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ABSTRACT 
 

Global warming and climate change has drawn great concerns in recent years due to the 

impact residential buildings have on the environment.  Heating and cooling consumption make 

up most of household energy in the desert southwest. This energy demand is a big contributor 

of carbon emissions being release on to the environment. In an effort to minimize energy 

consumption, this research study aims to identify an energy efficient wall assembly that can be 

use in the U.S. desert southwest, that is suitable for the environment. With the use of research 

and simulations, using BEopt version 2.4.0.1, this investigation compares and evaluates 

different exterior wall assemblies to the standard code compliant construction. After ranking 

each wall, an ideal assembly was selected based on best performance. The information and 

results of this paper used in a case study project for the U.S. Department of Energy, Race to 

Zero Student Design Competition to find out that the chosen wall assembly would in fact help 

reduce energy consumption in the U.S. desert southwest.  

 The findings indicate that all of the seven wall assemblies studied show a significant 

improvement in site energy, CO2 emission reductions, and lowered energy annual costs 

compared to the base case scenario. In contrast, all wall assemblies, except for the R-17.1 2x6, 

24" o.c. advanced practice wall assembly, show an increase of initial construction costs of up to 

21.1%  or up to an additional $12,532.  However, all initial extra investment on any of the wall 

assemblies studied would be paid back within six months or less.  

 The least desirable wall assembly would be the R-17.1 2x6, 24" o.c. advanced practice 

wall type, as this one had the least amount of energy savings, CO2 emissions reductions, and 

energy annual costs cutbacks out of all the types studied.  It also had the longest amount of 

simple payback and the smallest amount of additional initial construction cost of $276. 
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 The R-28.8 ICF 2 in EPS, 12” Concrete, 2 in. EPS wall type is less favorable. Though it 

provided moderate energy savings of 953 kWh annually, and CO2 emission and energy cost 

reductions, its initial cost of over $12,000 or 21% was more, compared to the base case wall. 

   The R-20.6 ICF 2 in. EPS, 4" Concrete, 2 in. EPS, the R-28.3 Double Wood Stud 2x4 

Centered, 24 in. o.c., and the R-28.5 Double Wood Stud 2x4 Staggered, 24 in. o.c. show a 

medium range of energy savings, as well as moderate initial construction cost.   

 Last, the two wall systems that this study found that provided the most benefits in terms 

of annual energy savings, carbon emissions, energy cost reductions, initial costs, and shortest 

amount of pay back were the R-29.2 SIP 7.4 in EPS Core, and the R-36 SIP 9.4 in EPS 

Core wall assemblies.  These two wall types would be the most desirable options for single 

family residential wall construction for the desert southwest. 
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CHAPTER 1: INTRODUCTION  

1.1 Background. 

For y ears, the l argest source of e nergy dem and i n the U nited S tates has  been for 

buildings. In 2014, r esidential and  c ommercial us ed appr oximately 41% of the total pr ime 

energy use, outpacing demand for both transportation and industrial sectors (Fig. 1.1).  

 

 

 

Figure 1.1. U.S. Energy Consumption by Sector, from Energy Information Administration 2015. 
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The largest consumer of electricity in the United States is the building sector. In 2014, 

residential and commercial sectors used approximately 73% of the total electricity use while the 

industrial and transportation sectors consumes 26% and less than 1% respectively (Fig. 1.2). 

 

 

 

 

Figure 1.2. U.S. Electricity Consumption by Sector, from Energy Information Administration 

2015. 
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In 2014, residential and commercial structures in the United States were responsible for 

emitting the highest amount of CO2 emissions at 39% compared to transportation at 34% and 

the industrial sector at 27% (Figure 1.3). 

 

 

 

 

Figure 1.3. COe Emissions by Sector, from Energy Information Administration 2015. 
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 In 2014, residential homes consumed 22% of energy while the commercial buildings 

used an additional 19% totaling 41% of all the energy utilized in the U.S. (U.S Energy 

Information Administration [USEIA], 2015). Moreover, the building sector emits the highest 

amount of carbon emissions at 39% compared to transportation and industrial sectors. In the 

desert southwest region, local electric utilities are facing challenges to keep up with electrical 

demand and peak loads (Sadineni et al., 2011). Las Vegas’ metropolitan area will continue 

facing electrical demand problems in the future as the square footage in homes keeps 

increasing in size. As more energy will be consumed for heating and cooling, thus more fossil 

fuels burned.  
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 As shown in figure 1.4., residential homes built in the 1990’s are on average 27% larger 

compared to homes built in the 1970’s and 1980’s in all four regions of the U.S. The number of 

homes built in the 1970s and 1980s were less than 1,800 square feet. That number increased to 

approximately 2,200 square feet for homes built in the 1990s and to 2,465 square feet for 

homes built in the 2000s (U.S. Energy Information Administration, 2015) This same source also 

points out: while the floor area continues to increase in newer homes, so will the ceiling heights. 

Of the homes built in the 1970’s, 17% had higher than traditional eight-foot ceilings. This 

number increased to 52% in homes built in the 2000s. As the average square footage in 

residential homes keep increasing, the demand for heating and cooling these spaces will also 

rise.  
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Figure 1.4. Housing Characteristics Square Footage, from Energy Information Administration 

2012. 
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1.2 Population. 
 

The 2015 population for Nevada is estimated at 2,890,845, which is a 6% increase from 

2,700,552 in 2010 (U.S. Census Bureau, Population Division). The N evada Energy Fact Sheet 

shows that Nevada has a population growth rate from 2005-2013 by about 1% per year. 

Moreover, the total number of residential households in 2010 was 979,621, while in 2014 this 

number grew to 1,005,958  million, a 2.6% increase in five years (U.S. Census Bureau, 2014).  

As the population keeps growing in Nevada, demand for homes will also increase, resulting in 

more electricity demand. Lowering the energy consumption would help consumers save money 

and cut back on the demand for the fossil fuels: coal, oil, and natural gas. Less consumption of 

fossil fuels also leads to fewer emissions of carbon dioxide -- the dominant provider to global 

warming. In addi tion, the need for new power plants and expensive upgrades to existing power 

infrastructure would be much less.  
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1.3 Nevada Energy Estimates. 
 

According to the N evada Energy Fact Sheet, Nevada ranks 41 i n energy consumption 

per c apita and 38 for  total ener gy c onsumption. Natural gas  i s the pr imary fu el for  pow er 

generation at 73% , w hile 16%  of t he total  i s c oal, fol lowed by  renewable resources at 11%  

(Figure 1.5.) . In 2012, n atural gas  was the l eading source of ener gy consumed i n Nevada at 

45%. Only 11% of energy consumption in the state came from renewable energy, with 

petroleum at 35%, and coal at 9% of the total  as illustrated in Figure 1.6., (Nevada Fact Sheet, 

2015). 

