than half complete 

and will most likely never be complete due to a lack of money (Appendix P).  Upon recent visits a 

new type of trailer/shed housing can be seen (Appendix Q).  None of these substandard houses 

takes into account the environment, the daily lives of the inhabitants or tradition.  All are 

constructed of foreign and commercial materials and most are mass productions where the same 

house is seen multiple times on the same mesa, just with different families living in them.   
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One Hopi man bought an old trailer for a flat rate of $1,500, however he cannot afford 

running water, gas or electricity for the trailer so he lights a fire in the winter, suffers through the 

summer and uses kerosene lamps for lighting.  There is now a program for low-income people who 

need assistance in paying their electric bills, yet for some it is still not within their price range.   The 

lack of jobs on the Hopi Reservation makes it harder to pay these bills.  Having strong cultural craft 

traditions, many Hopis sell their crafts—jewelry, carved katchina dolls, woven baskets, painted 

pottery, etc.—as a living, yet this is a very unstable source of income and is only successful for a 

few.  Due to the lack of jobs many people leave the reservation to either go to college or to find a 

job in town.  Although the initial cost of substandard housing may be cheap or provided by 

organizations, they do not produce utility bills that the people living in them can afford, nor does it 

allow the people living in them to be able to keep up with the maintenance of the house because 

the cost of the foreign materials is too high, often times leading to run down houses.  In order for 

the houses to be successful they need to be built with local materials that are cheap or essentially 

free so that the owners can maintain their own houses and they need to be built using traditional 

methods that provide low cost utility bills.    

 
Artifact Analysis 
 

When trying to determine how to build an energy efficient and affordable house, much of 

the answer can be pulled from history.  The Hopi people created housing that would fit the needs of 

themselves and their environment before there was electricity and before there were mechanical 

systems that provided heating and cooling.  Design strategies can be taken from traditional Hopi 

housing and implemented into modern day housing.  Traditional materials used were all materials 

that were located close by and were easily accessible.  Houses were made out of Sandstone 

Masonry that was taken from the mesas.  Adobe made out of local clay and water was used as a 

mortar as well as a protective coat over the sandstone (Appendix R).  The Sunforehead Clan 

House is a traditional Hopi house located on Second Mesa in the village of Shungopavi.  This 

house has remained very traditional in that there have not been any renovations made to the 

house other than the addition of electricity and running water and the installation of windows and a 

door (Appendix S).   Located in the Shungopavi village is the Snow Clan House, which underwent 

a restoration in 1992, but still remains very traditional (Cook, Knights, Lewis, 1996).  Features of 
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this house include two stories with roof terrace space (Appendix T).  The roof is supported through 

the use of timber with a woven patchwork of bushes and sage placed across the timber.  The 

overhang provides shade for the building to protect against the high summer suns, while allowing 

sun to hit and warm the sandstone during cold winter months.  The separate houses share walls 

lowering the amount of surface area exposed to elements.  The single room rock house located in 

the Walpi village demonstrates how traditional Hopi Houses used small windows to prevent heat 

from the sun from overheating the spaces, while also providing a small and compact form that 

allows structural stability as well as easy construction (Appendix U).   

 

Located atop a mesa, small in size, there is an entrance to the Walpi village—a Hopi 

village that has chosen to remain traditional to this day—only a few feet wide (Appendix V).  The 

location of the village served as a defensive system against intruders.  From the top of the mesas 

the Hopi people could look out and see danger approaching from afar.  Small hidden doors in the 

village lead to underground rooms where people would seek cover during attacks.  It wasn’t until 

later, once the fear of attacks was gone that the addition of steps carved from the mesas 

themselves were added to provide easier access to fields and water.  Now, that defensive tactics 

are no longer needed for daily life, the Hopi people have spread from the mesas and many now 

live at the base of the mesas.   

 

Due to improper use of photographs taken of Hopi ceremonies where images were used in 

comic books and portrayed in a negative way, photos were not allowed while visiting Walpi.  

However, photographs of the village are easily accessible online.  Although Walpi remains 

traditional in that there is no electricity or running water, there are many renovations that have been 

made to the houses.  Currently, there are no people living in Walpi and it is only used for 

ceremonies and special occasions, where families will go to the houses and camp out with their 

kerosene lanterns and battery powered radios all sleeping in the one room houses on the floor.  

