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For More Information ENERGY | renewable Energy

S

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

For More Information:

www.buildings.energy.gov/zero/

e-mail Contact:

zero@newportpartnerslic.com
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OUtI | ne ENERGY Renewable Energy

Zero Energy Ready Home:

 Why Build
e Technical Specifications n

* Recognition Z E RO

EN ERGY READY HOME

EEEEEEEEEEEEEEEEEE
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ENERGY Renewable Energy

S

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

Zero Energy Ready Home

Why Build
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Energy Efficiency &

Why BL“Id ENERGY Renewable Energy

e The Visible Future
e The Business Case

e Translating Value n

ZERO

ENERGY READY HOME

U.5. DEPARTMENT OF EMERGY
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Energy Efficiency &

Renewable Energy

Zero Energy Ready Home
Why Build:

The Visible Future
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The VlSl ble FUtu re EﬁMERmREbY Renewable Energy

“You can predict the future accurately.

All you have to do is leave out the parts
you could be wrong about.”

“The key... Is knowing how to distinguish a
soft trend from a hard trend...

It's knowing how to recognize certainty.”

Daniel Burrus, “Flash Foresight”
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Three Hard Business Trends  ENERGY | renewabie Energy

Accelerating
Change

Increasing
Information

Innovation
Imperative
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U.S. DEPARTMENT OF Energy EffIClenCy &

Change Imperatlve ENERGY Renewable Energy

“Accelerating rate of change Is as certain
as the sun rising in the east...

t’s going to sweep across our landscape
Ike the technological tsunami itis....

t will disrupt catastrophically
every aspect of every industry...

—eXcept for those who see it coming.”

Daniel Burrus, “Flash Foresight”
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Energy Efficiency &

LaCk Of Change |n HOUSlng EﬁETﬁEFY Renewable Energy

Despite the importance of the housing industry
to the national economy,

there is very little iInvestment in

residential technologies.

This is especially true of the single-family homes that
make up most of America’s housing stock;

It can take 10 to 25 years for a new
housing technology to achieve full
market penetration.

Source: ‘The Diffusion of Innovation in the Residential Building Industry,” Center for
Housing Research Virginia Tech and NAHB Research Center. January 2004
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More Informed Consumers ENERGY |rererasie trcy

Information

BY JANN SWANSON

Real Estate Web Searches Climb
253% 1n Four Years as 90% of
Homebuyers Use Internet as Primary
Research

Jan 72013, 3:50PN Text [+

Home-shopping consumers are not only exponentially
increasing their reliance on the Internet but are also
developing distinct patterns for using it in their housing
searches. Google and the National Association of

™ L=
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More Informed Consumers ENERGY | Renewable Energy

Information

[Z0CTESEY  USE OF INTERNET TO SEARCH FOR HOMES, 2003-2010
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|\/|Ol’e Informed COnsumerS EﬁERGY Renewable Energy

Information

Information Information
Asymmetry: Parity:

Caveat Caveat
Emptor Venditor
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U.S. DEPARTMENT OF Energy Efficiency &

What Cal' BuyerS KnOW ENERGY Renewable Energy

Information

Appearance
- Size

° DeSIQn Function

Energy Efficiency (MPG)

Acceleration/Handling

Safety/Crash Test Ratings

e Performance

Invoice Price
‘Great/Good/Fair’ Price
Resale Value
Maintenance Cost

e Cost

Repair Record
Recalls
Warranty

o Durability

Awards/Special Recognition
Professional Reviews
Owner Reviews

e Value
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U.S. DEPARTMENT OF Energy Efficiency &

What Home BuyerS Wl” KI’]OW ENERGY Renewable Energy

Information

e Design
 Performance
e Cost

o Durability

e Value
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Appearance
Size
Function

Energy Efficiency (HERS)
Comfort
Health

Sticker Price

Ownership Cost (PITI + E)
Resale Value
Maintenance Cost

Repair Record
Disaster Resistance
Warranty

Awards/Special Recognition
Professional Reviews
Owner Reviews

Buildings.Energy.gov
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Innovation Drivers ENERGY | renewable Energy

Innovation

 Next Generation of Buyers
 The Competition
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Next Generation Homebuyers ENERGY | renewabie Energy

Innovation

78 Million Gen-Y’ers
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What We Know About Gen-Y ENERGY | Rerabie troy

Innovation

e Debt

e Sharing Economy

e Delayed Commitment
e Crash Experience

* Innovation Junkies
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U.S. DEPARTMENT OF Energy Efficiency &

The COmpetIthn ENERGY Renewable Energy

Innovation

New home sales still hurting

New home sales as percent of all single-family sales

% %
20.0 20.0
175 175
15.0 15.0
12.5 125
10.0 10.0
75 75
5.0 5.0
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Source: Census, NAR, D8 Giobal Markats Ressarch
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U.S. DEPARTMENT OF Energy Efﬂciency &

Aging Housing Stock ENERGY | renewabie Energy

Innovation

Median Age of Owner-Occupied Housing
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U.S. DEPARTMENT OF Energy Efﬂciency &

Ag'ﬂg HOUSlng StOCk ENERGY Renewable Energy

Innovation

Share of Owner-Occupied Housing
Years Structure Built - 2011

W 1969 or earlier
N 1970 to 1979
B 1980 to 1989
W 1930 to 1950
W 2000 to 2009
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J.S. DEPARTMENT OF Energy Efficiency &

leferentlathn OppOI’tunlty ENERGY Renewable Energy

Innovation

Existing Homes:

e High Utility Bills
e Poor Comfort Meet
e Health Risks

85+9%

* Moisture Problem Risks
* Excessive Bugs/Pests
e Durability Issues

* Obsolete Technology

of Your
Competition

22 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



7o | Energy Efficiency &

New Innovation Business Model ENERGY | rencranio ey

Innovation

Exceed Customer Expectations

Rules*:
1. If it can be done, it will be done.

2. If you don’t do It,
someone else will.

* Daniel Burrus, “Flash Foresight”

Buildings.Energy.gov
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U.S. DEPARTMENT OF Energy Efﬂciency &

I n novatlon G I'aveyard ENERGY Renewable Energy

Innovation

Disruption with Someone Else Doing It:
o Kodak

e Polaroid

 Motorola

e Palm

« American Car Manufacturers

« TWA and other Legacy Airlines

« Converse Sneakers

« and the list goes on...
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Visible Future in the Media

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Innovation

An air conditioner Walls that
that anticipates The Antisocial Network /Surmmer Books can weather a
your needs hurricane
PAGE 59 PAGE 66

Solar panels that
eliminate your
energy bills
PAGE 76

A door that can
sense your approach
PAGE 59

A sprinkler that

tracks the weather
PAGE 80
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SMARTER

A car that can
power your house
PAGE 79

A garden that
filters your air
PAGE 87

Buildings.Energy.gov



Energy Efficiency &

ENERGY Renewable Energy

>

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

Zero Energy Ready Home
Why Build:

The Business Case
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Why Build: The Business Case ENERGY | renewabie Enery

RlSk Management

Ze rO Differentiation

EXCEEd Expectations

27 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

R|Sk Drlver ENERGY Renewable Energy

Risk Management

« Latest Energy Codes
e Low HERS Scores
* Voluntary Labels

o Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

 Advanced Windows
e More Air Tightness
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Risk 1: Ensured Comfort ENERGY | renewable Energy

Risk Management

e Lower Htg./Clg. Loads
* Lower Air Flow/Mixing
 Longer Swing Seasons

e Less HumH'ity Control

o Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

 Advanced Windows
e More Air Tightness

29 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov




U.S. DEPARTMENT OF Energy Efﬂciency &

Risk 1. Ensured Comfort Strategy = ENERGY | renewabie Eneray

Risk Management

e Lower Htg./Clg. Loads
e Lower Air Flow/Mixing
 Longer Swing Seasons
e Less Humidity Control

Optimized Low-Load

Comfort System
— Efficient Equipment
— Right-Sized
— Properly Installed
— Complete (Htg., Clg. + RH)
— Tested
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U.S. DEPARTMENT OF Energy Efficiency &

Risk 2: Moisture Man. ENERGY | renewable Energy

Risk Management

e Colder Walls
 More Wetting Potential

e Less Dryinﬁ Potential

e Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

e Advanced Windows
« More Air Tightness
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J.S. DEPARTMENT OF Energy Efficiency &

Risk 2: Moisture Man. Strategy ENERGY | renewable Eneray

Risk Management

e Colder Walls
 More Wetting Potential
e Less Drying Potential

.

o Complete Water

Protection System

— Water Man. Roofs

— Water Man. Walls/Openings
— Water Man. Site/ Foundation
— Water Man. Materials
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U.S. DEPARTMENT OF Energy Efficiency &

RlSk 3 Ensured IAQ ENERGY | renewable Energy

Risk Management

e Less Dilution
e Less Filtration

@

e Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

e Advanced Windows

« More Air Tightness
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¢ ~ | Energy Efficiency &