As s hown i n Fi gure 1.7., el ectric utilities us ed 68%  of the total  am ount of natur al gas  

while the residential sector accounted for 15%, followed by and the commercial sector at 12% 

and the industrial sector at 5% (Nevada Fact Sheet, 2015). In 2012, the transportation sector 

consumed 33% of the energy in state of Nevada; while the industrial sector used 25%, followed 

by residential and commercial at 24% and 18% respectively (Figure 1.8).   
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Figure 1.5.  2013 Electricity Generation Breakdown, from Nevada Fact Sheet 2015. 
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Figure 1.6.  2012 Primary Energy Consumption by Energy Source, from Nevada Fact Sheet 

2015. 
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Figure 1.7.  2013 Natural Gas Use, from Nevada Fact Sheet 2015. 
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Figure 1.8.  2012 Primary Energy Consumption By End Use, Nevada Fact Sheet 2015. 
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1.4 Climate Conditions  
 

The article Designing a Sustainable House in the Desert of Abu Dhabi, ( Al-Sallal et al., 

2012) suggests that architects and engineers need to consider the surrounding e nvironment 

and climate at the early stage of the design to rely less on cooling and air conditioning of 

buildings. P roper des ign of bui lding for m, or ientation and ener gy effi cient envelope has the  

advantage to lower heats gains and energy consumption of a building. Taking the local climate 

and site conditions and implement passive design strategies is another key design to maximize 

the relaxation and health of the occupant -- while minimizing energy use (Taleb, 2014).  

A previous article showed that semi-arid areas like Phoenix, AZ impact the heating and 

cooling energy requirements of a building by a large amount (Hester et al., 2011). Sadineni and 

Boehm (2011) studied the effects of the des ert climate in the southwest region of th e U.S., on 

domestic energy use, and found that high temperatures result in increased energy consumption.  

Boehm, l ists southern Nevada as  a hot, arid region (2008). Weather  conditions in Las 

Vegas ar e nor mally ho t thr oughout the y ear, during day time, w hile n ight tem peratures ar e 

cooler. Summer days have commonly large temperature swings -- from day to night -- and can 

last from May to September. Temperatures during this season range from 81°F to 106°, and can 

even exceed to 115°F. With the  a bundant s unshine and  clear s ky at ni ght, bu ildings i n Las  

Vegas will warm considerably during the day  time, demanding more energy for cooling. This is 

why i t i s important to c onsider an  energy effi cient wall assembly to help dec rease heat gai ns 

and energy use in the des ert southwest region of the U .S. The winter season in Las Vegas is 

short generally m ild. Temperatures during the  w inter m onths of  N ovember to M arch av erage 

between 58°F to 38°F, but can also drop to low freezing temperatures of 20°F. 
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As s hown i n Fi gure 1.9., the annual  tem perature i n Las  V egas i s w idely diffused; the 

design high and design low temperature tend to fal l outside of the c omfort zone. It al so shows 

the extended duration of heat that buildings are exposed to during the summer season.   

 

 

 

 

Figure 1.9.  Temperature Range for Las Vegas from Climate Control Software. 
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Figure 1.10., shows the dry bulb temperature for Las Vegas is usually above the comfort 

zone during a 24 hour period, which means that during the night time the temperature is above 

78°F. There are only a few hours during the day when the comfortable temperature is reached 

during the months of November and January.  The temperature does not reach or go above 

68°F, only the month of December. 

  

 

Figure 1.10.  Dry Bulb Temperature Range for Las Vegas from Climate Control Software. 
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1.5 Exterior walls 
 

Shelter pr ovides pr otection and comfort for  i ndividuals agai nst th e har sh c limatic 

elements of the env ironment. Residential housing has become that for m of s helter for people, 

fulfilling the need safety well-being. This has led to various technological advances in residential 

housing. One of the  fi rst ty pes of  w all a ssembly w as m ade out o f Wattl e and D aub, w hich 

consisted of branches or vertical stakes creating a lattice covered with plaster combined of dirt, 

clay s and, ani mal hai r and ani mal dug and s traw. Today  t his combination for ms the bas is of  

modern s tucco appl ications on r esidential wall s urfaces ( Lustiburek, 2 014). The m ass 

production of nails and dimensional lumber, in the 1850’s, led to the Balloon framing which 

dominates residential construction to this day.  

With the i ncrease i n p opulation, today, more hom es ar e bei ng bui lt onl y to m eet the  

minimum building code standards. Designers need to c arefully consider environmental fr iendly 

design strategies from the beginning of the design process to help ease the negative impact of 

new homes on the environment.  

 A variety of solutions have been investigated towards the efficiency and economic 

reduction of energy consumption in heating and cooling, for homes located in hot arid climates.  

Examples of design solutions include site orientation, building footprint and surface area, green 

rooftops, implementation of trees and shrubs to provide shading, materials and human behavior, 

fenestration and surface area, and thermal mass application (Al-Sallal et al., 2013). These same 

methods can be advantageous in the U.S. Desert Southwest to lower the demand for cooling 

and heating consumption. 

An ener gy-efficient w all i s another opti on to m inimize ther mal br idging by  pr oviding a 

tight building envelope to function as the boundary between the weather outside the house and 

the tem perature i nside the hom e. Thi s w ill b enefit the c onsumer w ith l owered ener gy bi lls, 
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therefore eliminating the regular urgency to turn on the ai r condition unit and as  a result it will 

provide the homebuyer with greater thermal comfort.  

Today, with the negati ve impacts on the environment and hum an activities in buildings, 

designers u nderstand the needs  for  c ontrol l ayers s uch as  r ain c ontrol, ai r c ontrol, ther mal 

control and advance framing techniques to help ease this stress on the environment.   

Lstiburek’s ar ticle The Perfect Wall as shown on Figure 1.11., writes about three ideal 

wall types for different types of buildings: institutional, commercial, and residential. He lists four 

layers for each of the wall types in the following critical order:  

• A rain control layer 

• An air control layer 

• A thermal control layer 

• A vapor control layer 

The author  ex plains that an ai r c ontrol l ayer i s unnec essary i f the r ain c an get thr ough. The 

vapor barrier is unnecessary if y ou c an’t control the ai r, a nd don’ t bo ther about t he c ontrol 

thermal layer if the vapor is not controlled (Lstiburek, 2007). In other words, build it simple by 

having the perfect w all bec ome th e environmental s eparator -- keep the outs ide out  and th e 

inside in.  
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Figure 1.11.  The Perfect Wall in concept, from Lstiburek, J.W. (2007). Building Science 

Corporation. 
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CHAPTER 2: RESEARCH LITERATURE REVIEW 
 

2.1 Energy 
 

 The amount of ener gy c onsumed and gr eenhouse gas  e missions by the r esidential 

housing an d c ommercial s ectors are the l argest i n the  U .S. (Aldawi et al ., 2013). The 

consumption and greenhouse gas emission not only put additional pressure on fossil fuel 

resources, it also causes global warming and climate change. The studies performed by Aldawi 

included the simulation of three wall systems with optimal thermal masses and a conventional 

wall. An important aspect of the study is to note is that t hermal performance modeling was 

carried out  befor e the  ac tual construction of a r esidential hous e w as built. Th e r esearch 

estimated the total  ong oing heati ng and c ooling ener gy r equirements for  a conventional w all 

built out of t imber with batt i nsulation and three high performance walls. One of the three walls 

built with re-inforce concrete and polystyrene on the outside, resulted in possessing high energy 

saving of 47% compared to the standard conventional wall. Although there is a high 

construction cost for  the high per formance wall system the us er w ill recuperate i ts investment 

within 6-14 years dependi ng on the types of mechanical system is used. This means the 

building envelope is an approach everyone in the w orld could benefi t by improving i ts thermal 

performance and  minimize the ener gy us e i n the  residential and c ommercial c ategory while 

lowering greenhouse gas emissions.   