The two elders that were living in the village were temporarily removed due to an instable roof that 

was found to be unsafe for them to be near.  This area was also blocked off from tourists, however 

once the roof is fixed the two elders will be returned back to their homes.     
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Each house belongs to a specific clan and it is solely up to those clan members on how 

they would like to proceed with the house.  Some houses have been neglected and abandoned as 

clan members have moved from the reservation to live a western life with no one left from the clan 

to care for the house.  Members from other clans or even the Hopi Tribe are not allowed to touch 

houses that are not theirs (belonging to their clan), it is solely left up to the clan that owns the 

house to come back and fix the house, if they so wish.  Other clan members have chosen to make 

additions to their clan houses often times using nontraditional materials, while other houses have 

left the houses alone for the most part.  The houses are built of sandstone with adobe mortar, 

however modernization has led to the use of cement in replacement of adobe because of the 

durability and the elimination of having to constantly re-plaster.  Research now shows that cement 

has a reaction with the sandstone used that causes an acid to be emitted that is unhealthy to 

surrounding people and the environment.  Traditional flat roofs, that serve also as roof terraces to 

watch the ceremonies can still be seen on some of the houses.  Included in the roof is the 

overhang that provides shade to the building during summer months.  On houses with windows 

and doors that have not been replaced, few and small square windows are seen in the wall, 

preventing the harsh sun from getting in (Appendix W).  When stepping through the alleyway 

where the walls were made of sandstone and adobe and where the ceiling was lined with timber 

and woven with sage and bush, an instant decrease in temperature could be felt, making the hot 

sunny day enjoyable (Appendix X).  On top of the hallway stands a house, demonstrating how 

strong the timber and patchwork woven bushes have proven to be.  Although modernization—

substitution of cement for adobe, installation of western windows and doors, shingle roofs and 

cinderblock walls—has surfaced in this yet very traditional village, the Hopi people are trying their 

best to preserve the tradition and have denied the request to install photovoltaic panels, in hopes of 

keeping the village as traditional as possible.  

 
Traditional Strategies 
 

When comparing a traditional Hopi house (Figure 1) to a non-traditional substandard 

house (Figure 2), the beneficial environmental strategies used in the Hopi house are easily 

observed and are not seen in the substandard house.  The following images are used to identify 

the twelve traditional strategies used in the construction of Hopi houses, and how these strategies 

functioned in terms of energy efficiency.  The twelve traditional strategies discussed include: 
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thermal mass with exposed interior, exposed foundation, roof insulation, roof terraces, small 

openings, overhang shading, orientation, one room plans, compact and simplistic form, water 

drainage/collection, fireplace heating and wall reflectance.   Eight of these twelve traditional 

strategies—does not include roof terraces, one room plans, water drainage/collection or fireplace 

heating—were used in the Basecase to create an energy efficient house to which modern 

strategies could be applied to create an even more energy efficient house.   

 

	    
Figure 1: A Traditional Hopi House (LaMantia, 2014) Figure 2: A Non-traditional House on the Hopi    

Reservation (LaMantia, 2014) 
 
 T.S.1: Thermal Mass with Exposed Interior 

 

In a traditional Hopi house, the walls were made of quarried sandstone blocks and 

plastered with adobe made of clay, earth and water.  Mud mortar was used sparingly between the 

layers of stone because mud shrinks when it dries. The walls were usually about 18 inches thick 

and about seven or eight feet high.  The sandstone walls were used as thermal mass for heat 

absorption and storage.  Masonry walls have high heat capacity and a certain time-lag that works 

by absorbing sunlight on its outer face and then transferring this through the wall by conduction 

(Moeller, Week 9). The use of thermal mass will reduce the impact of high temperature and flatten 

day-to-night temperature swings (Moeller, Week 9).  Interiors were usually left bare displaying the 

sandstone masonry.  Leaving the interior exposed on high thermal mass walls is a strategy that 

can be used to allow the heat to enter the enclosed space, trapping the heat at night into the area 

instead of losing it to the exterior of the building.  

 

 Because Energy-10 does not provide the option to use sandstone for walls, limestone is 

the closest option.  Sandstone and limestone are both sedimentary rocks; however, sandstone is 
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formed by the sedimentation of small grains, usually quartz, while limestone is formed by the 

sedimentation of finer grains of calcareous materials (Engineers Daily, 2014).  Sandstone is harder 

than limestone and has less corrosion due to rainwater, which is why it is found near rivers, lakes 

and in desert areas (Engineers Daily, 2014).   

 

 

Figure 3: Sandstone Thermal Mass (LaMantia, 2014) 

 

 T.S.2: Exposed Foundation 

 The flooring in traditional Hopi homes was made of tampered earth or clay and was 

several inches thick.  The use of bare flooring increases the thermal mass effect.  A 12 inch 

concrete floor slab with a 6 inch earth covering was used in Energy-10 for the Basecase.   

 

 

Figure 4: Exposed Tampered Earth and Concrete Flooring (LaMantia, 2014) 

 

  

Exposed Tampered Earth Floors 

12” Concrete Slab 

Sandstone 
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T.S.3: Roof Insulation 

 The roofs were designed to carry great weights and therefore consisted of a framework of 

heavy timbers ledged in the walls.  A mat of smaller poles – pine, aspen and willow – were laid 

crosswise above these timbers at right angles to the timber, along with bushes and sage woven 

together.  On top of this a spread of mud plaster is laid.  When the mud has dried, a layer of earth, 

about six to eight inches thick is added and carefully packed down to cover the entire flat roof 

(aboutnativeamericans.blogspot.com).  The use of all of these materials combined provided 

insulation, a strategy that prevents hot air, which rises from escaping through the roof.  These 

traditional materials were unavailable in Energy-10 and instead, a roof insulation of R-6 was used.  

