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ABSTRACT

Energy consumption in residential homes has beserbgect of research related to
sustainability. Reduction in the consumption ofrggas a goal of sustainable
construction. The Department of Energy (DOE) stha&olar Decathlon competition in
2002 in which the students from different univeesitaround the globe build an energy
efficient and affordable home suitable for theimgte and location. The main goal of
this competition is to select the best home thdesigned and built in a sustainable way.
In this study, the home designed and constructegddicipation in the competition by
the students at University of Nevada, Las VegaslL(\J\has been taken into
consideration. This home has been designed falékert climate. The main objectives
of this study are to describe the design and cocistn process of this home, the energy
efficient features used in the home, the cost aaatwith the construction of the home,
and also the energy consumed by the home. In addiithis, the energy consumption
data of this home collected during the competiperniod in Irvine, California was
compared with 30 Energy Star and 30 non-Energyl&tares in Henderson, Nevada.
The results showed that the zero energy home gtpooduced energy sufficient to run
the entire home, but also proved to be more eneffgyent than the Energy Star and
non-Energy Star homes built in Henderson, Nevadeobguming 2% and 6% less

energy respectively.
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CHAPTER 1
INTRODUCTION

In 2012, energy consumption in the United StateS (ltlecreased by 2.4 percent,
which is about 2.4 quadrillion Btu reduction in egpeconsumption (U.S. EIA, 2013).
The United States consumed about 98 quadrillioniB&2011 which equals about 19% of
the world’s total energy consumption (U.S. EIA, 30IResidential homes have been one
of the major consumption sectors. Out of the tot&l05 quadrillion Btu of energy
consumed in 2008 all over the world, the residéseator consumed about 18% of the
energy, making it the third highest end-use congiongector among the four major
energy end-use sectors: industrial, transportatesigential, and commercial.
Residential and commercial buildings consumed aB0u%i of the total energy in the
United States in 2012 which is about 40 quadrili&in. This is one of the reasons why
renewable sources of energy are being emphasizaodoice energy and meet the
energy demand.

Approximately 19% of the electricity generatedhe entire world is from
renewable energy sources, which includes hydropdvi@mass, biofuels, winds,
geothermal, and solar, which is estimated to iregea 23% in 2035 (U.S. EIA, 2013).
The United States is second in generating elettrimm renewable energy after China.
In 2012, 12% of electricity in the United Statessvg@nerated from renewable energy
sources. Out of this 12%, 56% of electricity wasegated from hydropower and 1% of

energy was generated from solar energy (U.S. EIA).



1.1 Solar Decathlon
1.1.1 Solar Decathlon Competition and Contests

The Solar Decathlon is a biennial competition teaitrganized by U.S.
Department of Energy (DOE). The Solar Decathlon3@as held at Orange County
Great Park, Irvine, California from October 3-18,13. Twenty different teams from
universities around the globe were selected foatrdoecathlon 2013. The selected
collegiate teams participating in this competita@signed and built a solar-powered
house that is not only energy-efficient but alschéecturally appealing at the same time.

The houses in this competition are judged basaemoontests, each worth a
maximum of 100 points and making a total of 1000 The contests have been
categorized into two groups: measured contestguaiadl contests (Table 1). The
measured contests include contests based on thedapletion (cooking, washing
dishes and doing laundry) and monitored perform@&maentaining comfortable indoor
temperature and humidity). On the other hand,uhed contests include the jurors’

evaluation of the features that cannot be measured.



Table 1. Contests and Subcontests in Solar Decaftlh3

7
+—J —_ (D] —_
® o 2 0 Subcontest - £
£ €  Contest Name § = Subcontest Type £ £
Q S o 3 Name -~ 5
0o =z > 2
n
1 Architecture - - Juried 100
2 Market Appeal - - Juried 100
3 Engineering - - Juried 100
4 Communications - - Juried 100
5 Affordability - - Juried 100
6-1 Temperature Measured & Monitored 75
6 Comfort Zone
6-2 Humidity Measured & Monitored 25
7 Hot Water - - Measured Task 100
8-1 Refrigerator Measured & Monitored 10
8-2 Freezer Measured & Monitored 10
8 Appliances 8-3 Clothes Washer Measured Task 20
8-4 Clothes Dryer Measured Task 40
8-5 Dishwasher Measured Task 20
9-1 Lighting Measured Task 40
9-2 Cooking Measured Task 20
Home
9 9-3 Dinner Party Juried 10
Entertainment
9-4  Home Electronics Measured Task 25
9-5 Movie Night Juried 5
10  Energy Balance - - Measured & Monitored 100




University of Nevada Las Vegas (UNLV) was one & #0 teams selected from
around the globe for the Solar Decathlon 2013. di@pate in this competition,
students from UNLYV built a solar-powered home ahlibesertSol.”

1.1.2 Team Las Vegas’ Rankings and Scores in the @est

Team Las Vegas ranked second in the overall cotietwith a total score of
947.572 out of 1000 points. Out of the ten contestie competition, Team Las Vegas
ranked first in Market Appeal, Hot Water, and EneBglance Contests with 94.000,
100.000, and 100.000 points respectively. In agidito this, the team ranked second in
the Communications Contest with a score of 90.0@Dthird in the Engineering Contest.

The summary of the rank and the scores obtaindddy is given in Table 2.



Table 2. Rank and Scores Obtained by Team Las Vegas

Contest
Contest Rank  Scores
Number
1 Architecture 5 85.000
2 Market Appeal 1 94.000
3 Engineering 3 93.000
4 Communications 2 90.000
5 Affordability 13 95.137
6 Comfort Zone 4 98.059
7 Hot Water 1 100.000
8 Appliances 9 98.441

9 Home Entertainment 7 97.935

10 Energy Balance 1 100.000

1.2 Objectives and Scope of the Study

This case study focuses on the energy consumptithre tnouse, DesertSol, built by
the students at UNLV to participate in the Solac&blon Competition 2013, and
compare it with the 60 typical residential homesienderson, Nevada.
Therefore, the main objectives of this study are:

1. Describe the materials used in the constructidnexfertSol and describe its

unique features
2. Estimate the cost of the home
3. Collect the simulation data of the annual energysamption of DesertSol and

energy consumption during the competition and comp@ese two



4. Collect the total energy consumed by the home duthe competition period and
compare it with the 30 Energy Star and 30 non-Bn&tgr homes of Henderson,

Nevada area.



CHAPTER 2
LITERATURE REVIEW

During the literature review, three major areaseskarch regarding the energy
consumption of residential buildings were reviewEdey were energy consumption
trend of residential buildings in US, factors affeg energy consumption of residential
buildings, and energy consumption measurementrofeeergy homes. The detailed
literature review is described below.

2.1 Energy Consumption of Residential Buildings

Energy consumption for space conditioning (headind cooling) has decreased
from 58% in 1993 to 48% in 2009 because of thesiased use of efficient windows,
insulation, and equipment (U.S. EIA, 2013). Howedere to the increased use of
devices, the energy consumption by non-weatheteck@ppliances, electronics, water
heating, and lighting has increased from 42% in311@952% in 2009. In 2009,
appliances, electronics, lighting, and miscellarseages consumed about 67% of
electricity by U.S. households.

In comparison to the commercial and industrial@et¢he seasonal variance of
electricity use by the residential sector is thghbst (U.S. EIA, 2013). Residential homes
mainly use electricity for the purpose of coolihg home during the summer and heating
during winter. In addition to electricity, otherwsaes like natural gas or fuel oil are also
used during winter for heating. The electricity égem during summer and winter peaks
can reach up to 67 billion kilowatt-hours (kWh),iathis more than double that of the

commercial sector and more than three times theéteoindustrial sector's summer peak.



The newer homes built during 2000 to 2009 consunhg 2% more energy than
homes built before 2000, even if the newer homes8#6 larger in size than the older
ones (U.S. EIA, 2013). The newer homes consumed|24%energy than the old ones
for space heating, which is due to the use ofiefiicequipment and an improved
envelope with the homes. On the other hand, 3%, &68618% more energy were
consumed by new homes for water heating; air cammditg; and appliances, electronics,
and lighting, respectively, as compared to homéls lbefore 2000.

As compared to past energy consumption, residegnialgy consumption from
electricity has increased. This is in contrastdtural gas, which has been nearly constant
for decades, and other fuels that have decreas&d BIA, 2013). This increase is due to
the increase in the number of devices per househohtidition to this, the percentage of
central air-conditioning used in the homes haseased from 45% in 1993 to 60% in
2009.

