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ABSTRACT 
 

The intent of this study was to design produce a comprehensible but user-friendly method 

that would provide a step-by-step process and guide in originating sustainable, affordable and 

energy efficient net-zero residential housing.  The right-step procedure of the VERSAE Method 

was linked to the traditional vernacular architecture of the Hopi, a Native American people who 

still reside on part of their aboriginal lands in northeastern Arizona.  The process combined 

traditional strategies identified in local vernacular Hopi architecture with modern strategies to 

successfully design sustainable, affordable and energy efficient (net-zero) housing specifically 

for contemporary Hopi housing.  The process was documented in the capstone project, “Housing 

for the Hopi Community: Designing Sustainable, Affordable and Energy Efficient Housing in the 

Hopi Community, Linking to Cultural Patterns of Sustainability”.  For this thesis, the VERSAE 

method and process was replicate to create a sustainable, affordable and net-zero housing 

prototype for the Omaha Nation located in Nebraska with significantly different climate, 

environment, local materials and cultural patterns.  Both case studies validated the VERSAE 

method as conductive to sustainable, affordable and energy efficient (net-zero) housing design.  
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INTRODUCTION 
 

A global energy 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 7 billion people sharing one planet, Earth, 

and it is estimated that by 2040 thepopulation will increase to 9 billion people.  One BTU, or 

British thermal unit, is the amount of heat required to raise the temperature of one pound of 

water by one degree Fahrenheit (U.S. Department of Energy (DOE) [APA], n.d.).  In 2011, the 

total primary energy consumption averaged about 520 quadrillion BTUs, costing 52 trillion 

dollars according to the US Energy Information Administration (EIA). As of 2010, buildings 

represented 34% of the global energy demand by sector (IEA, 2016).  In the United States alone, 

buildings consume about 50% of this energy (Architecture 2030, 2015), emphasizing the 

importance of reducing the amount of energy consumed in buildings.    

Despite the vast amount of energy that people unknowingly consume, humans also have 

an amazing innovate ability to conserve energy.  This is apparent evident in the diversity of hand 

constructed or vernacular buildings across the world (May, 2010).  Bernard Rudofsky confirms 

this sentiment in his book, Architecture without Architects (1964), “There is much to learn from 

architecture before it became an expert’s art.  Builders had a talent for fitting their buildings into 

the natural surroundings.  Instead of trying to “conquer” nature, as we do, they welcome the 

vagaries of climate and the challenge of topography.  Whereas we find flat, featureless country 

most to our liking” (preface p.4).  Similarly, John May in Handmade Houses & Other Buildings: 

The World of Vernacular Architecture (2010), describes Vernacular Architecture as “ built from 

local materials that are naturally defined by the geology and ecology of the region and by local 

climate conditions. The buildings are highly practical, energy efficient and blend with the 
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landscape, while being constructed by the local community using traditional tools” (p.8).  

unfortunately, traditional vernacular architecture is disappearing, not only in the building forms 

themselves, but also the knowledge, skills and customs behind the structures (May, 2010). 

This regrettable occurrence is increasingly evident on Native American reservations in 

the shift from construction of traditional housing to western substandard housing.  Acording to 

Suzuki (1992) “Reservation Indians have the poorest housing conditions of any racial or ethnic 

minority group in the USA” (p.40) and are often compared to housing in third-world countries 

(Figure 1).  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).  With the introduction of westernization to Native American reservations, substandard 

housing began to outnumber the existing traditional housing.  The U.S. Housing and Urban 

Development (HUD) Housing attempted to upgrade the quality of life on the reservations but 

unintentionally created an almost total dependency on HUD as an exogenous source for housing 

(Suzuki, 1992).  While HUD provided low-cost and quick to build housing, it ignored the local  

environment and the culture of the people.   

   
Figure 1: Trailer Housing on a U.S. Reservation and housing in Third World Countries (Left: aglobalfriendship.org, 

Center: nextbillion.net Right: somethingsublime) 

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

the elements was a serious matter (Neumann & Vint, 2005).  Vernacular design was suitable for 

a specific environment and purpose—to stay warm during the winter and cool in the summer, 

and devised numerous techniques for achieving this (May, 2010, p.44).  People responded to 
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their climate and surroundings making use of available materials as well as expressing a 

particular way of life. 

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).  

If we look at both current and historical vernacular building traditions, we can learn about 

ways to solve our housing needs that use less of our limited resources.  These solutions protect 

our delicate ecosystems and provide a connection between the builders, the environment, 

materials used and the wider community.  Examining vernacular building construction reveals 

the knowledge and skills of the people who designed and built them which can then be integrated 

into contemporary design, using modern strategies to produce and design in a more affordable, 

sustainable and energy-efficient way.  Through the analysis of traditional housing and the use of 

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

architecture can be applied to new housing designs.  The result is a higher quality of affordable 

housing for low and moderate-income families, and energy saved that would otherwise be 

consumed by substandard housing for that particular climate. 

This thesis builds on my undergraduate capstone project titled, “Housing for the Hopi 

Community: Designing Sustainable, Affordable and Energy Efficient Housing in the Hopi 

Community, Linking to Cultural Patterns of Sustainability”.  A net-zero sustainable, affordable 

and energy efficient house was created for the Hopi Nation located in northeastern Arizona, a 

high plateau area with a hot and dry climate, but cold winters.  Strategies used in traditional Hopi 

homes made out of local sandstone gathered from the cliffs were identified.  Importantly, I 
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identified and applied strategies used to construct traditional Hopi homes with quarried local 

sandstone.  Comparatively, I also identified the “modern” strategies used to construct 

substandard housing currently used as residential units—trailers and cinder-block homes.  These 

traditional strategies were then merged with modern strategies to create a new proposed type of 

housing for the specific climate conditions on the Hopi Reservation (Figure 2).   

 
Figure 2: Diagram showing the transition from Traditional Hopi Housing to Substandard Housing to a New 
Proposed Housing for the Hopi Nation (LaMantia, 2016). 
 

This thesis replicates my capstone project above by creating a newhouse prototype for the 

Omaha Nation located in Nebraska.  The VERSAE Method was applied to the earth lodge of the 

Omaha people to address similar substandard housing on the Omaha Reservation.  The eight-step 

procedure of the VERSE Method is shown in Figure 3.  The name VERSAE combines “VER” 

which refers to the vernacular architecture that is examined to identify traditional and 

environmental strategies, and “SAE” which refers to the outcome, or the, sustainable, affordable 

and energy efficient housing prototypes.  
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Figure 3: VERSAE Eight Step Method (LaMantia, 2016) 

STEP 1 – IDENTIFY 
 

 

The first step in the VERSAE Method is Identify.  This step has four subsets: 1) Select 

the Location, 2) Identify Problems, 3) Gather Basic Information and 4) Set Performance Goals.  

 

1.1 Select the Location 
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Figure 4: Image: The Omaha Reservation (LaMantia, 2016) 

 
The selected location within the United States is the Omaha Reservation in Nebraska.  

The largest community on the reservation is Macy, NE, and is also the site of the tribal 

government buildings.  

 

1.2 Identify Problems 
 
 

In the article titled, “Housing on the Nebraska Indian Reservation” Peter Suzuki (1992) 

discusses the extremely poor economic, health and social conditions on the Nebraska 

reservations.  The most current information found on Omaha employment and income rates cited 

in this 1992 article states that at this time, the Omaha Reservation was experiencing a 71% 

unemployment rate with a per capita yearly income of $2,682 (Suzuki, 1992).   

The first wave of low-rent housing on the Omaha Reservation occurred in the mid-1960s, 

when it was deemed that Native Americans were eligible for low-rent housing.  A second larger 

wave in the early 1970s consisted of prefabricated and modular housing that had inadequate 
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insulation for the harsh Nebraska winters (Suzuki, 1992).  Even with the additional homes being 

built on the Nebraska Reservation, long low-rent housing lists described a housing shortage.  

Moreover, The U.S. Department of Housing and Urban Development (HUD) standardization for 

all construction guidelines allowed for no local input on the design and construction of the new 

homes.  This resulted in the construction of homes that were void of “ethnic touches” and 

replicated American suburbs which lacked any sense of culture and the environmental 

surroundings (Suzuki, 1992).   

Regardless, of HUD’s attempt to upgrade the quality of life on U.S. reservations through 

construction of homes, the quality of life in American Indian communities are similar to that of 

Third World countries (Suzuki, 1992).  When interviewed, many of residents described 

overcrowding, poor insulation and general deterioration in low-rent housing units on the 

reservation (Suzuki, 1992).  These standardized designs has forced tenants to live in nuclear 

family arrangements rather than along traditional family and clan structures and has diminished 

any clan structures through the use of single-family units, row housing and random distribution 

of tenants (Suzuki, 1992).  Nevertheless, these Low Rent Programs these programs do provide 

shelter for residents on the Omaha reservation and are an attempt to respond to their critical 

housing needs.  However, it is not merely a matter of the number of units that need to be built, 

but also equally as important are the quality and design factors that need to take into account the 

environment and the culture of the Omaha people (Suzuki, 1992).   