The R-value is the capacity of an insulating materials ability to resist heat flow; the higher the R-

value, the greater the insulating power (google.com).  

 

  

 
Figure 5: The Basecase has R-6 Roof Insulation (LaMantia, 2014) 

 

 T.S.4: Roof Terraces 

 Designed to carry great weight, the flat roofs created roof terraces that allowed a semi-

private area for gatherings or daily use  which functioned almost as much as the rooms 

themselves. In addition, they provided a cool place to sleep during hot summer nights.  The 

terraces were also strategically located to allow exposure to the sun and protection from cold winds 

(Fewkes, 1906).  This strategy was not implemented into the Basecase. 

 
  

LaMantia 

LaMantia 

R-6 
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T.S.5: Small Openings 

Small and minimal amounts of windows and doors helped to prevent excessive solar heat 

from the sun to enter the enclosed spaces and also provided for a minimal amount of air leakage 

for further control.  The Basecase has six 2’ x 2’ windows, six 3’ x 4’ windows, one 3’ x 7’ door on 

the south façade and one 2.5’ x 7’ door on the north façade.  

 

Figure 6: The Basecase Utilizes Small Windows (LaMantia, 2014) 

 

 T.S.6: Overhang Shading 

 The 2 inch overhang shading on the north and south facades provided by the timber from 

the roof and the roof ledge helped prevent direct solar gain from entering the building.  It does this 

by providing shade to the building from the high summer sun, while also allowing the low winter 

sun to hit the building, warming it up. 

 

 

Figure 7: The Basecase Provides a 2 Inch Overhang for Shading (LaMantia, 2014) 

2” Overhangs 

2” Overhang 
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T.S.7: Orientation 

The arrangement and orientation of houses in Hopi pueblos were constructed to secure 

sunny exposures for entrances and terraces and provide protection from the cold and wind 

(Fewkes, 1906).  Entrances and roof terraces were located on the south façade to provide warmth 

during the cold winter months.  The orientation of the whole building is a passive strategy used to 

reject the heat in the summer when the sun is high and capture the free heat in the winter when the 

sun is low.  The ideal orientation of a building runs the long axis of the building from east to west, 

as seen in Hopi housing.  

 

 

  

 

Figure 8: The Basecase Orients the Long Axis of the Building East to West (LaMantia, 2014) 

 

T.S.8: One Room Plans 

There are two typical floor plans of traditional Hopi houses.  The first is a single room and 

the second consists of a storage room in back and a front room.  These simple plans provide easy 

ability to heat and cool the building (Appendix Y). 

 

 T.S.9: Compact + Simplistic Form 

 The simple and compact rectangular layouts of the houses allowed for easy construction 

while also providing maximum durability.  The Basecase has a compact rectangular form with a 

volume of 19,320 ft3.   

 

90°	  
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 T.S.10: Water Drainage/Collection 

 Drain spouts made of pottery allowed precipitation to run off the roof, discouraging 

precipitation build up on top of the flat roofs. Rainwater was collected in natural crevices in the 

mesas to supply water to the houses, eliminating the need for water systems in the houses. 

 

 T.S.11: Fireplace Heating 

 Corner fireplaces provided the main source of heating for Hopi houses, the single or two 

room floor plans made it easy to heat the whole room up using this method. 

 

 T.S.12: Wall Reflectance 

 Interior surfaces of the walls were usually finished with a clay plaster or stucco. Once this 

was done it was whitewashed with a fine, white clay.  Light colors served as a reflector to block the 

sun’s radiation, while dark colors allowed the radiation to penetrate.  The wall reflectance of the 

Basecase was set to 0.2.   

 

 In the next section, modifications made by using modern strategies to construct a 

Newcase and the impact on operating costs in comparison to the Basecase are shown.  Eight of 

the modern strategies were used in the Newcase to show the amount of savings by implementing 

modern strategies in addition to the traditional strategies of the Basecase. 
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Modern Strategies 
 M.S.1: Square Form 

 Modifying the Basecase building’s dimensions to the dimensions of a square instead of 

those of a rectangle is a passive strategy that creates a compact design minimizing the surface 

area to volume ratio.  This therefore, reduces the amount of exposure on the building.  The 

following Basecase had the dimensions 35’ x 46’ while the Newcase changed the building’s 

dimensions to 40’ x 40’. 

 
Figure 9: The Basecase was changed to a Square Floor Plan (LaMantia, 2014) 

 
Operating Cost: 0.0% Savings 

 

M.S.2: Increased Roof Insulation (R-38) 

 Increasing the roof insulation allows less hot air to escape through the roof during cold 

winter months.  The Basecase roof had an insulation value of R-6, the Newcase increased the roof 

insulation to R-38. 