In 2012, an average of $1,945 was spent by houdglool heating, cooling,
appliances, electronics and lighting (U.S. EIA, 20IThis accounts to 2.7% of the
income of the household, which is the lowest inghst 10 years. The expenses of energy
consumed by household utilities, such as waterteleghone services as well as
transportation, were not included in this averageaddition to this, the expenses for
home energy by U.S. households decreased by $idhhii 2012 as compared to 2011.
2.2 Research Related to Energy Consumption of Regidtial Buildings

Shrestha and Kulkarni (2010) conducted a studgeatify the factors affecting
the energy consumption of residential buildingsblecting data from 30 homes built in

2001, 2005, and 2008 in Henderson, Nevada. Thétseswowed that the energy



consumption (electricity and natural gas) in tr@dential home increased with the
increase in floor area of the homes. The homes InLA008 consumed less electricity
than the homes built in 2001 and 2005. The hom#sdauble pane low-e windows
consumed the least energy compared to the homesindle pane and double pane
windows. Another finding was that the older the afjghe air conditioner and the more
frequent use of the air conditioner, the higherdleetricity consumption was. Also, the
lower the thermostat temperature was set duringrsemthe higher the electricity
consumption was. The electricity consumption insegiawith the increase in the age of
the clothes washer and increased use of the waBheuthors observed that the room
temperature setting during winter was correlatetthéomean annual natural gas
consumption per area. The annual natural gas cquisumper area increased with the
increase in the use of the clothes dryer.

Kosny et al. (2001) performed simulations and camgbahe heating and cooling
energies consumed by three residential housesiiatitferent U.S. climates. Two
models of all three houses were created, one watbsive walls and the other with
lightweight wood-frame exterior walls. The R-valaguired for the houses with
lightweight wood-framed walls to consume the samergy as houses with massive
walls was determined from the results. Also, oukeofdifferent U.S. climates, thermal
mass walls were observed to be more energy effimd®hoenix, Arizona, and
Bakersfield, California. Simulation models of hosisath massive walls and lightweight
wood-frame walls for two locations, one in Minneb@aViinnesota (cold climate) and
the other in Bakersfield, California (hot climatejere created and the results were

compared to find the energy savings in these twations. In the case of Minneapolis,



where more heating was required, it was observatetimassive wall system could save
as much as 8% of energy compared to a conventiamad-framed wall. On the other
hand, in the case of Bakersfield, California, wha@e cooling was required, it was
observed that a massive wall system could saveuab as 12% of energy compared to a
conventional wood-framed wall. Moreover, the aushperformed a simulation to study
the energy saved by insulating concrete form (M@&l)s as compared to a conventional
wood-framed wall. Results showed that an ICF waalesl about 6% to 8% more energy.
Wilkinson and Boehm (2005) studied the energy effitfeatures that could be
applied in a residential home in Southern Nevada & make the home a net-zero
energy home. For this, the authors simulated a htadled the Reference Case and used
the results to create a Low Energy Case. Fronsthslation, the total energy
consumption for the base case was observed to.56 k8/h/ft. Of this total energy, the
maximum energy 6.24 kWhfftvas consumed for heating load and the minimumggner
0.88 kWh/ft was consumed by lighting. The finding of the ststipwed that the double
low-e glazing's energy consumption was almost agesas that of triple glass window
with 3.91% energy savings. Also, in case of the flitferent cases simulated for
window framing, vinyl window frame was observed®more energy efficient saving
7.33% of energy on a yearly basis. In additiorhts, it was observed that the sloped
shading was more effective towards energy savimgs the horizontal shading. In case
of slab insulation, the authors found that fullgutated (R-10) slab was most energy
efficient by saving 12.31% energy in a year. It &l® observed that this type of slab
was more than 10 times efficient towards savingggna heating than in cooling energy

consumption. Moreover, out of the three cases tdrex wall that the authors studied,

10



Insulated Concrete Form (ICF) walls proved to bergw efficient, saving 6.40% more
energy than the conventional walls. Also, whenRhealue was increased from R-30 to
R-60 the annual energy savings increased by 5.6%¥ead of real on-site blower door
test, the authors’ simulation showed 14.67% reduadt the annual energy consumption
because of tight envelope. In contrast to the cotieeal cooling unit with Energy
Efficiency Ratio (EER) 9 used in the Base Case[ieeis unit with EER-16 was used in
the simulation which saved nearly 50% of the capgnergy and 13.14% of the overall
energy consumption. Locating the ducts from undioied space to the conditioned
space, 13.78% annual energy saving was observaddition to this, it was also found
from the simulation that there was 25.35% and 1%.&&duction in the heating and
cooling energy consumption respectively. Increaiveggas furnace efficiency by 14%,
the authors observed 5.11% energy saving in a ite@as also observed that the heating
energy consumption decreased by 15.50%. Insteasling incandescent lights as in case
of Base Case, simulation was done using fluoredgis in simulation which showed
3.30% of annual energy saving. The authors usdéxiEh” type solar domestic water
heater combined with on-demand tankless water healtéech was roughly assumed to
reduce the water heating energy consumption by &o&tn the electricity consumption
observed in the house, the authors determinedzbetphotovoltaic system to be
4.8kW capable of producing 8,100 kWh. Replacingdtieventional features in the Base
Case by the energy saving features found fromithelation, the authors found almost
60% reduction in the annual energy consumption mitie than 50% reduction in just
the electrical energy. In addition to this, the @arenergy cost was also reduced by

almost 60%. Envelope, energy efficient applianees, solar control were emphasized

11



during the study, which resulted in the savingmiual electrical energy by 105%. The
heating and cooling energy consumptions were &gdoaed by 96% and 72%
respectively.

Wang, Gwilliam, and Jones (2009) conducted a stadind the probable
solutions to build a zero energy home in Unitedd€iom (UK). For this purpose, they
performed a total of 64 different cases of simolagiof the house and the results were
used for the design of the building envelope, bngdystem, and renewable energy
systems. From the collected data, the authors fthetdsouth-facing homes with
window-to-wall ratios (WWR) of 0.4 for south-facimgoms and 0.1 or less for other
sides facing rooms were observed to be the mosggadficient passive design for the
house. This decreased the heating energy by 2evB&eas, slightly increased the
annual cooling energy. In addition to this, withpimvement in the U value of the glazing
of the window and roof, the annual heating demaasd reduced by a total of 252.8 kWh
and the annual cooling demand was reduced by laotfodd .6 kWh. Even though the
efficiency of the flat-plate solar collector wassebved to be 35% and solar factional
energy saving to be 78.5%, almost 22% of the amlthtienergy was required for the
domestic hot water. Installing the underfloor hegsystem could reduce the setting
temperature by and the annual energy consumption was reduc&ébyt kWh. The
simulation results also showed that lighting angdliapce, auxiliary heating in solar
domestic hot water (SDHW), and floor heating consd@672.0 kwh, 401.7 kWh, and
935.2 kWh of energy respectively. On the other h#melannual power generated from

both PV and wind turbine was observed to be 73K8/8 out of which 9% was

12



generated from PV and 91% from wind turbine. Tlsé® ghowed that, 1297.0 kwWh of
extra energy was generated.
2.3 Research Related to Zero Energy Homes

A Zero Energy Buildings (ZEB) design involves twgpaoaches: reducing the
energy need in the building and using renewableggrfer the required energy needs
(Li, Yang, & Lam, 2013). Building envelopes, intatronditions, and Heating,
Ventilation, and Air Conditioning (HVAC) and ligimtg highly influence the energy
consumption in a building. Over-insulation can gase the energy consumption beyond
certain point and thus should be avoided. Theabkeat loss from the insulated wall
during the cooling mode is reduced if a buildingver-insulated, which increases the
energy consumption. Also, efficient design of dgiyting and lighting could also save
significant amounts of energy.