 Zhu et al. in their article Detailed Energy Saving Performance Analyses on Thermal 

Mass Walls Demonstrated in Zero Energy House, presents findings from a side-by-side case 

study of the construction of two homes: one conventional wood framing and one Insulated 

Concrete Panel (ICP).  Heat flux readings were evaluated and concluded that the baseline 

house external wall temperature varies significantly compared to the ICP panel wall.  
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 The results from Zhu et al. show that heat transferred through the massive walls into the 

inside space while it transferred outside through the conventional walls. This is because the 

mass wall construction has the ability to store and absorbed solar heat during the peak time and 

shifts it back at night. With the desert climate of high ambient temperature and intense sunlight, 

too much heat will be stored unable to be released back outside resulting in high energy for 

cooling for the ICP thermal mass wall (Zhu).   

 Another example stated by Swan (2011), show that renewable construction materials 

with low bodied energy, like adobe, earthen construction and straw bale wall assembly have the 

opportunity to reduce energy from the start of the design process. However, these systems are 

not generally taken into consideration, only a few selected local building codes accept these 

types of alternate methods.  Lstiburek states, “if we are going to address the energy problem the 

perfect wall is needed now more than ever; we should be demanding the integration of these 

wall systems and be perfect.” (2007).  

  Buildings are major consumers of energy throughout their life cycle; they have a serious 

impact on energy usage and the environment. The design and construction industry have the 

potential to improve energy efficiency during their life time (Jackson, 2010).  

 Energy rating systems are tools to help designers and builders reduce the negative 

impacts buildings have on the environment. However, Jackson’s article Green Home-Rating 

Systems: A preservation Perspective, examines the wide spread disparity for seven rating 

software programs: The U.S. Green Building Council LEED for Homes, Green Building / Green 

Points, Built it Green, Built Green, BREEAM Ecohomes, Vermont Builds Greener and Austin 

Energy Green Building. He adds that these home-rating systems do not provide good 

benchmarks for assessing whole building performance. The typical actions measured in green 

rating systems are highly variable and ultimately reveal some assumption of environmental 

benefit. (Jackson, 2010). In addition, three of the seven compared systems do not give any 

points to building reuse. Two give only meaningless points on purchasing new materials. Only 
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the BREEAM system provides reliable information for building reuse that is equivalent to those 

of the new-materials ratings.  

 The author concludes that most of the rating systems have become measures of how 

much humans consume, rather than asking the more important questions -- should we 

consume? And if so, how much? Current green home-rating systems too often lead to the 

conclusion that the green home “tear down” is preferable to the “green Home makeovers.” 

(Jackson, 2010). The need to find the right combination of preservation practices and efficiency 

measures needs to be improved for green conservation to help reduce the building’s negative 

impact on the environment.  

 The Article by Crawford et al. A comprehensive Framework for Assessing the Life-Cycle 

energy of a Construction Assemblies points-out that there is a limited amount of information 

available when it comes to considering the embodied energy and life-cycle of a structures. 

Without this information, the designers worldwide are unable to make informed decisions before 

construction begins on a new building. This in return contributes to more pollution and more 

energy use during the life cycle of the structure. Crawford et al. add that a dependable and 

complete plan for evaluating and select superior building assemblies to defined environmental 

outcomes currently do not exist (2010).  

 Crawford et al. present a method for ranking building assemblies based on their life-

cycle energy performance by integrating embodied energy assessment techniques with thermal 

performance modeling. The initial findings were used to compile a database with information 

associated with a large number of building construction assemblies that can be available for 

designers and builders worldwide.  

 The embodied energy assessment was performed using an in-put and output-based 

hybrid analysis from the Australia National Accounts (ABS) and combined with energy intensity 

factors by fuel type (Crawford, 2010). Eight material assemblies were ranked from lowest to 

highest life cycle energy requirement. While a superior wall assembly with higher energy 
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performance may have a higher initial embodied energy requirement, compared to a less 

favorable system, the need to replace that material may result in a lower net energy result over 

the life of the building (Crawford et al., 2010).   

 Current studies of embodied energy are quite unclear and vary greatly globally due to 

problems of variation and incomparability of information that exist in databases that the 

International Standardization Organization (ISO) provides.  

 Most countries follow the LCA standards to keep track or build information of products 

and then store into databases to make it available for governments to set their own standards. 

However, the LCA standard falls short; it does not provide the information needed and does not 

address some important issues, such as having a standard benchmark for all manufacturing 

companies to measure the energy require for extracting materials.   

  Studies that involved the calculation of embodied energy in building and building 

materials either did not mention using any standard or used standards provided by ISO and the 

Society for Environmental Toxicology and Chemistry (SETAC). ISO and SETAC are the two key 

organizations that are working towards standardization and scientific development (Manish et 

al., 2012). 

 The author recommends developing a set of standards to streamline the embodied 

energy data to resolve issues in current LCA standards. With the use of the guidelines a 

database with information could be shared globally for countries to benefit from and make liable 

choices. The embodied energy is a complex topic to assess. However, it is needed to ease the 

embodied impact on the environment.   
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2.2 Simulation and Modeling 

 
 Residential building energy simulation is playing an increasingly important role in 

building design. There are a growing number of software tools being used for analyzing the 

energy consumption in buildings to establish the basis of design and their energy efficiency 

requirements. Being able to model a new structure at various design stages can help designers 

achieve optimization and meet the energy requirements needed.  

 Although energy simulations are important at the beginning stages of design, they are 

complicated process involving modeling and analytical skills. Designers often find it difficult to 

carry out the building energy analysis and understand the simulation results. Valovcin et al. 

state that the programs are not perfect as they make assumptions, this causes impartial results. 

For example, actual versus assumed behavior of occupants can result in errors from formula 

inputs that are built into the model. (Valovcin et al., 2014). With increasing concern in energy, 

the demand of simulation and modeling to be done on buildings prior to construction is greater 

than ever; allowing designers to understand the design and performance relationships.  

 Different studies have shown that building energy simulation can help designer predict 

various potential energy savings on a residential buildings. The journal article by Suresh et al. 

Economic Feasibility of Energy Efficiency Measures in Residential Buildings, show a building 

energy simulation software being used to help identify several potential efficiency upgrades for 

production of homes in Las Vegas (Suresh et al., 2011). Energy-10 simulations were used to 

calculate the annual energy savings for each energy efficient upgrade. To verify the accuracy of 

the Energy-10 building input parameters and mechanical equipment, the simulations were 

compared against measured data (Suresh et al., 2011). The building model was instrumental, it 

allowed the engineers to validated and predict the annual energy savings and payback periods 

for numerous components. It concluded that the cost benefits of basic energy efficiency 

upgrades, like the need for cellulose insulation in walls and roofs, would be most beneficial. In 
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addition, the cost benefit of advance energy efficient components show energy efficient 

windows and PV 3.192 kW to have a benefit cost, while the other upgrades show zero benefits 

to cost.     

 

2.3 Cost Analysis 

  

 Saha’s article Cost Effective Thermal Wall System for Residential Housing, states that 

the Australian Bureau of Meteorology predicts that temperatures will rise between 0.4° and 2° C 

by 2030 across Australia (Saha, 2011). Because of this growing awareness heating and cooling 

in the residential sector will increase, thus resulting in more carbon emissions being release 

onto the environment. There are approximately 28% of households without insulation in this hot 

climate.   

 The author conducted a study to find the cost savings by comparing the thermal 

efficiency of four of the most common external walls for residential construction in Sydney 

Australia. These included clay masonry veneer, a cement sheet, and weatherboard and cavity 

clay masonry wall assemblies. 

