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Executive Summary

Introduction

The sixstate Southwest region of the United State
(Arizona, Colorado, Nevada, New Mexidtah and
Wyoming) is a faggrowing region that is
experiencing a boom in population and new
housing constructionNearly 2 million homeare
projected tobe built in the Southwedbetween
2008 and 2020, equivalent to about 150,000 new
homesperyear. Gowth ratesare asmuch as

triple the national average in parts of Arizona and
Nevada andelectricity demand is growing at rates
as high as 4% per year. Total peak electricity
demand in just three of the Southwest States (AZ
NM, and NV is expected to grow by 2,000 MW pe
year for the next 15 yearsTwa-thirds or more (as
high as 8% inNew Mexicaand 95% inUtah) of the
electricity generated in the Southwest comes fron
coakired power plants, which release emissions ¢

Benefits of High Performance Homes

High performance homeare capable of
achieving 460% energy savings by combinir]
energyefficient technologiesind solarenergy
systems These homes save homeownens
average of$1,600 annually on their energy
bills, with positive monthly cash flow
immediately.

Homebuyersbenefit by havindower energy
bills anda home thatis more energy efficient,
comfortable, durable, and envirmentally
friendly.

Homebuildersbenefit bymarketinga higher
quality, highervalueproduct, and one that
costslessto own and qerate.

Statesand citiesbenefit by havinglesirable

air pollutantsthat harm public health and

i ) communities that reduce demand fenergy
contribute to global warming.

and natural resources.

Purpose and Scope of the Report
The purpose of this report is to analyze the energy savings, cost and cost effectiveness of high
performance homes for five Southwest states (AZ, CO, NV, NM andJtilifies, states, local
governments and home builders can use the information in therej develop new programs,
policies and strategies for increasingetenergy efficiency of new homes

SWEEP analyzed the energy savings and net economic bémefitsh state and the regioof

significantly increasing the energy effisty of new homs, versus typical homes built to minimum
requirements ofcurrently adoptedstate or local energy codes. The report makes recommendations for
utility, state and local government programs and incentives to accelerate the adoption of high
performance buildig practices in the new homes industry, includingt&e8ed incentive structure for
ENERGY STAR, Best Practice and NeEdergy Homes.

The report includes several case studies and examplegbfperformance homes armbmmunities in
the Southwest, ranging from ENERGY STAR qualified homes iBemetEnergy Homegsthat document
the energy and cost savings achieved frioereasing the efficiency of new homel also addresses the
technical, financial and institution@hrriers toconstructinghigh performance homesand presens
strategies and best practices for overcoming each bari@sed on lessons learned and successful
programs that have been adopted by utilities, states and local governments.
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Utilities, states and local governments all play an important role in advancing high
performance homes. This report identifies best practices, implementation strategies and
incentive programs that can significantly improve the enefficiency of new homes. Key
recommendations from the report include the following actions for utilities, states and lod
governments:

Utilities

Stategovernments

Local governments

For more information about these and other recommendations, Ghapter 8 of the report.

Recommendations for Utilities, Statesnd Local Governments

Offer a 3tiered incentive package for high performance homes, including incentives f
best practice and et zeroenergy homes.

Support high performance building practices by providing technical assistance, traini
and marketing and outreach support to the building industry.

Conduct evaluation and field monitoring studies to document home performance.

Provide financial incentives for high performance homes, including tax credits and
exemptions for high performing homes, energy efficient products and renewable ene
systems.

Adopt updated residential building codes that achieve at lea%b £hergy savings over
model codes.

Partner with utilities and local governments to offer technical assistance, training and
outreach to builders and homebuyers.

Adopt a green building program with mandatory energy efficiency criteriada
homes.

Offerincentives to builders for constructing high performance homes.

Educate homeowners about the features and benefits of high performance homes.
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Features and Benefits of High Performance Homes

Increasing the energy efficiency of new homes offers a-effsttive way to help homeowners save
money and lower their energy use, while reducing the energy and environmental impacts of new
homes. High performance homeslefined as homes that maximizeergy efficiency, comfort, and
durability ¢ can be built coseffectivelywhile achieving energy savings b to 5% through energy
efficiency measuresand up to 65% savings imgorporating onsite renewable energy systems, such as
solar PV and solar ¢énmal systemsHigh performance homes are also designed to reduce the risk of
indoor air quality problems, through programs such as the ENERGY STAR Indoor Air Package.

The energy, economic and environmental benefits of improving the efficiency of newshiartiee
Southwest region are significahtAchieving the high performance home scenario analyzed in this
report would result in the following energy and cost savings between 2008 and 2020:

e Over 27 million GWh of grid electricity savingenough electgity to meet the annual
electricity consumption oapproximately250,000typicalhouseholds

e Reduction in residential natural gas consumptio228 million therms (up to 50% reduction in
naturalgas use per household).

e Summertime pak electricity demath would be reduced bgearly 200MW annually by2020
averagehourly summertimepeak loads per home would be reduceetlveen 50 and 6%

e Southwest householdsould reap $00 million in reducecklectricity and natural gasills, with
savings of $0million in the first three years alone

e Hectricity from customersited solar PV systems would generatere than 500GWhs of
electricityfrom 2008to 2020, worth $52 millionto homeowners

e Emissions of greenhouse ga$esn power plantsvould be rediced by2.4 million tonsof CQ
between 2008 and 2020

Cost and Cost Effectiveness of High Performance Homes

Energy Efficiency

There are many cosdffective opportunities to improve the energy efficiency of new homes through a
combination of improvement# residential building design, construction practices, higher efficiency
levels of installed equipment, and homeowner educatiiout ways to save energyCommon energy
efficiency design practices and measures that are used in high performance hainds:

Proper site selection and building orientation, which can help reduce heating costs in the winter and
cooling costs in the summer, and facilitate the use okita PV to generate electricity. Where
feasible, choose sites with good southern exposure without significant shading from mountains,

! States included in the analysis are Arizona, Colorado, Nevada, New Mexico and Utah.
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trees or buildings and orient subdivisiparcelsand homedo maximize southern exposure for
buildings. Rooms and windows should be designed to maximize kelargain in the winter but
with proper window shading to reduce heat gain in the summer.

e Higher levels of ceiling and wall insulatior4@®or higher) coupled with advanced framing
techniques to minimize thermal bypasses.

o Radiant barrier installed on thaside of the roof to reduce solar heat gain and help keep the attic
cool, particularly in hodry climates

e Use of thermal mass for improved heating and cooling performance, including additional insulation
Ay OSAftAy3a FyR gl tyfadiS | IRy R TdzzoE RWNEK i & RNE O-SIATL A

e Properly designed and installed heating and cooling systems that help keep energy costs low and
improve indoor air quality

¢ Highperformance windows with spectrally selective glass, whithuces solar heat gain in summer
and reduces heating costs in the wintertime

e Highlyefficient heating and cooling systems, including:

o Engineered HVAC (proper sizing and diagnostic testing of HYAC systems by mechanical
engineers)

0 Advanced evaporative cooling systems such as dinglited evaporative cooling systems
o Ducts placed inside conditioned space, vadaling andliagnostic testing
e Tankless or solar water heating.

¢ Highefficiency lighting (e.g., fluorescent lamps and fixtures), or a combination of fluorescent and
incandescentighting with lighting controls (e.g., dimmers and occupancy sensors).

e Energyefficient appliancesincludingrefrigerators, clothes washers, dryers, dishwashers and
consumer electronics.

¢ Integration of controls to monitor home energy use, including dvatcand control$or turning off
designated electrical outlets (to reduce losses from standby devices).

e Thirdparty verification (analysis of home design and onsite inspections and testing to verify and rate
the energy performance of the home on the HEBSe.

The additional cost of using energfficient building designs and systegenbe partially offset by

reductions in the size of cooling and heating equipment (particularly if proper equipment sizing

procedures are followed and adhered to during domstion and equipment installation) and other

0dzAf RAy3d RSaAdy OKFy3aSa o0Sod3Idr NBERdAzOAY3I Wil YAy 3 Y
studsa LJF OS R )} MvAen dHohd phdperly, this can represent a significant cost savings to tetbuil
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and homeowner, as the smaller systems and reduce material requirements reduce construction and
operation costs.

Renewable Energy Systems and Design Features

Renewable energy systeraad design featureg such as incorporating passive solar thermaligies
strategies solar PV electric systems and solar thermal hot watanreduce the heating and cooling
load of the home andenerael LJ2 NIi A 2 y  2ticityland WateY I&itg néetisBalsive solar
thermal design strategies can often be implemted at little or no incremental cost through proper
building orientation, daylighting, and use of thermal mass.

Typicalresidentialsolar PV systems are between 2 kW and 4 kW in size, and are capable of offsetting
approximately 2530% of totahousehold electricity consumptiorAlthough the initial cost of

renewable energy systems remains high (approximately2£1,800 for a 2 kW solar PV system), the

system costs are expected to continue to decline, and are made more affordable to the lamitter
homeowner by a combination of federal, state and utitiy credits orebates now availablan most

Southwest state$. Utilities can also utilize residential PV systems to satisfy state renewable portfolio
standard requirements by offering renewal@aergy credits to homeowners that have installed grid

tied PV systems. Colorado, Nevada and New Mexico already offer homeowners a RECs purchase option
for solar PV systems.

Analytical Methodology

The analysem this report werepreparedusing theBEopt building optimizatiogoftwareand its related

components developed by the National Renewable Energy Laboratory (NBEbbpt aalyzes a range

of home energy designs, operating conditions and technolagiédentify optimal combinatbns of

energy efficiency and renewable energy measures that achieve maximum savings at the lowest cost.

BEopt has been used to designd analyzenanyzeroenergy homes,suchd | F oA GF G F2NJ | dzY|
affordable zeranergy home in Denver, Coloradio.