  
Figure 10: The Newcase Increased the Roof Insulation from R-6 to R-38 (LaMantia, 2014) 

 
Operating Cost: 9.3% Savings 

M.S.3: Exterior Wall Insulation 

Avsforum.com 
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Similar to the previous strategy, roof insulation and exterior wall insulation also saves on 

energy costs by reducing air leakage through the walls.  The Basecase walls had ½ inch of plaster, 

18 inched of limestone, and ½ inch of plaster.  The Newcase has ½ inch of plaster, 2 inches of 

gypsum board, 4 inches of limestone and ½ inch of plaster from outside to inside.   

 
Figure 11: The Newcase Added 2 Inches of Gypsum Board Exterior Wall Insulation (LaMantia, 2014) 

 

Operating Cost: 15.0% Savings 

 

M.S.4: Roof Reflectance (0.8) 

Light colors serve as a reflector to block the sun’s radiation, while dark colors allow the 

radiation to penetrate.  A strategy used to prevent the sun’s radiation from penetrating into the 

building through the roof is to lighten the color of the roof.  The Basecase roof reflectance was set 

at 0.2, the Newcase increased the reflection to 0.8. 

 
Figure 12: The Newcase Increased the Roof Reflectance from 0.2 to 0.8 (LaMantia, 2014) 

 
Operating Cost: 5.6% Savings 

 

Sandstone/limestone layered with 
gypsum board insulation 

certainteed.co
m 

LaMantia 
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M.S.5: Increased Wall Reflectance (0.8) 

Increasing the wall reflectance allows a higher amount of the sun’s radiation to be reflected 

away, decreasing the amount of heat transferred into the building.  The Basecase had a wall 

reflectance of 0.2, the Newcase increased the wall reflectance to 0.8. 

 
Figure 13: The Basecase Increased the Wall Reflectance from 0.2 to 0.8 (LaMantia, 2014) 

 

Operating Cost: 7.0 % Savings 

 

M.S.6: Slab Perimeter Insulation  

Slabs lose energy due to the heat that is conducted outward through the perimeter of the 

slab, it is therefore a good strategy to use slab insulation.  The Basecase did not have slab 

insulation, the Newcase added slab insulation. 

 

 
Figure 14: Slab Insulation in the Newcase (LaMantia, 2014) 

 

Operating Cost: 3.7 % Savings 

 M.S.7: Infiltration 

Light colors reflect solar heat 

Ground Level 
Slab Insulation Concrete Slab
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 Infiltration is the uncontrolled type of ventilation and is measured by the Air Changes per 

Hour (ACH) (Moeller,Week 10).  Infiltration is controlled by minimizing doors and operable windows 

and by properly sealing windows.  Cracks between different materials and around windows and 

door frames must be caulked.  In order to have less leakage occurring the ACH was reduced from 

the Basecase amount of 1 to 0.4, allowing some infiltration to prevent stuffy spaces.  

 
Figure 15: The Basecase ACH value of 1 was changed to an ACH value of .4 (LaMantia, 2014) 

 

Operating Cost: 7.9 % Savings 

  

 M.S.8: Thermostat Setbacks 

Setting back the heating and cooling settings for when the building is not occupied, helps 

to greatly reduce the amount of energy that is being used in the house.  The heating in the 

Newcase was set back to 68° from 70° and the cooling was set back to 80° from 74°. 

Heating           Cooling 

 	  	   	  	  	  	  	   	  
 

Figure 16: The Basecase Created a 68° Setback for Heating and an 80° Setback for Cooling (LaMantia, 2014) 

 

Operating Cost: 0.00% Savings 

 

70° 68° 74° 80° 

Amazon.com Amazon.com Amazon.com Amazon.com 
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 All eight modern strategies were used in the Newcase to show the amount of savings by 

implementing modern strategies in addition to the traditional strategies of the Basecase. 

  

Costly Energy Efficient Strategies 
 There are energy efficient strategies that produce a great amount of savings both in 

operation costs as well as in load consumption, unfortunately, some of these strategies have a high 

initial cost, that often times forces them to be left out from new and affordable housing.  Two of 

these energy efficient strategies 1) high efficiency mechanical systems and 2) advanced window 

glazing - are suggested to be included in Hopi housing if the budget allows for it; however, it would 

not result in what is classified as an affordable low-income house. 

 

 M.S.9:  High Efficiency Mechanical Systems 

High efficiency heat pumps and air conditioners cost more initially, but the higher the 

Seasonal Energy Efficiency Ratio (SEER) and Coefficient of Performance (COP) of the mechanical 

system the more efficient the system will be and the lower the monthly electric bills will be.  The 

COP of the Basecase was 2.9 and the EER was 8.9, the Newcase increased the efficiency of the 

mechanical systems to COP 4.6 and EER 8.9. 

 

Operating Cost: 30.8% Savings 

 

 M.S.10:  Advanced Window Glazing (Triple Low-E) 

The use of advanced glazing in windows is an expensive strategy, but is designed to 

reflect solar radiation which heats up a space while also allowing daylight to enter to light up the 

space; it is a highly effective strategy.  The Basecase had single plane windows, while the 

Newcase installed triple pane low-e windows.  