Risk 3: Ensured IAQ Strategy ENERGY | renovae Energy

Risk Management

e Less Dilution
e Less Filtration

D

Complete IAQ System:

e Contaminant Control

e Fresh Air System

e High-Capture Filtration
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J.3.- DEPARTRENT OF ~ | Energy Efficiency &

Zero Strategy 1: Minimize Loads ~ ENERGY | renewable Eneray

Zero Differentiation

o Ultra-Low Space
Conditioning Loads

e Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

e Advanced Windows
« More Air Tightness
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Energy Efficiency &

Zero Strategy 1: Minimize Loads  ENERGY | renewable Eneray

Zero Differentiation

o Ultra-Low Space
Condltlonlng Loads

 Energy Components
and MEL’'s More Than

50% Energy Use

e Energy Efflc:lent

Water Htg., Lighting,
Appliances, and Fans

Buildings.Energy.gov
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Zero Strategy 2: Solar Ready ENERGY | rencuatic Enerey

ZeroO Differentiation

 Energy Loads So
Ultra-Low, All or Most
Annual Consumption
Can be Offset with
Renewable Energy

e Decreasing Solar Cost
* Rising Energy Costs

o

e Solar Ready Home
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U.S. DEPARTMENT OF Energy Efficiency &

R |S klze o S umm ary ENERGY | renewable Energy

RISk Management | Z€ro Differentiation

| Optimized Thermal Enclosure

P

Risk Management Strateqgy:

Optimized Comfort System
Complete Water Protection
Comprehensive IAQ

P

Zero Strateqy:
-Energy Efficient Components

ZERO

ENERGY eADY HOWE - Solar Ready Construction
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J.S. DEPARTMENT OF Energy Efficiency &

ZERH DeflnltIOn ENERGY Renewable Energy

Exceed Expectations

... High-performance
home, so

energy efficient,

all or most
annual energy
consumption
can be offset by
ZERO renewable energy.

ENERGY READY HOME
UE DEFARTHMENT OF ENERCY
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U.S. DEPARTMENT OF Energy EffICIeﬂCy &

‘Green’ Deflnltlon ENERGY | renewable Energy

Exceed Expectations

A ‘Green’ Home Is...

A Home with a Package of Measures
Earning a Bunch of Points
Needed to Achieve
One of Four Levels of Greenness.
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U.S. DEPARTMENT OF Energy Efflc;[ency &

‘Green’ vs. Zero Energy Ready ENERGY | renewable Eneray

Exceed Expectations

What's Missing in
Green Definition

Complete Systems that Ensure
Bankable Value Propositions

What's Included in

Zero Energy Ready Definition
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Why Build: The Value ENERGY | renowabie Eneray

Exceed Expectations

Lives Works Lasts
Better I Better Better

Engineered Ultra-Low Quality
Comfort Utility Bills Construction
Advanced More
Technology Durability
Smart
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Healthier
Living

< M

Exclusivity Visionary

m




U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

S

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

Zero Energy Ready Home
Why Build:

Translating Value
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U.S. DEPARTMENT OF Energy Efﬂciency &

Reading Assignment ENERGY | renewabie Energy

ALUTHOR OF THE NEW YOIRE TIMES-BESTSELLENG

DEIVE anp A WHOLE NEW MIND

DANIEL

H. PINK

1O SELL 15
HUMAN

THE SURPRISING TRUTH
ABOUT MOVING OTHERS
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TranSIa“ng Value Wlth C|al’lty ENERGY Renewable Energy

Clarity depends on contrast.

We often understand something better
when we see It In comparison

with something else

than when we see It in isolation.
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J.S. DEPARTMENT OF

Translating ZERH Value with Clarity ENERGY

Homes to the Power of ZERO

ZERO

EMNERGY READY HOME

.5 DEPARTMENT OF ENERGY

What is the DOE Zero Energy
Ready Home™ Label?

It is 2 Symbal of Excellence for energy savings,
combon, health, quality, and durability met by
& seleet group of leading builders meeting
U5 Department of Energy Guidelines.

What is a Zero Energy
Ready Home?

It is a high-periormance home so enargy
aHficignt, all or maost annual enEngy
cansumption can be offset with renewable
energy. In ather wends, it s the Home of
the Futura,

A Symbol of Excellence

HEALTHFUL ENVIRONMENT

COMFORT PLUS

ADVANCED TECHNOLOGY

ULTRA EFFICIENT

QUALITY BUILT

DURABILITY

KEY M DOE Zero Energy Ready Home
B ENERGY STAR® Certified Home
B Existing Home

This graphic comparison chart demonstrates relatiee
performance of this DOE Zero Energy Ready Home 1o

existing homies (oot batween 1990 and 20100 and ENERGY

STAR Certified Homes. Actual performance may varg
U8, BEPARTMENT OF
©ENERGY

2032-221-4587
NewTown@net.com
122 Main Street, Denver, CO 24567
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Energy Efficiency &

Renewable Energy

Buildings.Energy.gov



Value Proposition Transparency

J.S. DEPARTMENT OF

ENERGY

DOE Challenge Home
Label Methodology

October 2012

A Symbol of Ezcellence

CCETYE RS THU T

ATINLAE L THS W 0

U.5. DEPARTMENT OF ENERGY

CHALLENGE - ,m_,,._

HOME -

.‘EHERB'F

DL Cheldengs lfome Ocoober 2012

Label Mechodobogy

47 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market

Energy Efficiency &
Renewable Energy

Buildings.Energy.gov




J.S. DEPARTMENT OF

Translating ZERH Value with Clarity ENERGY

Energy Efficiency &

Renewable Energy

Homes to the Power of ZERO

ZERO

EMNERGY READY HOME

.5 DEPARTMENT OF ENERGY

What is the DOE Zero Energy
Ready Home™ Label?

It is 2 Symbal of Excellence for energy savings,
combon, health, quality, and durability met by
& seleet group of leading builders meeting
U5 Department of Energy Guidelines.

What is a Zero Energy
Ready Home?

It is a high-periormance home so enargy
aHficignt, all or maost annual enEngy
cansumption can be offset with renewable
energy. In ather wends, it s the Home of
the Future,

A Symbol of Excellence

HEALTHFUL ENVIRONMENT
]

COMFORT PLUS

———
ADVANCED TECHNOLOGY

ULTRA EFFICIENT
P e
s

QUALITY BUILT

DURABILITY

KEY M DOE Zero Energy Ready Home
B ENERGY STAR® Certified Home
B Existing Home

This graihic comparison chart demonstrates relabioe
performance of this DOE Zero Energy Ready Home 1o
existing homies (oot batween 1990 and 20100 and ENERGY
STAR Certified Homes. Actual performance may varg

°u.- BEPARTMERT OF

2032-221-4587
NewTown@net.com
122 Main Street, Denver, CO 24567
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U.S. DEPARTMENT OF Energy Efficiency &

Translating ZERH Value with Clarity ENERGY | renewabie Eneray

HEALTHFUL ENVIRONMENT
I =

KEY [ DOE Zero Energy Ready Home
" ENERGY STAR Home
.~ Existing Home

This label indicates relative performance of
this DOE Zero Energy Ready Home to existing
homes (built between 1990 and 2010) and
ENERGY STAR qualified homes. Actual
performance may vary.

U5 DEPARTMENT OF

ENERGY
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J.S. DEPARTMENT OF

Translating ZERH Value with Clarity ENERGY

Energy Efficiency &

Renewable Energy

Works Better

ADWAKRCED TECHROLOGY

i —

HEALTHFLIL ENV IROMMENT
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The Future of
Housing—Today

Conlyg 2 sedesT graiip of Ehe Top buildar

in tha coumtry mest tha sxtrecrdi nany
lervsli of eredlence and quality spactisd
by 1S Department of Energy guikleines
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Translating ZERH Value with Clarity ENERGY | renewabie Enercy

TOWN:

New Town Builders ‘ NEWZ

Lives Better: Healthful Environment

* Fresh Air:
. Supply Fresh Air System
. Odor and Moisture Control Fans
. High-Capture Filtration Technology
e Quiet:
. Quiet Window Technology
. Quiet Wall Technology
e Moisture Control:
. Dry-by-Design Construction
. Moisture Control System — Whole House
. Moisture Controlled Comfort System
. Moisture Controlled Windows
. Moisture Controlled Lower Level
» Pest Control:
. Bug Control Barrier
. Pest Screened Home
e Outdoor Contaminant Control:
. Contaminant Sealed Construction
. Contaminant Sealed Comfort Delivery
. Dust and Pollen Barrier
. Radon Controlled Home
» Chemical Control:
. Formaldehyde Controlled Home
. VOC Controlled Home
¢ Fume Control:
. Carbon Monoxide Controlled Equipment
. Carbon Monoxide Controlled Fireplace
. Fume Controlled Garage
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Translating ZERH Value with Clarity ENERGY

J.S. DEPARTMENT OF

Energy Efficiency &
Renewable Energy

Lives Better

HEALTHFLIL ENV IROMMENT
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The Future of
Housing—Today
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Call us at:
303-231-4567

NewTown@net.com

Flap

ZERO

A Symbol of Excellence

HEALTHFUL ENVIRONMENT

KEY [ BOLIwo rengy Raady some
| EHERGY §TAR Coriffcd Heme
1 B g Hems
the mum..:rmmp-m rance ol it
0 fen e
2t A i 1930 el 147 ]

FHTREY ATAR Cartifies] Hoames
At pe T res mary ey

N DEPLEFMELT OF

ENERGY

Back Cover

Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efﬁciency &

COntl’aSt MatterS ENERGY Renewable Energy

M wer bill is $5.
J p\I(\)Ihat's yours?