Using BEopSWEEP analyzeauf levels of home performance for five Southwest states (AZ, CO, NV,
NM and UT):

e Areference cashome builtto current state or local building energy code requireme(ines.,
IECC 2003 or 20Q&jsingstandardhome buildingmdustry construction practices and
equipment

e An ENERGY STAR qualified new h@®8(% savings

e Anenergyefficient¥. S& G hohé E-HRGE/NYS)

’For a complete list of federal, state, and utility incentives for energy efficiency and renewable energy by state,
see the Database of Stabecentives for Renewables and Energy Efficiency (DSIRE)atdsireusa.org

3 For more information, sedttp://www.eere.energy.gov/buildings/building america/affordable housing.html
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¢ Aso-called®Bero Energy Honfincorporating renewable energy measures as well as being high
energy efficient(50%or greatersavings)

Separate market penetration scenarios were developed and analyzed for each state, based upon the
current building code in effect, levels of ENERGY STAR market penetration, and housing styles and
preferences (e.g., 1 versus 2 story, basement, slab on geacl®, The per home savings estimates for

each city (or average of cities in cases where more than one city per state was analyzed) were scaled up
to the state level usingistoricalestimates of total and singlamily housing units by state, and

population projectionsfrom the U.S. Census Bureau for the 2Q020time period.

Each of the scenarios is designed to achieve a minimum of 50% market penetration for ENERGY STAR
Homes by 2020, 20% market share for Best Practice homes ance2@#ergy homes.TheBest

Practiceand Zero Energy Home levels set aggressive yet achievable near, mid atettoggals for

raising the overall performance of residential new home constructiging readily available efficiency
measures and constructioethniques (e.g., SEER 15 AC, 2x6 framing, &g average annualarket
penetration ratefor Best Practice and Zero Energy Homneseasesn each statdy 2% per year

allowing time to train additional builders and contractors as the programs expahed Best Practice

and Zero Energy Home performance levels will help make progress towabdDeBuilding America
Programgoal of developing a marketable home that achieveszeb energy use by 2020.

Results
Home energy savings by performance level

The analysi®f energy savingsas conducted for eachome performance level anghain city in each

state. The energy consumption and net cost savings for each home performance level are summarized
in Tables E$ and ER. The average source energy saviageoss the regioare 25% for the ENERGY
STAROmMe, 2% for the Best Practice home, andPb for the Zero Energy Home.

* For more information about the Building America program, see:
http://www.eere.energy.gov/buildings/building_america/Tre Building America residential goals are described in
more detail athttp://www.eere.energy.gov/buildings/building_america/pdfs/35851 ba puts_research.pdf

ES6


http://www.eere.energy.gov/buildings/building_america/
http://www.eere.energy.gov/buildings/building_america/pdfs/35851_ba_puts_research.pdf

FigureESL. Source energgonsumption by state and home performancevel

Cost swvings per household

High performance homes are cesffective for homeowners, with net savings versus a ebdiét home
when compared on the basis of the total cost of mortgage and utilities paymeTite incremental
costsand net savings @dach performance levare shown in Table EIS Energy efficiency measures
reduce energy costs for singlamily households by up to 50%, equivalent to a net cost savings of up to
$1,085per year. Averaged across the region, the annual energy savingeq@esehold is $43for

ENERGY STAR Homes] BAfor the Best Practice Home, and $23for the Zero Energy Home.
Combining energy efficiency and custorsiied renewable energy systems reduces net energy
consumption by 60% or more, with nebnualcostsavings of up to $60per householdbefore state or
utility incentivesare applied®

®>The homeowner cashflow analysis assumes-§e&0 fixed rate mortgage with a 7% annual interest rate.

*580GFAf SR RSAONARLIIAZYa 2F SySNHé& |yR O0z2aid algday3a | NB
G2 (GKS {2dzikKseS&ai wS3aIABYysZ¢é¢ YR !'LIISYRAE !'Z ¢l o6fS !
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Table EL. Incremental cos$ and net savingper home

Incremental cost Net savings, annual ($)*

ENERGY Best Zero Energy | ENERGY Best Zero Energy
State STAR Practice Home* STAR Practice Home
Ari

rizona $3218 | $3474 | $15210 $552 $946 $767

(Phoenix)
Colorado

$2,917 $6,588 $19,895 $432 $616 $271
(Denver)
Nevada

$3,236 $5,547 $16,231 $550 $961 $960
(Las Vegas)
Nevada

$3,653 $5,640 $18,491 $139 $262 $97
(Reno)
NewMexico

$2,464 $5,539 $16,629 $763 $884 $834
(Albuquerque)
Utan $2,946 $6,588 $19,331 $434 $636 $247
(Salt Lake City) ’ ' '

*Includes adjustment for federal tax credits for energy efficiency ($2,000) and renewable energy systems ($2,000
for solar hot water an&2,000 for solar PV).

** Net savings represents the savings to the homeowner in the annual cost of the mortgage plus utility bills versus
a typical home.

Avoided Peak Electricity Demand

Peak electricity demand inigh growth states such as Arizolnas daibled in the pasti5years, and is
expected to double again in the neito decade.” Much of the growth in peak electricity demand is
driven by ncreased air conditioning loads from new homes, and retrofits to existing homes that either
had evaporative @oling or no cooling at all.

Energy efficiency design features that achieve peak savings include, but are not limited to:

e Proper orientation of the parcel and the home, with shading to reduce cooling,loads
e Improving the efficiency of AC systems throtmgpher SEER levels, or use of evaporative cqoling

" Presentation by Jeff Schlegel, SWEEP Arizona representative. Available online at:
http://www.swenergy.org/pubs/Energy Efficiency and Climate Chaiefé Schlegel 03292007.pdf
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e Tightening the thermal envelope, and placing ducts inside conditioned space with proper sealing
and diagnostic testing, and
¢ Reducing indoor loads from lighting, appliances and consumer electronics

The expeted summertimepeak savings by home performance level are shown in Takle IEthroving
the energy efficiency of new homes can reduce the average daily peak electricity demand peanhome
the regionby 55% As a fraction of electricity deand in the region, the reductions in peak electricity
demand achieved by high performances homes are much more significant than the total electricity
savings.

The combination of a highlgfficient home with solar PV can achieve even greater peak redsstio
eliminating70 - 85%o0f the peak load throughout the afternoon and early evening hours on hot summer
days. Maximum peak demand levels in zero energy homes are reduced by as much as 6 kW per home in
hot climates, such as Las Vegas, Nevada hodrix, Arizonaln somecasesthe net power draw from

the utility grid drops tdess than 1 kVét system peak (typicalpm) on a hot summer day.

Table E. Averagesummertimepeak electricity demandkW) and % savings by home performance
level.

Stae Reference] ENERGY % Best % ZEH Net %
Case STAR Savings | Practice Savings Savings

AZ 5.17 3.61 30% 2.67 48% 1.71 67%
CO 2.32 1.28 45% 1.06 54% 0.38 84%
NV 4.96 2.74 45% 1.64 67% 0.65 87%
NM 2.70 1.94 28% 1.18 56% 0.35 87%
uT 2.36 1.37 42% 1.14 51% 0.41 82%
Region 3.50 2.19 38% 1.54 55% 0.70 81%

Statewide and regional@vings potential, costand cost effectiveness

The cumulative electricity, natural gas and peak demand safrioigsthe high performance scenario for
all newsinglefamily homesexpected to be builin each state and th Southwest regiofil.8 million
homes total)are shown in Table ES The annual kectricity savingsn the region in 2020 ard27 GWh,
and theannualreduction in peak electricity demand224 MW. The total annual electricity generation
from PV systems installed erew homes is81 GWh per year in 2020

The high performance scenario achiegamificantcost savings fosouthwestouseholds, with net
economic benefitef $4.3 billion from efficiency measurebetween 208and2020 and an additional
$430,000 in net benefits from renewabnergymeasuregseeTable E®). While onsite renewabls
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are marginally cosgffective on a lifecycle bagisxcluding utility and state incentiveshany types of
readily available energy efficienoyeasures are highly cosffective.

Approximately95% of thenet economic benefitsomefrom energy efficiency measures; the remainder
comes from a combination of rooftop solar PV and solar thermal hot water systeath home
performance levelhowever has a positive benefitost ratioin every state and region of tifgouthwest.
Thehighest savingsatiosare inArizona and Nevadavhich are also the fastegirowing states in the
region(see Table E&. The energy efficiency measurbavea higherbenefit-cost ratiothan the
combination of energy efficiency and renewable energy measuResiewable energsneasures,
however, are capable of delivering significant reductions in peak electricity demand (up to 100% at
system peak loads), arade expected to becommore costeffective in the future ashe cost ofPV
systems continues tdeclire and additionafederal,state and utility incentives for solar systems
become available

TableES3. Summary of Analysis Resultdnnual Savings in 2020 ar@@umulative Energy Savings

20082020
Annual Savings, 2020 CQumulative Avoided Cumulative Cumulative
electricity Peak Natural gas Primary
Natural : .
Electri savings Demand savings Energy
ec‘g'c Glf‘s (GWh) (MW) (million Savings
(GWhs) (million therms) (trillion Btus)
State therms)
Arizona 183 5.4 1,159 592 34 21
Colorado 94 16.4 606 293 106 18
Nevada 69 2.1 425 309 13 8
New Mexico 25 3.0 166 68 20 4
Utah 56 8.7 354 153 55 10
Region 427 35.5 2,710 1,416 228 62
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Table ESL. Summary of Incremental Costs and Savings: 28080(millions 2008 $)

Total Net Benefitcost Total Net Benefitcost

investment, economic | ratio: energy | Investment, economic ratio:
energy benefit, efficiency energy benefit, energy
efficiency energy measures | efficiency & energy efficiency &
efficiency renewables | efficiency & | renewables
renewables
State

Arizona 401 1,296 3.2 1,034 1,455 14
Colorado 443 1,409 3.2 974 1,493 15
Nevada 279 583 3.1 905 699 1.2
New Mexico 94 338 3.6 191 366 1.9
Utah 229 757 3.3 538 802 15
Region 1,446 4,383 3.3 3,642 4,815 15

Notes: EE measures include the incremental cost of all energy efficiency measures, excluding renewable energy system costs.
Net present value assumptions: 20 year lifetifoeenergy efficiency and renewable energy measures and 5% real discount

rate (capital recovery factor = 12.5). The benefist ratios are based upon annual incremental costs and savings; RE incentives
include federal tax credits only and exclude statel utility incentives.