 

Operating Cost: 0.00% Savings 

 

 The electric bills for the substandard house can be compared to the estimated bills of the 

traditional Basecase model to determine the amount saved by using traditional strategies.  The 

electric bills of the substandard house can also be compared to the Newcase estimated bills to 
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determine the amount of savings for a house that utilizes both traditional and affordable modern 

strategies.  

 

REScheckTM 

 When adopted, implemented, and enforced, stronger energy codes mean more energy-

efficient buildings (Chalfoun, 2014).  For consumers, conserving energy through energy-efficient 

structures/buildings means lower energy bills.  For the environment and the nation, conserving 

energy lowers the demand for fossil fuels and dependence on imported energy, decreases the 

need for new power generation, and reduces pollution.  The U.S. Department of Energy (DOE) is 

working to improve the energy efficiency of the nation’s buildings through new technologies and 

better building practices.  The Building Energy Codes Program created by the DOE is a resource 

containing information on model energy codes (Chalfoun, 2014).  The DOE works with other 

government agencies, state and local jurisdictions, national code organizations, and industries to 

promote stronger building energy codes and to help states adopt, implement and enforce those 

codes.  Compliance tools and materials are developed and distributed in order to make it easier for 

designers, builders, product manufacturers, and code officials to comply with energy codes based 

on the International Energy Code Compliance (IECC) or ASHRAE and the Illuminating Engineering 

Society of North America (IESNA) Standard 90.1 requirements.   In this study, REScheckTM is the 

energy code compliance program used. 

   
The REScheckTM product group makes it fast and easy for builders, designers, and 

contractors to determine whether new homes, additions, and alterations meet the requirements of 

the IECC or a number of state energy codes.  REScheckTM is a compliance tool which is used for 

new residential buildings, three stories or less in height, and/or for additions to such buildings 

(Chalfoun, 2014).   

 

The Basecase is a new residential building, three stories or less in height and is located in 

Zone 5.  The Basecase was used in REScheckTM to check for compliance.  The Basecase 

exceeded the code requirements and was adjusted to receive the lowest passing compliance 

(Appendix Z).  This demonstrates that the Basecase without any added modern strategies already 

exceeded the state codes on energy efficiency.  Having the lowest possible REScheckTM 

compliance also allows for a higher percent of savings between the Basecase and the Newcase 



FALL 2014 SENIOR CAPSTONE THESIS 	  | 42	  
	  

and creates a higher opportunity for receiving Leadership in Energy and Environmental Design 

(LEED) Certification.   

 

REScheck works by performing a simple U-factor x Area (UA) calculation for each building 

assembly to determine the overall UA of a building (Chalfoun, 2014).  The UA that would result 

from a building conforming to the code requirements is compared against the UA for the new 

building being applied to REScheck.  If the total heat loss (represented as a UA) through the 

envelope of the new building does not exceed the total heat loss from the same building 

conforming to the code, the software generates a report that declares the new building is in 

compliance with code.  

 

The U.S. does not have a national energy code or standard, so energy codes are adopted 

at the state and local levels of government (Chalfoun, 2014).  Through the Building Energy Codes 

Program (BECP), DOE provides technical assistance to state and local governments to help 

facilitate the adoption process.  The majority of the United States may use REScheck to show 

compliance.  However, some states allow REScheck to be used by county or jurisdiction rather 

than statewide (Appendix A2).  Once it was shown that the Basecase met compliance with energy 

codes, using REScheckTM the Basecase could then be run in Energy-10 to determine the annual 

energy use. 

  
Energy-10 Basecase 

The house created for the Basecase was a single story, three bedroom, two bathroom 

residential house for three people. The Basecase used in this study greatly exceeded the 

compliance codes.  This is due to the use of traditional Hopi strategies in the Basecase.  This was 

done so that the percent of savings could be shown between traditional strategies in the Basecase 

and modern strategies in the Newcase since it was already shown with REScheckTM that the use of 

traditional strategies in the Basecase was already considered efficient enough to pass compliance 

codes.  The Basecase Building Schedule is the schedule used for the Basecase that was run using 

Energy-10 (Appendix B2).  A Plan View as well as a North, South, East and West Elevation were 

created using Sketchup, a 3-D modeling software (Appendix, C2, D2, E2, F2, G2).  The eight 

traditional strategies were included in the Basecase and the eight modern strategies were added to 

the Basecase to create the Newcase.  The results for the Newcase are discussed below.  
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RESULTS 
 
Energy-10 Newcase 
 

 
 
Figure 17: Barchart of the Annual Energy Use of Each Modern Strategy and each Case (LaMantia, 2014) 
 
 The Basecase was run using Energy-10.  Using the information supplied in the Basecase 

Building Schedule and implementing the eight traditional strategies the total annual energy use for 

the Basecase was 138.77 MMBtu.  Each of the eight modern strategies were run and compared to 

this Basecase value to determine the amount of energy each individual strategy saved.  The 

square form strategy reduced the annual energy use to 138.73 MMBtu, a .04 MMBtu savings.  