- Heather Robbins, Garbett Homeowner




U.S. DEPARTMENT OF Energy Efficiency &

COﬂtraSt MatterS ENERGY Renewable Energy

de young properties

“My Cool Mom’s August Electric Bill Was $—57.97!
What Was Yours?”

- Ali Domino
Resident of a De Young
Net Zero EnergySmart™ Home

Ali and her mother Leah are enjoying the savings and comfort of
their De Young Net Zero EnergySmart™ home. De Young homes,




Energy Efficiency &

Contrast Matters ENERGY | renewable Energy

de young propertie
/"’;E DON'T NEED TO

A HOME IN THE YEAR 2020...

IT'S ALREADY HEF\’E'

-P-'-"'""
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J.S. DEPARTMENT OF Energy EﬁIC[ency &

ContraSt Matters ENERGY Renewable Energy

Technology Displays

Deconstructed Homes
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U.S. DEPARTMENT OF Energy Efficiency &

Contrast Matters ENERGY | renewable Energy

Outdoor Indoor

Comfort System Comfort System

Compare and Contrast
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U.S. DEPARTMENT OF Energy Efficiency &

ContraSt Matters ENERGY | renewable Energy

My power bill is $5.
J pWhat’s your$s?

- Heather Robhins, Garbett Homeowner
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Contrast Matters

“Our daughter couldn’t breathe
without discomfort for years.
Within two months of moving

into our new RTHI Home

we threw

away the
Inhaler.

That was
priceless!”

Charly and Mary Jones,
RTHI homeowner
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Renewable Energy
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U.S. DEPARTMENT OF Energy Efﬂciency &

Contrast Matters ENERGY | renewable Energy
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U.S. DEPARTMENT OF Energy Ef‘ficiency &

ENERGY Renewable Energy

>

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

Zero Energy Ready Home
Technical Specifications
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U.S. DEPARTMENT OF Energy Efficiency &

Technical Specifications ENERGY | renewabie Eneray

ENERGY STAR Certified Homes v3
Advanced Windows

Air-Tight Construction n

2012 IECC Insulation Z E RO

EEEEEEEEEEEEEEEEEE

Energy Efficient Components
Efficient Hot Water Distribution
Indoor Air Quality

Renewable Ready Construction
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IECC Climate Zones ENERGY | Rencvabie Eneray

Renewable Energy

1
Y|
Marine (C)

Moist (A)

N

Warm—Humid
Below White Line

Al of Alaska in Zone 7
el for tha following
Boroughs in Zone 8.

Bethel Maorthicat Arctic

Dellingham Southeast Fairbanks :

Fairbanks M. Star  Wade Hampton Zane 1 includes

Momie Yirkon—Koyukik Hawail, Guam,

Marth Slepe Puerta Rico, 1
and the Virgin Islands

63 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market

Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efﬂciency &

Key Strategy ENERGY | renewable Energy

Align with ENERGY STAR for Homes v3.
 Comprehensive Building-Science System
« Variable vs. Fixed HERS Index Score
 House Size Adjustment to HERS Score

F \ QUALIFIED
NEW HOME

ENERGY STAR
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J.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

DOE ZERH Framework

Exhibit 1: DOE Challenge Home Mandatory Requirements for All Labeled Homes
Area of Improvement Mandatory Requirements

1. EMERGY STAR for - =
H Basaline 00 Ceriffied under ENERGY STAR Quallled Homes Version 3

[0 Fenesiraton shal mest of exceed latest ENERGY STAR raquirements ™
C1 Celing, wall, loor, and slab insulation shall meet or exceed 3012 IECC levels”

O Ducts iocated within e home's thenmal and air bamer bourgary™
[l Haot water dellvery systems shall meet efcient design requirements'

Envelope®

Dt System
+ Water Efficiency

Mandatory Must

Reqts.

‘Target
Home’
Specs

5. Lighting & =
Appliances"™

[0 Allinstaked refigeraiors, dishwashers, and clothes washers are ENERGY STAR quaifled.

BO%: of lighiting fixtwres are ENERGY STAR qualified or ENERGY STAR lamps {bulbs) In
minimum 0% of sockeis

1 All instakad bathroom ventiation and celling fans ane ENERGY STAR qualiiad

1\ Comply

6. Indoor Air Guality

1 EPA Indoor arPLUS Vieritcation Checkist and Construction Spaciications™

7. Renewable Ready™

1 EPA Renewable Energy Ready Home Solar Elecinc Checkiist and Speciications'™
1 EFA Renewable Energy Ready Home Solar Tharmal Checkilst and Specifications'”

Exhibit 2: DOE Challenge Home Target Home * 7

HVAC Equipment'
Hot Climatas Mizad Climates Cold Climatas
(2012 IECC Zanes 1,2) [2012 IECC Zones 3, (22 IECC Zonzs
4 except Marine) 4 Marine 55,78}
AFUE B0% i By,
= SEER 15 15 13
N HSPF (X B 10" ]
Gegthenmal Heal Furg EMERGY STAR EER and COP Criierla
ASHRAE 62 2 Whole-Housa 1.4 cImaw, 1.4 CIMW; 1.2 cImiw; Trade-OI I
Machanical Ventliation System o heat exchange no heat exchange heat exchange with £0% SRR
Tsulation and Infitration

* Insulation lewsls shal meet the 2012 FECC and achieve Grade 1 Installation, per RESMET standards.

. Flexibility

* Inmiragon™ {ACHSD): 3incZe12 | 25mCZs34 | 2MCZE57 | 15NCZ8
‘Windows"™
Hot Climates Mixad Climatss Cold Climatas
[2012 IECC Zones 1,2,) {2012 IECC Zones 3, {2012 IECC Zones
4 ewcapt Marine) 4 Mafine 5.5.7.8}
SHEC D25 027 any
U-vaiue 0.4 0.3 D27

U-values or SHGCs.

Homes qualifying through the Prescriptive Path with 3 total window-to-floor area greater than 15% shall have adusted
=

Water Heater

ENERGY STAR minimum; for heating oll water heaters use EF = 060

Effective for Homes
Permitted SEartine 40172012

Revised 07,101,/2012 Page IofE

Exhibit 3: Benchmark Home Size™

V. ‘Identical to
[ Energy Star

Size Adjust.
Factor

Yedrooms in Home to be Built 1 2 3 4 i 8 i
1,000 | 1,600 | 2.200 | 2,800 | 3,400 4,600

Iﬁunditinnetl Floor Area st foms

65 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market

Buildings.Energy.gov




J.S. DEPARTMENT OF Energy Eff . y &

ENERGY Renewable Energy

Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Mandatory Requirements

Exhibit 1: DOE Challenge Home Mandatory Requirements for All Labeled Homes

Area of Improvement Mandatory Requirements

1. ENERGY STAR for
Homes Baseline

Certified under ENERGY STAR Qualified Homes Version 3°

Fenestration shall meet or exceed latest ENERGY STAR requirements ™ ®

E
2. R Ceiling, wall, floor, and slabinsulation shall meet or exceed 2012 IECC levels®

3. Duct System Ducts located withinthe home'sthermal and air barrier boundary™

Hotwater delivery systems shall meet efficient design requirements’’

Allinstalled refrigerators, dishwashers, and clothes washers are ENERGY STAR qualified.