 The research consisted of finding the cost of the thermal wall insulation and the cost of 

the four wall structures. Their total cost was calculated as “per m² and in order to make a fair 

cost comparison, data was collected from “Reed Construction Data,” which deals with variations 

in price of materials and labor between different suppliers and tradesman.  

 The results showed the cement wall was the most affordable at $130.17 the second was 

the weatherboard at a cost of $201.38 followed by the cavity clay masonry at $232.6. As for the 

insulation, fiberglass was the most affordable compared to rockwool and was used in the cost 

equations. It is important to note different insulation thicknesses were used in each of the walls 

to evaluate their thermal performance. 
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 The largest saving in annual heating a cooling is found in all wall types when the nominal 

amount of insulation is added (Saha, 2011). Cement sheet is the most cost effective wall system 

compared to the cavity clay masonry being the most expensive. The clay masonry veneer and 

the weatherboard wall systems are similar in price.  

 The pay back of a wall system is dividing it cost by the amount savings achieved 

compared to the benchmark air film wall. The payback is as follows: cement wall took 5.8 years; 

masonry veneer and the weather boards take 8 years: followed by the clay masonry which took 

9 years for paying back the cost of these wall systems (Saha, 2011).  
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2.4 Standard Wall Practices 

 

 The standard exterior wall construction for new residential homes in Las Vegas is based 

on the 2012 International Residential Code requirements (2012 IRC) and the 2009 International 

Energy Conservation Code (2009 IECC). 2x4 16 in o.c. wood constructions is the most 

commonly used exterior wall type in the Las Vegas Valley. Section R602.2 of the 2012 IRC 

states that studs need to be a minimum No.3, standard or stud grade lumber and Section 

R602.3 requires the exterior wall systems of wood-frame construction are in conformity with 

AF&PA’s NDS fastener schedule. In addition, wall sheathing should be fastened directly to 

framing structure to resist wind pressures.  As seen on Figure 2.1 and 2.2 the 2009 IECC 

requires that for Clark County (3B) climate zone, walls are to have an R-value of R-13 minimum 

with an equivalent U-factor of 0.082 or less (2009 IECC, 27-28).    
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Figure 2.1 Insulation and Fenestration Requirements By Component for Climate Zone 3  

(IECC, 2009)  
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Figure 2.2 Equivalent U-Factors for Climate Zone 3 (IECC, 2009)  
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2.5 Best Building Practice 

 

 Through the contribution from the US Department of Energy (DOE) a team collaboration 

between the engineering department at the University of Nevada Las Vegas, Pulte Homes 

(home builder) and NV Energy (local utility) was formed with a mission to reduce peak electricity 

need by 65% at a substation level (Sadineni et al., 2011).  

 The result of this collaboration led to the first LEED (Leadership in Energy and 

Environmental Design) Platinum certification standards with HERS (Home Energy Rating 

System) that is greater than 50% more efficient than the similar sized homes built with standard 

building practices ( Frances, 2009).  

 The new residential community named Villa Trieste features energy efficient building 

envelope, efficient HVAC system and efficient lighting. Villa Trieste homeowners will enjoy 

homes that are more energy efficient and have a lower impact on the environment as compared 

to a code compliant built home (Sadineni et al.,2011). 
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2.6 2x4 Wood Stud Walls 

 

Figure 2.3. 2x4 Standard Wood Construction Wall from Building Science Corporation, 2014. 

   

 Conventional framing, the industry standard for framing residential construction, typically 

consists of:  2x4 wood framing spaced 16 inches on center, double top plates, three-stud 

corners, multiple jack studs, and double or triple headers. In most cases, the framework is filled 

with fiberglass or cellulose insulation, and then covered with a layer of 1/2” layer of oriented 

strand board (OSB), that is made of wood chip pieces glued and compressed together. This is 

followed by an air barrier layer and the exterior finish, which is typically stucco.  
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2.7 2x6 Wood Stud Walls 

 

Figure 2.4.  2x6 Wood Stud Centered from Building Science Corporation, 2014 

  

 2x6 wood framing 24 inches on center is considered advance framing (Sadineni et al., 

2011). It consists of: double top plates, three-stud corners, multiple jack studs, and double or 

triple headers. The framework is filled with fiber glass or cellulose insulation, when combined 

with EPS insulation the R-value increases to 23 (Sadineni et al., 2011). Next is  1/2” layer of 

oriented strand board (OSB) sheathing followed by an air barrier layer and the exterior finish -- 

which gains is typically stucco. 
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2.8 Double Stud Centered 

 

Figure 2.5.  Double Wood Stud Centered from Building Science Corporation, 2014. 

 

 Double 2x4 walls are built in the same way as conventional 2x4 walls. Instead of a single 

exterior wall, the house has two parallel exterior walls. After the 2x4 exterior wall, which is 16 

inches or 24 inches on center, is constructed – it is followed by a 2x3 or a 2x4 stud wall 

staggered or centered and 5 inches apart from the exterior wall. The cavity can be filled in with 

cellulose insulation.   
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2.9 ICF 8” and 16” Wall 

 

Figure 2.6.  Insulated Concrete Form (ICF’s) from Building Science Corporation, 2014. 

 

 Insulated Concrete Forms (IFCs) are considered an advance new wall technology, it 

consisting of an EPS inner and outer face (sometimes cement wood fiber) and filled with a cast-

in-place concrete. The thickness of EPS and concrete panels varies with higher R-value options 

(Zhu et al., 2008). It is used for residential and light commercial construction. 
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2.10 SIP Wall 

 

Insulated Spline Connection

 

OSB Spline Connection

 

Figure 2.7. Structural Insulated Panel (SIPs) Building Science Corporation, 2014. 
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 Structural Insulated Panels (SIPs) represent another option for designers and builders in 

the construction industry and gr adually is increasing interest as an al ternative material for both 

the residential and commercial buildings.  

 SIPS are a prefabricated unit made up of sections using two oriented-strand-boards 

(OSB) on e ach s ide enc asing a c ore of ex panded pol ystyrene foa m i nsulation (EPS). The  

materials used for the ex terior facers and the foam  insulation core can vary depending on the  

manufacturer and the des ired pr operties of th e fi nal w all s ystem. A lternate i nsulation c ores 

include extruded polystyrene (XPS), polyisocyanurate and pol yurethane. The ov erall thickness 

of the foam  c ore v aries but i s ty pically av ailable i n di mensions c losely r esembling tr aditional 

framed w alls. In addi tion O SB fac ers c an i nclude some m anufacturers s pecialize in pl ywood, 

straw board and cement board.  

 SIPs are an inherently energy efficient system. Thermal bridging through framing 

members is extremely reduced and can easily achieve a low infiltration system. In addition, 

studies have shown SIPs posses considerable strength and stiffness necessary to sustain 

required design goals. Relative to standard framing, SIPs produce much less construction waste 

because they are built in factories where production processes can be fine-tuned.  

 Panel connections are a crucial part of the SIP system. Being that the structural joint is 

critical to the integrity of the building, it is also the location where air leakage can happen.  

Splines firmly connects each panel together at the joints, this prevents air infiltration into the 

building. The most common are the insulated spline connection and the OSB surface spline 

shown in the illustration above. 
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CHAPTER 3: RESEARCH QUESTION 

3.1 Purpose  

 

 Shelter provides protection and comfort for individuals against the harsh climatic 

elements of the environment. Residential housing has become that form of shelter for people, 

providing to the need for their well-being and safety.  This has led to various technological 

advances in residential housing. Without shelter, human survival in the harsh climates we 

inhabit would be difficult, if not impossible. However, these structures have serious 

consequences on energy consumption and on the environment.  