Increasing the roof insulation to R-38 resulted in an annual energy use of 128.25 MMBtu, saving 

10.52 MMBtu.  Adding exterior wall insulation created an annual energy use of 121.89 MMBtu, 

saving 16.88 MMBtu.  Using a roof reflectance of 0.8 reduced the annual energy use to 131.66, 

saving 7.11 MMBtu.  Increasing the wall reflectance to 0.8 used 130.07 MMBtu per year, saving 

8.7 MMBtu.  Installing slab perimeter insulation reduced the annual energy use to 134.31 MMBtu, 

saving 4.46 MMBtu.  Infiltration created an annual energy use of 129.67 MMBtu, saving 9.1 MMbtu.  

The use of thermostat setbacks reduced the annual energy use to 137.43 MMBtu, saving 1.34 

MMbtu.  Applying all of these modern strategies to the Basecase created a Newcase that had an 
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annual energy use of 73.84 MMBtu, saving 64.93 MMBtu.  This was a 47% savings between the 

Basecase and the Newcase. 

 

 Two other strategies were added to the Basecase in order to demonstrate the energy 

efficiency of modern strategies that are more expensive.  The first strategy was the use of high 

efficiency mechanical systems.  The installation of these mechanical systems reduced the annual 

energy use to 112.55 MMBtu, saving 26.22 MMbtu.  The second strategy was the installation of 

triple pane low-e windows.  This created an annual energy use of 138.52 MMBtu, saving .25 

MMBtu.  When applying both of these strategies in addition to the eight other modern strategies to 

the Basecase a Newcase was created that resulted in an annual energy use of 59.79 MMBtu, 

saving 78.98 MMBtu.  This was a 57% savings between the Basecase and the Newcase.   

 

 
 
Figure 18: Percent Savings of Each Modern Strategy (LaMantia, 2014) 
 
 Based on the annual energy use and percent savings on operating costs, each of the ten 

strategies were ranked from most efficient to least efficient.  The installation of high efficiency 

mechanical systems had a 30.8% operating cost savings, the use of exterior wall insulation saved 

15% in operating costs, increasing the roof insulation to R-38 resulted in a 9.3% savings, infiltration 

created a 7.9% savings, a wall reflectance of 0.8 had a 7.0% savings, a roof reflectance of 0.8 had 

a 5.6% savings, slab insulation had a 3.7% savings and using a square form, triple low-e windows 

and thermostat setbacks all resulted in a 0.0% operating cost savings in this specific Basecase. 
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 In this particular Basecase six out of the eight modern strategies created savings in the 

operating costs and should be implemented in the new design of Hopi houses.  The two that did 

not create operating cost savings was the square form and thermostat setbacks.  Although both 

had a slight annual energy use savings that were not great enough to affect the operating costs, 

however a square form plan can be implemented in new construction for no extra cost and should 

be used.  Setting back the thermostat is another strategy that can be included at no extra charge 

and in many cases can save large amounts.  The roof reflectance and wall reflectance strategies 

are inexpensive strategies that should always be implemented because they consist simply of 

using lighter building colors to reflect the sun and darker colors to absorb the sun’s heat.  Insulation 

of the exterior wall, slab insulation, increased roof insulation and infiltration are all strategies that 

cost more than reflectance strategies, but are still affordable and result in savings that greatly 

benefit the energy efficiency of the building.    

 

 Although expensive, high efficiency mechanical systems should be applied to this 

particular Basecase because it resulted in the highest percent savings of all strategies, 30.8%.  

Energy consumed for space conditioning, both heating and cooling, represents approximately two-

thirds of the total energy consumed in the typical home and roughly 11% of the total U.S. energy 

consumption (Chalfoun, 2014), this explains the high percentage of savings when using more 

energy efficient mechanical systems.  The second strategy was the installation of triple pane low-e 

windows which proved, in this case, to not be efficient enough for the cost amount of the windows. 

This could be due to the fact that the windows being used were already minimal and small in size, 

one of the traditional strategies.  This demonstrates that not all expensive strategies are necessary 

in order to have the most efficient building.  
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Utility Bill Comparisons 

 
Figure 19: Annual Utility Bill Costs for all Three Cases (LaMantia, 2014) 

 

Estimated utility bills for the year provided by Energy-10 for the Basecase and the 

Newcase were compared to actual utility bills (Appendix H2) provided with consent by the 

homeowner of a substandard house located on the Hopi reservation, specifically in the Sipaulovi 

Housing Community (Appendix I2).  The Basecase resulted in an estimated yearly utility bill cost of 

$3,059.  The Newcase resulted in an estimated yearly utility bill cost of $1,389.  This produced a 

savings of $1,770 a year, a 58% savings.  When the Newcase was compared to the substandard 

house the results showed that there was a decrease in savings.  The substandard house had a 

yearly utility bill of $871, which produced an increase in cost of $548.  There were however, other 

factors to consider.  The areas of the Basecase, Newcase and Substandard house were all in 

close proximity, but the amount of energy used by the number of occupants for the houses were 

different.  The substandard house is occupied by a single person who travels frequently, while both 

the Newcase and the Basecase were programmed for 3 occupants who occupied the house every 

day.  It can be assumed that the yearly utility bill for the substandard house would greatly increase 

and exceed the cost of the yearly utility bill for the Newcase with the addition of two more 

occupants and a more frequent in-house use schedule.   
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CONCLUSION 
  

Fifty percent of all energy use is consumed by buildings (Moeller, 2014).  Single-family 

homes make up 65% of the housing stock and consume 71% of the total amount of energy used 

by the residential sector, or 12% of the total U.S. energy consumption (Chalfoun, 2014).  