Case Studies: Observations and Lessons Learned from Meldtored Homes

The following case studies provide reabrld examples of high pormance home projects that

incorporate highlyefficient features and ossite renewable energy systems. The case studies also
illustrate the role of utilities, government and home builders in developing successful high performance
home projects’

TheSacramento Municipal Utility District (SMUD) Figure EQ. Photo of zero energy homes at Pren
SolarSmart New Homes Program Gardens, Sacramento, CO (Credit: SMUD)
Since 2001the Sacramento Municipal Utility

District (SMUD) has sponsored several ZEH projects

within its service territorthrough partnerships with

the DOE Building America progra In 2007, SMUD

initiated the BolarSmart New Hom&srogram,in

whichSMUDis partneringwith builders toachieve

up to 60% savings in electricity costs, and peak

electricity demand reductionsf up to 65%n new

homes(BIRA 2006 and US DOE 2006)eSMUD

projects show how a public utility can help drive the

® For additional information on high performance home projects, see the U.S. DOE Building America research
projects database ahttp://www.eere.energy.gov/buildims/building_america/cfm/project locations.cfm
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market for new homes that offer energy efficiency and renewable energy as standard features.

Lessons learneimclude: 1) homebuyers find highéfficient homes with solar PV attractive and cost
effective; 2) high performance homes offer potential for significant peak load reduction, and 3) solar PV
systems and rooflines should be oriented to optimize afternoon peak savings.

Pulte Homes, Las Vegas, Nevada

Pulte provides a good example of how a lasgale production builder can cesffectively achieve a
highly-efficient home through a combination of advanced design and construction practices and use of
highly-efficient products and equipment. Since 2002, Pulte has built n@8J0pOENERGY STAR

gualified homes in the Las Vegas area. Innovative design features implemented by Pulte include use of
unvented roofsplacement of ducts inside conditioned spaspectrally selective windows and

integrated space heating, hot water and ventilation systerfise improvements resulted from a
collaboration between Pulte Homes, the Nevada State Energy Office, and Building Science Industries as
an initiative of the U.S. Department of Energy's Building America program.

Lessons learned) the wholehouse approacho the design and construction of homes achieves greater
energy savings at lower cost than applying measures individually; 2) Design and construction teams
must be properly trained and educated about high performance construction practices; and 3} public
private partnerships can help accelerate the development and adoption of advanced building design and
construction practices.

Aspen Homes of Colorado

Aspen Homes is a small production builder that constructs homes that will perform 40 percent better
than atypical home built to code, yet are affordable to the average homebuyer. 100% of Aspen homes
exceed the requirements of ENERGY STAR and Built Green Colorado. Each home also inaades a 2
heating consumption guaranteeSince 2002, the company hasilbmore than 500 ENERGY STAR
qualifiedhomes, and has received numerous local and national awards tuglrefficient and

affordable homes.Aspen Homes demonstrates how a production builder can construct highly efficient,
affordable homes usingdvanced building design and construction techniques.

Lessons learned: 1) highly efficient affordable homes can be buikeffestively in cold climates; 2)
homeowner involvement is critical to achieving high savings levels; and 3) high performancedaomes
help improve sales, particularly during market downturns.

° A copy of the heating consumption guarantee is available at:
http://www.aspenhomesco.com/index.php?pr=Heating_Guarantee

ES12


http://www.aspenhomesco.com/index.php?pr=Heating_Guarantee

Findings and Recommendations

Major findingsand recommendationfrom this reportare summarized below. For additional
information see Chapte8, Summary and Recommendations.

Energyperformance andsavings

e High performance homes are capable of achieving wholgse, source energy savings of up
to 50% in botlcoolingdominated and heatinglominated climate zones in the Southwest.
These savings estimates are supported by ongoing monitoringestednducted by the U.S.
DOE Building America Team

¢ Maximum energy savingse achieved when energy efficiency and renewable energy features
areimplemented togetherin an optimizedvay beginning witthighly ost-effective energy
efficiency measures

¢ High performance homesignificantlyreduce peak electricity demand eliminating80%or
more of afternoonpeakelectricloads and cutting evening peak demand levels in half

e RSRdAzOA Yy 3 K2 dza S(K.§. toRsurdet dledudnic$, RlgeRaad®napbliances, and
plug-in lighting) and occupant behavior (e.g., using setback thermostats, turning off electronic
and other devices when not in use) could achieve additional energy saviiying,
appliances, and mcellaneous electric loads now repres&0% or more of energy use in high
performance homes (Brown et al 2007).

Cost and cost effectiveness

¢ High performance homes can be built ce$tectively, with annual net savings to the
homebuyer when annual mortgage and utility costs are considereethey.

e Energy efficiency measures are more eeffective to implement than renewablenergy
measure. Combinations ddfficiency and renewablefiowever, aralsocosteffectiveto the
homeowner, and deliver valuable peak electricity savings foriasilit

Environmental benefits

¢ High performance homes can reduce the environmental impact of new home construction in
the Southwest U KS Yy I GA2yQa FlFLadSad aINRgAYy3I NBIAZ2Y D
reductions from the SWEHIRJh performance homescenario are.3 million tons of C@in
2020
e Emissions of air pollutants from cefded power plants that harm public health (i.e., sulfur
dioxide, nitrogerdioxide, and mercury) would also lmveredbecause ofeducedelectricity
demand.

Implementation issues and strategies

e Building design, construction practices and minimum code requirements vary considerably
within the region, with some regions building the majority of homes at or above code (e.g.,
Las Vegas) and others that are using older, owddtuilding codes with varying levels of
compliance and enforcement.

e The home building industry, including builders, contractors and trade allies need additional
education and training on all aspects of higgrformance home design and building practice

e The design and construction process needs to be better supported by a robust QA/QC
infrastructure, including visual inspections and performance testing at key stages of
construction.
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Publieprivate partnerships involving federal, state, and localegament, utilities and the
home building industry play an important role in successfully implementing high performance
home projectsecause buildersontinue to have concerns about recovering first costs in a
highly competitive new homes marketplace. liitiincentives and marketing programs can
help reduce this risk, antelp buildersdifferentiate high performance homes in the
marketplace.

The new homes industryincluding builders, sales professionals, realtors and appraisers
needs better tools ath guidelinedor establishingand incorporatinghe value of high
performance home featuremto home valuations.

Production buil high performance homerojects are most successful when efficiency and
renewable energy improvements are offered as standard home features, as opposed to
optional upgrades for the homebuyer. Studies have shown that very few homelssjiecs
high performance features when offered as a builder op{iBarhar and Coburn, 2006)

Recommendations for Utilities

SWEEP recommends that utilities with low levels of market penetration for ENERGY STAR new
homes (<10%) offer atiered incentive package to builders, beginning at ENERG Y($IFR
$500)and going up to a Netero EnergyHome level of performancg750- $1,000 for energy
efficiency measures and $4,0088,000 for renewable energy measures) few Southwest

utilities (e.g. Rocky Mountain Power, Arizona Public Service) are already offering incentives at
the ENERGY STAfRlghat are achieving cosfffective savings.

For utilities that already have high levels of market penetration for ENERGY STAR new homes
(>35%), utility programs and incentives should focus on achieving the higher performance
levels of Best Practice aiNkt-Zero Energy Homes, or include incentives for optional ENERGY
STAR measures, such as the Advanced Lighting Patké@ges should alsoansideroffering
additionalincentives formeasures that reducmiscellaneous electrical loadsthe home,

suchas ENERGY STAR appliances.

Improve coordination between energy efficiency and renewable energy incentive programs.
In most cases, these programs are administered and marketed separately, and not always to
the same groups (i.e., builders versus homeowjeAll new homes that receive renewable
energy incentives should be required to meet high performance efficiency criteria (ke., 30
50% improvement in efficiency). Improving program coordination will also help maximize
savings, reduce program adminidiom costs, and promote improved technical assistance to
builders, contractors and leverage marketing dollars.

Conduct rigorous evaluations, measurement and verification of new home performance to
assess the actual performance of new homes and the impmdaislity incentives and

technical assistance programs. If feasible, the assessments should also include evaluations of
traditional, code-built homes to provide a more accurate baseline for evaluating home
performance.
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Recommendations for State Govaments

States play an important role in advancing high performance homes by adopting a comprehensive and
coordinated portfolio of policies designed to promote investmengiergyefficient building and

renewable energy systesn States can implement thiellowing incentives, programs and policies to
support high performance homes:

e Adopting statewide residential building energy codes that exceed the requirements of the 2006
International Energy Conservation Code (IECC) by 15% or more.

o Offeringtargetedtraining and technical assistance to buildersemergyefficient construction
practices and installation and maintenance of residential solar PV and thermal hot water
systems

e Expandhgtraining, education and outreach activitiés architects, builders, talding
contractors,real estate professionaknd local building code officiads the features and
benefits of high performance homes

¢ Providingtax creditsfor energyefficient home purchasedncluding income tax credits and
reductions in property tax@forhighly-efficient homes.

e Providing propertyax exemptions foenergy efficiency improvements and renewable energy
systems

¢ Require homes that are receiving incentives for renewable energy to alsotigtet
performance efficiency criteria (i.e., 0% improvement in efficiency).

e Partnering with utilities and the home building industry to condootmeownereducation and
outreach campaignsn the benefits of energy efficient homes.