 19

 

Figure 5: Substandard Housing in Macy, NE (Googlemaps, 2016).                              

 

 
 

Figure 6: Senior Citizen Congregate Housing Replicating American Suburbs (Suzuki, 1992) 

 

 
 

  



 20

1.2 Gather Basic Information 
 
 

The Omaha, a federally recognized Native American tribe live on the Omaha Reservation 

in northeastern Nebraska and western Iowa (Omaha Tribe, 2013). Today, the Omaha Indian 

Reservation lies primarily in the southern part of Thurston County and northeastern Cuming 

County, Nebraska, but smaller areas extend into the northeast corner of Burt County and across 

the Missouri River into Monona County, Iowa (Omaha Tribe, 2013).  According to the 2000 

census, the Omaha Reservation consists of 307.474 square miles and has a population of 5,194 

with Macy as the largest community on the reservation. 

Originally inhabiting the Ohio River Valley, by the late 17th century, the Omaha had 

migrated from the Ohio River Valley to the upper Missouri and Plains areas. The Omaha speak a 

Siouan language and were related to the Siouan-speaking Osage, Quapaw, and Kansa people, 

who also migrated west under pressure from the Iroquois in the Ohio Valley (Omaha Tribe, 

2013).  Around 1770, the Omaha became the first tribe on the Northern Plains to adopt an 

equestrian culture (Omaha Tribe, 2013).  By 1775, they developed “The Big Village” in 

northeast Nebraska that had an extensive trading network with early European explorers and 

voyageurs (Omaha Tribe, 2013). They controlled the fur trade and access to other tribes on the 

Upper Missouri River (Omaha Tribe, 2013). 

 

1.4 Set Performance Goals 
 

The performance goal for the proposed newcase housing prototype for the Omaha Nation 

is a house that is Net-Zero, or in other the words, the building produces more energy than it 

consumes.  Before adding renewable energy to the house, first the energy use intensity (EUI) of 
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the building needs must be reduced.  This is done by applying both traditional and modern 

strategies specific to the Omaha location.  Once this is done and the EUI is reduced by at least 

50%, the renewable energy is added to the house to make it net-zero (Figure 7).   

  
Figure 7: Net-Zero Performance Goals  (LaMantia, 2016) 
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STEP 2 – RESEARCH 
 

The second step in the VERSAE Method is Research.  This step has two subsets: 1) 

Literature Review (People, Culture, Site Information and Vernacular Architecture) and 2) Case 

Studies. 

 

2.1 Literature Review 
 

 The literature review portion of the method is dedicated towards gathering as much 

information as can be found on the Omaha people, the Omaha culture, the Omaha Reservation 

and the Omaha vernacular architecture.  This requires a search through available sources 

including books, journals, articles, websites, archival documents, etc.   

          
Figure 8: Dance Lodges of the Omaha People   Figure 9: Housing on the Nebraska Indian Reservations     
(Awakuni-Swetland, 2008)        (Science Direct, 2016) 

  
Figure 10: Omaha Earth Lodges                      Figure 11: Earth Lodge (National State Historical Society) 

(Nebraska State Historical Society) 
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Figure 12: An Omaha Earth Lodge     Figure 13: Omaha Indian husband and wife in front of their 

(Nebraska State Historical Society)      earth lodge (Native American Historic Photographs)  

 

2.2 Case Studies 
 
 Case Studies are examined to obtain positive ideas as well as to criticize the project.  The 

case studies examined were: Hidatsa Earth Lodge, North Dakota; Place of Hidden Waters, 

Washington; Nageezi House, New Mexico; and Crow Nation Sustainable Housing Solution.  

 
 

2.2.1 Hidatsa Earth Lodge 
 

The first case study examined was the Hidatsa Earth Lodge located on the Knife River 

Indian Village in Stanton, North Dakota.  It is a forty-foot diameter earth lodge that was 

reconstructed using traditional materials by the National Park Service in 1995 (NPS [APA], n.d.) 

(Figure 14).  The Omaha and Hidatsa are both Plains Indians and have similar cultures, thus their 

traditional housing structures were also very similar.      
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Figure 14: A Reconstructed Earth Lodge (NPS [APA], n.d.) 

 
The Hidatsa earth lodge was dome-shaped and with a square opening at the top of the 

dome to allow smoke to escape from the central fire place (New World Encyclopedia, 2014) 

(Figure 15).  The exterior of the dwelling was covered with reed and twig matting and then 

covered with hay and earth (Figure 17).  The interior was constructed around four large pillars; 

cross beams supported the the roof (New World Encyclopedia, 2014) (Figure 17).  The lodges 

could house up to 30 or 40 people who would sleep on raised beds placed around the walls 

(Figure16).  

 

                   
Figure 15: Plan View of Roof Timbers (Wilson, 1934)     Figure 16: Diagram of an Earth Lodge (NPS [APA], n.d.) 
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Figure 17: Cross Section through a Historic Hidatsa Earth Lodge (Wilson, 1934) 

 
Figure 18: Elevation of a  Historic Hidatsa Earth Lodge (Wilson, 1934) 

 

2.2.2 Place of Hidden Waters 
 
The Place of Hidden Waters project is located on traditional Puyallup tribal land near 

Tacoma, Washington.  It is a new housing community that achieved Leadership in Energy and 

Environmental Design (LEED) for Homes Platinum certification (Sustainable Native 

Communities Collaborative (SNCC, 2016) in 2012.  The project focuses on cultural form, water 

management, renewable energy and engagement (SNCC, 2016).  The residential buildings run 

along an east to west direction allowing for prevailing summer breezes and for passive solar 

heating and cooling (SNCC, 2016).  This project consists of three buildings, or townhomes, two 

of which are designed to replicate the traditional Coastal Salish “longhouse” where multiple 

families shared a single long building with shed or gabled roofs (Figure 19 and 24), a shared a 
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linear inner gathering area, and sleeping spaces along two inner side walls (SNCC, 2016) (Figure 

20 and 24).  A courtyard serves as the shared gathering space with the three town homes facing 

in towards the courtyard to maximize natural light, views and cross-ventilation in every room 

(SNCC, 2016) (Figure 24).   A “community living room” with a gas fireplace serves as an 

informal meeting space (Figure 23).  The design of the project integrated a community process 

from start to finish (SNCC, 2016).  This project provides a strong demonstration model of 

sustainable and culturally-responsive housing that responds to the rainy climate of Washington 

(SNCC, 2016).  More importantly, Place of Hidden Waters proves that a tribal project can 

provide a model for green housing nationwide, even beyond tribal housing (SNCC, 2016). 

 
Figure 19:Traditional Shed Style Frame (SNCC, 2016) 

 

Figure 20: Shed Style Longhouse Interior with Central Shared Area (SNCC, 2016) 
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Figure 21: Natural Daylight from Above with Sleeping Areas on the Sides (SNCC, 2016) 

 

   
Figure 22: Communal Outdoor        Figure 23: Indoor Community Area Figure 24 Central Shared Space with Shed 
Area (SNCC, 2016)   (SNCC, 2016)      Style Roof (SNCC, 2016)  
 

 

2.2.3 Nageezi House 
 
 The Nageezi House was a home designed and built for an elder family in Nageezi, New 

Mexico.  The project incorporates tribal materials, cultural form, passive solar and partnerships 

in the overall design.  The house reflects and celebrates traditional Navajo culture using the 

hooghan, the traditional Navajo house and the chahash’oh, a traditional shade structure (SNCC, 

2016) (Figure 25).  The house reflects Navajo traditions and also provides the size, privacy and 

compartmentalization of conventional contemporary housing (SNCC, 2016).  Traditional Navajo 

features include the doorway which faces east like a hooghan and has a circular clockwise flow 

(SNCC, 2016).  Public spaces were centralized into one larger room to emphasize the traditional 

one room floor plan (SNCC, 2016) (Figure 27).  A chahash’oh on the south shades the southern 

façade from the summer sun and the courtyard has a central fire pit with views of all four 
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cardinal directions (SNCC, 2016) (Figure 27).  This house was built to demonstrate that 

affordable and sustainable housing can be built with replicable and low cost green approaches—

building orientation, passive cooling and ventilation, and passive solar heating (SNCC, 2016).  

After construction, the home was monitored for one year; the results showed that the overall 

energy use in the home was reduced by 50% from that of a conventional home (SNCC, 2016).   