Substandard housing in poorer developed and developing countries contribute greatly to inefficient 

energy consumption, including housing on Indian reservations, which are often compared to poorer 

developing countries and third-world countries.  Addressing the substandard housing development 

that encroaches upon the Hopi community is a step towards reducing energy consumption for the 

Hopi people.  Through the analysis of traditional Hopi housing and the use of residential energy 

modeling computer simulation, Energy-10, relevant lessons from traditional Hopi architecture are 

applied to new single-family housing.  Analyzing and incorporating traditional materials and design 

concepts into new building designs and structures promotes housing that is economically 

affordable to build, durable and energy efficient over its lifetime as well as being culturally 

appropriate.  It is a sustainable alternative to the substandard house that consumes the Hopi 

reservation.   

 

Results led to a sustainable, affordable and energy efficient design of a single-family 

residential house that incorporates eight traditional strategies – thermal mass with exposed interior, 

exposed foundation, roof insulation, small openings, overhang shading, orientation, compact and 

simplistic form and wall reflectance – that link to cultural patterns of sustainability and eight modern 

strategies – square form, increased roof insulation, exterior wall insulation, increased roof 

reflectance, increased wall reflectance, slab perimeter insulation, infiltration and thermostat 

setbacks.  The annual energy use savings created between the Basecase and the Newcase was 

47%.  The savings produced between the yearly operation costs between the Basecase and the 

Newcase was 58%, saving $1,770.  An alternative to the substandard housing on the Hopi 

reservation has been found and results in a higher quality of affordable housing for low and 

moderate-income families, saving energy that would otherwise be consumed in substandard 

housing, helping to lower energy consumed by buildings. 
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LIMITATIONS 
 

There were several limitations in this study.  Due to distance from the study site – the Hopi 

Reservation, a six hour drive from Tucson, Arizona—the researcher was limited to one site visit as 

well as short in duration (Monday September 29th, 2014 – Wednesday October 1st, 2014).  In 

addition, the overall site visit consisted of visiting multiple villages/communities—Shungopavi, 

Lower Shipaulovi and Walpi Village—located several miles apart from each other.  Materials 

available for use in Energy-10 was another limitation; many of the traditional materials used in Hopi 

houses were not an option category in Energy-10 the most closely related material available were 

used for analysis and comparison. Comparisons of utility bills from the substandard house and the 

utility bills created by Energy-10 could not be 100 percent accurately compared and presented 

another limitation of study.  In addition, also posing a limitation were that the houses have different 

layout and along with differing numbers of people living in the house following different occupancy 

schedules.  The study was limited to single-family housing and did not include apartments or 

conjoined houses.  Another limit was that the house was designed to be what is classified as an 

affordable low-income house, meaning that more expensive energy saving strategies—high 

efficiency mechanical systems, triple pane windows, photo voltaic solar panels, solar hot water 

heater, etc.—could not be implemented due to the cost factor.  Further, due to a lack of weather 

files for the Hopi reservation, the nearest town with similar weather conditions, Winslow, AZ was 

used for a climate analysis of the Hopi reservation and Flagstaff, AZ, the closest town with 

accessible weather files that could be applied to the Energy-10 simulation was used.  These 

limitations for this study impact the study results in that all cost analyses are an educated estimate 

(not accurate to the cent) and conducted according to the researcher’s best knowledge and effort.  

The study’s limitations also point out the limitations of the current compliance tools for substandard 

housing in communities such as the Hopi reservation.  These limitations also suggest the following 

recommendations. 
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RECOMMENDATIONS 
 

Recommendations for further studies based in the current study include:   

• the application of Energy-10 on multi-family housing;  

• an application of eQuest on commercial buildings on the Hopi reservation;   

• interviews conducted with individual residents to determine what they want and need in 

housing including  determining daily living patterns; 

• performing a thorough analysis on substandard housing types on the Hopi reservation 

including an energy audit on the building; 

• investigating  costs of all materials and labor used to determine educated estimates of 

initial construction costs; and 

• devising a plan on re-establishing and integrating feasible cultural aspects of traditional 

Hopi construction for and among the Hopi population 
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APPENDIX 

 
 
Appendix A: The three Hopi Mesas (pages.ucsd.edu) 
 

                      
 
Appendix B: Transition from quarried sandstone to cinderblock building (LaMantia, 2014) 
 

 
 
Appendix C: Quick-fix over roofs (LaMantia, 2014) 
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Appendix D: A vault supporting a staircase in  Appendix E: Casa Grande Desert Dwelling Touna el 
Gabal (Fathy, 1973)     (LaMantia, 2014) 
 