5. Lighting & 80% of lighting fitures are ENERGY STAR qualified orEMERGY STAR lamps (bulbs)in
Appliances™ minimum 30% of sockets

Allinstalled bathroom vertilation and ceilingfans are ENERGY STAR qualified
EPA Indoor airPLUS Verification Checklist and Construction Specifications ™

EPA Renewable Energy Ready Home Solar Electric Checklist and Specifications™
EPA Renewable Energy Ready Home SolarThemal Checklist and Specifications™

4, Water Efficiency

Ooojo|jo|joo|] o

6. Indoor Air Guality

7. Renewable Ready"

Oojo|o

Encouraged:

 WaterSense Label (indoor and outdoor)

* Disaster Resistance (IBHS Fortified Home)
e Quality Management
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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Zero Energy Ready Home

Technical Specifications
Mandatory Reguirements:
ENERGY STAR for Homes

Version 3 Baseline




U.S. DEPARTMENT OF Energy Ef‘ficiency &

What |S BUI|dIng SCIenCe ENERGY Renewable Energy

Building Science:
« Air Flow

e Thermal Flow
e Moisture Flow

Heating,

Thermal .
Enclosure Cooling, & v :
Ventilation anagemen

System System System

Water

69 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



System 1. Energy Efficiency &

Thermal enclosure system etatis ooy

Thermal
Enclosure

A well-insulated and air-sealed home,
with good windows and doors,
reduces the amount of energy needed
to keep the home comfortable.
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System 1: Thermal Enclosure System 5. oeeartuent or | Enargy Efficiency &
Basic Concepts

ENERGY Renewable Energy

Thermal
Enclosure

1. Energy moves from more to less.
90° F - Outside

Cooler with Ice
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System 1: Thermal Enclosure System Energy Efficiency &
Basic Concepts

ENERGY Renewable Energy

Thermal
Enclosure

1. Energy moves from more to less.
30 F
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System 1: Thermal Enclosure System Energy Efficiency &
Basic Concepts

ENERGY Renewable Energy

Thermal
Enclosure

2. Heat Transfer is quantified in British
Thermal Units (BTU'’S)

1 Btu Is approximately equal to
the energy in a single match.

73 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



System 1: Thermal Enclosure System oEPARTHEN Energy Efficiency &

What We’'re Trying to Avoid

ENERGY Renewable Energy

Thermal
Enclosure

P

Attic air infiltration into the wall
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System 1: Thermal Enclosure System J.5. DEPARTMENT OF Energy Efficiency &

Drywa” Sealed at Top Plates ENERGY | renewable Energy

Thermal
Enclosure

Default: Alternative: Alternative:
Foam Sill sealer Constr. Adhesive
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System 1: Thermal Enclosure System
Air and Thermal Flow Control

Thermal
Enclosure
e Air Sealing

e AlIr Barriers

- Thermal Bypass
- Wind Intrusion Thermal

e Insulation Enclosure

. Checklist
- Adequate Quantity
- Proper Installation
- Minimum Thermal Bridging

e Adv. Windows

76 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov
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System 2. Energy Efficiency &

HVAC System ENERGY | renewable Energy

Heating, Cooling
& Ventilation

- Heating and Cooling Equipment:
— High efficiency
— Properly designed and installed

—  Combined with a duct system that’s
Insulated, sealed, and balanced

.. Maintain comfort with less energy.

- Ventilation System:
-~ Remove low-quality air
— Provide outdoor air

— Filter contaminants to improve IAQ
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System 2: HVAC System Js.oeearruent or | Energy Efficiency &

Calculating Heating & Cooling Load ENERQY | Rerewatie Eneray

Heating, Cooling
& Ventilation

e Heating Load varies for each hour of the year.

e Heating Peak Load: Maximum energy lost in a single hour,
which must be added back to maintain temperature.
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System 2: HVAC System s5. oeparTuent oF | Eneray Efficiency &

Calculating Heating & Cooling Loa

d ENERGY Renewable Energy

Heating, Cooling
& Ventilation

e Cooling & heating equipment are “btu machines”
that add or remove btu’s to offset the load

e Load = number of btu’s equipment has to remove or add
e Load independent of type of equipment used

Furnace Boiler HP
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System 2: HVAC System J. oeeartuent or | Eneray Efficiency &

What We're Trying to Avoid

ENERGY Renewable Energy

Heating, Cooling
& Ventilation

Random Acts of Sizing
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System 2: HVAC System 5. oeparTuent oF | Energy Efficiency &

What We’'re Trying to Avoid

ENERGY Renewable Energy

Heating, Cooling
& Ventilation

Which boat would you want -
the one with the

small pump or

the big pump?
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System 2: HVAC System ENERGY S
HVAC-C (3 : 12) ; HVAC-R (1 2 9) Renewable Energy

Heating, Cooling
& Ventilation

Verify that the equipment capacity
IS right-sized relative to
the heating and cooling load.
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System 2: HVAC System 5. oepartuent oF | Energy Efficiency &

Duct SyStem DGSIgn ENERGY | renewable Energy

Heating, Cooling
& Ventilation

1. Air follows the path of least resistance.

A 4
Room A Room B Room A Room B

Equal resistance, Higher resistance,
equal flow less flow
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System 2: HVAC System ,s. oeeantuent or | Eneray Efficiency &

Duct System Design

ENERGY Renewable Energy

Heating, Cooling
& Ventilation

Factors that influence the airflow of the ducts:

e Duct Length e Duct Type
e Duct Size e Duct Turns
e Duct Shape e Other Components (e.g., Filters)

Duct Length Duct Shape m
\ [Adddam ™
|
)
Diameter
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System 2: HVAC System 5. oeparTuent o | Energy Efficiency &

What We Are Trylng tO AVO|d ENERGY Renewable Energy

Heating, Cooling
& Ventilation
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System 2: HVAC System ENERGY e Effer &
HVAC-R Item 14, Sec“ons 2’3’ & 4 Renewable Energy

Heating, Cooling
& Ventilation

Verify that the ducts are
balanced, insulated, tight, and
Installed without major defects.
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System 2: HVAC System
Basic Concepts

Heating, Cooling
& Ventilation
Design:

1. Calculate Heating/Cooling Loads
2. Select Equipment that Meets Loads HVAC Ol

3. Design Duct System that Gets Air Contractor
from Equipment to Rooms and Back Checklist

Commission: HVAC QI

A. Check Airflow at Air Handler Rater.

_ Checklist
B. Check Refrigerant Charge
C. Measure Airflow at Registers/Exhaust

2% » | Energy Efficiency &

U.S. DEPARTMEN
EN ERGY Renewable Energy
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System 3:
Water Management

Energy Efficiency &

J.S. DEPARTMENT OF
ENERGY Renewable Energy

Water
Management

Moisture Vapor (Air Flow)

- Air Sealing Thermal
- Air Barriers Enclosure
- Vapor Barriers/Retarders Checklist
- HVAC Quiality Installation HVAC

- Whole-House Ventilation

o Quality Installation
- Spot Ventilation Checklist
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System 3: Water Management Js.oeearruent or | Eneray Efficiency &
Basic Concept

ENERGY Renewable Energy

Water
Management

Drain Building

\ R: Roof

Drain Hﬂ'le{iﬂ|£|
Drain Wall

Drain Site }

=7

Drain Components

Drain Openings

K Drain Site

Ty,

e o TR S e
T 45"‘! 1!,-_,2'16 "'-E"'.-';::"d|l ”
i _ii;. Drain Ground
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System 3: Water Management 5. oepartuent oF | Energy Efficiency &
Basic Concept

ENERGY Renewable Energy

Water
Management

 Many materials used in building homes are not
durable when wet.

« Especially important in high performance homes,
regardless of whether ENERGY STAR certified.
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System 3: Water Management s oeparTmeNT OF | Energy Efficiency &

What We’'re Trying to Avoid

ENERGY Renewable Energy

Water
Management

Missing step & kick-out flashing
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System 3: Water Management 5. oepartment o | Eneraqy Efficiency &

Step and Kick-Out Flashing (3.1) ENERGY | renewabie Eneray

Water
Management
» Step and kick-out flashing Flashing
at all roof-wall intersections,
extending = 4” on wall
surface about roof deck and
Integrated with drainage

plane above.

o Step flashing goes behind
water barrier on wall and
under shingles on the roof.
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System 3: Water Management s5. oeparTMent oF | Eneray Efficiency &
Bulk Moisture Control

ENERGY Renewable Energy

Water
Management

Bulk Moisture

- weather resistant barriers Water
- flashing Management
- capillary breaks Checklist
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U.S. DEPARTMENT OF Energy Efficiency &

Ensuring Complete Bldg. Science  ENERGY | renewable Energy

Thermal Heating, Cooling Water
Enclosure & Ventilation Management

ENERGY STAR for Homes v3:

v Thermal Enclosure Checklist

v HVAC QI Checklist - Contractor
v HVAC QI Checklist - Rater

v Water Management Checklist
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements
Envelope:
Advanced Windows




Energy Efficiency &

E N ERGY STAR W| ndOWS ENERGY Renewable Energy

e Assures beyond-code
window performance

 Fenestration used for
passive solar design are

exempt from the WindowCo.
U-factor and SHGC el
requirements el [
 Area-weighted averages | ;“;"“ms.%“m“ﬁoh::'z‘:f |
for U-factor, SHGC T
permitted =
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Good, Better, Best Windows

Hot Climates
IECC CZ 1-2

Mixed Climates
IECC CZ 3-4
except Marine

N . | Energy Efficiency &

J.S. DEPARTME

Renewable Energy

Cold Climates
IECC CZ 5-8
and 4 Marine

Mandatory:

ENERGY 027 060 W@040 w0.32
STAR 310.30 [310.35
Performance:
Target 025 04 027 023
Home
Fneouraet 022 021 025 0.21
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U.S. DEPARTMENT OF Energy Efﬁciency &

Windows Are a Big Deal ENERGY | renewable Energy

Window _ _
15% of Wall R-Value with Windows

Wall Area w/Varied Wall Insulation Levels

-Value R-18 R-39 R-60

030 RS
0.20 R-5 R-23
0.15 R-5 R-28
0.10 R-5.5 R-34

Sources:

“Holes in the Wall: To Improve the Energy Performance of Walls, Look at the Total R-Value,”
Journal of Light Construction, February 2014;

Multi-Assembly R-Value / U-Value Calculator — Cascadia Windows and Doors;

Michael Blasnik Presentation, 2014 ACI Conference
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Energy Efficiency &

ENERGY Renewable Energy

Zero Energy Ready Home

Technical Specifications:
Best Practices
Air-Tight Construction

99 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



Energy Efficiency &

Why A|r'T|ght COﬂStrUCtiOn ENERGY Renewable Energy

e 16 to 50% of HVAC Loads
e Moisture Problems
 Comfort Problems
 Indoor Air Quality
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U.S. DEPARTMENT OF Energy Efﬂciency &

Target Home Air-Tightness ENERGY | renewable Energy

- ACH50 Requirements/Targets

Zero
Gmae Enerdy ENRSY aozece s
Home
1-2 3.0 6.0 5.0 0.6
3-4 2.5 5.0 3.0 0.6
5-7 2.0 4.0 3.0 0.6
8 1.5 3.0 3.0 0.6
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U.S. DEPARTMENT OF Energy EfﬂCfenCy &

Seal Usual Suspects ENERGY | renewable Energy

Penetrations: Shafts: Cracks:

e Plumbing  Flues o Sill Plates

e Wiring  Ducts  Windows & Doors

e Recessed Lights ¢« Plumbing <« Drywall at Top Plate

e Vents  Access Panels

« HVAC Duct e Sheathing Joints
Boots G

e Foundation/Framing

Odd Geometry:
e Cantilevers
e Knee-walls
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Air Leakage Distribution ENERGY | rencvabie Enerey

Exterior air barrier
Cathedral ceiling

A o \‘@Q
Sheathing / roof joint 5
1.1 cfm/ft @50 Pa g .
93%
Q \ W Sheathing / top plates
B Stud/ top plates
B Top plates

2-Story house (Hoor area = 2,000 ft?)
Sheathing / roof joint unsealed= 0.5 ACH,

DOE Challenge Home ‘ IECC 2012
Contribution
£ones Requirement 0 Requirement Sl e o
g requirement g requirement (%)
(%)
1-2 3 17 5 10
3-4 2.5 20 3 17
5—-7 2 25 3 17
8 15 33 3 17
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23 DEPARTMENT OF | Energy Efficiency &

A|r Sea“ng W|th AeI’OSO| ENERGY Renewable Energy

You've probably seen this:

AERUSEAL.

Duct Seallng From The Inside
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U.S. DEPARTMENT OF Energy Efﬂciency &

Ail’ Sea“ng W|th AeI’OSO| ENERGY Renewable Energy

But now we are going to investigate this...

Engineer Curtis Harrington taping off areas in

preparation for sealing,

Connecting controls for blower door, setting u
compressor for acrosol infection and monitord

software.

Aerosol sealant sealed this leak between this

electrical outlet and the wall,

Photos from wcec.ucdavis.edu
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Zero Energy Ready Home

Technical Specifications
Mandatory Reguirements:
Envelope:

2012 IECC Insulation




o | Energy Efficiency &

2012 IECC Insula'non ENERGY Renewable Energy

o Compliance with next generation code

 Three Options:
v Prescriptive
v Alternative equivalent U-factor
v Total UA calculation
[allows window to be included]

« Allowances for ceilings without attic spaces
[up to 500 square feet or 20% of roof area,
whichever is smaller]
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U.S. DEPARTMENT OF Energy Efﬁciency &

Prescriptive Requirements ENERGY | renewabie Eneray
Climate Glazed Wood
Zone Fenestration Fenestration Frame Wall
SHGC R-Value
1 NR 0.75 0.25 30 13
2 0.40 0.65 0.25 38 13
3 0.35 0.55 0.25 38 20 or 13+5"
4
except 0.35 0.55 0.40 49 20 or 13+5"
Marine
5&
Marine 0.32 0.55 NR 49 20 or 13+5h
4
20+5 or
6 0.32 0.55 NR 49 13410"
7 &8 0.32 20+5 or
0.55 NR 49 13+10"

108 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efﬁciency &

Prescriptive Requirements (cont.) ENERGY |renewabie eneroy

Climate | Mass Wall | Floor R- Crawl| Space

Cc =
R-Value'! Value wall R
Value
1 3/4 13 0 0 0
2 4/6 13 0 0 0
3 8/13 19 5/13f 0 5/13
4 except
Marine 8/13 19 10/13 10, 2 ft 10/13
5&
Marine 4 13/17 309 15/19 10, 2 ft 15/19
6 15/20 309 15/19 10, 4 ft 15/19
7&8 19/21 389 15/19 10, 4 ft 15/19
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U.S. DEPARTMENT OF Energy Efficiency &

Equivalent U-Factors 2 ENERGY | renewabie Energy
0.50 0.75 0.035 0.082
2 0.40 0.65 0.030 0.082
3 0.35 0.55 0.030 0.057
AoXeeRt a5 0.55 0.026 0.057
5&

Marine 0.32 0.55 0.026 0.057

4
6 0.32 0.55 0.026 0.048
7&8 0.32 0.55 0.026 0.048

A Non-fenestration U-factors shall be obtained from measurement,
calculation, or an approved source.
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U.S. DEPARTMENT OF Energy Efﬂciency &

Equivalent U-Factors (cont.) ENERGY | renewable Energy
Climate Mass Wall | Floor U- Basement Wall | Crawl Space
Zone U-Factor © Factor U-Factor Wall U-Factor

0.197 0.064 0.360 0.477

2 0.165 0.064 0.360 0.477

3 0.098 0.047 0.091¢ 0.136

4 except 0.098 0.047 0.059 0.065
Marine

S& '\fla””e 0.082 0.033 0.050 0.055

6 0.060 0.033 0.050 0.055

7 & 8 0.057 0.028 0.050 0.055

b\When more than half of insulation is on interior, following maximum U-
factors apply: CZ1-0.17, CZ2 — 0.14, CZ3 - 0.12, CZ4 (except Marine) —
0.087, CZ5 CZ4 Marine — 0.065, CZ6 -8 — 0.057.
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U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

S

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

Zero Energy Ready Home

High-R Walls
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High-R Wall Options

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

 Advanced Framing with Thicker Wall
 Rigid Insulation Exterior Sheathing

— Continuous Rigid Insu
— Continuous Rigid Insu
— Continuous Rigid Insu

ation w/Sheathing
ation w/o Sheathing
ation w/Recessed Studs

o Structural Insulated Panels (SIPs)
 |nsulated Concrete Forms (ICFs)

e Double Wall
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Energy Efficiency &

AdV Framlng W/Tthker Wa.”S ENERGY Renewable Energy

e R-17 - R-21
e Higher Framing Factor (~12-15%)

 Blanket Insulation Issues:
R-19 iIs 6” Thick, which results In
R-17 Compressed in 2x6 Walll

R-21 i1s 5.5” Thick, which results In
R-21 in 2x6 Wall

* Blown-In Insulation Issues:
Settling and Proper Density (Bag Count)

e Spray Foam Issues:
High Cost
Closed Cell Enhances Structure Perf.
Still Need to Ensure Quality installation
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U.S. DEPARTMENT OF Energy Efficiency &

Rigid Insulation w/Sheathing ENERGY | renewabie Energy

e R-18 Wall
 Complete Thermal Break
e Exterior Condensation Surface

 Can Combine Sheathing w/ Weather
Resistant Barrier

e |nstallation Issues:
< 1.5” Thick, Nalils Okay
> 1.5" Thick, Screws Needed
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Energy Efficiency &

R|g|d InSUIat|On W/O Sheathlng Renewable Energy

BASF Patented Wall Assembly:
« R-17 Wall
 Complete Thermal Break

 Enhanced Racking Strength and
Impact Resistance with CCSpf
Enables No Sheathing

* Rigid Insulation Sheathing serves as
Weather Resistant Barrier w/Liquid
Membrane at Joints and Pan Flashing

e Substantially Reduced Framing
Including Single Plates

« BASF Claims Net Cost Competitive
with Conventional Wall
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Energy Efficiency &

Rigid Insulation w/Recessed Studs ENERGY | reronsble tnorsy

e R-18 Wall
e 2x4 Studs with 2x6 Plates

o Sheathing Attached to Plates for Near
Full Racking Strength

 Complete Thermal Break Except for
Top and Bottom Plates

e Condensation Surface Inside
Assembly, so Must Control Air Flow

 Much Easier Installation of Cladding
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J.S. DEPARTMENT OF Energy Efficiency &

Structural Insulated Panels (SIPS) ENERGY | renowable tnorey

 R-20 Walls (6”)

e Substantial Thermal Break
(3 — 8% Framing Factor)

» Special Construction Practices
Required

« Foundation has to be Perfectly
Level

» Significantly Reduced Time-of-
Construction

e Reduced Dimensional Variation |
Corrections "