 
Figure 25: A Traditional Navajo Hooghan with the Chahash’oh (SNCC, 2016) 

Figure 26: The Nageezi House takes on the Form of a Traditional Hooghan with the Traditional Shade Structure 

(SNCC, 2016) 
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Figure 27: Cultural Form Present in the Nageezi   Figure 28: Nageezi House Built for an Elder Family (SNCC, 

Nageezi House (SNCC, 2016)    (SNCC, 2016) 
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2.2.4 Crow Nation Sustainable Housing Solution 
 
 A sustainable housing solution was created for the Crow Nation in Montana that was 

built by Crow people for the Crow people with Crow input (SNCC, 2016).    

The housing needs on the Crow Nation are huge; typically there are four to five families 

living in each household.  One tribal member of the tribe lives in a 3-bedroom house with 14 

people (SNCC, 2016).  There are two main types of housing on reservations, the first is trailer 

housing and the second is HUD housing both of which are not reflective of the culture, the place 

or the people (SNCC, 2016).  The Good Earth Lodges housing, a community and university 

collaborative project, tries to move away from this type of housing by building housing that 

considers the economic realities of the community and is environmentally responsible.  They do 

this in two important ways: first, by using adobe blocks that are made from the clay and sand 

local to the environment of the Crow Nation; and second, large windows are intended to bring in 

the sun during the winter to heat the house (SNCC, 2016).  

 
Figure 29: Good Earth Lodge Crow Housing (University of Colorado) 

 Nevertheless, Figure 29, points out that it is critical to consider both the climate/weather 

patterns as well as the position of the sun during months of the year in terms of maximizing and 
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minimizing the sun’s heat.  Although it is clear that the slant of the roof would allow maximum 

sunlight and warmth for the winter climate, it will likely not properly shade the south façade 

windows during the summer months to minimize the sun’s heat.  Determining whether or not the 

windows are properly shaded or unshaded is dependent on the amount of sunlight and heat 

during a specific time of day as well as the month of the year.  Figure 29 also draws attention to 

the design of the overall housing community; as viewed, the design does not appear to reflect the 

culture or people.  However, Figure 29, provides a good example of lessons to be learned, 

improvements to be considered when examining case studies.   
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STEP 3 – COLLECT 
 
 

The third step in the VERSAE Method is Collect.  This step has two subsets: 1) Site Visit 

(Pictures, Observation and Interviews) and 2) Climate Data Collection (Climate Consultant) 

 

3.1 Site Visit 
 

 
Figure 30: Entering the Omaha Indian Reservation (Omaha Tribe, 2013) 

 A site visit entails going to the selected location and gathering data through pictures, 

written observations and interviews conducted with local people.  Unfortunately, for this thesis, 

time and money constraints did not allow for a site visit for the Omaha Nation, and turned to an 

internet search for pictures and other informational documents.  

 

3.2 Climate Data Collection 
 

The American Society of Heating, Refrigerating, and Air Conditioning Engineers 

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

Zone 5A—Cool-Humid (Figure 31). 
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Figure 31: ASHRAE Seven Climatic Zones (Intellicast, 2014) 

 

Climate Consultant, a simple to use, graphic-based computer program that helps people 

to understand their local climate was used to gather climate data for the Omaha Reservation.  

The program compiles 8760-hour EnergyPlus Weather (EPW) format climate data produced by 

the U.S. Department of Energy (U.S. DOE) for thousands of weather stations around the world 

annually.  Climate Consultant transforms this data into meaningful graphic displays to organize 

and represent the information in easy-to-understand ways that show the subtle attributes of a 

particular climate zone and its impact on build form (Milne, 2016).   

 

The objective of Climate Consultant is to display a variety of graphic representations of 

hourly climate data for a select location, and to help visualize the unique overall patterns and 

subtle details that characterize each different climate that would otherwise be lost in tables of 
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numbers.  Climate Consultant seeks to translate outdoor conditions to indoor comfort, and 

produces generalized assumptions about and for building design (UCLA, 2016). 

 
This program can be downloaded at this link:  
 
http://www.energy-design-tools.aud.ucla.edu/ 

 

For my thesis location, the weather file for Omaha, NE, USA provided the 

essential data because of its close proximity, about 75 miles to the Omaha reservation. 

  

Figure 32: Temperature Range (UCLA, 2016) Figure 33: Monthly Diurnal Averages (UCLA, 2016)  

 

  

Figure 34: Radiation Range (UCLA, 2016)          Figure 35: Illumination Range (UCLA, 2016) 
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Figure 36: Sky Cover Range (UCLA, 2016)                   Figure 37: Wind Velocity Range (UCLA, 2016) 

 

  

Figure 38: Ground Temperature (UCLA, 2016)               Figure 39: Dry Bulb x Relative Humidity (UCLA, 2016) 

 

 
Figure 40: Dry Bulb x Dewpoint (UCLA, 2016)        Figure 41: Sun Shading Chart, Dec-Jan (UCLA, 2016)  
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Figure 42: Sun Shading Chart, Jun-Dec (UCLA, 2016)    Figure 43: Sun Chart (UCLA, 2016)  

 

  

Figure 44: Sun Chart, Jun – Dec (UCLA, 2016)        Figure 45: Timetable Plot (UCLA, 2016)  

 

   
 

Figure 46: Wind Wheel (UCLA, 2016)          Figure 47: Psychrometric Chart (UCLA, 2016)  
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Figure 48: Psychrometric Chart, Best Strategies        Figure 49: Design Guidelines (UCLA, 2016)    

(UCLA, 2016) 
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STEP 4 – ANALYZE I 
 
 

The fourth step in the VERSAE Method is Analyze I.  This step has two subsets: 1) 

Climate Analysis and 2) Strategy Analysis (Traditional, Modern and Net-Zero Strategies). 

 

4.1 Climate Analysis 
 

 
Figure 50: Hottest and Coldest Months in Omaha, NE (UCLA, 2016) 

 Climate Consultant shows that the hottest months are in June, July and August with the 

average temperatures being 73°F, 76°F and 75°F; these months need the most cooling.  The 

coldest months that need the most heating are in January and February with the temperatures 

averaging 22°F and 25°F.   
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Figure 51: Ground Temperatures in Omaha, NE (UCLA, 2016) 

 

Traditionally Omaha earth lodges were dug a foot deep into the ground.  This graph displays the 

ground temperature at 1.64 feet (yellow), 6.56 feet (lime green) and 13.12 feet (green).  Looking at the 

ground temperature at 1.64 feet it shows that the two coldest months—January and February—have 

ground temperatures that are higher than the outside air temperature and can be used to increase the 

indoor air temperature during cold winter months.  The opposite happens for the hottest months—June, 

July and August—when the ground temperature decreases to a lower temperature than the outside air 

temperature.  Thus, an analysis of the traditional Omaha earth lodge draws attention the factor of ground 

temperature in build form which becomes a traditional strategy to apply to cool the indoor air temperature 

during these months.  
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Figure 52: Hottest and Coldest Months in Omaha, NE (UCLA, 2016) 

 
The sky cover range graph displays that there is an annual sky coverage of 55%.  The three 

hottest months—June, July and August—show consist sky cover ranges to that of the annual mean.  This 

suggests that solar panels would be a great source of renewable energy even though there is a high 

amount of sky coverage because this also helps to lower the cooling consumption that would be needed 

with no sky coverage.  
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Figure 53: Sun Shading Chart in Omaha, NE from January to December (UCLA, 2016) 

 

The sun shading chart from January 21st to December 21st in Omaha, NE demonstrates the pattern 

and need for shading for the months of June, July and August.  The first graph shows that these three 

months are the hottest months of the year.  The red area on the graph indicate at what times of the day that 

shading is needed; the yellow areas indicate when there is not needed; and, the blue areas indicate when 

the sun is needed to heat the building.  
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Figure 54: Sun Shading Chart in Omaha, NE from December to June (UCLA, 2016) 

 
The sun shading chart from December 21st to June 21st in Omaha, NE demonstrates the need for 

maximizing the sunlight and heat during the months of December, January, February, March, April and 

May.  Most of the winter months need to utilize passive heating strategies to warm the building, while 

minimizing the amount of heating needed from mechanical systems.  
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Figure 55: Wind Velocity in Omaha, NE (UCLA, 2016) 

 

Located in the Plains region of the United States, Omaha, Nebraska has high wind velocities, 

averaging 10 mph annual average.  This suggests that outdoor areas be blocked from the high speed winds 

while also suggesting that natural ventilation can be used to cool and ventilate indoor spaces.   
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Figure 56: Wind Wheel for Omaha, NE (UCLA, 2016) 

The wind wheel shows which direction prevailing winds come from.  For Omaha, NE the 

strongest prevailing winds come from the Northwest and Southeast, therefore the building should be 

positioned in a way that allows the wind to pass through the building passively to maximize the cooling 

and ventilation of indoor spaces.  