 

 
 
Appendix F: The Hopi Reservation by Peter M. Whiteley, 2004 (naturalhistorymag.com) 
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Appendix G: Annual Average Precipitation 1971-2000 (watercache.com) 
 
 

 
 
Appendix H: ASHRAW Seven Climatic Zones by Intellicast, 2014 (Intellicast.com) 
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Appendix I: Weather Data Summary for Winslow, AZ (Climate Consultant) 
 
 

 
 
Appendix J:  Annual and Monthly High and Low Temperatures for Winslow, AZ (Climate Consultant) 
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Appendix K: Relative Humidity for Winslow, AZ (Climate Consultant) 
 

 
 
Appendix L: Wind Speed for Winslow, AZ (Climate Consultant) 
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Appendix M: Need for Shade or No Shade during the winter in Winslow, AZ (Climate Consultant) 
 

 
 
Appendix N: Need for Shade or No Shade during the summer in Winslow, AZ (Climate Consultant) 
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Appendix O: The Sipaulovi Housing takes on the   Appendix P: Many cinder block houses are form of an 
American Suburb (LaMantia, 2014)                          incomplete, due to unstable family incomes (LaMantia,  
               2014) 
 

    
 
Appendix Q: A new type of substandard housing is now appearing   Appendix R: A Mortar made out of  
on the Hopi Reservation (LaMantia, 2014)            local clay and adobe was used also as  

a protective coat for the sandstone 
(LaMantia, 2014) 
 

   
 
Appendix S: The Traditional Sunforehead Clan House    Appendix T:  The Traditional Snow Clan House in 
Shungopavi Village (LaMantia, 2014)        in Shungopavi Village (LaMantia, 2014) 
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Appendix U: A rock house located in Walpi, with small   Appendix V: The small entry way to Walpi Village 
openings (LaMantia, 2014)         was a defensive measure (wmf.org) 
 

  
 
Appendix W: The small openings are a passive        Appendix X:  The timber, woven brush and adobe 
solar strategy used in Walpi (wmf.org)              walkway provides protection from the heat and the sun  

             (wmf.org) 
 
 
 
 
 
 
 
 
 
 
Appendix Y: The Two Typical Hopi Floor Plans (LaMantia, 2014) 
 

Front Room 

Back Room: used 
as a storeroom 

Single Room Plan 
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Appendix Z: The Basecase Model exceeds the REScheckTM Compliance Code, strategies are removed to 
create the lowest possible passing case in order to create the highest percent in savings (REScheckTM)  
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Appendix A2: States as of February 2014, That Can Use REScheckTM to Show Compliance 
(energycodes.gov) 
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BASECASE BUILDING 
SCHEDULE 

	  

VOLUME 19,320 ft3 
Total 17,664 ft3 
House  1,170 ft3 
Ductwork 384 ft3 

AREA 1,934 ft2 
Roof 1,610 ft2 
Floor 552 ft2 
Wall (S) 552 ft2 
Wall (N) 420 ft2 
Wall (W) 420 ft2 
Wall (E) 1,944 ft2 
Total Walls 38.5 ft2 
Doors 48 ft2 
Window (S) 32 ft2 
Window (N) 8 ft2 
Window (W) 8 ft2 
Window (E) 96 ft2 
Total Windows 2,078.5 ft2 
Gross Walls + Doors + Window Areas 162 ft2 
HOUSE PERIMETER 805 ft2 
PARTITION WALLS None 
INSULATION R-6 
Roof R-3.15 
Walls U= .5, solid core 
Doors U = 1.277 
Glass F2= 0.9 
Slab  1.0 ACH (or ACBASE) 
INFILTRATION None 
VENTILATION 1.0 ACH 
MECHANICAL COP 2.9 
Heat Pump EER 8.9 
 Heat = 70  Cool = 74 (no setback) 
Thermo Setbacks None 
SHORT-WAVE REFLECTANCE 0.2 
Roof 0.2 
Walls 0.47 
Doors 0.14 
Windows 0.33 
RATIOS 0.54% 
Total Glass to Floor Area 0.27% 
South Glass to Floor Area 18,834 ft3 
 
Appendix B2: Basecase Building Schedule for Traditional Basecase used in Energy-10 (LaMantia, 2014) 
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Appendix C2: Basecase Plan View (LaMantia, 2014) 
 

 
Appendix D2: North Elevation (LaMantia, 2014)  

35’ 

46’ 

Ground Level 
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Appendix E2: South Elevation (LaMantia, 2014) 
 

 
Appendix F2: East Elevation (LaMantia, 2014) 
 

 
Appendix G2: West Elevation (LaMantia, 2014) 
 

Ground Level 

Ground Level 

Ground Level 
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Appendix H2: Utility Bill for the month of March for the Substandard House (LaMantia, 2014) 
 

 
 
Appendix I2: Substandard House Located in the Sipaulovi Housing Community and used in the Utility Bill 
Comparisons (LaMantia, 2014) 
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