 Killer Applications
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Insulated Concrete Forms (ICFs)

J.S. DEPARTMENT OF

ENERGY Renewable Energy

Energy Efficiency &

e ~R-24 Walls
 Complete Thermal Break
e Useful Thermal Mass

 Foundation has to be
Perfectly Level T

« Longer Time-of- N

Construction 1

e Maximum Disaster Resist.
e Termite Resistant ['.

e Reduced Dimensional
Variation Corrections

 Much More Costly
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Acrylle stucca
hase coat

Stucco
mesh

base coat

2 %4 In. of

o
' -47 expanded polystyrens ([EPS)

- foam insulation
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o o | Energy Efficiency &

DOU ble'Wa” EﬁMEHmRENGY Renewable Energy

e R-26 Walls

e Studs Offset to Ensure

Complete Thermal Break 4

e Coldest Outside Sheathing
Surface Suggests Plywood
Rather Than OSB to Ensure
Drying

e Uses Exact Same Framing
Techniques Already
Understood by Trade Partners
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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

S

ZERO

EMERGY READY HOME
WG, BEFPARTHERMT OF EMEHGY

Zero Energy Ready Home

High-R Roofs
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Why Gaps in Insulation Important ENERGY | renewable Energy

1, 000 sq. ft. R-38 Attic Ceiling (U = .026)
Add 10 sqg. ft. R-1 Drop-Down Access Steps (1% of area)
How Much Percent Loss in R-38 Insulation?
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Why Gaps in Insulation Important ENERGY | renewabie Energy

UlxAl1+U2xA2+.._ (.026 x990) + (1 x 10)

Average U =
Total Area (A) 1,000

= 33.74 _ 036 = R27.8 = 27% less than R-38
1,000
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U.S. DEPARTMENT OF Energy Efficiency &

Air Impermeable Insulation ENERGY | renewabie Eneroy

5.1 AIR-IMPERMEABLE: In direct contact with the
underside of the sheathing

Humid Air Cannot
Reach Underside of
Cold Roof Sheathing

Humid Indoor Air
Denied Entry

Humid Outdoor
Alr Denied Entry

A

Building Science Corporation
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Insulation for Condensation Control ENERGY | renewable Energy

Minimum R-value of Impermeable Insulation

Climate Zone Minimum Impermeable 2012 IECC Celiling
Insulation R-Value* R-Values

2B and 3B Tile Roof None Required 30
1, 2A, 2B, 3A, 3B, 3C R-5 38
4C R-10 38

4A, 4B R-15 49

5 R-20 49

6 R-25 49

7 R-30 49

8 R-35 49

*contributes but doesn’t supersede 2012 IECC insulation requirements
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U.S. DEPARTMENT OF Energy Efficiency &

Top Insulated Roof Deck ENERGY | renewabie Energy

Building
;T::wm shingles) Science
Corporation
(e.g. roofing paper)
Roof Shaathing

{e.g. plywood)

Foam Board Insulation
{eg. PIR, XPS, EPS)

Existing Roof Sheathing

Existing Riool Framing Rl Existing Ceiling Finigh
- o : (0. lath & plaster
drywadl)
Drip Edge - Il‘ " Strucumi sheathing
Fascia s mquil'h_d io afach
Dense-packed fiber insutation vtk cleking

(e.g. colluloss or glass fibar)

Wabir control laper
and cladding &a per
project
Venled Soffil
Rigid foam plastic
Continuous Ar Seal ml.ﬂf'ulatsm BJElueamlng
Rigid Blocking
Rool sheathing (air
— bariar at this layad)
Fattar
Sequence of Retrofit;
Carwily insulation
1) Remove existing roofing and underaymaent; inspect existing roof deck and framing and repair as \
MBCESSary. ; Imteriar eailing
covering

2) Install new exierior fioam board insulation, roof sheathing, underlayment, llashings and roofing

3) Remove existing soffit and install rigid biocking o prevent loose-fill fiber insulation from blowing into soffit;
Install coninuous air seal at all jonis and nlerfaces in blocking, Replace soffit

#) Dense-pack rafter cavibes usang approved cellulose or glass fiber insulabon and following insertion tube
techniques described in BPI RBE-WHALCI 2012
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Guidance for Dense Pack o e [l e

Roof Assemblies ENERGY | renevable Energy

Building
Science
Corporation

Roofing -
(e.g. asphalt shingles)

Underlayment -
(e.g. roofing paper)

Existing Roof Sheathing

Closed-cell Sprayed Polyurethane

Foam Insulation (ccSPF) /

Existing Roof Framing A Ceiling Finish
_.. ; & (e.g. painted drywall)
P o
Orip Edge T 5 Dense-packed fiber insulation
Fascia ' e (e.g. cellulose or glass fiber)
Vented Soffit

Rigid Blocking

127 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov




Guidance for Spray Foam  ggieses, |Eneroy Eficency &

Renewable Energy

Under Roof Decks

Description

& *  Built 2009

* (athedralized attic

* R21-~3.5" ccSPF below OSB roof
sheathing

Building
Science
Corporation

Description
* 1941, Retrofit 2012
* Catherdralized attic
* R21-~3.5" ccSPF below 1x board roof

Exploration Findings
*  All sheathing locations
investigated are within safe

moisture content readings ) o
Exploration Findings

* All sheathing locations investigated are

Exploration Location 1 - North
within safe moisture content readings

Lower
* 6% moisture content reading
* No visible signs of moisture
damage

Exploration Location 1 — North West Lower
*  9.2% moisture content reading
*  No visible signs of moisture damage

Exploration Location 2 - West Upper
*  7.5% moisture content reading
* No visible signs of moisture
damage

Exploration Location 2 — South West Lower
*  6.9% moisture content reading
* No visible signs of moisture damage

Exploration Location 3 - East Upper
*  6.5% moisture content reading
* No visible signs of moisture
damage

Exploration Location 4 - West Lower
*  7.0% moisture content reading
* No visible signs of moisture
damage

This information correlates well to
modeling of warm locations with drives
that enhance drying and have limited
wetting.

Figure 1 — New Orleans, LA — June 2012 Collection of Sample of Spray Foam Under Roof
Assembly in an Attempt to Compare Actual Performance with Idealized Performance
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Zero Energy Ready Home

Technical Specifications
Mandatory Reguirements:
Ducts in Conditioned Spaces




Energy Efficiency &

Why Ducts in Conditioned Space? ENERGY |renewable Eneray

e Significant Thermal Losses:

— Thermal losses triple for ducts in unconditioned
vs. conditioned space

— Total thermal losses can range from 10-45%
— Extensive unconditioned space penetrations

e Significant Performance Impacts:
—1AQ
— Comfort
— Durability
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Energy Efficiency &

Ducts in Condit. Space Exemptions ENERGY |renewabie Eneray

e Short Duct Run

up to 10’ of total length is permitted to be outside of
the home’s thermal and air barrier boundary.

e Jump Ducts

may be located in attics if all joints, including boot-to-
drywall, are fully air sealed with mastic

* Ductless HVAC system
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Energy Efficiency &

Renewable Energy

e Conditioned Floor Space [3 options]
within the thermal boundary

 Unvented Crawl Space/Basement
which is within the home’s thermal boundary

e Unvented Attic

regardless of whether conditioned with a supply register

e Vented Attic

equivalent option where other locations in conditioned
space are impractical, expensive, don’t work well in
specific climates, or increase envelope loads
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Energy Efficiency &

u.8.
ENERGY Renewable Energy

Ducts in Conditioned Floor Space Option 1:

Dropped Celiling

Issues:
« Architectural Integration

e Good Fit w/Simple Plans

Ducts in dropped ceiling (ACCAManT)

Buildings.Energy.gov
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Ducts in Conditioned Floor Space Option 2: ENERGY Energy Efficiency &

Renewable Energy

Modified Attic Truss

Issues:

Design Integration

Good Fit w/Narrow Plans
e Sealed Air Barrier Critical

Ducts in modified truss
in attic

LN [T

Buildings.Energy.gov
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Ducts in Conditioned Floor Space Option 3: 5. oeparTENT OF | Energy Efficiency &

DUCtS BEtween FIOOrS ENERGY | renewabie Energy

Issues:

o Simple Installation
Design Flexibility
Cost-Effective

* Floor Registers Likely

Buildings.Energy.gov
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Ducts in Conditioned Floor Space Option 3: ,s. ocearruent o | Enerav Efficiency &
DUCtS Between Floors ENERGY | renewabie Energy
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Unvented Crawl Space/Basement ENERGY | renewabie Energy

.‘;E:F.-. ra i
ey

Ducts in unvented crawl space

or basement

Issues:

o Simple Installation
o Design Flexibility
o Cost-Effective

* Floor Registers Likely " Ducts Inside

Buildings.Energy.gov
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J.S. DEPARTMENT OF

Ducts in Unvented Attic ENERGY | rencranio by

ISsues:

o« CZ 5+, airimpermeable
plus a Class Il VT or Class
IIl VT in direct contact

e No Class | VR on attic floor

Ducts in unvented attic

138 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

Ducts in Vented Attic: Dry CZs ENERGY | renewabie Energy

Buried Ducts

Ducts in vented attic

" Ducts with R-8 insulation

-Deeply-buried
Fully-buried

Partially-buried

Truss lower chords
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Ducts in Vented Attic: Humid CZs ENERGY | renewable Energy

Buried Encapsulated Ducts (BEDs)

g

Ducts in vented attic

Ducts with R-8 insulation
encapsulated in 1.5 in of ccSPF

Deeply-buried = R-31

Fully-buried = R- 25
Partially-buried

Truss lower chords
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Buried Encapsulated Duct (BED) ENERGY | renewabie Energy

Ducts buried under loose-
fill insulation

— R-8 ducts encapsulated in
- 7 1.5” ccSPF

| R-8 flex duct encapsulated
. In 1.57 ccSPF

Drywall ceiling

Truss lower chords

141 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov




J.S. DEPARTMENT OF Energy Efficiency &

B ED I nStaI Iatlon ENERGY | renewable Energy

Step 1: Install low-profile compact ducts on top
of celling framing.