 
Figure 57: Psychrometric Chart for Omaha, NE (UCLA, 2016) 



 45

The Psychrometric chart measures the amount of moisture in the air and then indicates which 

strategies are best to create human thermal comfort.  A list of best strategies for that specific climate is 

provided.   

 
4.2 Strategy Analysis 
 

4.2.1 Traditional Strategies 
 
 

Earth lodges were the traditional form of housing for the Omaha people.  These lodges 

were made prior to the use of electricity and therefore were designed for a specific purpose, 

shelter from the elements (Neumann & Vint, 2005).  In order to stay warm in the winter and cool 

in the summer, the Omaha people constructed their shelters in response to their climate and 

surroundings making use of available materials while also expressing their way of life, or in 

other words their culture.  This is apparent in the traditional strategies that were used to build 

their homes, these strategies include: Compact Form (T.S.1); East to West Orientation (T.S.2); 

Roof Terrace (T.S.3); Insulation (T.S.4); Below Grade Floor (T.S.5); East Facing Vestibule 

Entrance (T.S.6); One Room Floor Plan/Communal Space (T.S.7); Central Fire Place Heating 

(T.S.8); Small and Minimal Amounts of Openings (T.S.9); and Natural Daylight (T.S.10).  

T.S.1 Compact Form 
 

   
  Figure 58: Omaha Dome Shaped Earth Lodge (Nebraska State Historical Society) 
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  Figure 59: Surface Area to Volume Ratios (LaMantia, 2016) 

 
The surface to volume ratio (SVR) is the relationship between outside building 

surface and the enclosed space and is used to compare different shaped buildings having 

the same volume (Chalfoun, 2014).  The dome shape of the Omaha earth lodges provides 

the smallest SVR to that of any other form, and also has the smallest sized roof, an 

important factor.  The spherical geometry maximizes the volume of the interior, creating 

larger movable spaces while minimizing the amount of surface area exposed to external 

elements (i.e. snow, rain, wind, sun etc.).  Keeping a smaller structure reduces heating 

and cooling energy that would be wasted if the building is too big with excessive floor 

area (UCLA, 2016).  The circular dwellings allow for easy construction while also 

providing maximum durability.    

T.S.2 East to West Orientation 

 

 
  Figure 60: East to West Orientation of Omaha Earth Lodges (Nebraska State Historical Society) 

 
Traditionally earth lodges were oriented with the long axis of the home running 

from East to West following the trajectory of the sun rising in the East and traveling 

toward the West.   In addition, the traditional design reflects the factor of the sun’s 
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position as much higher in the sky during the summer than during the winter.  Thus, the 

orientation of the traditional earth lodge structure as a whole is a passive strategy used to 

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

when the sun is lower in the sky.   

T.S.3 Roof Terrace 
 

 
Figure 61: Omaha Roof Terraces (Nebraska State Historical Society) 

 

The heavy timber structure of the circular dwellings allowed the roof to be strong 

enough for people to gather on and use the space of the rooftop (Alchin, 2015).  The 

terraces provided daily use areas and gathering apces to make use of the exposure to the 

sun’s warmth during the cold winter months.      

T.S.4 Insulation 
 

   
  Figure 62: Omaha Wall and Roof Construction (LaMantia, 2016) 
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Omaha earth lodges were constructed using a strong timber superstructure, 

usually made form cottonwood trees.  The timber structure was then wrapped with a 

strong thatched layer of sticks and reeds, typically made of willow branches and dried 

prairie grass (NPS [APA], n.d.) and covered with thick layers of earth, sod, and grass 

(Bozell, 2011).  Earth is an insulating material that slows the conductive heat flow and to 

a lesser extent convective heat flow (U.S. DOE [APA], n.d.), thus acted as insulation in 

the earth lodges against the extreme temperatures of the Plains climate and environment 

(New World Encyclopedia, 2014).      

 

T.S.5 Below Grade Floor 
 

 
Figure 63: Omaha Roof Terraces (Nebraska State Historical Society) 

The Omaha insulated their earth lodge dwellings through the use of earth berm, or 

the use of natural terrain to form walls by digging a shallow circular area typically about 

a foot or less in depth into the ground (Bozell, 2011).  This traditional technique insulated 

the interior from extreme temperatures allowing the lodge to stay cooler in the summer 

and warmer in the winter (Davis, Eric and Max [APA], n.d.).     

 

T.S.6 East Vestibule Entrance 
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Figure 64: East Facing Vestibule (NPS [APA], n.d.) 

At the base of each lodge was a long tunnel like entrance, ranging from about six 

to nine feet in length, and extended from the east side of the lodge.  The east entrance not 

only served to catch the rising sun’s rays as a passive heating strategy, but also reminded 

the Omaha people of their origin and migration upriver (New World Encyclopedia, 

2014).  The floor sloped down to the interior entry door made of buffalo skin and served 

as a windbreak and a privacy barrier to the main room (Bozell, 2011).  The vestibule was 

made of logs covered with layers of earth.  This long, low passageway prevented outside 

weather from entering the dwelling, minimizing infiltration and eliminating cold and 

windy drafts (UCLA, 2016).     

T.S.7 One Room Floor Plan / Communal Space  
 

 
Figure 65: One Room Floor Plan (NPS [APA], n.d.) 
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Earth lodges ranged in size varying between twenty to sixty feet in diameter 

(Bozell, 2011).  The lodges had simple open one-room floor plans and sometimes housed 

several families and their horses (New World Encyclopedia, 2014).  The one room floor 

plan provided the ability to easily heat, cool, light and ventilate the space, while also 

providing a sense of community.       

 

T.S.8 Central Fire Place Heating 
 

 
  Figure 66: Central Fire Place Heating (NPS [APA], n.d.) 

The central fire basin was a symbol of the the Omaha creation myth (New World 

Encyclopedia, 2014) and served as the main source of heating for the Omaha dwellings 

(Bozell, 2011).  The single room floor plan allowed this method to quickly heat up the 

whole room.   

 

T.S.9 Small and Minimal Amounts of Openings 
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  Figure 67: Small and Minimal Amounts of Openings (Nebraska State Historical Society) 

Earth lodges had minimal numbers of openings, usually consisting of a small 

central smoke hole and a small entry door.  The smoke hole was created by not extending 

the dome rafters to the full radius of the house in the apex of the dome (Bozell, 2011).  

This allowed the smoke to escape, but could also be covered up with buffalo hide during 

periods of harsh weather.  The entry way would be wedged shut during the evening to 

keep outside air from entering into the dwelling (Bozell, 2011).  Having few and small 

openings helps to minimize the amount of air that is leaked into and out of the building.  

T.S.10 Natural Daylight 
 

 
Figure 68: A Skylight Allows Natural Daylight into the Lodge (Nebraska State Historical 

Society) 

 A hole left in the center of the dome-shaped lodge served as a smoke hole as well 

as as skylight, providing natural daylight into the interior space (Bozell, 2011).  These 

dwellings were built prior to the use of electricity, so when a fire which could also serve 
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as a source of light was not burning, it was crucial to have natural daylight entering the 

house to provide visibility in addition to warmth.          

 

4.2.2 Modern Strategies 
 

With the introduction of westernization to the Omaha tribe, inefficient substandard 

housing began to replace traditional housing many of which ignored the environment, 

surroundings and the culture of the Omaha people.  The culture of the Omaha people reflected 

the knowledge they had of their environment and their ability to live without the means of 

electricity.  Change however does not always have to be a negative action.  Modern strategies 

can be designed to accommodate the environment and the surroundings of the Omaha people.  

These modern strategies are described and include:  Tight Construction (M.S.1); Highly 

Insulated Envelope (M.S.2); Thermal Mass (M.S.3); Earth Integration (M.S.4); Solar Absorption 

(M.S.5); Bent Entrance (M.S.6); Advanced Windows (M.S.7); South Facing Windows 

w/Overhang Shading (M.S.8); Cross Ventilation (M.S.9); high Efficiency HVAC (M.S.10); and 

Thermostat Setbacks (M.S.11).  

 

M.S.1 Tight Construction 
 

Carefully sealing the building by weather stripping, having tight windows and 

using continuous insulation minimizes infiltration and eliminates drafts, especially in 

windy sites (UCLA, 2016).  Having a tight envelope also allows heat gain from lights, 

people and equipment to reduce heating needs (UCLA, 2016).     