 The U.S residential buildings account for about 22% of the nation’s energy consumption, 

which releases an estimated 1,116 million metric tons of carbon dioxide emissions into the 

environment annually (U.S. Energy Information Administration [USEIA], 2015). In the desert 

southwest region, local electric utilities are facing challenges to keep up with the electrical 

demand and peak loads (Sadineni et al., 2011). Today, as global warming increases, 

homebuyers are progressively demanding and purchasing energy-efficient homes that are 

suitable towards the climate in their designated region. The residential housing sector is 

beginning to supply consumer demands, through the means of designers and builders, by 

implementing energy-efficient design methods. These methods include thorough selection of 

building materials with low embodied energy that will benefit the homebuyer financially, as well 

as ease the impact of the home on the environment.  

 A variety of solutions have been investigated towards the efficiency and economic 

reduction of energy consumption in heating and for cooling homes located in hot arid climates.  

Examples of design solutions include site orientation, building footprint and surface area, green 

rooftops, implementation of trees and shrubs to provide shading, materials and human behavior, 

fenestration and surface area, and thermal mass application (Al-Sallal et al., 2013). These same 
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methods can be advantageous in the U.S. desert southwest to lower the demand for cooling 

and heating consumption. 

 An energy-efficient wall can be another option to minimize thermal bridging by providing 

a tight building envelope to function as the boundary between the weather outside the house 

and the interior temperature. This will benefit the consumer with lowered energy bills, 

eliminating the regular urgency to turn on the air condition unit and as a result this will provide 

the homebuyer with greater thermal comfort. Identifying an ideal wall assembly for residential 

buildings in the U.S. Desert Southwest is crucial for designers and builders who strive to 

achieve exceptional energy efficiency in houses while reducing the embodied energy that has 

an impact on the environment. 
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3.2 Research Question 

 

 The objective of this study is to answer the main question of identifying an ideal 

residential exterior wall assembly in the U.S. desert southwest. This will be achieved by using 

research studies and computer simulations to examine three sub-problems. The sub-problems 

that will be analyzed include the cost associated with different wall assemblies, energy 

efficiency of each selected wall choice, and the environmental impact of embodied energy. The 

article “A comprehensive Framework for Assessing the Life-Cycle Energy of Building 

Construction Assemblies” (Crawford et al., 2011) evaluated eight residential construction 

assemblies considering embodied energy and thermal performance and ranked them according 

to their efficiency. Another article “Analysis of Residential System Strategies Targeting Least-

Cost Solutions Leading to Net Zero Energy Homes” (Anderson et al., 2006) explains what 

factors are considered when evaluating the construction cost for wall assemblies. Similar to 

these two articles, the proposed approach for this thesis study is energy efficiency, cost 

comparisons and life-cycle assessments in the residential sector of the U.S. Desert Southwest 

to be able to determine the best residential wall assembly. 
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3.3 Wall Assembly Evaluation 

 
 While there are numerous high-performance wall systems to be assessed, the 

assemblies below are the preferred approach for residential buildings for the U.S. desert 

southwest climate. This research focused on comparing a typical code compliant traditional 

framed house 2x4 wood stud 16 in o.c. that has R-13 batt insulation in the cavity wall. The wall 

assemblies that were researched include: 

1. A base case model 2x4 in 16 o.c. with R-13  

2. 2x6 in 24 in o.c. with R-17.1 

3. Double wood stud 2x4 in centered, 24 in o.c.  

4. Double wood stud 2x4 in staggered, 24 in o.c 

5. SIP Panel with R-29.2 

6. SIP Panel with R-36 

7. ICF Panel with R-20.6 

8. ICF Panel with R-22.8 
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3.4 Case Study 

 
 This study and thesis was done in conjunction with the Race to Zero Student Design 

Competition sponsored by the U.S. Department of Energy. This event involves students and 

teachers from universities in the United States and Canada. There are two goal options for the 

competition: 

 1). A real-world scenario where a builder needs to update an existing structure (house       

     plan) to a high-performance house design. 

 2) Developing a new high performance home that is net zero energy ready but still    

     reasonably affordable.  

 Teams are challenge with a specific design problem and are responsible to either 

redesign an existing floor plan or create a new house design that meet the project requirements.  

The purpose of the competition study is to provide the next generation of architects, engineers, 

construction managers, and entrepreneurs with knowledge and skills necessary to start careers 

in clean energy and solve real-world problems related to energy (U.S. DEO, 2014).  

 The UNLV team decided to pursue the latter option, as the bases of their design for the 

design competition. Each of the students from the UNLV team was assigned to research various 

design components that could be advantageous for the new design of the house. The areas that 

were studied include, site orientation, roof assemblies, wall assemblies, fenestration, 

mechanical systems and Indoor Air Quality. This information was collectively used as the 

benchmark simulation model. 

 Table 3.1 shows all the values that meet the 2009 IECC code standards that included 

envelope materials for walls, roof, glass and HVAC sizing that are typically used in the 

southwest climate for residential homes. Water heater, lighting, plug loads, and appliances were 

set to zero for the simulation and only space conditioning energy data was extracted from the 

simulation. 
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  The competition requirement was to assess the energy analysis of a base model. The 

guidelines of the competition recommended and encourage student to use the BEopt software 

developed by (NREL).    

 BEopt evaluates residential building designs and identifies cost-optimal efficiency 

packages at various levels of a whole house energy savings along the path to zero net energy, 

which is when a home consumes as much energy as it produces annually. Both new 

construction and existing home retrofits can be analyzed through evaluation of single building 

designs, parametric sweeps, and cost-based optimizations. In addition, BEopt can simulate 

based on analysis on different types of characteristic, like size, building construction materials, 

location, equipment, and utility costs (Valovcin et al., 2014). 

 Each team member obtained the data from the BEopt simulations to establish which 

systems or construction assemblies were good candidates to be incorporated in the design 

competition house. Once the optimal parameters were selected, a simulation model with these 

systems was generated and evaluated based on performance. It is also important to note that 

BEopt allowed the students to make quick changes to their systems in the model even after all 

the parameters were already included in the simulation, this granted student the ability to make 

last minute changes to enhance optimization performance of the house. The information 

gathered from the simulations was site energy used, cost of each system, efficiency 

measurements and CO2 emissions.    
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Simulation Parameters Base Case Model 
 

Categories System Description 
Building EPW Location 
 

Las Vegas, McCarran International Airport 
 

Orientation 
 

South 
 

Neighbors 
 

None 
 

Walls 
 

R-13 Fiberglass batt insulation with 2x4 studs 
16 inches on  
center with1/2" gypsum board. 
 

Exterior Finish 
 

Stucco with a medium dark paint. 
 

Roof 
 

R-30 Fiberglass batt insulation vented roof 
with terra cotta tiles. 
 

Ceiling 
 

5/8" gypsum board. 
 

Foundation 
 

Whole slab R-10 with R-5 XPS insulation. 
 

Window Areas 
 

Achieve daylight factor of 4% per ASHRAE 
189.1-2014. Glazing area equal to 20% of the 
total floor area. 
 

Windows 
 

Double-pane, high-gain low-E, non-mental 
frame, argon filled (U-value) 0.37, solar heat 
gain coefficient 0.53), with no overhangs on 
windows. 
 

Space Conditioning 
 

Central air conditioning SEER 13. 
Gas furnace 78% AFUE 
 
Ducts: 8 CFM25 per 100 sf, R-8 in 
unconditioned space. 