¥ T

Option 1- prior to ceiling  Option 2- after ceiling
gypsum board gypsum board
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J.5. DEPARTMENT OF Energy Efficiency &

B ED I nStaI Iatlon ENERGY | renewable Energy

Step 2: Mastic seal ducts and perform leakage
test.

Test total duct leakage to assure performance levels are
met (total leakage < 3 cfm25 per 100 ft2 conditioned space)
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J.3- DEPARTRENT OF _ | Energy Efficiency &

B ED I nStaI Iat|0n ENERGY Renewable Energy

Step 3: Apply 1.5" minimum ccSPF

Option 1- prior to celling  Option 2- after ceiling
gypsum board gypsum board
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U.S. DEPARTMENT OF Energy Efﬂciency &

B ED I nStaI |atI0n ENERGY Renewable Energy

Step 4: Install loose-fill insulation.

e |nsulation must be ASTM classified as “mineral-fiber”, and
cover the ccSPF by 2” min. (cellulose doesn’t qualify)*

« Some foams are exempt from this requirement

*Ignition barrier protection requirement

Buildings.Energy.gov
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Building America Resources ENERGY | Renewaie Energy
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Zero Energy Ready Home

Technical Specifications
Mandatory Reguirements:
Efficient Hot Water
Distribution




U.S. DEPARTMENT OF Energy Efficiency &

Water Efficiency as a System ENERGY | renewabie Energy

e I[ndoor Fixtures

- Plumbing Fixtures
- Appliances and Other Equipment

e Distribution

Service Pressure
Metering (for Multi-Family Homes)

Leak Prevention
Hot Water Distribution _
e Qutdoor

- Landscape Design
- Irrigation (if installed)
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PARTMENT OF Energy Efficiency &

Efficient Hot Water Distribution ENERGY | renewabe Eneroy

 “Must Have” for zero net-energy ready homes

 Based on EPA WaterSense Specifications:

— No more than 0.5 gallons of water in any
piping/manifold between the hot water source and any
hot water fixture.

— No more than 0.6 gallons of water shall be collected
from the hot water fixture before hot water delivered.

— Timer- and temperature-based recirculating systems
shall not be used to meet the criteria.
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U.S. DEPARTME Energy Efficiency &

Hot Water Distribution ENERGY | renovavle Enercy

Built for when water was free and energy was cheap!

Copper L piping:

e 1”7 =5.53 ounces/ft
o 3’ = 3.22 ounces/ft
e 15" =1.55 ounces/ft

I Fixture |

Stergalevolume:
dobtglalons

10’ branch
Waikgime: 1 - 1.5 \
WBES owerhead  Hot Water Heater
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Hot Water Distribution Options Renewable Eneray

e Core Plumbing Layout (wet wall)
e Manifold System
« Demand Pumping System
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Core Plumb|ng I_ayout ENERGY | rencwable Energy
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Energy Efficiency &
Renewable Energy
Buildings.Energy.gov
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Demand Pumping System =

Energy Efficiency &
ENERGY

Renewable Energy

Sensor or Controls

CITY WATER SUPPLY

WATER LINE
* HOT WATER LINE

HOT WATER LINE —p=

REMOTE |

S =5 L m oY

SuPPLY
VALVE

J

~4— DEDICATED AMBIENT RETURN LINE

Demand Pump Dedicated Return
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Zero Energy Ready Homes

Technical Specifications
Mandatory Reguirements:
Efficient Components:
Lighting, Appliances, & Fans




Energy Efficiency &

Eff|C|ent Components ENERGY | rencwable Energy

Components and MEL’s are increasingly
Important in Low-Load Homes (~25 to 40%).
Therefore, Challenge Home requires:

« ENERGY STAR Certified Appliances:*
refrigerators, dishwashers, clothes washers

« ENERGY STAR Certified Fans*:
bathroom ventilation, ceiling fans

« ENERGY STAR Certified Lighting:
Min. 80% of fixtures or lamps (CFL or LED)

*Only where installed by builder
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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Zero Energy Ready Home

Technical Specifications
Mandatory Reguirements:
Indoor Air Quality




U.S. DEPARTMENT OF Energy Efficiency &

Increasing Health Concerns ENERGY | Renewable Energy

$40 Billion $20 Billion
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U.S. DEPARTMENT OF Energy Efficiency &

Increasing Health Concerns ENERGY | Renewable Energy

Indoor vs. Outdoor Air Pollutants:

on average 2-5 tImes greater
upto 100 times greater

While Americans Spend

00% of time Indoors

Source: EPA
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Energy Efficiency &

Increasing Health Concerns ENERGY | rencwable Enorey

“If your child doesn’t use an inhaler,
consider yourself a lucky parent because,

1 1n 10 children Iin the U.S.
suffers from asthma.”

Source: Remarks for Administrator McCarthy, Announcement of Clean Power Plan,
Washington, DC, June 2, 2014

160 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov




U.S. DEPARTMENT OF Energy Efﬁciency &

Addressing Health Concerns ENERGY | renewabie Energy

ENERGY STAR + Indoor airPLUS

ENERGY STAR

Radon
Envelope Pests
— Materials Compre.hensw_e
=1 == Indoor Air Quality
Moisture CO + Protection
coO HVAC +
Moisture +
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Why IAQ is NOT A La Carte? ENERGY | Ronvee rorey

« 2000 SEF Home - 5 Pa depressurization

e 8.5 Cellings
« 3 ACH50 Air Tightness

o 200 cfm Exhaust
(e.g. dryer, range hood)

e Dust Mites —asthma

* ~40% households with
significant respiratory issue

e Radon Control
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Mo . | Energy Efficiency &

|nd00r AII’ Quallty aS a SyStem EﬁEmREGY Renewable Energy

Practices & Product Selection
That Limit Moisture,
* Source Control ]- Radon, Chemicals,
Combustion By-Products,
Biological Contaminants

e Dilution

HVAC
Quality Installation
System

e Filtration
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Source Control: Moisture u.s. oepARTMENT OF | Energy Efficiency &

Moisture Control System ENERGY | renevavic Eneroy

* Moisture Vapor: Thermal
— Air Sealing Enclosure
— Air Barriers System

e Bulk Moisture:
— Water-Managed Roofs
— Water-Managed Walls/Openings
— Water Manage Foundation/Site
— Water Managed Materials

WELE]S
Managed
Construction

e Dehumidification HVAC System

[Warm-Humid Climates] or
Supplemental
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Source Control: Moisture u.5. oEPARTMENT OF | Engrgy Efficiency &
ENERGY

Renewable Energy

Dehumidification in Warm-Humid CZs

Defined by 2009 IECC Figure 301.1 (i.e., Climate
Zone 1 and portions of Zones 2 and 3A below the

white line),

Moist (A) B
gt .._"'.'I I _-|:_ i
""'hLL',,_L,I_'_ L > 'r : 1
e il R l__—f-fli__- e ._'1 N iy s t.'g
; _';.,_I':I:'-I-El:lj: L -|_I_, __!_'l_'.l-ﬁ 7 il r}‘.r
T o A T e s s —
I -~ S B mEgy ‘1L| £ A R . . -
Dust mites in the billions

1 '.'L'EMqu f i_”‘ |' '_ R i
SRS A T e aia at 60% RH or high

:'.:.'"\ | ; "
| Fupplemental

> ’ Dehumldlflcatlon to Ensure
| < 60% RH in Warm-Humid
Er;;rt?é;ﬁﬁﬁra;:rlslanﬁ 1 C I I m ate S

165 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



Source Control: Moisture J.3. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Dehumidification in Warm-Humid CZs

Equipment shall be installed with sufficient latent
capacity to maintain indoor relative humidity (RH)
< 60%. This requirement shall be met by either:

» Additional dehumidification system(s), OR

* A central HVAC system equipped with
additional controls to operate In
dehumidification mode.