 

M.S.2 Highly Insulated Envelope 
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A highly insulated envelope is achieved by having thick walls and insulation with 

high R-values, or thermal resistance values.  Having insulation lowers the need for 

heating and cooling, lowering costs while increasing occupant comfort by keeping indoor 

temperatures more uniform (UCLA, 2016).  

M.S.3 Thermal Mass 
 

Thermal mass is a material’s resistance to change in temperature.  Objects with a 

high thermal mass absorb and retain heat which are crucial to good passive solar heating 

deign (Autodesk, Inc., 2015). Thermal mass walls have a high heat capacity and a time-

lag that works by absorbing sunlight on its outer face and then transferring this through 

the wall by conduction (Chalfoun, 2014). The use of thermal mass will reduce the impact 

of high temperature and flatten day-to-night temperature swings (Chalfoun, 2014).   

M.S.4 Earth Integration 
 

Earth integration can be used to protect and insulate the house by being built 

below grade and or covering one or more walls with earth, such as an elevational” 

bermed design which exposes one elevation or face of the house and covers the other 

sides (U.S. Department of Energy, [APA], n.d.).  This technique creates a house that 

better blends into the landscape, while also providing extra protection against external 

factors and making it less susceptible to the impact of extreme outdoor air temperatures.  

Berming also provides soundproofing of the house (U.S. Department of Energy, [APA], 

n.d.).   

M.S.5 Solar Absorption 
   

 Solar absorptance is the proportion of the total incident solar radiation that is 

absorbed by a material (NSW Government, [APA], n.d.).  A lower solar absorptance will 
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reflect more heat than a higher solar absorptance material (NSW Government, [APA], 

n.d.). Absorptance also depends on the visibility to sunlight.  Earth berming of walls 

allows the walls to go from a certain solar absorptance level to an absorptance level of 0, 

meaning the portion of the wall covered by earth absorbs no solar radiation.    

  

M.S.6 Bent Entrance 
 

 

Figure 69: Bent Entrance Form (LaMantia, 2016) 

 
A bent entrance further minimizes the amount of outside weather entering the 

building.  External elements—wind, rain, dirt, snow, etc.—from easily being able to 

entering the enclosed spaces from the exterior door (point A) are minimized by an 

entrance door “bent” in a right angle form (at point B) leading into the house (point C).  

M.S.7 Advanced Windows (dbl. low-e w/thermal break) 
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Figure 70: Advanced Windows (LaMantia, 2016) 

 
Double pane, low emissive windows are designed to reflect solar radiation which 

heats up a space while also allowing visible daylight and thus natural lighting for the 

same space.  Including a thermal break in the window reduces the amount of thermal 

energy flow between conductive materials.  

M.S.8 South Facing Windows w/Overhang Shading 
 

Orientating glass on the south façade maximizes winter sun exposure (UCLA, 

2016).  This allows the sun to penetrate into the southern spaces to reduce the heating 

loads.  It is important to place spaces for daytime use on the south to maximize this 

passive solar energy (UCLA, 2016).  During the summer months, it is critical that 

shading is correctly sized and that the overhang(s) fully covers the windows and doors to 

prevent he spaces from being heated during the summer.  This strategy also provides 

natural daylight into these daytime spaces reducing the amount of energy used for 

lighting.    

M.S.9 Cross Ventilation 
 

Wind ventilation is a kind of passive ventilation strategy that uses the force of the 

wind to pull air through the building (Autodesk, Inc., 2015).  It is an easy, common and 

inexpensive way to cool and ventilate a space lowering the energy needed to run HVAC 

cooling and ventilation.  Operable windows are one strategy for wind ventilation and can 

be placed on opposite sides of the building to provide a pathway for the air to flow 

through the building; this is called cross-ventilation (Autodesk, Inc., 2015).  Placing 

inlets lower in the room than the outlets more effectively cools the space due to the 

natural convection of air, hot air rises (Autodesk, Inc., 2015).       
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M.S.10 High Efficiency HVAC 
 

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. 

 

M.S.11 Thermostat Setbacks 
 

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

occupied, and during the evening, is a simple strategy that helps to greatly reduce the 

amount of energy that is being used in the house.   

 

4.2.3 Net-Zero Strategies 
 

N.Z.1 Photovoltaic Panels 
 

 
 Figure 71: Solar Rating for Macy, Nebraska (solarestimate.org) 

 
 
Photovoltaics generate electricity directly from sunlight through an electronic 

process that occurs naturally in semiconductors.  Electrons in these semiconductors are 

freed by solar energy and can be induced to travel through an electrical circuit, thus 

powering electrical devices or sending electricity to the grid (SEIA [APA], n.d.).  Solar 

electricity is a great source of renewable energy, especially in areas with high amounts of 

sunlight.   
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STEP 5 – COMPLY 
 
 

The fifth step in the VERSAE Method is Comply by meeting all required codes.  This 

step has six subsets: 1) Create Substandard Basecase, 2) Create 3D Model of Basecase, 3) Create 

Proposed Newcase, 4) Create 3D Model of Proposed Newcase, 5) Indicate Strategies Used in 

Proposed Newcase and 6) Input Proposed Newcase Data into REScheckTM. 

 

5.1 Create Substandard Basecase 
 

BASECASE BUILDING SCHEDULE   

VOLUME 13,968 ft3 

AREA   

Roof  1,596 ft2 

Floor 1596 ft2 

Wall (S) 285 ft2 

Wall (N) 285 ft2 

Wall (W) 513 ft2  

Wall (E) 513 ft2 

Total Walls 1,596 ft2 

Doors 42 ft2 (2 doors) 

Window (S) 12 ft2 (1 (3’ X 4’)) 

Window (N) 0 ft2 

Window (W) 48 ft2 (2 (3’ x 4’)) 

Window (E) 36 ft2 (3 (3’ x 4’)) 

Total Windows 96 ft2 

House Perimeter 170 ft. 

Thermal Mass  0 ft2 

INSULATION   

Roof R-25.44 

Walls R-12.14 

Doors U-0.48 

Glass U-0.87, SHGC 0.77 

Slab-On-Grade  R-10.18 

INFILTRATION None 

VENTILATION 1.15 ACH 

MECHANICAL  
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Air Source Heat Pump/ER Backup 8.9 EER , 9.9 SEER 

 Heat = 70°F Cool = 76°F  

Thermostat Setbacks None 

SHORT-WAVE REFLECTANCE   

Roof 0.5 

Walls 0.5 

RATIOS   

Total Glass to Floor Area 5.8% 

South Glass to Floor Area 12.5% 

Figure 72: Substandard Basecase Building Schedule used in Energy-10 (LaMantia, 2016) 

5.2 Create 3D Model of Basecase 
 

      
Figure 73: Site Plan View of a     Figure 74: Site Plan View      Figure 75: Floor Plan View      

Trailer in Macy, NE (googlemaps)     (LaMantia, 2016)       (LaMantia, 2016) 
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Figure 76: North View of a Trailer in Macy, NE    Figure 77: North Elevation (LaMantia, 2016)           
(googlemaps) 

 
 

  
Figure 78: South View of a Trailer in Macy,NE     Figure 79: South Elevation (LaMantia, 2016)          

(googlemaps) 

 

 
Figure 80: West View of a Trailer in Macy, NE (googlemaps) 

 

      
 
Figure 81: East Elevation (LaMantia, 2016) 
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Figure 82: East View of a Trailer in Macy, NE (googlemaps) 

 

      
 
Figure 83: East Elevation (LaMantia, 2016) 

5.3 Create Proposed Newcase 
 

Traditional strategies were merged with modern strategies specific to the Omaha climate 

to create a proposed newcase.  The areas of the two houses are similar in size to allow for a more 

accurate comparison of the basecase energy use to the newcase energy use.   

 

BASECASE BUILDING SCHEDULE   

VOLUME 13,968 ft3 

AREA   

Roof  1,903 ft2 

Floor Total 1591 ft2 

Floor Non-Berm 951.5 ft2 (P=171 ft.) 

Floor Berm 639.5 ft2 (P=159 ft.) 

Wall (S)   Non-berm 483.50 ft2 

                 Berm 61 ft2 

Wall (N)  Non-berm 168 ft2 

                 Berm 488 ft2 

Wall (W) Non-berm 180 ft2  

                 Berm 105 ft2 

Wall (E)   Non-berm 180 ft2 

                 Berm 105 ft2 
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Total Walls 1,770.50 ft2 

Doors 42 ft2 (2 doors) 

Window (S) 130 ft2 (2 (2’ X 2’) + 4 (4 x 7)) 

Window (N) 48 ft2 (2 (1’ X 1’)) 

Window (W) 2 ft2 (2 (1’ x 1’)) 

Window (E) 0 ft2 

Total Windows 180 ft2 

House Perimeter 171 ft. 