Space Conditioning 
Schedules 
 

Cooling set point 78F. 
Heating set point: 68F. 
Humidity set point: 60% relative humidity. 

Utility Rates 
 

Electricity: Fixed: $8/month. $0.1189 $/kWh 
Natural Gas: Fixed: $8/month. $0.9155 
$/therm 

 
 

Table 3.1 Building simulation parameters used in BEopt. Data collected by John Carroll, 
Ludwing Vaca, Nick Inouye, David McCredo and Johny Corona.  
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Figure 3.1. 3D simulation model from BEopt. 
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CHAPTER 4: METHODS 

4.1 Context 

 
 The purpose of this research project is to test several residential wall assemblies 

through building simulation modeling and to determine which wall construction is superior in 

terms of energy effectiveness and cost. Exploring these factors to discover the ideal wall 

assembly was critical to optimize building construction performance. The data from the 

simulation model concluded which wall structure proved to be the best option for the U.S. desert 

southwest and was chosen to answer the research question. In addition, it contributed data to 

suggest which methods should not be used.  

 Through the series of parametric analyses carried out using BEopt, the team of students 

selected the ideal configuration, assemblies, and systems that allowed the design of a net-zero 

energy home.     

 

4.2. Approach 

 
 In order to evaluate different residential wall assemblies different computer software 

programs were researched. Having worked with other energy modeling programs like RESNET, 

Equest, Revit, and Green Building Studio -- BEopt was the most instrumental for this research 

study. Its user-friendly, component properties are selected from predefined list, and options are 

easy to optimize. The output information clearly supports benchmarking and alternative 

comparisons. The building performance is compared with a code compliant energy efficient 

design.  BEopt allows full control of all the systems of the building. Equest on the other hand, 

generates data simulation that is complicated to understand therefore it is unable to use 

properly in the later stages of the design. The screen interface is manly text; which has limited 
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geometrical display that is not architectural oriented. Revit and Green Building Studio only give 

you limited control of the building model, not allowing you to make customization to the other 

properties of the simulation and make quick changes like Beopt does.  

 Properties were modified in BEopt to generate a virtual model using Energy Plus 

simulations. This model provided thermal temperature with simulated environmental conditions 

that a residential home in Las Vegas could be exposed to in real life. The computer model 

allowed different building wall assemblies to be proposed and adjust changes to their physical 

and thermal properties to simulate and evaluate the performance of each. These simulations 

were a vital component in determining performance outcomes. The physical and thermal 

properties of each wall assembly were carefully revised until adequate performance levels were 

reached. After the data was collected, bar graphs were generated to provide and show each 

wall’s performance by ranking from most favorable to least, in terms of thermal efficiency and 

cost effectiveness. This improved the interpretability of the results by the students in the 

decision making process.  

 

4.3 Assembly Tested 

 
 The baseline assembly that was tested was a standard code compliant 2x4 in stud wall 

16 in o.c. with fiberglass insulation, sheathing on the outside and drywall on the inside. Refer to         

Figure 2.1 for the construction assembly of each component. 
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4.4 Capital Recovery Cost 

 

 Calculating the Cost of Saved/ Avoided Energy, Resources, and /or Pollution.  

 Typically, the cost of an energy and /or resource efficiency measure (or the cost of avoiding 

some form of pollution) is mostly an initial Capital Cost or investment for the technology and /or 

measure implemented and its associated design, program, or administrative costs. In this case, 

CSE is the cost of the saved energy/resources and is calculated as follows: 

 

CSE= Capital Cost * CRF/ Annual Energy or Resource Savings (or Annual Avoided Pollution) 

     

CRF = Capital Recovery Factor, which is the ratio of a uniform annual value (Annuity) and the 

worth value of the annual stream.  The CRF depends on the dividend rate and the time horizon 

or period considered.  In cases where annual operating costs increase or decrease significantly, 

this value would be added to, or subtracted from, the numerator (Kutcher et al., 2007). 

 Tables 5.2. through 5.8. show the capital recovery factor, the cost of saved energy 

(CSE) per square foot and simple payback per square foot in years for each wall construction. 

The base case of the standard home is used as a comparison to the other assemblies that were 

tested to see how long before the initial investment is paid back.   

 Moreover, while the initial investment cost for each wall assembly is higher, compared to 

the base model, there is capital recovery factor since day one and a cost of energy savings for 

all the assembly walls. 
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CHAPTER 5: RESULTS 

5.1 Simulation Outputs for Site Energy Use 

 

Figure 5.1 Site Energy Use 
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 Figure 5.1, show the site electricity consumption in kWh/yr.  All seven wall assemblies 

studied show a significant improvement from the base case scenario.  Even the R-17.1 2x6, 24" 

o.c. advanced practice wall shows a 700 kWh/yr energy savings or an 17.3% reduction in 

energy consumption.  However, the wall assembly that performs the best is the R-36 SIP 9.4 in 

EPS Core wall assembly with a reduction of 1,267 kWh/yr or 31.3% less energy use than the 

base case model.  Not too far from these figures are the R28.3 Double Wood Stud 2x4 

Centered, 24 in. o.c., R-28.5 Double Wood Stud 2x4 Staggered, 24 in. o.c., and the R-29.2 SIP 

7.4 in EPS Core.  These three wall assemblies show an energy reduction of 1,128 kWh/yr, 

1,133 kWh/yr, and 1,087 kWh/yr or 27.9%, 28.0% and 26.9% respectively, compared to the 2x4 

16 in. o.c. standard wall construction for new residential homes in the U.S. Desert Southwest. 

  Additionally, except for a minimal difference in the R-29.2 SIP 7.4 in EPS Core, the R-

value increase in the different wall constructions caused a reduction in energy use.  It is also 

important to note that in all cases, including the base model, between 63% to 65% of the total 

energy use in space conditioning goes into heating during the winter season. Cooling is less 

than the heating requirement, which points out that the issue is not the heat coming in but the 

flow of heat going out that is much problematic.   
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5.2 Wall Assembly CO2e Emissions 

 

Figure 5.2 Wall Assembly CO2e Emissions  

 

  

 

 

 

  

 

 



50 
 

 The results in Figure 5.2, show the annual equivalent carbon emissions in Metric 

tons/yr.  The R-36 SIP 9.4 in EPS Core wall assembly produced more than one quarter less 

CO2 into the atmosphere or  0.33 Metric tons/yr. than the base case model.  Similar to the 

energy analysis simulation,  the R28.3 Double Wood Stud 2x4 Centered, 24 in. o.c., R-28.5 

Double Wood Stud 2x4 Staggered, 24 in. o.c., and the R-29.2 SIP 7.4 in EPS Core  wall 

assemblies performed almost evenly in reducing carbon emissions to the atmosphere.   A 

reduction of between 17.5% to 18.2% of CO2 emissions was found among the latter wall 

construction types compared to the typical wall assembly.  It is also important to note that higher 

reductions were encountered in the use of heating for the winter season as compared to the use 

of the cooling system almost evenly across all wall types except for the R-17.1 2x6, 24" o.c. 

advanced practice and R-22.8 ICF 2 in. EPS, 12" Concrete, 2"in. EPS wall types.  Last, only an 

8.4% reduction in carbon emissions was found using the R-17.1 2x6, 24" o.c. advanced practice 

wall assembly, making it this wall assembly the least beneficial in improving the atmosphere. 
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5.3 Cost of Assembly Walls 

 
 

Figure 5.3 Wall Assembly Construction Cost  
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 The results in Figure 5.3 show the upfront material and labor cost of the wall assemblies, 

regardless of whether the technology is actually being paid for immediately or with cash. This 

cost is not directly used in cash flow calculations for the various y-axis metric; the value here is 

only for informational display purposes. No financing, rebates, or incentives are applied to these 

values.    