The authors studied 20 homes; 10 Net Zero EnergyddqNZEH), 9 Near Net
Zero Energy Homes (NNZEH), and 1 home that was Bnlgrgy Star certified in New
England, for a year to see if these homes coultkaemet zero energy or not (Thomas &
Duffy, 2013). Moreover, they also compared the alotiata with the modeled data and
also studied the common factors of the home thHattthe energy consumption. From
this study, it was found that six out of ten NZEldrev able to achieve net zero. It was
also observed that all homes had some common dasfgtts such as, high levels of
insulation (exceeding the code requirements) attebguality of sealing to avoid
leakage, energy efficient appliances, Compact Esment Light (CFL) /Light-Emitting
Diode (LED) lighting, and high-quality windows. Th&erage energy consumed by the

NZEHs and NNZEHs was almost 90% less than the Brétgr home. The NZEHs
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consumed 14% less energy than predicted where®dNBE&Hs consumed 38% more
energy than it was predicted. Moreover, the actledtrical energy generated by the PV
panels in the homes was within a range of + 10%Hemajority of the homes. The
authors concluded that behavior of the occupantth@snajor reason for the variation in
this predicted and real energy consumption. Intamdto this, other reasons were hotter
temperatures than average, mechanical problemssiamdifications adopted during the
modeling.

In the first year, it was observed that a Zero-Bpéfome (ZEH) used
significantly less electric energy than the bagehome (Rosta, Hurt, Boehm, & Hale,
2008). It was also observed that the ZEH only coresielectric energy during the hot
season, for four months from June through Septemiien a cool temperature inside
the home was required. However, the energy prodfroedthe solar panels in the ZEH
was sufficient for the home itself for the remammonths. Even though the authors
encountered a plumbing problem in the heating systethe home during the first year,
the ZEH still used 50% less energy than the basélome. The overall energy saved by
the ZEH as compared to the baseline home was hane80%. In addition to this, the
authors also calculated the efficiency of the Pxgb&o measure its performance. The
authors observed that during the same four mottiksfficiency of the PV panels was
less when both the PV cell temperature and th@suoding temperature were high.
Considering all the energy consumed by the ZEHe&lbas the extra energy consumed
due to the plumbing fixture problem, the ZEH gtilbved to be more energy efficient

than the baseline home and produced 1700 kWh nmene)e.
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Madeja and Moujaes (2008) studied differences arggnconsumption in
identical real homes: a Zero Energy Home (ZEH) eitlergy efficient features and a
traditionally built baseline home. The authors tkempared the obtained data with their
simulation data. They observed that the use ofrtaemass in the ZEH resulted in a
maximum energy consumption of only 25% of the hasdhiome during cooling of the
ZEH. However, from the simulation results of thedlame home, the authors observed
that the simulation model overestimated the thenmads of the structure than in the real
home. Thus, the simulation model estimated 2.25%eranergy consumption for cooling
and 6% less energy for heating than in the actoileh Furthermore, the simulation
results of the ZEH for cooling showed 11% more gp@onsumption than in the actual
home. In an overall analysis, the authors foundttreZEH saved 76% energy than the
baseline home, which was 1% more than the predsitedlated results.

Zhu, Hurt, Correia, and Boehm (2009) studied arkcied data: one from a
traditional house (baseline home) and the othen fzero energy house (ZEH), both built
in Las Vegas, Nevada. The wall thickness and ovBralalue was 62.5 mm and 2.15
(m®°C)/W, respectively, for the baseline home; and 2®4 and 2.06 (f°C)/W,
respectively, for the ZEH. These were the main comepts for comparison in energy
consumption. The results showed that the interadll t@mperature varied significantly
according to the external wall temperature in acddgaseline home. In the case of the
ZEH, the temperature remained more constant in he#éting and cooling seasons
because of its heat storing ability. Furthermdne,duthors stated that overall energy
consumption for the mass wall house was less timabadseline house by 14 kWh. They

concluded that the mass wall was able to stabiieendoor temperature better than the
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conventional walls as it can store heat at day anrelease it at night but for deserts
where more sunlight is available, more heat wilstwred and released inside the house
leading in the increment of the cooling energy comgtion. It was also observed that the
mass walls reduced the energy consumption and avetageous during heating
season; however, the energy consumption was coiedyahigher than the baseline
house during cooling season.

Energy consumption of homes used for Solar Decatias greatly influenced
by the water heating and Heating, Ventilation amdG@onditioning (HVAC) systems
used (Wallpe, Hutzel, Lasker, & Cory, 2012). Théhau describes that out of 7 houses
that reached net zero, 5 used heat pump waterrbdatalrawing hot water in case of no
adequate sunshine. This proved to be beneficidhfoteams during the cloudy weather
days of competition. The author further stated évan though the solar thermal systems
may have had a high initial cost, almost 5 timesentban the heat pump heaters, they
could be more economical in the future. The audéxpiained that the angle of tilt of the
photovoltaic array also had an impact on one oteéhens. The team used one of the best
photovoltaic systems but still the performance watsthat good because the module was
placed horizontally. In addition, due to high huityidluring competition period, 13
houses could not maintain both temperature andditynat the same time due to use of
ductless mini-split HVAC system which required pa®ate dehumidification system.
Performance on dehumidification of two teams whsxsges were high in comfort zone
competition was outstanding however their cost axas $20,000. Unlike other teams,
only the Purdue IN home used a traditional forcedd& AC system which not only

maintained the humidity but also the temperatubhe paper states that, this system may
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not be the best one in comparison to the ductlesssplits but are energy efficient,

available and affordable today.
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CHAPTER 3
MATERIALS AND METHODOLOGY

It is important to understand the constructiondesd of DesertSol including the
energy efficient appliances and energy-saving adesiged in the house. So, in the first
part of this Chapter the design and constructiatutes of the home has been described.
In the second part of this Chapter, the methodoagptied in this study has been
described.

3.1 Solar Decathlon Home — Design and Construction

The home designed and constructed by UNLV for So&rathlon is a single
story, 802 square foot, suitable for a vacation @gRigure 1). The home is built in two
modules connected by a bridge. The two moduledearasily separated, transported,
and assembled. The bridge separates the two moddesile A (west side) and Module
B (east side), basically into the private and pubpace inside the home. The bedroom,
laundry, bathroom and also the mechanical room Madule A, whereas the
reconfigurable living space is in Module B, whidnde used for cooking, dining and
entertaining. The built-in cabinets in this modptevide ample storage.

Because the water is scarce in Las Vegas areagtomze the use of storm
water, it is designed to collect rainwater. Theewdeature between the two modules on
the north side of the bridge provides opportunitydvaporative cooling, rain water
collection, and gray water filtration. Some of fiietures included here are not taken by

the authors but are taken by the team mates of Teanvegas, UNLV.
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Figure 1. Finished Square Footage Plan

Figure 2. South Face of DesertSol
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Figure 3. North Face of DesertSol

3.1.1 Structural System

The two modules of DesertSol were permanently lomila steel chassis. The
chassis had removable axles and hitch which wezé dsring the transportation of the
home. In addition to this, the chassis also acts stsuctural system for the floor. Unlike
the typical wall framing of 2x4’s placed at 16-imshon center, the framing of DesertSol
was based on 2x6'’s placed at 24-inches on centes.filaming system allows use of
fewer studs and also increases the thickness afalevhich can be used for providing
more insulation to the home. One of the other ehglés for the structural design was the
long clerestory window on the north side of ModBleThe length of the window
interrupts the framing system. For this, the staatlows were designed to transfer the
structural load from the studs above the windoth&ostuds below the window.
3.1.2 Shade Screen System

The digitally-fabricated metal screens outsidelibdroom in the patio space

allow the sunlight to enter the home as well asisithe home. Both fixed and operable
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screen systems were used. From the architectuiratl gfoview, small holes were cut into
the steel screen panels forming an image of a nitesmeie that represents the Mojave
Desert. On the other hand, from the engineeringtpadiview, in summer, the screens act
as an enclosure for the home, providing shadingh®ipatio space and also to the home.
During the day time it provides shading, whereabtamnight time it allows the heat to
escape. In addition to this, during winter, therapée screens when opened allow the sun
to penetrate into the building and heat it thatndtely reduces the energy consumption
of the home.

3.1.3 Wall Construction (Exterior and Interior Wall s)

One-inch closed-cell spray foam insulation wittherimal resistance of R 6.7 on
the exterior side and 4.5-inch open cell spray fa@sulation with a thermal resistance of
R 16.65 in the interior side was sprayed betweer2#6 framing in the exterior walls.
The R-value is the measure of the thermal resistahthe insulation material used in the
building. Higher R-value indicates greater resiséato the heat flow. The spray foam
was covered with 3/8-inch-thick plywood sheathimgtioe exterior side of the home. The
entire home was wrapped by Tyvek Stucco Wrap faiaand moisture protection
barrier on the exterior. One-inch foil-faced rig@hm insulation was placed on top of this
home-wrap in between the furring strips, which Wwekl in place by 7/8-inch hat
channels at 16-inches on center. This hat chams@paovides proper air flow on the
wall surface. Weathered wood rainscreen was usadiashing layer on the exterior.
This rainscreen shaded the building from the sumduhe day time and was also
provided with ventilation in order to allow the lhéa escape during the night time.