Thermal Mass  1,702 ft2 

INSULATION   

Roof R-73.67 

Walls Non- Berm  R-17.90 

Walls Berm  R-79.28 

Doors U-0.2 

Glass U-0.427, SHGC 0.25 

Slab-On-Grade Non- Berm R-13.73 

Slab-On-Grade Berm R-37.8 

INFILTRATION None 

VENTILATION 0.35 ACH 

MECHANICAL  

Air Source Heat Pump/ER Backup 23 EER , 26 SEER 

 Heat = 68°F Cool = 78°F  

Thermostat Setbacks Heat = 65°F Cool = 82°F  

SHORT-WAVE REFLECTANCE   

Roof 0.5 

Walls Non-Berm 0.5 

Walls Berm 0.0 

RATIOS   

Total Glass to Floor Area 10.2% 

South Glass to Floor Area 7.3% 
 

Figure 84: Proposed Newcase Building Schedule used in Energy-10 (LaMantia, 2016)  
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5.4 Create 3D Model of Proposed Newcase 
 

 
Figure 85: Site Plan (LaMantia, 2016) 

 

 

 

  

Figure 86: Floor Plan (LaMantia, 2016) 
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Figure 87: North Elevation (LaMantia, 2016) 

 

  

Figure 88: East Elevation (LaMantia, 2016) 

 

 

Figure 89: South Elevation (LaMantia, 2016) 

     

Figure 90: West Elevation (LaMantia, 2016) 

 

5.5 Indicate Strategies Used in Proposed Newcase 
 

Traditional strategies were combined with modern strategies analyzed in Step 4 –Analyze 

I to create the Proposed Omaha Newcase Housing Prototype. These Strategies include: 

5.4.1 Compact Form 
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Figure 91: Proposed Newcase Rectangular Surface to Volume Ratio (LaMantia, 2016) 

 
The shape of a building is an early design decision that dramatically affects its 

performance by interacting differently with the daily sun’s daily path, variation in surface to 

volume and volume to floor area ratios, and the potential to shade itself (Chalfoun, 2014).  The 

ideal building shapes lose the minimum amount of heat, and gain the maximum amount of heat 

in the winter, and the reverse during the summer.   The Proposed Omaha Newcase utilizes a 

compact form as traditional Omaha homes did with the modification of the traditional dome 

shape to a rectangular form.  This allows the SVR ratio to remain low, but also allows for easier 

construction, durability, and an easily furnished floor plan.     

 

5.4.2 East to West Orientation 
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Figure 92: Proposed Newcase East to West Orientation (LaMantia, 2016) 

 
The traditional East to West orientation was utilized in order to take advantage of the 

passive solar energy.   

 

5.4.3 Roof Terrace (South Facing Patio) 
 

 
Figure 93: Proposed Newcase South Facing Patio (LaMantia, 2016) 

 
Figure 94: Proposed Newcase South Facing Shaded Patio, North to South Section (LaMantia, 2016) 
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Roof Terraces were incorporated into the Omaha dome-shaped dwellings to provide a 

communal heated area.  However, in the proposed newcase, the modification was to incorporate 

a south facing patio with overhang shading, providing an outdoor communal area, much as 

traditionally done, but also has overhang shading that blocks the high summer sun from hitting 

the patio while allowing the low winter sun to heat the area.   

 

5.4.4 Below Grade Floor 
  

 
Figure 95: Proposed Newcase Below Grade Floor, north to South Section (LaMantia, 2016) 

 

 
 Figure 96: Proposed Newcase One Foot Below Grade Floor, West Elevation (LaMantia, 2016) 

 

As was traditionally done, the proposed newcase creates a below grade floor by placing a 

12-inch slab one foot into the ground. 

5.4.5 East Vestibule Entrance 
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Figure 97: Proposed Newcase East Entrance Vestibule (LaMantia, 2016) 

The proposed newcase includes a vestibule located on the east entrance just as traditional 

earth lodges did.  

 

5.4.6 One Room Floor Plan 
 

 
Figure 98: Proposed Newcase One Room Public Area Floor Plan (LaMantia, 2016) 

Earth lodges traditionally had a one room floor plan.  The proposed newcase incorporates 

this strategy for the public use areas—kitchen, living room and dining room—while also having 

non-public areas—bedrooms, restrooms and utility room—as private spaces. 

5.4.7 Small and Minimal Amounts of Openings (E&W Facades) 
 

 
 Figure 99: Proposed Newcase East Façade without Openings (LaMantia, 2016) 
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 Figure 100: Proposed Newcase West Façade with Small Openings (LaMantia, 2016) 

Omaha dwellings had minimal and small amounts of openings.  The proposed newcase 

incorporates this strategy into the building by eliminating all openings on the east façade and 

placing only two 1’ x 1’ windows on the west façade to provide natural light into the restrooms 

minimizing the amount of electrical use for lighting.   

 

5.4.8 Natural Daylight 
 

 
 
Figure 101: Proposed Newcase Natural Daylight from the North and South Facades (LaMantia, 2016) 

 

 Figure 102: Proposed Newcase Natural Daylight from the West and North Facades (LaMantia, 2016) 

 

Traditional Omaha dwellings incorporated natural daylight through the use of a skylight 

at the center of the dome.  This was used in the proposed newcase by placing four 1 ½’ x 8’ 
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windows along the north façade to allow natural daylight into the enclosed spaces without the 

need of shading.  Six windows were place on the south façade, four of them being 7’ x 4’ 

allowing light into the public use spaces and the last two being 3’ x 3’ to allow natural daylight 

into the master bedroom.  The windows on the south façade are shaded with the use of an 

overhang that shade the windows from direct sunlight during the summer months, but still allow 

the sun to light up the room.  Two 1’ x 1’ windows were also placed on the west façade to allow 

the sun to light up the restrooms.    

 

5.4.9 Tight Construction 
 

 
 

Figure 103: Proposed Newcase North to South Section with Tight Construction (LaMantia, 2016) 

 

 
Tight construction was incorporated into the proposed newcase by using continuous 

insulation around the entire envelope of the building.   

 

5.4.10 Highly Insulated Envelope 
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Figure 104: Proposed Newcase North to South Section with a Highly Insulated Envelope (LaMantia, 2016) 

 
The proposed Newcase includes a highly insulated envelope by using thick 18 inch adobe 

walls, a thick 12 inch earth slab, a thick roof constructed using 12 inches of hardwood and 4 

inches of rigid foam insulation.  

5.4.11 Thermal Mass 
 

 
 
Figure 105: Proposed Newcase Thermal Mass Walls (LaMantia, 2016) 

 
The walls of the proposed newcase are made out of adobe thermal mass.  

 

5.4.12 Earth Integration 
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Figure 106: Proposed Newcase North to East Section with Berm Walls (LaMantia, 2016) 

 
 

Figure 107: Proposed Newcase East to West Section with Berm Walls (LaMantia, 2016) 

Earth berm walls are integrated throughout the building on the north façade as well as 

part of the east and west facades.  

 

5.4.13 Solar Absorption 
 

  
 

Figure 108: Proposed Newcase Solar Absorptance Levels, West Elevation (LaMantia, 2016) 
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The earth berm walls and earth berm slab provide 0.0 solar Absorptance, while the roof 

and non-berm walls have a solar Absorptance of 0.5. 

 

5.4.14 Bent Entrance 
 

 
Figure 109: Proposed Newcase Bent Entrance (LaMantia, 2016) 

 
 

The proposed Newcase utilizes an east vestibule entrance, but places the exterior 

vestibule door on the south façade creating a bent entrance.   

 

5.4.15 Advanced Windows (Dbl. Pane Low-E) 
 

  
 

Figure 110: Proposed Newcase Advanced Windows (LaMantia, 2016) 

Advanced double pane and low-e windows with thermal breaks are used for the proposed 

newcase windows.  
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5.4.16 South Facing Windows w/Overhang Shading 

 
Figure 111: Proposed Newcase South Shading (LaMantia, 2016) 

 
The South façade incorporates four 7’ x 4’ and two 3’ x 3’ windows while also providing 

overhang shading by extending the roof to block the heat from the sun’s heat during the three 

hottest summer months—June, July and August.  The overhang provides full shade to the 

windows and doors from noon to 3 p.m., during the hottest times of the day. 

 

5.4.17 Cross Ventilation 
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Figure 112: Proposed Newcase Cross Ventilation, North to South Section (LaMantia, 2016) 

 
The operable windows on the north and south façades allow for cross ventilation from 

prevailing winds.  Inlet windows are placed lower than the outlet windows to allow the hot air to 

rise out of the building.   