            The analysis of first costs for the different wall assemblies show that there is an increase 

of between 0.5% to 21.1% compared that to the base model.  The R-17.1 2x6, 24" o.c. 

advanced practice wall assembly shows almost a negligible increase in price of $276 from the 

$59,318 total cost, or a 0.5% increase.  In the other side of the analysis we find that the R-22.8 

ICF 2 in. EPS, 12" Concrete, 2"in. EPS wall type shows the highest price difference with an 

additional $12,531 to the total construction cost.  The R-36 SIP 9.4 in EPS Core wall assembly, 

which had performed well in energy and carbon emission reductions, showed an increase of 

8.9% or an addition of $5,274 to that of the typical wall construction in the U.S. Desert 

Southwest, making it the third most economical wall type option.  The other SIP wall, the R-29.2 

SIP 7.4 in EPS Core, is the second lowest alternative with an additional $3,508 or an increase 

of 5.9% to that of the base simulation model.  At an increase of $5,970 or just over 10%, is the 

R-20.6 ICF 2 in. EOS, 4" Concrete, 2 in. EPS wall assembly.  Finally, at the same price increase 

of $7,891 or 13.3% are the Double Wood Stud wall assemblies.  
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5.4 Annual Utility Cost 

 

Figure 5.4 Annual Utility Bills  
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 The results in Figure 5.4, show the energy consumption of the different wall assemblies 

types studied as an annual energy cost.  The base case model, the 2x4 16 in. o.c., showed the 

highest annual energy cost at just under $400 a year.  The R-36 SIP 9.4 in EPS Core wall 

assembly showed the most savings compared to this figure with a saving of $42.80 annually or 

a 10.7% reduction.  The R-17.1 2x6, 24" o.c. advanced practice wall assembly showed the least 

amount of savings at $22.20 or 5.6% less per year.  Once again the three wall types, the R28.3 

Double Wood Stud 2x4 Centered, 24 in. o.c., R-28.5 Double Wood Stud 2x4 Staggered, 24 

in.o.c., and the R-29.2 SIP 7.4 in EPS Core  wall assemblies performed almost similarly with 

savings of just under 10% or between $38 and $39 annually.  It is also important to note that as 

an average between all simulations, the total heating annual charges were about 39.5% of the 

total energy use in space conditioning, while the cooling costs were 60.5%.   
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5.5 Simple Payback Costs 
 
 
Wall 
Assembly 

Energy Use 
(kBTU/sf/yr) 
 

System Cost (per 
sq.ft.) 

 

Utility Cost ($/sf/yr) 
 

CSE  
($/sf/yr) 

Simple  
Payback 
(yrs) 

Heating 
 

Cooling 
 

Absolute 
 

Over 
Base 
 

Heating 
 

Cooling 
 

Base base 
2x4 16 in 
o.c. 

 
4.94 

 
2.44 

 

 
$33.00 

 

 
$0.00 

 

 
$0.03606 

 

 
$0.07931 

 

 
$0.00 
 

 
0.5 
 

R-17.1  
2X6 24 in 
o.c. 

 
4.11 

 
2.27 

 

 
$33.10 

 

 
$2.71 

 

 
$0.03002 

 

 
$0.07304 

 

 
$0.00 
 

 
0.4 
 

R-20.6 ICF 
2 in EPS,  
4" 
Concrete, 2 
in EPS 

 
3.77 

 
2.16 

 

 
$36.27 

 

 
$7.53 

 

 
$0.02781 

 

 
$0.07047 

 

 
$0.00 
 

 
0.4 
 

R-22.8 ICF 
2 in EPS,  
12" 
Concrete, 2 
in EPS  

 
 

3.66 
 

 
 

2.16 
 

 
 

$40.00 
 

 
 

$11.58 
 

 
 

$0.02688 
 

 
 

$0.06945 
 

 
 
$0.00 
 

 
 
0.3 
 

R-28.3 
Double 
Wood  
Stud 2x4 
Centered, 
24 in o.c. 

 
 

3.5 
 

 
 

2.11 
 

 
 

$37.33 
 

 
 

$7.43 
 

 
 

$0.02542 
 

 
 

$0.06840 
 

 
 
$0.00 
 

 
 
0.3 
 

R-28.5 
Double 
Wood  
Stud 2x4 
Staggered, 
24 in o.c. 

 
 

3.44 
 

 
 

2.11 
 

 
 

$37.33 
 

 
 

$7.43 
 

 
 

$0.02537 
 

 
 

$0.06837 
 

 
 
$0.00 
 

 
 
0.3 
 

R-29.2 SIP 
7.4 in EPS  
Core 

 
3.5 

 

 
2.11 

 

 
$34.90 

 

 
$6.01 

 

 
$0.02556 

 

 
$0.06865 

 

 
$0.00 
 

 
0.3 
 

R-36 SIP 
9.4 in EPS  
Core 

 
3.33 

 

 
2.05 

 

 
$35.90 

 

 
$7.10 

 

 
$0.02422 

 

 
$0.06737 

 

 
$0.00 
 

 
0.3 
 

 
 

Table 5.1 Simple Payback Costs 
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 Table 5.1 shows the simple payback results for all wall assemblies studied, including the 

base case model.   These are divided in the energy use in kBTU/sf/yr, system cost per square 

feet, utility cost in dollars per square feet yearly, the CSE (cost of saved energy) in dollar per 

kWh, and finally the simple payback in total amount of years.  The simulations performed in 

BEopt helped us gather the data for energy use and system cost for heating and cooling, while 

the utility cost, again for both cooling and heating, was obtained by adding the total annualized 

utility bills and divided by the square footage of the house to get the cost.  The CSE and simple 

payback were calculated using the capital recovery cost formula explained in section 4.4.  The 

base case model with the typical U.S. Desert Southwest wall assembly is used to compare the 

amount of years it would require to pay back the initial investment.  

            The results show a minimal simple payback on all wall systems ranging from 0.3 to 0.5 

years, making all these walls become a feasible option for any homebuyer.  After a six month 

period the extra investment for the R-17.1 2x6, 24" o.c. advanced practice wall assembly would 

be returned to the buyer.  While for the R-20.6 ICF 2 in. EPS, 4" Concrete, 2 in. EPS and the R-

22.8 ICF 2 in. EPS, 12" Concrete, 2 in. EPS wall types that period is only 0.4 years.  Finally, the 

R-28.3 Double Wood Stud 2x4 Centered, 24 in. o.c., R-28.5 Double Wood Stud 2x4 Staggered, 

24 in. o.c., and the R-29.2 SIP 7.4 in EPS Core, and the R-36 SIP 9.4 in EPS Core  wall 

assemblies would take only 0.3 years to pay back the initial investment. 