Recommendations for Local Governments

Local governments play an important role in high performance home projects through the siting,
permitting and building inspection and approval proceRecommended actions that local
governments can take to promote high performance homes include:

¢ Initiating a green building program that includes minimum energy efficiency standards that are
well beyond minimum code requirements.

¢ Providingincentives to builders, including permit fee waivers or deferrals, density bonuses, per
home incentives, and priority plan reviews and field inspection.

¢ Conducting educational programs, training and outreach to architects, designers, builders and
trades on energy and resource efficient home building practices and their benefits.

¢ Promoting hih performance homes through public recognition, including newspaper
ads/articles, access to promotional packages, job site signs, and recognition by city officials.

o Develop airectory or network of participating architects, builders, suppliers, realtors and
lenders that offer high performance home products or services.
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Chapter 1. Introduction

The sixstate Southwest region of the United States
(Arizona, Colorado, Nevada, New Mexico, Utah and
Wyoming) is dast-growing regiorthat is experiencing
a boom in population and new housing construction.
Growth rates in parts of Arizona and Nevada are as
high as triple the national averag®.

More than a million homes were built in the
Southwest between 20002006, equivalent to
approximately 150,000 new homes each y&aT his
growth trend is projected to continue, with nearly 2
million additional homes expected to be built betwee
2008 and 2020. Driven primarily by this growth in
residential housing, lectricity demand islsogrowing
at rates as high a4%per year with peak demand
growingeven faster Total gak electricitydemandin
justthree ofthe Southwesstates (AZ, NM, NV) is
expected to grow by 2,000 MW per year for the next
15 years? Two-thirds or more (as high as 89% in Ne
Mexico and 95% in Utah) of the electricity generated
in the Southwest comes from cefiled power plants,
which release emissions of air pollutaatsd
greenhouse gasabat harm public health and
contribute to gldal warming*®

A number of utilities, states, and local governments
across the Southwest are beginning to implement

financial incentives, training and education programg
demonstration projects, and other actions that are

v

High Performance Homes Save
Energy and Reduce GHGs

High performance homes are built,
operated and maintained to achieve
superior energy efficiency performance ove
conventionally built homes. High
performance homes are capable of
achieving a 50% or greater improvement in
energy performance (50% or greater
reduction in conventional energy ek
through a combination of energy efficiency
improvements and use of esite renewable
energy systems, such as photovoltaic (PV)
panels and solar thermal hot water system;

Features of high performance homes
include:

¢ highly energyefficient building
designs, appliances and equipment

designs that perform well, are
comfortable, require only standard
maintenance, and look no different
from an ordinary home.

on-site renewable energy generation
(which typically includea solar hot
water production system and a
rooftop photovoltaic, or PV, system)

Source: Vang and Hammon, 2007

% Taple 3Annual Percent Change of Housing Unit Estimates for the United States and States, and State Rankings: July 1, 2004

to July 1, 2005 (HEST200®3). Source: Population Division, U.S. Census Bursdease Date: August 21, 2006

1 U.S. Census, new residerthousing permits, and American Community Survey.
http://www.census.gov/const/C40/Table2/tb2u2005.tand

http://factfinder.census.gov

12 Arizona Solar Electric Roadmap Study. January 280Zona Department of Commerce. Prepared by Navigant Consulting.
http://www.azcommerce.com/doclib/energy/az_solar_electric_roadmap_study executive_summary.pdf

B EPA ESRID version 2.1, state resource mix for electricity generation, 2004.
http://www.epa.gov/cleanenergy/egrid/pdfs/eGRID2006V2_1 Summary_Tables.pdf
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demonstrating how high performae homes
can be built feasibly and cosffectively
using existing technologies and building
design practices.

Theseprojects demonstrate how high
performance homesave helped utilities,
builders and homeownerachieve significant
energy, economic and@ironmental
benefitsthrough costeffective utility-
sponsored programs, incentives from federg
state and local governments, and green
building programs offered by the home
building industry

Thisreport describes programs, incentives
and policieghat utilities, states and local
governments in the Southwest U.S. can takd
to helpovercome barriers tdigh
performance homes It describes the
benefits, features and performance of high
performance homes, presents best practice
for building and operating high performance
homes, and case studies of high performang

High Performance Homew/ill Help Achieve the
Western Govtly 2 NE Q / £ STy 9

In 2004, the Western Governdisssociation
adopted goals for developing an additional
30,000 megawatts of clean energy from
renewable resources by 2015, and for a 20%
improvement in energy efficiency by 2020.
Subsequent analysis showed that achieving th
energy efficiency goal would avoid the need fqg
100 typical baseload power plants and provide
over $50 billion in net economic benefits for
consumers and businesses. Several states in
Southwest, includingZ, CO, NM and UT, have
adopted or are considering Executive Orders (
legislation that commits their states to achievin
or exceeding the WGA goals. High performan
homes can play an important role in meeting
these goals.

For more information visit theVGA Web site:
http://www.westgov.org/wga/initiatives/cdeac/

home projectsn the Southwest.The report

makes recommendations for utilities, state and local government programs, incentives, and technical
assistance activities that can help address the barriers to improving the energy efficiency of new homes.

Addition informatbn on high performance home programs, design characteristics and construction
practices, and utility, state and local programs is provided in the information resources section at the

end of thsreport.
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Chapter 2. Benefits of High Performance Homes

Highperformance homes have a range of energy, economic and environmental benefits to states,
utilities, local governments, and homeowners. Each of these benefits is summarized below, and
described in more detail in the accompanying case studies.

Energy ancenvironment benefits

The energy benefits to states, utilities and local governments of high performance homes include:

Avoided energy costs

Through integrated design approaches, builders can reduce energy consurtipbagh energy
efficiency improvementby 50 percenbr morerelative to code requirements, and do so cost
effectively. As with energy efficiencygegerating electricity from clean, esite renewables (e.qg.,
solar PV) reduces generation, transmission and distributteted losses and helpdgfset peak
electricity demand.

Reduced system load growth and peddctricitydemand

The Southwest is a higdrowth region, with electricity load growth increaseshégh as 46 per
year,andwith peak electricity demandxpected to double within the next decade in some
statesin the absence of expanded utility demasile management (DSM) prograiesg.,
Arizona) Highperformance homes offer a cosffective strategyfor reducing system load
growth and peak demand-or example, the Premier Gardens community of net zero energy
homes located irsacramentoCA reducaveragepeakdemand load by as much 868% relative

Box1. Clarum Homes: Vista Montana High Performance Homes

The Vista Montana development in
Watsonville, Californigeatures 257 solar
powered single family homes and townhome
including 25% affordable homes that have
reduced energy consumption by more than
50% and use almost zero net electricity on a
annual basis. The combination of energy
efficiency improvementand onsite
renewables are designed to reduce
homeowner electricity bills by up to 90%.

Vista Montana Zero Energy Homes Community

Source: DOE Building America Program by Clarum Homes, Watsonville Gxédit U.S. DOE)
http://www.eere.energy.gov/buildings/

info/documents/pdfs/35305.pdf
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to a typical Sacramento hom{MUD 2006).

Reduceamissions, environmental impacts and compliance costs

High performance homes reduce demand for electricity from power plants, which in the
Southwest are primarily codired. Generating electricity from cefifed power plants releases
emissions of air dtutants that are harmful to public health, as well as greenhouse gases that
contribute to global warming. Lowering emissions can reduce the environmental impacts and
costs of electricity generatiorBetween 2008 and 202@reenhouse gas emissions from
electricity generation in the region would lweduced by2.4 million tons of CQ The cumulative
avoided emissions of GG5Qand NQ are summarizedh Table 1.

High performancédiomes can also serve as a core component of green building programs, which
achieve energy and neenergy environmental benefits, such as water efficiency improvements,
improved air quality, reduced solid waste from construction, and improved land useiptan

that can reduce transportation demand.

Tablel. Reduction in CQSQ and NQemissions from high performance homes: 2a0 0

Avoided Emissions (tons): 20@8020, electricity generation only
State CQ (tons) SQ(tons) NQ, (tons)
Arizona 882,714 222 317
Colorado 457,382 108 236
Nevada 422,970 45 147
New Mexico 130,889 32 65
Utah 375,184 15 98
Region Total 2,409,164 410 985

* Source SWEEP analysis usingission reduction estimates based upon emission factors developed
for the SWEERew Mother Lode reparfTables & and 312.

High Performance Homes in the Southwest: Savings Potential, Cost Effectiverfesicgr@ptions
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Economic benefits

There are multiple economic benefits of high performance homes that go beyond the benefits achieved
through energy cost saving&conomic benefits include:

Local governments benefit from having wiellilt communities that contribute to quality of life
andhigher property values.

Improves the comfort and performance of the home, ensures more stable energy prices (from
on-site PV and solar thermalater-heatingsystems) and higher property and resale values
(Farhar and Coburn, 2006)

Helps home builderschieve faster sales of new homes, improved customer satisfaction, and
positive coverage in local media and trade publicativisGraw Hill, 200 Examples include
John Wesley Miller homes in Tucson, Arizona, Pulte homes in Las Vegas, B&vadaHomes
in Sacramento and Watsonville, Califorrdad Shea Homes in San Diego, Califo(di& . DOE
2006, Farhar and Coburn 260

Energy efficiency helps promote economic development by making more household disposal
income available for spending on nenergygoods and services. Energy efficiency investment
would reduce household energy costsdtotal of$500million in the Southwesbetween 2008
and 2020, equivalent to an averaganualsavings ofmore than$1,100per household for the

Beg Practice scenario.