Figure 4 shows the section of the exterior wall.tsmother hand 5/8-inch type ‘X’
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gypsum board with a level 5 painted finish wasatet on the interior. The gypsum
board was covered with finished plywood on therinte The overall R-value of the
exterior wall after spraying was 23.4. The intexa@ll was also based on the 2x6 framing
with spray foam insulation in it. The insulationsweovered with 5/8-inch thick type X’
gypsum board painted on either side. In the caseeohterior walls, the gypsum board

was covered on both sides with the finish matesadlesigned.

Figure 4. Exterior Wall Sections

3.1.4 Roofing System

The roof of the home was insulated with 1-inch etbsell spray foam insulation
with a thermal resistance of R 6.7 on the extegide and 11-inch open-cell spray foam
insulation with a thermal resistance of R 40.7lenihterior side. The spray foam
insulation was sandwiched between the 3/8-inch pbdvon the exterior and 5/8-inch
Type ‘X’ gypsum board with a level 1 primed finish the interior. A water proofing

membrane covered the plywood on the exterior. Aiook rigid insulation was placed
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on top of the water proofing membrane on whichdfamding seam (metal finished roof)
rests. The overall R-value of the ceiling arearaffaying the insulation was R 47.4.
3.1.5 Flooring System

The finished floor was the top most interior suefad the several layers of the
floor (Figure 5). 1/8-inch plywood sheathing und=ath the finished floor covered the
5/8-inch sub-floor. The 5/8-inch subfloor reststba 1 and 1/8-inch structural sub floor
which ultimately is laid on the steel chassis. Tibdow space made by the C-channel of
the steel chassis was filled with insulation: 1hind closed-cell spray-foam insulation
with a thermal resistance of R 6.7 covered by Sw@scof open-cell spray-foam insulation
with a thermal resistance of R 33.3 below the asa3$e total R-value of this insulation
was found to be R 40. No-burn-plus XD ignition learspray was applied at 3 mils over

the open cell spray foam insulation for fire remnste. Underneath, the entire chassis was

covered with bottom board to provide moisture proos.

Figure 5. Floor Sections
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3.1.6 Doors, Windows and Glazing

All the operable windows in the home provided teate cross ventilation were
manufactured by Nanawall. In addition to this, Neak also manufactured the exterior
doors of the bedroom, living room, and foyer. ThenBwall product is qualified as
Energy Star material (Nanawall, 2013). As per th@®Energy Star qualification, the
product needs to have a U-factor that should Isethean or equal to 0.32 and the Solar
Heat Gain Coefficient (SHGC) should be less thaequal to 0.30 for doors in all
climate zones. The windows have an approximaté epening area of 62 sqft. The
glazing used in these doors and windows was dagibleed low E insulated tempered
argon filled with warm edge spacer and the frameewlear anodized aluminum. The
Nanawall doors of the living room, bedroom, andefioywere mounted on the floor with
stainless steel rollers. For the doors, the caftgltass U-factor is 0.26 with a glass
thickness of 15/16-inch. In addition to this, tHeGC for the doors is 0.23. The doors
and windows sills are also sealed with the Tyvalc& Wrap for moisture protection
and air infiltration. To protect against the watenetration, the flashing tape was used at
the windowsills to adhere the Tyvek. In additiorthts, low expanding insulation foam
was also used in the small openings and holesifathbs of the doors and windows.

To control the amount of daylight entering the hpmest of the glazing is
provided on the South and North sides of the homtenainimum glazing is provided on
the East and West sides. The total area of glgaogded in the clerestory window on
the North and West side of Module B is approximaédsqft. Clerestory windows were

placed high inside the home so as to provide enbghting in all the corners of the
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home. This helps in the reduction of the energysaarption by reducing the use of the
electric lights.
3.1.7 Air Conditioning System

A ductless minisplit heating system was installedthe purpose of heating or
cooling the home. Two Mitsubishi MSZ-FEQ9NA indaorits and two Mitsubishi MUZ-
FEO9NA outdoor units were installed separatehjhmtivo modules. The first indoor unit
was installed on the west wall at the north-weshenof Module A and the second unit
was installed on the east wall at the north-eastezaof Module B. The outdoor units
were installed on ground-mounted equipment padaydmwm the decks and the access
walkways, and were protected by well ventilatedgebve barriers. Both indoor and
outdoor units have a rated capacity for cooling lagating of 9,000 Btu/h (2.64 kW) and
10,900 Btu/h (3.2 kW) respectively (Mitsubishi, 3)1This system uses an
environmentally-friendly R410A refrigerant that usgs the impact on the ozone layer.
Both the indoor unit and the outdoor unit usechis home have a SEER value of 26.

The main advantage of having two separate unttsats it allows the unit to be
shut off when the space is unoccupied or simplynmthe space does not require air
conditioning, therefore using energy only when regfli In addition to this, in case of
failure of one unit, there will be a second uniptovide backup for maintaining comfort
until the failed unit is repaired. The other matlvantage of this ductless system is that it
reduces the chances of leakage of the conditiomadta the unconditioned space. The
conditioned air is directly used in the space wiieierequired without having any

chance of leakage.
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3.1.8 Ventilation System

A passive system was also designed for the pumplos®ss ventilation. The
clerestory window on the top of the north wall obdule B and the south wall provides
cross ventilation to the home by allowing the hot@flow out from the interior. In case
of the active system, a Panasonic FV04VE1 Energyp®Rey Ventilator (ERV) was
installed on the ceiling of the hallway to exchatige fresh air from the outdoor to the
interior of the home and was connected to the hamemation system for control. The
ERV uses the temperature and humidity of the exirapair and transfers the heat as
well as moisture to the incoming air to match gmperature and humidity of the interior
of the home. However, the incoming air and exhagstir do not mix. One of the two 4-
inch ducts that supply the fresh outdoor air iti® home, come out from the east wall at
the north-east side of Module A. The other 4-inabtdthat exhausts the stale indoor air
to outside, comes out from the east wall right @&bihwe foyer ceiling. The minimum
distance of 10 feet between these two ducts, recmded by the manufacturer, was also
maintained. In addition to maintain the indooraguality, the ERV also balances the air
pressure within the home by replacing the exhaustith fresh outdoor air (Panasonic,
2013). The ERV helps reduce the heating and cotdads by helping to maintain the
indoor air quality. Using an ERV also reduces titaltenergy consumed by the home,
because it reduces the total load in the air-camditg system.

Exhaust fans were installed in the bathroom arttlerkitchen. The Broan
QTRE100S exhaust fan installed in the bathroomidesvwentilation as well as exhausts
the humid indoor air from the bathroom to the algsiThe Energy Star-rated humidity-

sensing fan exhausts the air through a 4-inch uttte East side of Module A. The
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kitchen area is one of the other areas where bdats, and humidity are generated while
cooking. In order to remove this, an exhaust fathénkitchen area was also installed.
3.1.9 Photovoltaic (PV) Panels

The number and the capacity of the photovoltaiefsawere determined from the
simulation. From the simulation it was obtained 8@ solar panels with production
capacity of 6.75 kW power would be required for timene to produce as much energy as
it consumes. Therefore, a total of 30 SunPower 3PRBLK-U solar panels were
installed on the roof at an angle of10ut of the 30 panels, 21 panels were installed on
Module B, whereas, 9 panels were installed on M@dulThe PV array on Module B
extends over the patio space to create an overfidmgallowed more space for the PV
panels for more electricity generation as well ms/jgled shade to the home which
reduced the cooling loads. Micro-inverters weredusgh each PV panel instead of a
central inverter for all the PV panels. This allatve PV panels to work efficiently even
if a part of the PV panels are shaded or not warkin
3.1.10 Solar Thermal Collector System & Hot Water $stem

A solar thermal collector system was also instaltedhe purpose of water
heating. The solar thermal collector system watalilesl at the Southwest side of the
home outside the bedroom. The system was inclihad angle of 53 which was
determined during the design phase to maximizeadha radiation incident on the
system. The hot water from the evacuated tubectolle (ETC) is pumped to the lower
coil in the hot water storage tank and back ouheftank. The hot water itself is not
dumped into the hot water storage tank insteadatdithe water in the tank by

transferring the heat through the coil. A Steibiélda tankless hot water heater model

27



DHC-E12 was used as a backup for the hot watergserprhen the solar thermal
collectors are unable to maintain the required tnaore in the tank. The hot water in
the tank is used for domestic hot water purposesid@s being used for domestic
purposes, the hot water in the storage tank alatshiee upper heat exchanging coil
which is used for the radiant floor heating purmose

3.1.11 Radiant Floor Heating System

The radiant floor heating system is the primarytingesystem for the home and
has been designed to use the solar thermal eneliggted through the evacuated tubes
to heat the home. The system is designed suchwhat) there is sufficient heat energy
in the solar thermal storage tank, the radiantrflegating first operates to heat the
interior of the home. And when there is insuffidcieeat in the solar thermal storage tank
due to cloudy weather or cold nights, the contystem allows the minisplit units to
operate in the heating mode. The minisplit heatgsiprovide redundancy in the system
if there is any problem in the solar thermal systerduring any long periods of cloudy
days.