5.4.18 High Efficiency HVAC 
 

The efficiency of the HVAC was increased from 10 SEER to 26 SEER. 
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5.4.19 Thermostat Setbacks 
 

 
 

Figure 113: Proposed Newcase Thermostat Setbacks (LaMantia, 2016) 

 
Thermostat setbacks were added to the thermostat settings.  The heating comfort level 

was set to 68°F, and the setback was placed at 65°F while the cooling comfort level was set to 

78°F and the setback level to 82°F. 

 

5.6 Input Proposed Newcase Data into REScheckTM 
 

 The current status of energy codes and standards adoption for residential buildings is 

shown in the map below (Figure 114).  Nebraska follows the 2009 International Energy 

Conservation Code (IECC), and is therefore the code used to check the proposed newcase for 

code compliance.   
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Figure 114: Current Residential Building Energy Code Adoption Status (U.S. DOE, 2016) 

Residential compliance was determined using REScheckTM, a building energy codes 

program that makes it fast and easy for builders, designers, and contractors to determine whether 

new homes, additions, and alterations three stories or less meet the requirements of the IECC, 

ASHRAE or a number of state energy codes (U.S. DOE, 2016).  This program can be 

downloaded or accessed directly from the web at the following link: 

 

https://www.energycodes.gov/rescheck 

 

The proposed newcase is a new residential building, three stories or less in height, and is 

located in Zone 5A.  The newcase was used in REScheckTM to check for compliance.   
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Figure 115: Proposed Newcase REScheckTM Compliance Report (U.S. DOE, [APA], n.d.) 

The proposed newcase was inputed into REScheckTM to test for code compliance, the 

new case exceeded the code requirements 5.6% (Figure 115).  This certifies that the proposed 

newcase did meet the required standards for the state of Nebraska and is allowed to be built.    
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STEP 6 – ANALYZE II 
 

The sixth step in the VERSAE Method is Analyze II.  This step has two subsets: 1) Input 

Case Data and Run Energy-10, and 2) Compare and Analyze Results. 

 

6.1 Input Case Data and Run Energy 10 
 

Energy-10 (E-10), a PC-based energy simulation design tool for buildings and homes 

allows users to quickly identify the most cost-effective, energy-saving measures for small 

commercial and residential buildings.  The Energy-10 program was used to perform an energy 

analysis on the on the substandard basecase and the proposed newcase.  Energy-10 can identify 

the best combination of energy-efficient strategies including daylighting, passive solar heating, 

and high-efficiency mechanical systems (Energy-10, [APA], n.d.).  This program can be 

downloaded from the link: 

 
http://energy-101.software.informer.com/1.5/ 
 

 
 The images below demonstrate how the substandard basecase and the strategies for the 

proposed newcase were inputted into E-10. 

 

6.1.1 Orientation 
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Figure 116: Substandard Basecase vs. Proposed Newcase Orientation (LaMantia, 2016) 

The east to west orientation was inputted into E-10 by rotating the building to 0°.  The 

substandard basecase was oriented from north to south and inputted with a 90° rotation.  

6.1.2 Solar Absorption 
 

 

 
Figure 117: Substandard Basecase vs. Proposed Newcase Solar Absorptance (LaMantia, 2016) 
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The solar absorption of the berm walls was reduced by replacing the given solar 

absorptance value of 0.5 to 0.0. 

6.1.3 Small/Minimal Openings 
 

 

 
Figure 118: Substandard Basecase vs. Proposed Newcase Openings (LaMantia, 2016) 

 
The number of openings—doors and windows—can be inputted into E-10 on the walls 

page when you select the first yellow folder for the façade that you would like to place your 

openings.  The dooe and window sizes can then be inputted by selecting the next yellow folder.  

The substandard basecase has one size of windows while the proposed newcase has three 

different sizes of windows with the least amount and smallest openings placed on the east and 

west facades.  

6.1.4 Earth Integration/Berm Walls 
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Figure 119: Proposed Newcase Earth Integration (E-10 [APA]l, n.d.) 

The proposed newcase integrates earth by using berm walls on the north wall and part of the east and west 

walls.  The earth berm is added by inputting 400 inches of earth into the wall construction for the berm portion of 

the wall. 

 

6.1.5 Bent Entrance 
 

 
Figure 120: Substandard Basecase vs. Proposed Newcase Entrance (E-10 [APA]l, n.d.)) 

 
The proposed newcase utilizes a bent entrance so the exterior door is placed on the south 

façade, while the interior door is placed on the east façade.  

6.1.6 Advanced Windows (Dbl. Pane, Low-E w/thermal break) 
 

 
Figure 121: Substandard Basecase vs. Proposed Newcase Windows (E-10 [APA]l, n.d.)) 

 
The substandard basecase windows are less efficient than the proposed newcase windows 

because they have a lower SHGC value and do not have a thermal break.  The proposed newcase 

windows come in three different sizes, but they all have an SHGC value of 0.25 with a thermal 
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break and a u-value of 0.427. All of this information can be changed by replacing the values with 

different numbers.  

6.1.7 South Windows w/Overhang Shading 
 

 
Figure 122: Proposed Newcase Southern Facade (LaMantia, 2016) 

 
The southern façade on the proposed newcase has more windows as well as larger 

windows than the substandard basecase.  This is done by adding windows and changing their 

size on the walls page.  Shading is added to the newcase southern façade to shade the windows 

during the winter months; this length was measured using the solar path tool on Revit and then 

inputted into the shading geometry on E-10 from the walls page.   

6.1.8 Below Grade Floor 
 

 
Figure 123: Substandard Basecase vs. Proposed Newcase Floor (E-10 [APA]l, n.d.) 
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The floor for the proposed newcase is below grade while the substandard basecase is 

located above grade.  In order to make an above grade floor the solar absorptance for the floor is 

changed to 0.5, while a below grade floor has a solar absorptance of 0.0.   

6.1.9 Highly Insulated Envelope 
 

 
Figure 124: Substandard Basecase vs. Proposed Newcase Envelope (E-10 [APA]l, n.d.)) 

 
 The proposed newcase has a more insulated envelope than the substandard basecase.  

This is done by increasing the thickness of the walls by adjusting the wall construction and 

adding more insulation—rigid insulation—to the roof, increasing the R-value. 
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6.1.10 Tight Construction 
 

 
Figure 125: Substandard Basecase vs. Proposed Newcase Tight Construction (E-10 [APA]l, n.d.)) 

 
The proposed newcase has a tighter construction than the substandard basecase.  The 

construction can be tightened in E-10 by decreasing the Air Changes per Hour (ACH). 

6.1.11 High Efficiency HVAC 
 

 
Figure 126: Substandard Basecase vs. Proposed Newcase Mechanical Efficiency (E-10 [APA]l, n.d.)) 

 The efficiency of the HVAC system can be increased by changing the EER value 

to a higher number.  
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6.1.12 Thermostat Setbacks 
 

 
Figure 127: Substandard Basecase vs. Proposed Newcase Thermostat Settings (E-10 [APA]l, n.d.)) 

 
Thermostat setbacks can be set by changing the comfort temperature value from the 

setback/setup value for both heating and cooling. 

6.1.13 Thermal Mass 
 

 

 
Figure 128: Proposed Newcase Thermal Mass (E-10 [APA]l, n.d.)) 

 
 Thermal mass is incorporated into E-10 by changing the wall construction.  In the 

proposed newcase the wall construction is made up of 18” adobe. 

 

6.2 Compare and Analyze Results 
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Figure 129: Performance Summary Graphs for the Basecase and the Newcase (E-10 [APA]l, n.d.)) 

The performance summary graphs for each case affords the ability to compare the annual 

loads, consumption and cost of the basecase to the newcase.  The loads for the basecase comes 

out to 101.8 kBtu/ft2 while the newcase has a total load of 43.8 kBtu/ft2.  This is a difference of 

58 kBtu/ft2.  The total consumption for the basecase is 125 kBtu/ft2 and 46.5 kBtu/ft2 for the 

newcase resulting in a savings of 78.5 kBtu/ft2.  The cost for the basecase totals 2.24 kBtu/ft2 

while the cost for the newcase totals 0.84 kBtu/ft2.  This produces a savings of 1.4 kBtu/ft2.  The 

loads, consumption and cost for both cases are broken down into four different sources—other 

(teal), lighting (yellow), cooling (blue) and heating (red)—to provide a more detailed summary.  

The comparison of the two performance summary reports demonstrates that the proposed 

newcase saves more than the substandard basecase in all three—loads, consumption, cost—
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areas.   

 

Figure 130: Annual Electric Use Breakdown Comparison (E-10 [APA]l, n.d.)) 