Supports new jobeelated to energy efficiency and renewable energy products and services,
such as installing and servicing energy efficiency and renewable energy equjporahicting
energyauditsandhomediagnostic testing, and sml PV system installation and maintenance.
The high performance scenammuld cumulativelycreatemore than15,000new direct or
indirect jobs between 2008 and 2029.

Promotes energy efficiency improvements in retrofits and remodeling of existing homes by
developing a high performance home buildingrastructure including tained and certified
contractors, andowering the cost and increasing the availd of energ efficient products at
the wholesale and retail sales levels (see Box 2, next page for more detail).

* Source SWEEP analysis assuming a total investment in EE and R&holli$n (in discounted 2008 dollars),
60% laboirelated costs, and $75,000 annual salary per employee.
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Box2. Relationship between new homes and the existing homes market

Utility, state and local policies and incentives for hpgiformance homes are primarily targeted at the new
homes market. Existing homes, however, offer significant opportunities for energy improvement as well,
many states and utilities offer programs targeted at improving the efficiency of existing hehiels build on
national programs, such as Home Performance with ENERGY STAR offered by US EPA and US DOE. 4/
of highy efficient products(e.g., tankless water heater&sindowg, solar PV and solar thermal systems decling
retrofitting existing homes to achieumprovedenergy performance will also become a ceffective energy
savings strategy for utilities and homeowners.

High performance home programs for new camstion can also help raise the energy performance of existir
homes in several ways:

e Training builders, contractors and code officials in statéhe art building practices. This knowledge
and experience can transfer to the existing home renovationrentbdeling activities. For example,
additional HVAC contractors can be trained in the proper sizing and sealing of HVAC equipment g
duct work when replacing or adding systems to existing homes.

e Establishing local markets for highdfficient equipmentdesign materials, and installers. Highly
efficient equipment stocked and installed by building suppliers and contractors for the new homes
market can also be used for retrofits or equipment replacements in existing homes

¢ Developing markets for solar pradts distributors and installers. Developing a local solar systems
infrastructure through largescale, new homes projects will help establish a marketplace for solar P
and solar thermal system installers. The existing homes market can help diversifigittdase for
solar equipment distributors and installers.

e Transfer of advanced technologies and efficiency practices. Certain types of advanced technolog
AYLE SYSYGSR F2NJ KAIK LISNF2NXIyOS K2YSa Yahe
L I eQ FlaKA2Yy ® 9EI YL S& AyOfdzRS (SOKy2f23A
monitoring systems, lovenergy cooling technologies (e.g., advanced evaporative coolers), high
efficiency lighting systems, and energy management deviceoftsumer electronics. Educational
materials, messages and delivery vehicles for new homes can be adapted and applied to the exis
homes market as well.

For more information, see:

e Home Performance with ENERGY SVARSsite:
http://www.energystar.gov/index.cfm?c=home improvement.hm improvement hpwes

e | | 5Teéhnology Roadmap for Existing Homes, Volume 3.
May 2004 http://www.huduser.org/publications/destech/tech roadmap EEEH.html
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Chapter 3. Barriers to High Performance Homes

High Performancomes face a number of barriers that are financial, technical, regulatory or
institutional innature. High performance homes experience similar barriers that other energy efficiency
programs face, such as high first cdstscapital split incentivegi.e., someone who rents a home from

a homeowner is less likely to invest in efficiency improvemeats)l lack of information about the costs
and benefits of energefficient measures and practices. Barriers specifactueving higher efficiency
levels in the new homes markeétclude:

e lack of builder training and expertise in high performance construction design techniques and
practices, such as advanced framing and insulation practices, and installing solar PV.systems

¢ Inconsistent compliance withode requirements, and wide variation in code compliance and
enforcement from community to community. This makes it challenging to compare and evaluate
the energy savings of high performance homes relative to baseline homes.

e Builder concern about abilityot recover higher firstosts to construct high performance homes

¢ Riskavoiding behavior that deters interest and investment in new building technologies and design
practices

¢ Increased time and expense for plan reviews and obtaining building penaritscity/county
building permit authorities.

e (ode and covenant restrictions (e.g., homeowners associations that restrict installation of roof
mounted solar systems)

e Lack of information and awareness about home EE/RE features and their benefits by honsebuyer
sales professionals and realtors, appraisers and lenders

¢ Increased use dflug load€such as lighting, consumer electronics, and applianeeich
represent 60% or more of electricity consumption in otherwise higfffigient homeqAnderson et
al2004)

¢ Occupant behavior, includingsagepatterns for lighting, electronics and phig appliances, which
can increase or decrease home energy consumption in otherwise similar homes by as much as 30%
(Puttaguntaget al. 2006)

Each of the barersissummarized in Tabl@, along with descriptions of strategies for overcoming each
barrier, who is involved, and examples of successful programs and implementation strategies.
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Table2. Barriers to High Performance Homes

Barrier Strategies for Overcoming Barrier Who is Involved Examples of Successful Programs / Strategies
Builders lack Offer training, technical assistance, anc Builders and e APS High Performance Homes Program
information or education designers
expertise in high e Built Green Colorado and New Mexico
performance Apply Design Tools such as ENERGY ! Cantractors, .
home Target FindertHERS Softwarand PV mgtr;llill;aéturefs an e ENERGY STAR: Southern Nevada
construction Watts

Conduct field performance testing

Homeenergyraters

State energy offices

Environments for Living New Homes
program

Pulte Homes and Pardé¢tomes (AZ, CA
and NV)

Higher firstcosts
for some energy
efficient
products and for
renewable
energy systems.

Offer a coordinated package of
incentives that reduces risk associated
with first-costs

Develop networks of energy efficiency
and renewable eneyy professionals to
deliver wholehouse services

Achieve economies of scale through
larger projects; analyze costs based on
builder costs, not individual project cost

Achieve lower implementation costs by
integrating EE and RE measures and
coordinatingprogram delivery

Utilities

Builders and
homebuilder
associations

Realtors and sales
professionals

Home Energy Rater
Lenders

Equipment
manufacturers,

contractors and
installers

Homebuyers

New Homes Construction programs in
Phoenix (APS, SRP), UtRlocky Mountain
Power), and Californi®®G&E, SCE, SDGE
and SMUD)

Guaranteed Energy Cost programs for
heating & cooling (APS, TEP)

Home Performance with ENERGY STAR
Northwest Energy Efficiency Alliance

Sacramento, CAPremier Gardens Zero
Energy Homelevelopment

Pulte Homes, Las Vegas, NV; Lennar
Homes, Sacramento, C8hea Homes, Sar
Diego, CA
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Barrier

Strategies for Overcoming Barrier

Who is Involved

Examples of Successful Programs / Strategies

e The appraisal
process does not
recognize the
value of EE/RE
improvements16

Establish guidelines for valuing efficien
and renewable energy improvements ir
the appraisal process

Train and educate appraisers about
methods for valuation of EE/RE
technologies

Incorporate estimates of the value of
energy efficiency and renewable energ}
features in appraisals

Conduct demonstration projects at
multiple performancdevels to help
establish the market value of efficiency
and renewable features

LYO2NLIR2NIGS STFFAOHA
RFdiGFolFasSa 6So3aodxr 1
homes in MLS systems)

e Lenders
e Appraisers

e The Appraisal
Institute

e National Association
of Realtors

e Home Energy Rater

e ENERGY STAR

Ensure energy savings /-@ite generation
estimates are accurate and reliable.

The U.S. EPA/ENERGY STAR program
offers seminars to train appraisers about
the value and benefits of ENERGY STAR
Homes.

Demonstration projec include:

- Shea Homes, San Diego, CA

- Clarum HomesWatsonville, CA

- Pulte Homes, Las Vegas, NV

- Lennar Homes, Sacramento, CA

- John Wesley Miller Homes, Tucson AZ
- Harvard Communities, Denver, CO

- Artistic Homes, Albuquerque, NM

- McStain Homes, Dwer, CO

'® Eor more information, see NAHB Research Ced®rLJ2 NII £ & %49 |
http://www.toolbase.org/PDF/CaseStudies/ZEH_ApprReport.pdf
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Barrier Strategies for Overcoming Barrier Who is Involved Examples of Successful Programs / Strategies
High e 55@3St2L)J F K2YSo0dze e Lending industry Habitat for Humanity demonstration
performance educates homebuyers about how energ homes, Metro Denver, CO

e HERS Raters
homes are demand affects the total cost of home

perceived as
unaffordable to
the average

ownership, and provides homebuyers
with tools to make objective
comparisons about the net monthly

State/ local
weatherization

assistance programy

Energyefficient mortgagesoffered by Bank|
of America, J.P. Morgan Chase and Fanr
Mae

buyeror low- costs of a highhkefficient home versus a .
inc)(/)me typical homeg 4 e Public and non ArizonaDepartment of Commerce, Energ
households profit housing Office, Affordable Housing Program
*  Provide better access to lending ROEnEEs Local and state lownterest loans for
products that facilitate efficiency - .
improvements, such as energy efficient energy efficiency improvements (Fort
MOMaaaes ' Collins, CO; States of Kansas, Pennsylve
9ad and New York)
The growth of e Ensure energy efficient appliances and e ENERGY STAR ENERGY STA&wv homes]Jighting and
house size and equipment are installed in the home office products programs
WLX dz3 f 2 e Homeowners
computers, e Educate consumers about energy «  Utility DSM 80+ program for personal computers
larger televisions management andbehavioral practices, programs

/ other

consumer
electronics,
small appliances,
fans and

lighting, etc.)
increases overall
energy demand

such as turning off equipment when not
in use

Offer incentives for lowering energy usg
through behavior changes

Install energy feedback systems in
homes, and educate homeowners abol
ways to reduce energy use in their hom

Educators and
schools

Appliance and
consumer
electronics
manufacturers

PG&E, SCE 20/20 savings programs
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An important barrier to consider when
developing high performance home
LINEINI Y& A& GKS 3INE
loadsQ & dzOK | a O2yadzys
small appliances. Plug loads are steadily
increasing, in part because of larger house
size (i.e.larger homesequire additional
builder-installed ventilation fans, smoke
alarms, and lighting), and the growth in
numberand size of appliances and
equipment installed by the homeowner
(e.g., televisions, computers and home offi
equipment, audio devices, small appliance
and portable light fixtures). A recent surve
of 11 zereenergy home projects found that
onaverageW2 6 KSND dzaSa 6
heating, cooling and heating) accounted fo
up to 65% of annual electricity usehighly
efficient homegBrown Rittelman et al
2007). The study concluded that electricity
O2yadzYLXiA2y o6& W20K
to allow costeffective zero energy homes,
because the cost of offsetting the electricity
load with additional solar PV is very high.