The radiant floor heating has been used to hestbhadrea of 546 sqft that
includes 350 sqft of living area, 154 sqft of bemhoarea, and 42 sqft of bathroom area.
A total of four loops run all over the home exclptthe mechanical room. Two loops in
Module B cover the whole living area whereas in MledA, one loop covers the
bedroom area and the other loop covers the bathewem

Routes for the conduits of radiant floor heatingewdesigned as required for the
heating purpose. Uponor 1/2-inch hePEX tubing wapped into the channel of the 4-

inch wide Uponor Joist Trak Heat-Transfer Panehglthe prefixed routes. The tubing
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was placed at a distance of 8-inches on-centemasdlaced on the routes as per the
design drawings. The ideally stratified hot waterage tank installed in the mechanical
room of the home is used to heat the water runthirgugh the tubes for the purpose of
radiant floor heating. However, the water in thektéself is not circulated through the
conduit of the radiant floor heating. The tempemanf the hot water going into the loop
is maintained at 90. The cold water returning from the other endheflbop is
connected to the Uponor #A5401112 — 1-inch threg4@mpering valve set at %9 in
addition to its path back to the hot water tankug;hf the temperature of the water in the
loop exceeds 90 before entering into the home, the valve operaloov the returning
cold water to mix with the hot water so that theperature remains constant.

The only electricity-consuming component in thidiaat floor heating system is
the pump that circulates the hot water from thé& tarthe four loops in the home. The
Taco 110 Series-Model 112 pump with 3/4-inch flanged a capacity 1 gpm at the rate
of 1 ft H2O was used. The system collects solargnevhich is used for the heating
purpose of the whole home, which makes the whaleeay more energy efficient than
other heating mechanisms by trying to offset al ¢nergy used.

3.1.12 Appliances

The type of the appliances being used in a homeemalsignificant difference in
the energy consumed by the home. All applianced usthis home were manufactured
by Bosch. The Bosch built-in refrigerator model CBIMBO IN B30BB830SS used in the
home is an Energy Star-qualified product (Boscli,330The estimated yearly electricity
use by this product is claimed to be around 388 kMibreover, the estimated yearly

operating cost of this product, as claimed by tlaauofacturer, is $41. The cost range of
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similar models varies from $48 to $58. Howevers thias the electricity consumption
claimed by the manufacturer, which also depend$hemtility rates and the expected use
by the users or the consumerse features of the product such as vacation mode,
economy mode makes it more energy efficient. Inteadto this, another feature like the
alarm indicating if the door is open also help&ess energy consumption. Moreover, the
Light-Emitting Diode (LED) lighting used in the rejerator also contributes to reduce
the energy bills more than a typical incandesceitii.blr'he recommended temperature
setting for the refrigerator is 3F for the refrigerator and’@ for the freezer.

The Bosch 18-inch Special Application Panel Reaadyl&d SPV5ES53UC
Dishwasher is an Energy Star-qualified product. Gbmpany claims that the product
exceeds Energy Star requirements for water by 8886, EcoSense' reduces the
energy usage by up to 20%. When small, lightlyexblbads are to be washed or when
the dishwasher is only half filled or less filldthh its capacity, then the users can choose
The Half Load Option which not only reduces theavatonsumption but also the energy
consumption. The estimated energy consumptiomisyptroduct is 259 kWh/yr. The
estimated yearly operating cost of the dishwash&gv, when used with an electric
water heater and $22 when used with a natural gésr\weater. The yearly operating
cost of other similar models range from $20 to $50.

The washing machine is a Bosch Model WAS20160UCmsi also an Energy
Star-qualified product. In addition to this, th@guct exceeds Energy Star requirements
by up to 63%. The internal water heater in the wasleats the water quickly and
efficiently. The capacity of the washing machin@.8 cft. The manufacturer’s estimated

energy consumption based on four wash loads a &40 kWh/yr. In addition to this,
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the water consumption is 3904 gal/yr. The estimgesdly operating cost, when used
with an electric water heater, is $15. This lieghi@ lower cost range as compared to that
of similar models that varies from $10 to $71. Hoer when used with a natural gas
water heater, the estimated yearly operating sod12. The estimated operating cost of
the Bosch products is based on 2007 national agestegtricity cost of 10.65 cents per
kWh and a natural gas cost of $1.218 per therm.

Although the Bosch Induction Cooktop Model NIT 3Q&5 used in the home is
not an Energy Star product, the manufacturer sfphoduct has highlighted its other
features that can contribute towards saving enasgyell as time for the user. The
SpeedBoost! feature of this product is capable of heating watice as fast as a
conventional ceramic cooktop which saves time dsageenergy. The other feature,
PotSensB’, with this product automatically adjusts the comkelement to the size of the
bottom of the pot or the utensils being used wineztuces the energy being consumed
making it more energy-efficient and also reducestémperature of the kitchen. The
other features like the Keep Warm Function, Antietheat System, and 2-Level Heat
Indicator also contribute in reducing the energystonption by maintaining the
temperature. The sizes of the 4 cooktop burnergfvam 6 inch to 11 inch with the
power of the heating elements ranging from a mimmad 1.4 kW to a maximum of 3.6
kW.

Two Haiku Bigassfans (ceiling fan) used in the bbedn and the living room is
also an Energy Star product. According to the camgisawebsite, this fan can be 80%
more energy efficient than the conventional fariee tompany claims that the fan uses

only 2 to 30 W of electricity and exceeds the Egestpr requirement for CFM/W by
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450% to 750% which is less than 50% of the eneoggemed by an average Energy Star
residential fan. In addition to this, the compatspalaims that the annual estimated
energy consumption by this product is 50 kWh whidikes the yearly operating cost of

around $5.
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3.2 Methodology

For the purpose of energy consumption study, ttyjges of data were collected;
the first is the energy consumption data of Desg¢dStained from simulation, the
second is the energy consumption data of Desedi8olg the competition, and the third
is the energy consumption data of 30 Energy Stdr3@mnon-Energy Star homes of
Henderson, Nevada obtained from Shrestha and Knulk2Z®12). The comparison of all
three data was done and the results were drawnthisnanalysis. Finally, the
conclusions and recommendations were presentddttoe research. The methodology
used to compare the energy consumption of Desent8oé with local homes in this

study is shown in Figure 6.
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CHAPTER 4
ENERGY AND COST DATA COLLECTION

4.1 Simulation Energy Data Collection

The energy consumption data of DesertSol from satran conducted by the
mechanical team during the design phase was cetldot this study. The details of the
simulations conducted during the design phaseeserithed below.
4.1.1 Overall Envelope

Autodesk Vasari was used to model the basic masseglts and parameters. The
orientation of the models, the ratio of the glaziagd the roof angles were varied in
order to evaluate and decide the design paramafténe home. In addition to this,
Revit's HVAC load tool was used to check the perfance of the envelope. BEopt
developed by National Renewable Energy LaboratdBEL) can analyze a building
and optimize the cost at the same time. So, thits/ace was used to find the optimum
point between the cost and the elements of thelipgil From the simulation, the R
values of the envelope were determined for efficpEiformance of the home. The R
values of the ceiling, wall, and floor were detared to be 55, 30, and 45 respectively.
4.1.2 Energy Consumption

The estimated electricity consumption by the ddfégrcomponents of the home
for the competition period and for a year was fotrodh the simulation. The expected
usage hours/week for the annual electricity consgiom@nd total usage time during the

competition period is also listed in Table 3.
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Table 3. Estimated Electricity Consumption