 
The Annual Electric Use Breakdown compares the amount of electric used for each 

specific source for each case.  The basecase uses 29.2 kWh/ft2 to heat the building while the 

newcase uses only 9.7 kWh/ft2 saving 19.5kWh/ft2.  The basecase uses 1.5 kWh/ft2 to cool the 

building while the newcase uses 0.1 kWh/ft2 reducing the cooling consumption by 1.4kWh/ft2.  

The basecase uses 2.4 kWh/ft2 to run the fan while the basecase uses 0.3 kWh/ft2 saving 2.1 

kWh/ft2.  The graph shows that the substandard basecase uses more energy to heat, cool and run 

the fan than the proposed newcase.   
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Figure 131: Annual Emission Results Comparison (E-10 [APA]l, n.d.)) 

 
The Annual Emissions Results graph shows how much Sulfur dioxide (SO2), a toxic gas, 

Nitrogen oxides (NOx)—nitric oxide (NO) and nitrogen dioxide (NO2)— react to form smog 

and acid rain (NOx, 2016) and Carbon dioxide (CO2), a greenhouse gas in which high increased 

concentrations, have resulted in global warming is reduced from the basecase to the newcase.  

SO2 is reduced by 291 pounds from 462 pounds in the basecase to 171 pounds being used in the 

newcase.  Nitrogen oxide is reduced by 151 pounds from 240 pounds in the basecase and 89 

pounds in the newcase.  CO2 is reduced by 49,430 pounds from 78,587 pounds in the basecase to 

29,157 pounds in the newcase.  The proposed newcase greatly reduces all three emissions when 

compared to the substandard basecase.    
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Figure 132: Comparison of Annual Energy Costs (E-10 [APA]l, n.d.)) 

 
The Annual Energy Costs graph displays the savings that would be achieved through the 

proposed newcase.  The kWh cost savings would be $1.242/ft2.  The demand savings would be 

$0.154/ft2 resulting in a total savings of $1.396/ft2.  This translates to a yearly cost of $3,571.85 

for the basecase and a yearly cost of $1,339.62 for the newcase saving $2,232.23 per year.   
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Figure 133: Comparison of the Annual Energy Use (E-10 [APA]l, n.d.)) 

 
The Annual Energy Use graph displays the savings that would be achieved for each 

energy consumption source for the proposed newcase.  The heating use is reduced by 

66.5kBtu/ft2, the cooling is reduced by 4.8kBtu/ft2 and other sources, for example tenant 

strategies is reduced by 7.1kBtu/ft2.  Combining all these sources, the total reduction in kBtu/ft2 

for the newcase is 78.5kBtu/ft2.  This translates to a basecase use of 199 kBtu’s per year and a 

newcase use of 74,214 kBtu’s per year saving 125,286 kBtu’s annually.         

 

Figure 134: Comparison of the Annual Energy Use (E-10 [APA]l, n.d.)) 
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 The Annual Energy Use Comparison graph displays the savings between the substandard 

basecase and the proposed newcase.  The substandard basecase has an annual energy use of 

199.5 MMBtu’s and the proposed newcase had an annual energy use of 74.03 MMBtu’s.  The 

proposed newcase produced an annual energy use savings of 125.47 MMbtu’s or 36,771.63 kWh 

or 125,470 kBtu’s for a total percent savings of 63%.  
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STEP 7 – CALCULATE 
 
 

The seventh step in the VERSAE Method is Calculate.  This step has three subsets: 1) 

Determine Amount of Renewable Energy Needed (Equivalent Full Sun Hours per Day Method), 

2) Calculate Cost of Renewable Energy (System Cost and Payback Time); and 3) Proposed 

Newcase 3D Model. 

 

7.1 Determine Amount of Renewable Energy Needed 
 

  

 

Using the Equivalent Full Sun Hours per Day Method a 315 W module would 

produce: 

 

Wattage of Solar Panel x Solar Insulation for Omaha, NE x 365 days/1000 = 

Solar Panel Energy Production 

   315 W x 3.5 x 365 days / 1000 = 402.4 kWh 

   

 

 

Figure 135: Solarworld 315 Watt Solar Panel - Sunmodule Pro-Series XL, 

78.15" x 38.98" x 1.81” (ecodirect.com) 
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Figure 136: Solar Insulation Map (mrsolar.com) 

 
Energy Use of Proposed Newcase / Solar Panel Energy Production = Number of 

Modules Needed 

(21,712.8 kWh/yr) / (402.4 kWh/yr) = 53.96 modules  

 

If 54 solar panels are used, there needs to be a roof area of:  
 

The size of the panel = the square footage of the panel x the number of panels = 

the roof area needed 

Roof Area Needed = 78.15” x 38.98” = 21.2 ft2 x 54 panels = 1,142 ft2 
 

Existing Roof Area = 1,903.20 ft2 
 

The existing roof is able to provide more than enough area for the amount of solar panels 

needed. 

7.2 Calculate Cost of Renewable Energy (System Cost) 
 

The cost of one 315 W panel is approximately $309, the cost of all 54 panels would 

be: 

 
The cost of one solar panel x the amount of solar panels needed = Cost of All 

Solar Panels Needed  
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Cost of All Solar Panels = $309 x 54 = $16,686 

 

It is assumed that the installation cost will be 20% of the solar panel cost: 
 
  Cost of All Solar Panels x Installation Cost = Cost of Installation 
 

Cost of Installation = $16,686 x .20 = $3,337.20 
 

The total System Cost is Estimated at: 
 

Cost of All Solar Panels + Installation Cost = Total System Cost 

Total System Cost = $16,686 + $3,337.20 = $20,023.20 

 

The payback time is: 
 

Energy Produced by One Solar Panel x Cost per kWh = Cost per Panel per Year 
 
Cost per Panel per Year = 402.4 kWh x $0.14 = $56.34 a year per panel 

 
Cost of all Panels / Cost of All Panels per Year = Payback Time 
 
Payback Time = ($309 x 54 panels) / ($56.34x 54 panels) = 5.485 years 
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7.3 Proposed Newcase 3D Model 
 

 

Figure 137: Perspective View of the Proposed Newcase Model with Renewable Energy (LaMantia, 2016) 

 

Figure 138: Circular Communal Layout of Proposed Newcase Houses (LaMantia, 2016) 
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STEP 8 – CONFIRM 
 
 

The eight step in the VERSAE Method is Confirm.  This step has one subset: 1) Confirm 

that Performance Goals have been Met. 

 

8.1 Confirm that Performance Goals Have Been Met 
 

 
Figure 139: Proposed Newcase Building Energy Use Intensity (LaMantia, 2016) 

 
 The substandard basecase energy use of 125 kBtu/ft2 was first reduced through heating 

strategies which further reduced the energy use down to 58.5 kBtus/ft2.  Next cooling strategies 

were applied which minimized the building energy use down to 53.7 kBtus/ft2 for a final EUI of 

46.5 kBtus/ft2 after additonal strategies were applied.  Once the energy use of the proposed 

newcase was minimized and produced a 63% savings, photovoltaic panels were calculated and 

added to the roof to produce a Net-Zero proposed newcase housing type for the Omaha Nation.  
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CONCLUSION 
 

 This thesis builds on my undergraduate capstone project which looked at the 

contemporary housing problems—construction of and other forms of substandard housing—on 

Native American Reservations.  Substandard housing has all but replaced the traditional and 

energy efficient vernacular architecture that responded to local climate, environment and 

reflected the people and their culture. Thus, the intent of the two case studies—Hopi Nation 

(capstone) and the Omaha Nation—describe the potential of “linking” the traditional strategies of 

the vernacular architecture of tribal peoples (VER) and the modern strategies of the VERSAE 

Method to develop sustainable, affordable and energy efficient net-zero housing in tribal 

communities.   

 Central to developing new housing prototypes was to link to the vernacular architecture 

in order to identify traditional strategies for dwelling/housing construction that could then be 

combined with modern strategies of housing construction as means to reduce energy 

consumption from that of substandard reservation housing.  Applying the 8 step process of the 

VERSAE Method to both cases with focused attention to climate, environment, people and 

culture, found validation of the method for both locations despite significant differences in 

climate and environment.  In both cases, substantial reduction in energy consumption and 

savings costs was demonstrated.  The proposed Omaha housing prototype reduced the annual 

energy consumption from that of the substandard case by 63%, saving $2,232.23 per year in 

energy costs and reducing annual emissions by 49,872 pounds.  This thesis demonstrates that the 

VERSAE method/the 8 step process that can be applied to any location or climate, is a method 

that can help lower the energy consumed by buildings worldwide.  
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Figure 140: Diagram showing the transition from Traditional Omaha Housing to Substandard Housing to a New 

Proposed Housing for the Omaha Nation (LaMantia, 2016) 
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