Reducinglug loadswill require additional
measures beyond those aimed at
improvements to the home envelope,
heating and coahg systems, such as feder:
or state appliance standards for additional
consumer electronic products, and energy
monitoring and information systems to helg
homeowners understand and manage
household energy usage.

Box3. Reducing Househol®lug Loads

A Higher Share of Household Energy Use
Plug Loads play a greater role in total household energ
use in high performance homes

Figure notes: data is from analysis conducted by
SWEEP using the NREL BEopt model of alndle
home versus a zero energy home in Phoenix, Arizc
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Programs, tools and resources for overcoming barriers to high performance homes

Several programs offered at the national, state and local levels are available to help the new homes industry
overcome the barriers to high performance homes. At the national level, they inttledENERGY STAR

New Homes Prograncp-sponsored by the U.S. EPA and U.S. DOE, and the U.S. DOE Building America
Program. The U.S. Green Building Council has develapeaduntary rating systerdf 2 NJ K2 YS9 & 06 4[ 995
that promotes the design and constructiontifh performancéhomes including nmimum energy

efficiency criteria for new homes.

TheENERGY STAR New Homexgramhelps builders overcome barriers to achieving higher performance

f S@gSta Ay ySé K2yYSao ¢ KS 9theQavKDS f F{Qr a2 f LONIPARNG Yi KLINR @A
specifications, marketing tools, sales training and technical support to the new homes industry and energy
efficiency program sponsor&ENERGY STAR New Homes are designed to2@#/d more efficient than a

typical new home built to minimum code requiremendsd include additional energyaving features that

typically make them 2€B0% more efficient than standaftbmes. The programENERGY STAR has prepared

a Sponsor and Utility Partner Guide that identifies lessons learned and best practice recommendations for

new ENERGY STAR program sponsors and existing sponsors looking to improve theis piidgr&uoide

describes a number of strategies for overcoming barriers to improving energy efficiency in new homes, and
provides examples of successful progrdms.

Web site.www.energystar.gov/homes

Building Americds a private/public partnership sponsored by the U.S. Department of Energy that conducts
research to find energgfficient solutions for new and existing h&ing that can be implemented on a
production basis.The longterm goal of the Building America program is to develop -effsictive systems

for homes that can produce as much energy as they us®wnas zero energy hom& The program has
worked with seveal production builders in the Southwest to improve the efficiency of new homes by using
a systems engineering approach to home buildsegthe case study on Pulte Homes in Chapter 7 for an
example of Building America program activitieShe Building merica Program has also developed a series
of climatespecific Best Practices Guides, and a Guide to Solar Thermal and PV Systems.

Web site:www.buildingamerica.gov

LEED for Homds a new initiative of the \$. Green Building Council that is designed to actively promote
the transformation of the mainstream home building industry toward more sustainable practices. The
program was developed through a consensus process, with the goal of providing nationakooysis
defining the features and requirements of green building prograiftse LEED for Homes rating system
measures the overall performance of homes across eight separate resource categories, with four
progressively stringent rating levels (Certifietlye3, Gold and Platinum)The program incorporates
ENERGY STAR for New Homes as a maneaenyy efficiencyneasure, andncludespoints-based credits

for additional energy efficiency and renewable energy measute& S | GSNI IS [ 99 5lotl 2YS 06 A
program) achieves 40% savings versus a typical hdimeUS5BC provides training and technical assistance
to participating builders through its national programs and its network of LEED for Homes=Rsovidthe
Southwestthere are currently proders serving the Metro Phoenix and Scottsdélezonaareas,andthe
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State ofColorado.

Web site:www.usgbc.org/homes

A number of utility or industrgponsored programs and services are also available to builders in the
Southwest. Several Arizona utilities, includigizona Public Servi¢ducson Electric PowgBaltRiver

Projectand Southwest Gasffer energy efficiehnew home construction programgn Colorado Built

Greenoffers technical assistance, training and education to participating builders and contradhbars
ColoradoGovernors Energy Offidaitiated an ENERGY STAR New Homes program in Sept2aty

POFKQAa LINRYLFNE St SO RNKyMountgiR Poyrdarid aebtdr Gasloth offelzanA £ A G A Sa =
ENERGY STAR New Homes program that provides technical assistance, financial incentives, and sales and
marketing support to builders constructing ENERGY STAR qualified Horiesv Mexicgbuilders can

participate inBuild Green New Mexicosponsored bytte Home Builders AssociatiohCentral New

Mexico.New Mexico also has a very acti@hapter of the USGBtBat conducts training sessions, conducts
community outreach and maintains a directory of Green Building Service ProvidéMgvada, several

programs and partnerships are available to home builders, includin@twthern Nevada Green Building
Partnership the Nevada ENERGY STAR Homes Partnerahgthe U.S. Green Building Council, Nevada
Chapter

For more information about these and other tecbal assistance opportunities, see the information
resources section at the end of the report.
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Chapter 4. Features of High Performance Homes

Overview
Thischapterdescribes the featuresosts and cost effectiveness of high performance homeslescribes
the steps involved in designing and building high performance home, including:

¢ the role of site selectiorbuilding orientation and design in maximizing energy sayings

o the types of energy efficiency measures typically used in high performeroes, including
technologies that are ideally suited to the Southwest climate, such as evaporative ¢canlihg

e renewable energy systems for homes, including passive and active solar energy systems

The chapter also includes analyses of the incrementstsdor all four home performance levels in a
coolingdominated climate (Phoenix, AZ) and a headilogninated climate (Denver, CO). Incremental cost
data and detailed information on individual measures analyipe@ach Southwest city and staite providel
in Appendix A.

Site Orientation and Building Design

Developing a high performance home begins with the site plan for the development and the house itself.
Proper site selection and building orientation can help reduce heating costs in the winteoalimjccosts

in the summer, and facilitate the use of-gite PV to generate electricity. These measures are often
overlooked in the site selection, subdivision plotting and home design process, but are very important
factors to consider for high performmae homes. Siting and building orientation considerations include the
following:

Site selection.If possible, choose sites with good southern exposure without significant shading from
mountains, trees or buildings.

Subdivision plotting. If possible, dent parcels to maximize southern exposure for buildings.

Orientation. Orient the house to provide maximum southern exposure for rooms and windows in order to
maximize solar heat gain in the winter but with proper window shading to reduce heat gainsartireer.

Solar accessEnsure the solar collector area, roof, and window surfaces are unshaded during the morning
and afternoonin colder monthdo maximize solar gain. If possible, place rooftop PV panels on the west
facing side of the roof to maximizm-site electricity generation during peak demand periods.

C2NJ Y2NB AYyT2NXIGA2Y 2y aAdGS 2NASYydlrdGA2ys LI aairgs
¢22f{02EQ O2tt80GA2y 2F 2yt AyS NBaz2dNDSay

e Building Configuration and Placement
http://www.eere.energy.gov/buildings/info/design/integratedbuilding/buildingconfiguration.html
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e Passive Solar Design
http://www.eere.energy.gov/buildings/info/design/integratedbuilding/passive.html

e Active Solar Systems
http://www.eere.energy.gov/buildings/info/design/integratedbuilding/activesolar/

Energy Efficiency

There are many cosdffective opportunities to improve the energy efficiency of new homes through a
combination of improvements to residential buildidgsign, construction practices, higher efficiency levels
of installed equipment, and homeowner educatiabout ways to save energy, includitg:

e Higher levels of ceiling and wall insulatior4@or higher) coupled with advanced framing techniques to
minimize thermal bypasses.

e Radiant barrier installed on the inside of the roof to reduce solar heat gain and help keep the attic cool.
e Low air infiltration rate to help reduce air flow into and out of the hous=ified by a blower door test.

¢ Highperformance windows with spectrally selective glass, whichuces solar heat gain in summer and
reduces heating costs in the wintertime

¢ Highlyefficient heating and cooling systems, including:

o Engineered HVAC (proper sizing and diagnostic testifyaiC systems by mechanical
engineers)

0 Advanced evaporative cooling systems suchdsectdirectevaporative cooling systems

0 Sealed and testeducts, installed either inside the conditioned space, or buried in the ceiling
insulation.

¢ Highefficiency water heater (0.80 EF or greater) combined wiblarhot-water system

e Highefficacylighting (e.g., fluorescent lamps and fixtures), or a combination of fluorescent and
incandescent lighting with lighting controls (e.g., dimmers and jpaoay sensors).

e Energyefficient appliances, including refrigerators, clothes washers, dryers, dishwashers and consumer
electronics.

e Thirdparty verification (analysis of home design and onsite inspections and testing to verify and rate the
energy perfornance of the home on the HERS scale).

Y The list of energy efficiency measures is adapted from Asudeet al., 200and Hammon, 2007.
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Furthermore, many of the efficiency improvement opportunities in homes are more difindlexpensive
to implement once construction is complete (e.g., adding wall insulation or sealing ductwork).