Annual Competition Period
g 5
=R = c ) c
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Refrigerator/Freezer 410 168 3581 199.5 81.79
Dishwasher 1000 4 208 125 12.5
Oven 2200 3 343 12 26
Stove 3600 3 562 12 43
Clothes Washer 510 8 212 24 12.24
Clothes Dryer 2800 8 1165 24 67.2
Ceiling Fan 30 42 66 42 1
Notebook Computer 40 35 73 34 1
Television 270 35 491 36.5 10
Home Theater 250 35 455 36.5 9
HVAC 750 28 1092 28 21
Lighting 800 19 790 19 15
Water Heater 12000 2 1248 8 96
Total 10286 395.73

4.1.3 Photovoltaic Simulation

Simulation of the Photovoltaic (PV) system was dosiag PVsim to determine

the size of the PV system that meets the annuetreléoad of the home. The simulation

of the PV panels for Las Vegas, Nevada and In@aifornia was done. The input
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parameters for the simulations are as shown ineTébSimulation of the PV system was

done using Typical Meteorological Year 3 (TMY 3) aat

Table 4. Simulation Parameters for Two Locations

Description Las Vegas, Nevada Irvine, California
Las Vegas McCarran Santa Ana John Wayne
Geographical Site
International Airport Airport
Latitude 36.08N 33.82°N
Longitude 115.17W 118.1°W
Elevation 664 m 17m

The two modules were simulated separately as ibatations of the two
modules were different. The simulation parameterdvfodule A and Module B for both

Las Vegas, Nevada and Irvine, California were asvshin Table 5.

Table 5. Simulation Parameters for Module A and Med

Description Module A Module B  Total
Number of PV Modules 9 21 30
Module Area 11.2 fn 26.1 nf 37.3
Cell Area 9.6 M 22.5 nf 32.1
Array Tilt 11° 11° -

From the simulation performed, the solar radiatiata as well as energy
produced by the PV panels for both locations weterthined. Simulation results

showed that a total energy of 11,956 kWh/yr waslpced by the PV panels in both
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modules for Las Vegas, Nevada whereas a total groérf0,956 kwWh/yr was produced

by the panels in both modules for Irvine, Califar(lable 6).

Table 6. Solar Radiation and Energy Produced

Las Vegas Irvine
Description
Module A Module B Module A Module B
Average Solar Radiation 6.14 6.18 5.26 5.36
(kWh/m?/day)
Energy Produced by the PV 3626 8330 3286 7670

panels (kWh/yr)

Total Energy Produced 11956 10956

(kWhlyr)

Simulation was also done to calculate the energyired for cooling and heating
purposes in the home. In addition to this, simatabf the solar thermal collector system
was also performed to find the optimum angle ofi¢if the collectors so that the demand
of both domestic water heating and radiant heatowdd be met. From this it was found
that the optimum angle of tilt for the solar thetmallector system is 51 degrees.
Moreover, simulation of the hydronic radiant flderating system was also done. The
simulation results showed that when the outdooptzature was 4@, the total radiant
load was 4,221 Btu/hr.

4.2 Real Competition Site Data Collection

The Solar Decathlon 2013 rules required some dpeagks that needed to be

performed for all the measured contests. The cdmtore, hot water, appliances, home

entertainment, and energy balance contests wemad¢hsured contests. The tasks
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required in these contests were designed to reseimblactivities that would be
performed in a typical home. The energy consumpdiata of the house in this study are
based on these requirements of the contest ansl pastormed during the contest. The
contest period during which the data for this stu@g collected started from 11:00 am
October 3, 2013 to 11:00 am October 11, 2013.
4.2.1 Comfort Zone Data

The temperature and humidity inside the home wexasured in this contest. For
this purpose, Point Six Wireless Temperature/Hutyierobe Model 3009-02-V5
sensors were used. In the case of temperaturgydber temperature had to be
maintained between 78 (22.2C) and 76F (24.4C). The HVAC systems were operated
to maintain this temperature. Two thermal zongténhouse were identified and the
temperature of each zone was measured. The tempeaithe house was measured for
every 15-minute interval during the entire confe=iod. On the other hand, for the
humidity subcontest, the interior relative humidiigd to be maintained below 60.0%.
The humidity of the zone that varied the most fittva target humidity (60.0%) was
recorded and was used for scoring by the organizers
4.2.2 Hot Water

Hot water was drawn from the shower of the bathréomeplicate the washing
and bathing that occurs in a regular house in @a&yplay. This contest measures the
ability of the house to supply adequate amountwbivater required for these daily
purposes. One draw was done each day of the cdmopatiaking a total of eight draws.

In each draw 15 gallons (56.8 L) of hot water wemsath. The contest required that the
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water should be drawn within 10 minutes and theayetemperature of this water has to
be at least 110 (43.3C).
4.2.3 Appliances

This contest was designed to see whether the appkan the house are capable
of performing as they should on a regular base mormal occupied house. The
refrigerator and the freezer were operated 24 haul@y during the entire contest period.
The temperature of the refrigerator and the freezer measured using Point Six
Wireless RTD sensor Model 3009-20-V4 and 1000-2t ain target during the
competition period was to maintain the interior pamature of the refrigerator between
34.0F (1.1 C) and 40.0F (4.44 C) to get the full points. In the case of the ferethe
interior temperature of the freezer was measureddar to check if the temperature was
between -20.0F (-28.9 C) and 8F (-15 C). The automatic defrost function was
disabled while the temperature of the freezer veaisgomeasured as required by the
competition.

In addition to the refrigerator and the freezeg, ¢tothes washer, dryer, and the
dishwasher were also operated. A total of eighddaat laundry were washed in the
clothes washer during the entire contest perioc I0ad of laundry is defined by the
organizers as six bath towels supplied by the arganThe clothes washer was operated
automatically and was operated for at least ondnaas rinse cycle. Moreover, the
clothes dryer was also operated to dry a loadwifday. So a total of eight loads of
laundry were dried during the data collection peribhe clothes’ drying was completed
within a specified period of time as required bg dtompetition. Furthermore, the

dishwasher was also operated through a compleit@emmupted cycle specified by the
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organizer. The competition required that the distivea should be operated for at least
one wash and rinse cycle; and the temperaturednbBi dishwasher should reach 20
(48.9°C) at some point during the cycle. To measuretérigperature, Omega
Nonreversible Temperature Label Model TL-5-105-k&wsed.
4.2.4 Other Energy Consuming Activities

The home entertainment contest had five subconwdsth also contributed to
the energy consumption during the competition kridhe first subcontest, lighting,
required all the interior and exterior lights tothened on during specified periods of
time so all the lights were turned on during tresigd. The lights were turned on during
the entire contest period from 7:30 pm to 10:30gzmequired by the contest. In order to
perform the task in the second subcontest, cookir§), Ib (80 oz or 2.268 kg) of water
was vaporized using the kitchen appliances duhegpecified period of time. This was
done for 5 days during this period. In additionHis, as required by the third subcontest,
two dinner parties were also held during the coitipatperiod on October 3 and
October 5 from 7:00 pm to 11:00 pm which also respicooking inside the home.
Moreover, the television (TV) and computer wereraped for a specified period of time
as required by the fourth subcontest. Furthermeormovie night was hosted as per the
requirement of the fifth and the last subcontebe ovie night was hosted on October 4
from 7:00 pm to 10:30 pm.

The net energy consumption data of the home foryel® minutes during the
entire contest period was collected from the spgleaet provided by the organizers
(DOE) to the team. This net energy data was useatidogrganizers for scoring in the

Energy Balance Contest. But for the purpose ofgtudy, the sum of the net energy of
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24 hours for 7 days has been calculated excephéofirst and the last day of the contest
(Table 7). On the first day and the last day ofdbetest only 13 hours and 11 hours
respectively were taken into consideration, siteedontest started at 11:00 am on the
first day and ended on 11:00 am on the last dayetfenergy of 97.887 kWh was
observed during the contest period; this indictasthe home was capable of producing

97.887 kWh of extra energy than it required.