            Therefore, besides the other benefits found in this study, like energy and CO2 emissions 

reductions, the simple payback of using any of these wall assemblies being less than a year is 

an important reason why home builders, designers, and buyers should consider the use of 

different wall types in residential construction for the U.S. Desert Southwest. 
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Figure 5.5. Capital Recovery Factor and Simple Payback for R-17.1 - 2x6 Wall 
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Figure 5.6. Capital Recovery Factor and Simple Payback for R-20.6 ICF 
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Figure 5.7. Capital Recovery Factor and Simple Payback for R-22.8 ICF 
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Figure 5.8. Capital Recovery Factor and Simple Payback for R-28.3 2x4 Double Wood Centered  
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Figure 5.9. Capital Recovery Factor and Simple Payback for R-28.5 2x4 Double Wood-        
        staggered 
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Figure 5.10. Capital Recovery Factor and Simple Payback for R-29.2 SIP 
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Figure 5.11. Capital Recovery Factor and Simple Payback for R-36 SIP 
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5.6 Embodied Energy 
 
 Embodied energy is an approach to measure the energy that is required to develop, 

process, manufacture, and transport a product (Randolph, 2008).  

 Attia’s article State of the Art of Existing Early Design Simulation Tools for Net Zero 

Energy Buildings: A Comparison of Ten Tools seen on Figure 5.12. analyses various energy 

simulation software programs based performance for each category given, the Embodied 

energy criteria was not evaluated. This may be due to the complexity to quantify the embodied 

energy process that may not be available in the software programs.  

 The life cycle assessment evaluates all of the impacts over the whole life of a material or 

element, while embodied energy only considers the front-end- aspect of the impact of the 

building material, it also does not include the operation or disposal of materials (Crawford et al., 

2010).   

 The BEopt software does not have the options to measure the embodied energy of 

building materials; it could be because of the same problem that a reliable database is not 

currently available to gather accurate information for parameters to be implemented in the 

software. Nonetheless, Beopt has the option to simulate the Life Cycle Cost (LCC), which refers 

to the full cost of ownership over the life of a technology. The life cycle energy related to costs is 

calculated identically to annualized energy related costs, except that: 

 1. Cash flows are converted to the present value, rather than annualized and, 

 2. All cash flows are absolute (not relative to the reference) 

When comparing the life cycle costs of two technologies, the lower LCC indicates a more 

favorable investment. However, there may be capital costs constraints that limit the selection of 

technologies.  Being that the tool options to measure the embodied energy of buildings are not 

available in BEopt, the embodied energy was not factored in this search. 
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Figure 5.12. NZEB Tool Matrix. Data Collected by Shady Attia 
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Figure 5.13. Energy Related Costs, Life Cycle Cost 

 

The results from figure 5.13 showed that the R-22.8 ICF 2 in EPS, 12" Concrete, 2 in. 

EPS wall assembly had the highest life cycle costs, with an additional $3,283 being spent on the 

lifetime of the assembly, compared to that of the base case model.  Moreover, the R-17.1 2x6 

24 in o.c. advanced practice wall assembly showed the lowest life cycle costs out of all the wall 

assemblies. This wall type was even less than the typical wall type with a reduction of $348 

compared to the life cycle cost of the R-13 Base Case 2x4 16 in o.c. wall. 

Both SIP wall panels, the R-29.2 SIP 7.4 in EPS Core and the R-36 SIP 9.4 in EPS 

Core, showed the second lowest life cycle costs, with an additional $349 and $817 respectively 
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compared that to the base simulation wall type. The rest of the wall assemblies, the R-20.6 ICF 

2 in EPS, 4" Concrete, 2 in EPS, the R-28.3 Double Wood Stud 2x4 Centered, 24 in o.c., and 

the R-28.5 Double Wood Stud 2x4 Staggered, 24 in o.c. showed an increase of LCC of between 

$1,274 to $1,725 compared to the typical wall assembly used in the region. 
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CHAPTER 6: CONCLUSION 

 

Figure 6.1 Wall Types Results  

 

1 – Most Desirable R-29.2  SIP 7.4 in. EPS CORE 
R-36 SIP 9.4 in. EPS CORE 

2 –  R-20.6 ICF 2 in. EPS, 4” Concrete, 2 in. EPS 
R-28.3 Double Wood Stud 2X4 Centered 24 in. 
o.c. 
R-28.5 Double Wood Stud 2x4  Staggered, 24 in. 
o.c. 

3 –  R-22.8 ICF 2 in. EPS, 12” Concrete, 2 in. EPS 
4 – Most Desirable R-17.1 2x6, 24” o.c. 

Table 6.1 Final Rankings 
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 The buildings in which we live, work, and play protect us from the climatic elements of 

our surroundings, yet they also affect the environment in countless ways. It is evident from 

the literature review that climate, shape, size, orientation, construction techniques, materials, 

occupancy behavior and renewable energy systems are all part of a range of considerations the 

designer must make at the early stage of a design to ease the negative impact to the 

environment. 

            This paper’s aim was to simulate and model the wall assembly that is typically used in 

the desert southwest region, as well as seven additional walls options and provide evidence to 

support for early decisions making in the design process. Results are presented by comparing 

each wall assemblies next to each other representing how well they performed with one another 

in terms of cost and energy efficiency. 

         As discuss earlier, all of the seven wall assemblies studied show a significant 

improvement in site energy use, CO2 emission reductions, and lowered energy annual 

costs compared to the base case scenario.  In contrast, all wall assemblies, except for the R-

17.1 2x6, 24" o.c. advanced practice wall assembly, show an increase of initial construction 

costs of up to 21.1%  or up to an additional $12,532.  However, all initial extra investment on 

any of the wall assemblies studied would be paid back within six months or less, as shown in 

the simple payback calculations in Section 5.5. 

            We can therefore rank the seven wall types studied based on the results from figure 6.1 

into four categories as shown in table 6.1.   The least desirable wall assembly would be the R-

17.1 2x6, 24" o.c. advanced practice wall type, as this one had the least amount of energy 

savings, CO2 emissions reductions, and energy annual costs cutbacks out of all the types 

studied.  It also had the longest amount of simple payback and the smallest amount of 

additional initial construction cost of $276. 

               On the third tier would be the R-22.8 ICF 2 in. EPS, 12" Concrete, 2 in. EPS wall type.  

The reason being that even though it provided moderate savings of energy of 953 kWh 
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annually, and therefore CO2 emissions and energy cost reductions, its initial cost of over 

$12,000 or 21% compared to the base case wall, made this wall type less favorable to a 

homebuyer or builder.  

            On the second group of preferred wall types we have the R-20.6 ICF 2 in. EPS, 4" 

Concrete, 2 in. EPS, the R-28.3 Double Wood Stud 2x4 Centered, 24 in. o.c., and the R-28.5 

Double Wood Stud 2x4 Staggered, 24 in. o.c. wall assemblies because they had a medium 

range of energy savings to the home owner, as well as the moderate initial construction costs. 

            Last, the two wall systems that this study found that provided the most benefits in terms 

of annual energy savings, carbon emissions, energy cost reductions, initial costs, and shortest 

amount of pay back were the R-29.2 SIP 7.4 in EPS Core, and the R-36 SIP 9.4 in EPS 

Core wall assemblies.  These two wall types would be the most desirable options for single-

family residential wall construction for the desert southwest. 

 The findings of this study show that choosing the proper wall assembly to construct a 

residential building has the potential to reduce energy consumption and lower CO2 emissions in 

the desert southwest region. Although, this research focuses specifically on walls, it is important 

to note that often times greater savings are achieved when optimization of various building 

component systems take place. When you do numerous improvements to the building at the 

beginning of the design stage, the size of your mechanical equipment tends to be smaller and 

less expensive for heating and cooling (Hester et al., 2011). 
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APPENDIX A: IRC 2012 
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