The additionatost of using energgfficient building designs and systems may be partially offset by

reductions in the size of cooling and heating equipment (particularly if proper equipment sizing procedures

are followed and adhered to during construction and equipmestallation) and other building design
OKIFIy3dSa 60S®3d>x NBRdAzZOAY3I FNFXYAYy3I YIUGSNRLFIf A& dzaSR oeé
apart, and minimizing duct runs by centrally locating heating and cooling equipm&tien done properly,

this can represent a significant cost savings to the builder and homeowner, as the smaller systems and
reduced material requirements reduce construction and operation costs.

Fully achieving codffective energy efficiency improvements and cost savingewm homes can be
challenging for several reasons, such as lack of builder awareness and training in advanced building
techniques (see previous section on barriefgloreover,manyconventionally built homes do not perform
wellto begin with as evidenced by prior field performance and evaluation studies of new homes. In some
states, more than half of new homes do not fully meet minimum building energy code requirements (York
and Kushler, 2003)Even homes that nominally meet the code reganents still may exhibit significant
performance problems in areas such as comfort and combustion safety (City of Fort Collins, T2@G2).
problems result from many factors, including a focus on components rather than systems, ineffective design
practices, improper construction and installation techniques, lack of code enforcement, and insufficient
QA/QC proceduresThis suggests that improved builder training and education, implementation of 'best
practice' design and construction techniques, bettede enforcement and compliance, and improved
QA/QC procedures will all be needed in order to effectively capture these and other energy efficiency
savings in new homes.
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Box4. Modern evaporative cooling: a lovenergy cooling sategy for the Southwest

Evaporative cooling systems are ideally suited to the hot dry climate that predominates in much of the Western L
When properly installed and maintained, evaporative coolers use aboufaurth (or less) the electricity of
conventional central air conditioners and cost about eth@d to operate. Modern evaporative coolers use less ener
less water, and require less maintenance than traditional evaporative cooling systems. Because of their superiol
performance, propdy installed and maintained evaporative cooling systems can play an important role in utility D
programs aimed at reducing both regular and peak electricity demand, particularly during the hot summer month
when cooling is most needed.

Evaporative colers also offer a number of other benefits to public health and the environment. They can help imy
indoor air quality by frequently exchanging air from the outside and maintaining higher humidity levels than

conventional air conditioning. Evaporagigooling systems do not use refrigerants (e.g., CFCs or HCFCs), which ¢
damage the ozone layer or lead to increased concentrations of greenhouse gases in the atmosphere if released.

Recent advances in evaporative cooling technology have improved grgyeefficiency and performance of
evaporative cooling systems, which are now available for residential, commercial and industrial applications:

GLYRANBOGE SOFLIR2NYGABS 022 ——
cooling effects, but cool without raising indobumidity. / ~

Indirectdirect evaporative coolers (IDEC) add a second st
of evaporative cooling before the conditioned air enters the
dwelling to further lower the temperature of the incoming

o
&4 r Exlunaal Al

et Stage
Saaesimy Dinzsarge All

air.
Sy

Indirect/DXcompressor combinations are often used in A

larger commerciakcale applications, sometimes also coupl Condiizned Ar {\

with a direct cooling phase. N

Evaporative cooling systems are capable of being suppliec

or in part) by onsite PV systems, making them compatible s
with renewable energy applications, suchzaso-energy
homes.
CtemarAr ke Indirect/Direct
. . . . . Evaporative
Despite their significant energy cost savings and related Coclar (IDEC)

benefits, advanced evaporative coolers have captured onl

. o . Diagram ofan IndirectDirect Evaporative Cooler
small share of the air conditioning market in the Southwes g P

Source: CEC 2004.
Barriers to advanced evaporative cooling includedwrriland consumer preferences for conventional air conditioning
systems, concerns about the capabilities of evaporative cooling to perform well under a variety of climate conditi
and lack of inclusion of evaporative cooling technology in energy efigiprograms, such as federal tax credits or
utility incentives (which may only offer incentives to central A/C systems only).

States, local governments, utilities and builders can help advance modern evaporative cooling technologies throl
incentives, gren building programs, and building design practices.

C2NJ Y2NB AYF2NNIGA2Yy>S &aSS {299t Qa AYyF2N¥IGA2Y NBaz
www.swenergy.org/workshops/evaporative/
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Renewable Energy Systems

Renewable energy systems and design features can reduce the heating and cooling load of the home and
ISYSNIGS | LRNIA2Y 2F | K2 YSQ &iveSdlabtieimdldesignistatetigs R ¢ | (i S
can often be implemented at little or no incremental cost through proper building orientation, daylighting,

and use of thermal mass.

Common renewable energy systems include: Figurel. Example of a buildinmtegrated rooftop solar

. . . . PV systenfshown on front roofYPhoto: BP Sol
e Passive solar heating and cooling, whic ystent fXPhoto olan)

take advantage of siting, building
orientation, daylighting and other
passive features to reduce heating and
cooling costs

¢ Photovoltaic panels, including newer
buildingintegrated photovoltaics that
blend in with roof materials (see Figure
1).

e Solar thermal hotvater systems, for
supplying domestic hot water needs

e Open and closetbop ground source heat pumps, which can supply heating and cooling needs.

Typicalresidentialsolar PV systems are between 2 kW and 4 kW in size, and are capable of offsetting
approximately 2830% of total household electricity consunmpii Table 3 shows the estimated annual
electricity output for a 2 kW solar PV system across the Southwest region, by city and state.

Table3. Annual electricity generation and energy value for a 2 kW residential PV system

PVSystem Type / | Phoenix,| Boulder CO | Albuguerque,| Salt Lake Las Vegas| Reno, NV

Size AZ NM City, UT NV

Generation (2kw), 2,611 2,211 2,607 2,254 2,615 2,441
kWh per year

Energy value, $ pe| $259 $213 $339 $195 $301 $281
year

SourceNREL BEopt Model.

Notes: The PV system output for each city is based upon the total annual output of avek¥acing, roofmounted (fixed tilt)
system with an overall DC to AC derate factor 860 Actual performance mayary baed on several factors (e.g., PV system
orientation, roof angle, and the amount shadingthat may be presenfrom adjacent buildings or vegetation).
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Although the initial cost of renewable energy systems remains high (approximate®0$a80 for a 2 kW
solar PV system), the system costs areeexgd to continue to decline, and are made more affordable to the
builder and homeowner by a combination of federal, state and utility rebates now available in many
Southwest states (Navigant, 2004ljhere is also strong public support for installing s&& on homes, with
78% of Westerners in favor of builders offering solar PV as an option on all new Homes.

New third party financing strategies, known as performance partnership agreements (PPAs), are being
implemented that require no initial capital dosy the purchaset? Although PPAs are being targeted at

large scaleommercialPV projects (i.e., 30 kW or largetfiey could evolve to also support residential

systemsA y @2 f Ay A YdzZ GALX S K2YSa 2y I O2YYdzyaflagnesa OF f ST
in a zero energy home subdivision. PPAs may also be a potential optionsystam ownership could be

combined to benefit multiple households (e.g., a condominium complex, Hfanttily apartment buildings,

and groups of homes with a common heawners association).

There are several advantages of incorporafagsive solar desigRV and other renewable energy systems

AY ySg K2YS 02y adNHzOGAZ2Y ® 'y [.b[ Ftylfteaara 2F [ 1A
installing PV in aew home is $1.20 to $1.70 peratt lower than retrofittingan existing home to include a

PVsystem”™ Other advantagesf installing solar systems at the time of constructinalude®

¢ Ability to incorporate the cost of PV into the home mortgaigei(itating long term financing of the
solar PV systerat a moderate interest rate andith the tax advantages of a home mortgage

e Potential for improved systemerformanceand output(e.g., propetroof orientation, no shading)

o Better aesthetics, througuse of products directly integrated into the roof, such as building
integrated photovoltaics (BIPV)

e Lower upfront costs (e.g., through bulk purchases, standardization of installations, and designing
electrical connections to readily accommodate P\{esyis)

'® Renewable energy access.camjority of Americans favor solar on new homekhine 1, 2007.
http://www.renewableenergyaccess.com/rea/news/stogz48756

Y Renewable energy access.cobelivering a zeralay payback time for solaApril 9, 2007.
http://www.renewableenergyaccess.com/rea/news/story?id=48034

Dsource: WiseB i | £ ®S Hnncs [ SGGAy3d GKS adzy akKiAyS 2y az2fl N 024
Ay 1 F T RF/2ENIR. dodea/emp/reports/59282. pdf

' Source: Adapted from Bamlse, Wiser, and Bolinger, 2006. Encouraging PV adoption in new, markeesidential
construction: a critical review of program experience to date. Solar 2006.
http://www.s olar2006.org/presentations/tech _sessions/t181.pdf
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o Ability to install PV as a standard feature in new housing developmehish lowers the cost to
homebuyers and achieves greater system benefits for utilities.

Some builders are also designingene§gf T A OA Sy (i K 2 ¥i&dyQ( K B Gayilp dB>mmibdiatef 1 NJ
future installations of solar PV and/or solar thermal hot water systems. Solar ready home design features
may include identifying a suitable location on the ragth unobstructed exposure to the suhaving wiring

run from the panel loation to the circuit breaker, and having conduits for solar hot water run from the attic

to the basement or utility room, and providing extra space for a future solar hot water storage famk

example of a program that offers solar ready homes is thatsioa Solar ENERGY STAR Homes program,
which provides guidelines to builders dasigning and constructing solar ready horffes.