Table 7. Energy Production, Consumption & Net Egddgring the Competition Period

Energy Energy Net

Day Time Hours Produced Consumed Energy
(kWh) (kWh) (kWh)
October 3, 2013 11:00 AM —11:45 PM 13 18.573 9.557 9.016

October 4, 2013 12:00 AM - 12:00 PM 24 33.838 16.36 19.472
October 5, 2013 12:00 AM - 12:00 PM 24 35.388 12.25 16.136

October 6, 2013 12:00 AM - 12:00 PM 24 33.944 13.56 16.379

October 7, 2013 12:00 AM - 12:00 PM 24 29.637 18.47 11.164
October 8, 2013 12:00 AM - 12:00 PM 24 32.025 14.28 17.741
October 9, 2013 12:00 AM - 12:00 PM 24 9.248 22.994-13.746

October 10, 2013 12:00 AM - 12:00 PM 24 34.063 10.814 23.249
October 11, 2013 12:00 AM — 11:00AM 11 9.357 10.881 -1.524

Total 236.073 138.186 97.887

4.3 Energy Star and non-Energy Star Homes in Hendson, Nevada
Shrestha and Kulkarni (2013) conducted a survesirgle-family Energy Star

and non-Energy Star homes to identify the factéfecting the energy consumption of
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residential buildings. The authors distributed goesaires to 110 single-family homes,
out of which 55 were Energy Star homes and 55 wereEnergy Star homes. The
authors received responses from 79 homes, out ichv@® homes were Energy Star
homes and 30 homes were non-Energy Star homeshamest of the responses from 19
homes were incomplete. Thus, the authors consiaergd30 Energy Star and 30 non-
Energy Star homes in their study from which the plate responses were received.

In this study, the questionnaire was preparedum $ections. The first section of
the questionnaire consisted of questions relatddetdotal area of the home, number of
household members, and type of windows. In additothis, questions were also asked
if the home had an attached garage or not, if #nage was heated/air conditioned or not,
and also if the home was rented or owned. The sksection of the questionnaire
consisted of questions related to age, fuel tyfee{city or natural gas), and the
frequency of use of home appliances such as stees, microwave, dishwasher, and
the washing and clothes dryer. Moreover, the thaction included questions on age, fuel
type (electricity or natural gas), the frequencysé of heating equipment, and typical
thermostat temperature setting during winter. Theth and the last section consisted of
age, type, and the frequency of use of air conutipuse of ceiling fans and typical
temperature setting during the summer. Table 8 sthibe/characteristics of Energy Star

and non-Energy Star homes used for this study.
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Table 8. Characteristics of Energy Star and norrggn8tar Homes

(Adopted from Shrestha and Kulkarni, 2013)

Housing unit characteristics Energy Star non-EnergyStar

110 - 321 101 - 312
Floor space area {in
(1,200-3,500f) (1,100 — 3,400 f)

Number of household members 1-5 1-6

However, for the purpose of this study, the meargynconsumption of both the Energy
Star and non-Energy Star homes was extracted fnestudy and was used to compare
with the energy consumption data of DesertSol (@&l The total energy consumption

includes both the electricity and natural gas con#ion by the homes

Table 9. Average Energy Consumption of Energy &tarnon-Energy Star Homes

(Adopted from Shrestha and Kulkarni, 2013)

Description Energy Star non-Energy Star
(N =30) (N =30)
Average annual electricity consumption 4.419 5.049

[KWh/ft?]

Average annual natural gas consumption 7.385 (0.252)  7.209 (0.246)
[KWh/ft? (therms/ff)]

Total average annual energy consumption  11.804 12.258

[KWh/ft?]
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4.4 Cost of the Home

The affordability contest in the competition chaties the teams to make their
homes affordable in addition to the architecturergy efficiency, and other criterion of
the construction. In this contest, each home iggddbased on its estimated cost. Teams
were awarded full points, 100, if the cost of tHesme was $250,000 or less and zero
points if the cost was $600,000 or more. The sciarethe homes in between these costs
were awarded based on a curve set by the organideescost estimation done by the
team during the initial stage of the designing phsetsowed that the cost of DesertSol was
$316,141. Changes in the design were made to redaa®st of the home and get high
scores in the affordability contest. After thesarles were made, the final cost of the
home estimated by the organizers was $298,629 (38 7r sqft). The home was scored
based on this cost in the affordability conteste Thit costs in the cost estimation data
included labor, material, equipment costs, and silgiwontractor’'s overhead and profit.
In addition to this, the final cost also includedamtingency of 2.5%; however, no
markups (general conditions, overhead, and prnefte included in the cost. Table 10

shows the estimated cost of the major componerttsediome.

45



Table 10. Cost Estimation of the Major Componemthe Home

Description

Estimated Cost

Superstructure
Floor Construction
Roof Construction
Exterior Closure
Exterior Walls
Exterior Windows
Exterior Doors
Mechanical
Heat Generating Systems
Including Solar Thermal Hot Water Tank, Solar Tube
Collector, Solar Flex Piping, Solar Thermal Loopriu
Cooling Generating System
Including Radiant Floor Pipes, Heating Manifold,
Expansion Tank, Valves, Energy Recovery Ventilator,
Mini Split with Evaporative/Condensing/Refrigerant
Piping
Commercial Equipment (Appliances)
Clothes Washer, Dryer, Refrigerator/Freezer, Oven,
Cooktop, Dishwasher, and Exhaust Hood
Electrical Distribution
PV System and Inverter (30 units)

Other (100A Service, 200A Service, and miscellasgou

$19,921

$17,382

$26,022
$7,543

$10,910

$8,490

$19,832

$12,277

$27,300

$7,732
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CHAPTER 5
RESULTS

The collected data of the simulation, the actuahgetition, and the 30 Energy
Star and 30 non-Energy Star homes were analyzedn#parison of the energy
consumption data obtained during the simulatioa attual competition, and from the
previously conducted questionnaire survey of 30rgin&tar and 30 non-Energy Star
homes was done.

The energy consumption data obtained from the sitimu, the actual energy
production and consumption data during the comipativere also converted to KWH/ft
by dividing the energy consumption by the squact &wea of the home. The summary of
the energy data of DesertSol, Energy Star home&snan-Energy Star homes is given in
Table 11.

From the actual energy production and consumptata df DesertSol obtained
during the competition, the annual energy produncéind consumption data were
calculated. This was done by dividing the compatis data by 8 days (the duration of
the competition) and multiplying by 365 days/ydaiom this, the actual annual energy
produced and actual annual energy consumed wea@ebtto be 19.73 kWh#fyr and

11.55 kWh/ft/yr respectively.
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Table 11. Summary of Energy data of DesertSol ametdy Star and non-Energy Star

Homes

DesertSol (Irvine, California) Local homes of

Henderson, Nevada
Simulation Actual Energy non-Energy
Star homes Star homes

= & =~ & = =

- > 2. & - = & <« —_ > —_ >

T § ST g 8¢ §¢

s 23 E£ 23 L= =

< = o < < = o < = =2 = =

< O < 0O = <

Energy produced 20.06 - 19.73 0.43 - -
Energy consumed  18.84 0.72 11.55 0.25 11.80 12.26

Net Energy 1.22 - 8.18 0.18 - -

From the data of DesertSol, obtained during theaaompetition period, it was
observed that a net energy of 0.18 kWhifas produced during the competition. This
shows that DesertSol is a net zero energy househwieans that DesertSol produced
more energy during the competition period thaedfuired.

5.1 Comparison between the Actual Energy and the Sulated Energy Data of
DesertSol

The actual net energy of the home during the copisod in Irvine, California
is compared with the net energy of the simulatibthe home for the same location. The
net energy produced per year is calculated fronsithelation data. The net energy
produced per year is calculated from the energglymmed per year and the energy
consumed per year (Table 12). This is done by aatiig the energy consumed per year
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from energy produced per year. This net energyear is then converted to the net
energy during the competition by dividing by 36%sland multiplying by 8 days, which
is the duration of the competition. This net enailgying the competition obtained from
the simulation is compared with the net energyhefiome during the actual

competition.

Table 12. Comparison of Net Energy of DesertSolimguthe Competition

Description Simulation Actual

Annual Competition Annual Competition

(KWh/ft?yr)  (kWh/ft?)  (kWh/ft?lyr)  (kWh/ft?)

Energy Produced 20.06 - 19.73 0.43
Energy consumed 18.84 0.72 11.55 0.25
Net Energy 1.22 - 8.18 0.18

From this comparison it was found that in the ag#fsde annual energy
consumption data, DesertSol would consume neafly [83s energy than the simulated
results. The simulation results showed that theehwmuld consume 18.84 kWi
energy during the competition; however, only 11k®8h/ft*yr consumption was
observed from the data of the competition period.

Also, in the case of net energy data, a net enefr@yl8 kWh/ff was produced
during the competition period. A reason for thisiaton in the simulated and actual data
could be the extra margin considered in the eneogggumption data during the

simulation for the competition period.
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5.2 Comparison between the Actual Energy ConsumptioData of DesertSol and the
30 Energy Star and 30 non-Energy Star Homes in Herlson, Nevada

A comparison of actual energy consumption dataegddtSol and the 30 Energy
Star homes and 30 non-Energy Star homes in Henddiswada was done (Table 13).
The average annual energy consumption per squetreffeoth homes was compared.
From this comparison it was observed that the dremexrgy consumed by DesertSol was
11.55 kWh/ft/yr and the average annual energy consumed byrtaeyi Star homes and
non-Energy Star homes in Henderson, Nevada wa$ kW&/ft/yr and 12.26
kWh/ft?/yr respectively. However, it should be noted thatenergy consumption of
DesertSol was calculated for the weather of Irvid&ljfornia for eight days of the
competition only, whereas the energy consumptiamefnergy Star homes and non-
Energy Star homes collected were for the weathéteofderson, Nevada for the period of
one year. From this comparison, it was observedDeaertSol consumed 2% less energy
than the Energy Star homes and nearly 6% less ettgg the non-Energy Star homes.
This comparison shows that DesertSol is energygiefft than both the Energy Star

homes and non-Energy Star homes being analyzetiiggtBa and Kulkarni (2013).
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Table 13. Actual Annual Energy Consumed by DeséiScEnergy Star and non-

Energy Star Homes

DesertSol (Irvine,
Local homes of Henderson, Nevada

California)
Energy Star non-Energy Star
Description
Actual homes homes
(KWhift ?lyr) (N=30) (N=30)
(KWh/ft ?yr) (KWh/ft ?yr)
Energy produced 19.73 - -
Energy consumed 11.55 11.80 12.26
Net Energy 8.18 - -

5.3 Comparison between the Simulated Energy Consurtipn Data of DesertSol and
the 30 Energy Star and 30 non-Energy Star Homes iHenderson, Nevada

A comparison between the simulated energy consoempfi DesertSol and the
average annual energy consumption of 30 Energyh®taes and 30 non-Energy Star
homes was also done (Table 15). From this compariiseas observed that DesertSol
consumed 18.84 kWhffiyr and Energy Star and non-Energy Star homes coagi1.80
kWh/ft?lyr and 12.26 kWh/fiyr respectively. However, in this case also, tidd be
noted that the simulation of DesertSol was doné¢Hemweather of Irvine, California,
whereas the energy consumption data of the EngegyaBid non-Energy Star homes was

for the weather of Henderson, Nevada. From thispaoiaon it was observed that
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DesertSol consumed 37% more energy than the Ei$tagyhomes. Also, it was

observed that DesertSol consumed 35% more eneagytiie non-Energy Star homes.

Table 14. Simulated Annual Energy Consumed by @8skvs. Energy Star and non-

Energy Star Homes

DesertSol
Description Local homes of Henderson, Nevada
(Irvine, California)

Energy Star non-Energy Star
Simulation homes homes
(KWh/ft ?yr) (N=30) (N=30)
(KWhift 2lyr) (KWh/ft ?/yr)
Energy produced 20.06 - -
Energy consumed 18.84 11.80 12.26
Net Energy 1.22 - -

5.4 Limitations

The actual energy consumed by DesertSol in thehgeaff Las Vegas could not
be obtained because the home was not completeakiVégas to the extent that the data
could be collected. The data of DesertSol was nbthfor the weather of Irvine,
California and was compared with the energy consiamplata of the 30 Energy Star
and 30 non-Energy Star homes in the weather of éfspd, Nevada. The energy

consumption data of DesertSol in the weather of\l&gas would be more comparable.
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The data collection period of DesertSol was only& days, the competition
period, whereas, the data of the Energy Star aneEmergy Star homes was for a one-
year period. A longer period of data collectionleaist a year, could provide more
realistic data that could be compared with the §n&tar and non-Energy Star homes.

In addition to this, the input parameters were algbsame. The simulation was
targeted towards the competition, so the simulatiaa based for the weather of Irvine,
California and was also overrated. On the othedhte actual data during the
competition was based on the activities requirethycompetition. Even though the
activities required by the competition were assumodok the activities a normal
household would perform in a typical home, the adtdne home in an occupied

condition would give more accurate data.

53



CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study was to describe the demigl construction features of
DesertSol and study its energy consumption. Mone@amparison of energy
consumption of DesertSol with 30 Energy Star and@®-Energy Star homes in
Henderson, Nevada was the other objective of tidysSo, the conclusions and
recommendations derived from the above study aserited below.

6.1 Conclusions

From the conducted study, it can be concludedDeaertSol is a net zero energy
home. DesertSol produced 0.18 kWheit more energy than it consumed during the
competition period. It was also observed that Ci€s¢would produce a net energy of
8.18 kWh/ft/yr in a year. Furthermore, it was also observed BresertSol produced as
much energy as it consumed during the competitsoangicipated from the simulation.

Moreover, from the comparison of the simulated gnelata and actual energy
data for the competition period, it was observed esertSol performed better during
the competition than it was expected from the satioih results. In addition to this, it
was observed that DesertSol would consume 39%elesg)y in a year than expected
from the simulation results.

Furthermore, the comparison of the actual annuaiggnconsumption data of
DesertSol with 30 Energy Star homes and 30 nonggn®tar homes in Henderson,
Nevada showed that DesertSol consumed 2% less)etineny the Energy Star homes and
nearly 6% less energy than the non-Energy Star komeddition to this, the

comparison of the simulated energy consumption ofaizesertSol with average annual
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energy consumption data of Energy Star and nongyrétar homes showed that the
DesertSol consumed 37% more energy than the Esegyhomes and 35% more energy
than the non-Energy Star homes. The simulationtargeted for the competition period,
so the energy consumption data was overrated ¢m lzesafer side. This was one of the
reason that DesertSol was observed to consumeenergy than the Energy Star homes
and non-Energy Star homes.

The 2x6 framing technique placed at 24-inches artezgwhich is different from
the conventional 2x4 framing placed at 16-inches@mter allows more space for
insulation on the wall. The overhang shade screart®oth modules reduce the amount
of heat entering the home during the summer. litiaado this, the digitally-fabricated
operable shade screen on the patio space of Médpitevide shade during the summer
and could be opened during the winter to allowstinglight enter into the home.
Moreover, these screens allow the heat to escajpegdhe night time.

The tighter envelope and the Tyvek Stucco Wrapd usevrap the entire home
for air and moisture protection, aided in the egefficiency of the home. The one-inch
foil faced rigid foam insulation placed on top béthomewrap reflects maximum
sunlight and helps in reducing the temperaturé@fitome envelope. Furthermore, the
7/8-inch hat channels with holes on the sides arahged in a zigzag pattern allowed the
hot air trapped between the rainscreen and the fogim to escape. This controls the
temperature of the exterior of the home, whichmétiely affects the interior temperature
of the home. The double glazed low-e glazing witjoa filled in between also

contributed in an efficient envelope.
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The main advantage of the ductless minisplit heatgpsystem used in the home
is that there is no chance of leakage of the camdit air, unlike the conventional ducted
air conditioning system usually installed in thecadf the home. The two separate indoor
units, each used in two modules, allow one unitedurned off if the space conditioning
is not required at particular time. This reducesehergy consumption of the home. The
solar thermal collector system uses the heat gdmedthe sun to heat the water, which
is used both for the radiant floor heating purpasé domestic hot water purposes. Thus
this system is an efficient way to heat the homeelsas for hot water purposes. Lastly,
the Energy Star appliances used in the home isoals®f the factors in the reduction of
the energy consumption.

6.2 Recommendations

Based on the results of the study, there are soame areas that could be a
subject of further research. Data of DesertSol egdiected for the competition period of
8 days in the weather of Irvine, California. Sa, figture studies, a longer period of time
at least a year could be considered to study taeggrconsumption as well as the
consistency of the performance of the home in diffeseasons. Also, it is recommended
that the energy consumption data of the home irsdéinee weather as that of the homes
being compared should be collected so that a relé®oomparison could be made.
Moreover, the data of the home could be colleateshi occupied condition so that the
energy consumption by the home could be comparadypical occupied home. This

would give the real performance of the home.
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