Cost and Cost Effectiveness of High Performance Homes

One of thechallenges to building high performance homes is the higheaimibstparticularly when orsite
renewable systems are included. Understanding the incremental costseody efficiency and renewable

energy systemsan help utilities, builders and homebuyers choose a package of measures that achieves the
optimum le\el of energy savings and ite renewable generation that is both profitable for the builder and
generates positive monthly cash flow for the homebuyer. This sedtsnribes theange ofincremental

coststo build a highperformance home, andtheresulA y 3 OKIF y3Sa Ay K2YS@rgy SNDa
each home performance leveThe analyses afgased on modeling of a typical horiteheatingdominated

climates (e.g., Salt Lak€ity, Utah and Denver, Colorgdandcoolingdominated climatege.g., Las Vegas,

NV andPhoenix, AZ Theincremental costs analyzedclude:

e A typical home built using current home building industry construction practices and equipment
e An ENERGY STAR qualified new hdm80%source energgavingovera typical home

e Anenergyefficieni. & (it HeinedBS SOSAVing}

e AseOl f f SR W%SNR 9y SNH® 12Y8Q AyO2NlERNI (A3 NBySs!I

energy efficient (up to 65% savings)

The analyses included in this report were developed using the BEopt software program, developed by the
National Renewable Energy Laboratory (NRE&) analyzes a range of energy efficiency and renewable
energy measures to identify combinations of eneefficiency and renewable energy measures that achieve
maximum savings at the lowest cost (see BpxThe energy efficiency and renewable energy features of
each home performance levdr a coolingdominated climate €.g.,Phoenix, Arizonagre shown inTable4.

2 Guidelines for builders and homeowners are available online at;
http://www.montanagreenpower.com/solar/Builder%20Brochure.gtiiilders) and
http://www.ncat.org/downloads/solar_owner.pd(homeowners).

BeKS GSNY Wi SNR SySNHE K2 Ydeserate as mizh Snrgying thelk @asimeloroad ankiualy S &
basis.
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Box5. Optimizing High Performance Homes: The NREL Building Energy Optimization Model (§Eo

BEoptis a computer program developed by the National Renewable Energy Lab (NREL) that is
designed to find optimal building designs along the path to net zero energy homes, and to facilif]
analysis of the incremental cost and tradeoffs of Rigifformance buding designs.The software
allows the building designer to identify optimal combinations of-gedéined energy efficiency and
renewable energy measures, as well as wdefined options. The BEopt software includes (1) a mai
input screen that allows thaser to select, from many predefined options, those to be used in the
optimization, (2) an output screen that allows the user to display detailed results for many optim
and nearoptimal building designs, and (3) an options library that allows a useview and modify
detailed information on all available options. The BEopt software includes a results browser thg
allows the user to navigate among different design points and retrieve detailed results regarding
energy enduse and option costs in diffent categories.Multiple cases, based on a selected
parameter such as climate, can be included in a BEopt project file for comparative purposes.
An example of the BEopt output screen for a zero energy home in Las Vegadald shown below.

lllustrative BEoptresults forLas VegadNevada

%k BEopt 0.8.5 Beta - las vegas NV Power runs BEOPT example - @E
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For more information, contact Dr. Ren Anderson, NREHerson.ren@nrel.qgov
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Additional design features included in heatidgminated climates, such as Denver, CO 8all Lake City,
UT include:

e Higherinsulationlevels@®@d o6l G 1a3X HEcX WREO ceiingsUfipR1O éxigrior mé T2 | Y3
insulation basement

e SEER 14 AC rather than SEE@@Bartially offset higher incremental costs for heating system
improvements)

e 92.5% AFUE gas furnace

e Use of closed loop solar thermal hot water systems instead of integral collector storage systems (to
prevent freezing)

The analysis useelatively conservative assumptions about building orientatelactrical loads, and

behavoral responses (e.g., use of setback thermostats for cooliRgy example, plug loads are modeled as
25% higher than the Building America Benchmark home, to reflect the trend toward increased
miscellaneous electric loads in homes (Brown et al, 200¥building design assumes a typicadtdry new
home with 2,400 square feet, 3 bedroomscar garage, and-fbot ceilings. The Arizona home includes a
small (2%) reduction in window area; otherwise, the home size, features and characteristics are éressam

a typical home.The analysis assumes dowizing of air conditioning and heating equipment is limitedto 1
ton of cooling and 10 kBTU of heating capacity, because observations of actual home construction practices
suggests that homebuyers and homeders are reluctant to accept more aggressive levels of downsizing
for both heating and cooling system$his estimate is consistent with other analyses and observed practices
in high performance homesOn the other hand, mdifying this practice to allowystems to bdully

downsized to levels consistent with modeling estimates would help offset the cost of high performance
homesto builders,and achieve greater levels of energy savilmgshomeowners
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Table4. Energy Efficiency Features, Best Practice and Zero Energy Home: Phoenix, Arizona

Category Reference Caddome(IECC 2003) Best Practice / Zero Energy Home
Building ¢ 2,400 sq. feet, eadtcing ¢ 2,400 sq. feeteastfacing
¢ Miscellaneous electric load factor 1.7 e Miscellaneous electric load factor 1.2
Envelope eWallssRMo ol (Gi&a% HERN eWalssRuep ol GGa&2 HEC
¢ Ceiling: R3O fiberglass ¢ Ceiling: RBOfiberglass
eCKSNXYIE YIFaay oyé| e¢KSNXYIFf YIFaay oyé
o Infiltration: typical (specific leakage | e Infiltration: tight (specific leakage are
area = .0005) =.0003)
Foundation ¢ Slab on grade, uninsulated ¢ Slab on grade, uninsulated
Windows & | e Window area: ¢ Window area:
Shading 18.0% F2B25L25 R25 16.0% F20 B40 L20 R20
¢ Window type: ¢ Window type:
Doublepane, standareSHGC Lowe, lowSHGC
(U =.65; SHGC = .41) (U =.31; SHGC = .26)
e NoO eaves e No eaves
HVAC e SEER 13 AC; thermostat set at e SEER 15 AC; constant 74 degrees
Equipment constant 74 degrees
e 80% AFUE furnace; thermostat set a
¢ 80% AFURIrnace; thermostat set at 71 degrees with setback to 65 F
71 degrees with setback to 65 F
¢ Gas tankless water heater (EF = .77
e Standard water heater (EF = .59) (Gas premium for zero engy home,
EF = .62)
Appliances | e Standard (nofFENERGY STAR) e ENERGY STAR Dishwasher,
dishwasher, refrigerator and clothes refrigerator and clothes washer (cold
washer water)
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Lighting ¢ 10% CFLs for hasired and plugin ¢ 50% CFLs for hawired andplug-in
lighting lighting
Renewables| e No renewables o 2 kW PV
(ZercEnergy
Home Only) ¢ 32 square foot Integrated Collector
Storage

Figure2. Source energgonsumptionby home performance levelnd state

Theestimatedincremental costs of building to eaglerformancelevel aresummarized ifTableb.

Additional information on the incremental costs for each performance level by city and state is provided in
Appendix A, Table-3. Theincrementalcosts before incenties range from1% ENERGY STAR Hpmae

1% (net zero energy homelactors that may increase or decrease the costs includsigeeand

orientation of the home the energy efficiency and renewable energy measures appted| buildng costs

and availability of trained contractors for specialized applications (e.g., solar installers), local permitting
requirements (e.g., whether permitting fees are waived or reduced), and the size of the figea

custom home developer may Y& higher costs than a production builder that can procure equipment and
services in large quantities), and the level and availability of incerftioesutilities, state governmengnd

local governments
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Table5. Incremental costaind net savings for each home performance level

Incremental cost Net savings, annual ($)

ENERGY Best Zero Energy ENERGY Best Zero Energy
State STAR Practice Home* STAR Practice Home
Ari

rzona $3218 | $3474 |  $15210 $552 $946 $767

(Phoenix)
Colorado

$2,917 $6,588 $19,895 $432 $616 $271
(Denver)
Nevada

$3,236 $5,547 $16,231 $550 $961 $960
(Las Vegas)
New Mexico

$2,464 $5,539 $16,629 $763 $884 $834
(Albuquerque)
Utan $2,946 $6,588 $19,331 $434 $636 $247
(Salt Lake City) ' ' '

*Includes adjustment for federal tax credits for energy efficiency ($2,000) and renewable energy systems ($2,000 for
solar hot water and $2,000 for solar PV).

** Net savings represents the savings to the homeowner in the annual cost of thigage plus utility bills versus a
typical home.

Each of the home performance levels is esective to the homeowner, when compared on the basis of
monthly mortgageand energy costsin all cases, the areased home mortgage amounts for investments in
energy efficiency improvements and renewable energy systems are offset by a reduction in energy costs,
resulting in a net savings to the homeowner. Tables 5 and 6 provide a detailed breakdbe®ieérgy
consumption, incremental costs, and effect on homeowner cash flosaoh performance level for a mixed
dry, heatingdominatedclimate zone€.g.,Denver,Colorado), and aot-dry, coolingdominatedclimate

zone €.g., Phoenix, ArizonaXhe zero energhiome level includes the value of net metered electricity from
on-site solar PVThe cash flow analgs shown inTables6 and7 includes currently available federal
incentives for energy efficiency and renewable energiie net savings would venlarge if utility and

state incentives for energy efficiency and renewable energy are included.

A few mortgage lenders have begun to offer products and incentives for purchasing an-effeignt

home. The energgfficient mortgages capitalize the costeriergy efficiency improvements into the

mortgage, which allows homeowners to pay for efficiency improvements over the life of the loan. New
products offered by Citigroup, Bank of America and J.P. Morgan Chase offer credits toward closing costs of
up to $1,000 on energy efficient mortgages or ENERGY -§d&@lRed homes. A few states, including New
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York, Kansas and Pennsylvania, are also beginning to offéntenest loans for energy efficiency
improvements>*

Although each of the performance levelse costeffective to the homeowner without any incentives,
utility, state and locaincentivescanalsohelp lower the firstcost for buildersand homeownersdepending
on the structure of the incentives and eligibility requirements. Cha@trthis report, Summary and

Recommendations, includes a proposetility incentive structure to encourage builders to construct high
performance homes.

*Wall Street Journal. September 12, 2007. Going Green to Save Some Green, D1.
http://online.wsj.com/public/artide/SB118955748175824511.html
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