Exception: Climate Zones 4-8, 3B, 3C and the portions of
3A and 2B above the white line as shown by 2009 IECC

Figure 301.1.

166 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



Source Control: Radon u.s. DEPARTMENT OF | Energy Efficiency &
ENERGY

Renewable Energy

Radon Zones in U.S.

EPA Map of Radon Zones

ﬂm*w
Zone Designation

e Note: these maps indicate
average risk by county.
Surgeon General’s Warning: However, High levels of Radon
Radon Causes Lung Cancer can be found in any home.

Buildings.Energy.gov
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Source Control: Radon PARTMENT OF | Energy Efficiency &

u.8. DE
ENERGY Renewable Energy

Radon Resistant Construction

Required for Moisture Control:

A. Gas Permeable Layer
E B/ i (min. 4” clean gravel)
; = 1 B. Plastic Sheeting
i ; (under slab)

C. Sealing and Caulking

(all openings in concrete floor)

i Hj[ e D. Vent Pipe
(3 or 4 inch PVC pipe)

_ L - E. Junction Box
{i. C = A (if fan needed later)

S

R

Radon Test Kits Not Required
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Source Control: Biological Contaminants u.s. oEPARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy

Pests
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Source Control: Biological Contaminants u.s. oepARTMENT OF | Energy Efficiency &
Screened Openings for Pests

ENERGY Renewable Energy

Corrosion-proof rodent/bird screens for openings
(e.g., copper or stainless steel mesh)
Exception: clothes dryer vent
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Source Control: Biological Contaminants/Moisture u.s. DEPARTMENT OF | Enerqgy Efficiency &
Foundation Sealing

ENERGY Renewable Energy

Sealed Sump Pump Air Sealing
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Source Control: Combustion By-Products u.s. DEPARTMENT OF | Energy Efficiency &
Power/Direct Vent Equipment

ENERGY Renewable Energy

Power Vented Water Heater Direct-Vent Furnace
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Source Control: Combustion By-Products u.s. oEPARTMENT OF | Energy Efficiency &
Certified Fireplaces & Stoves

ENERGY Renewable Energy

Vented to outdoors

 Adequate Combustion and
Ventilation Air

» Gas fireplace power or
B = direct vented

 Meet Specified Standards

173 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



Source Control: Combustion By-Products u.s. oepARTMENT OF | Energy Efficiency &

Certified CO Alarms ENERGY | renewable Energy

CO Alarm in each bedroom area

Enforceable policy in
Multi-family buildings

Combined CO
& Smoke Alarm

CO Alarm

C US
LISTED
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Source Control: Combustion By-Products u.5. ospARTMENT OF | Energy Efficiency &

Attached Garage Isolation ENERGY | rencwable Energy

Exhaust Fan
Optional

\/
Air Sealing & Gasketed Door
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Source Control: Combustion By-Products u.s. oEPARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy

Attached Garage Isolation

No Air Handler in
the Garage

Picture Source: Construction Instruction
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Source Control: Chemicals u.s. ospARTMENT OF | Enargy Efficiency &

LOW Formaldehyde Pressed Wood ENERGY | renewable Energy

MDF & Particleboard

Sample Industrial Board Bundle Tag For Particlabpard  Designates

Certified ta 0.20 PPM Standard. Tag Size £7x5° E‘:ﬁ;ﬁa

In Builiing
CONFORMS TO PARTICLEBOARD .~ ©*
FORMALDEHYDE EMISSION REQUIREMENTS
OF BOTH ANSI A208.1-1999, TABLE B
AND HUD 24 CFR 3280

MILL 000
%

Wil Mumbes

Gradesark ol
Coprtificabion
Rgency

COMPANY
LOCATION
PRODUCTION DATEISHIFT
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Source Control: Chemicals u.s. oEPARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy

wWhy Low VOC

Health Hazards of VOCs
VOLATILE Organic Compounds

Immediate

- Eye & Respiratory Tract [rritation
- Headaches

- Dizziness

- Visual Disorders

- Memory Impairment

Up to 6 years

- Eye, Nose, and Throat [rritation
- Headaches
- Loss of Coordination
- Nausea
- Damage to Liver, Kidney, and Central Nervous System
- Cancer
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Source Control: Chemicals u.s. DEPARTMENT OF | Energy Efficiency &
ENERGY

Renewable Energy

Low VOC Paints

Interior paints and finishes,
Including 90% or more of such
products applied to interior
surfaces of homes, shall be
certified low-VOC or no-VOC
by one of the following:

» Green Seal Standard GS-11, OR

» Greenguard Certification for Paints and Coatings, OR

 Scientific Certification Systems (SCS) Standard EC-
10.2-2007, Indoor Advantage Gold, OR

» Master Painters Institute (MPI) Green Performance
Standards GPS-1 or GPS-2, OR

* A third-party low-emitting product list based on CA
Section 01350, e.g., the CHPS List at
chps.net/manual/lem_table.htm.
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Source Control: Chemicals Energy Efficiency &

Low VOC Carpet, Padding, Adhesives renewable Eneroy

Carpets and carpet
adhesives shall be labeled
with, or otherwise
documented as meeting,
the Carpet & Rug Institute
(CRI) Green Label Plus or

Green Label testing %
program criteria. Carpet +P| US
cushion (i.e., padding) shall S
similarly be certified to meet

the CRI Green Label testing

program criteria.
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Dilution: Energy Efficiency &

ENERGY Renewable Energy

Whole-House Ventilation

Three Options:
e Exhaust-Only
o Supply-Only
e Balanced

ASHRAE 62.2 2010 Continuous Ventilation Rate:
[7.5 cfm * (# bedrooms + 1)] + [.01 x Sq. Ft.]

2,000 sq. ft., 3 Bedroom Home Example:
[7.5* (3+1)] + [.01 * 2,000] = [30 + 20] = 50 cfm
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Dilution: Whole-House Ventilation J.S. DEPARTMENT OF | Fnergy Efficiency &
Exhaust-Only Ventilation

ENERGY Renewable Energy
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Dilution: Whole-House Ventilation u3. DEPARTMENT OF | Enargy Efficiency &

Supply-Only Ventilation

ENERGY Renewable Energy
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Dilution: Whole-House Ventilation u.s. ospARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy

Balanced Ventilation

ERV or HRV
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Dilution: Whole-House Ventilation u.s. oePARTMENT OF | Energy Efficiency &

Balanced Vent”atlon ENERGY Renewable Energy

Simple Thru-Wall ERV
 90+% Heat Recovery
e 20-30% Humidity
Recove ry « Outside grid with insect protection

d 1 . 4 - 2 . 8 W fOr «EPP heat insulation elements with 0.038 W/mk
10/18/22 CFM =

«Highly efficient ceramic heat exchanger
with a heat recovery efficiency of 90 %

«ventilation unit as quiet as a
whisper in noise insulated EPP chassis

«Flow optimised inside plate with washable G3 or ’
pollen filter
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Dilution: Whole-House Ventilation u.s. oePARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy

Ventilation Persistence
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Dilution: J.S. DEPARTMENT OF Energy Efficiency &

Spot Ventilation ENERGY | renewable Energy

e Kitchen:
— 100 CFM Intermittent
— 5 ACH Continuous

e Bathrooms:
— 50 CFM Intermittent
— 20 CFM Continuous
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Filtration: J.S. DEPARTMENT OF

Energy Efficiency &

ngh_MERV HVAC Flltel’ ENERGY Renewable Energy

/

o

WP

-

7
q o

AZOALN |

{

It VX

8 MERV Filter Minimum
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Energy Eff

cy &
Renewable Energy

Zero Energy Ready Home

Technical Specifications
Mandatory Reguirements:
Renewable Ready
[Where Applicable]




U.S. DEPARTMENT OF Energy Efﬂciency &

Decreasing Renewable Cost ENERGY | Renewable Eneray

: Average PV System Price Decline
12 -

$10 -

Average System Price (/W)
1 b Y =

$" z T T T T T T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 1H
2013

m LEBNL "Tracking the Sun IV" B SEASGTM Ressarch
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2~ | Energy Efficiency &

Decreasing Renewable Cost ENERGY | Rencvabie Enercy

More than half of all U.S. homebuilders

are expected to offer solar PV energy systems
as an option in new single-family homes

by 2016, up from just 12 percent in 2013.

Source:
Green Multifamily and Singe Family Homes: Growth in a Recovering

Market, McGraw Hill, NAHB, 2014
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U.S. DEPARTMENT OF Energy Efﬂciency &

Integrated Renewable Energy ENERGY | renewabie Energy

-

PV Mounted on Roof PV Integrated into
Front or Rear Porch Roof
Directly on Porch Framing
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Energy Efficiency &

Integrated Renewable Energy it

Benefits:

e Cost

e Appearance
e Maintenance
« Daylighting

PV Integrated into
Front or Rear Porch Roof
Directly on Porch Framing
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U.S. DEPARTMENT OF Energy Efﬁciency &

|ntegl'at6d Renewable Energy ENERGY Renewable Energy




J.3. DEPARTMENT OF | Energy Efficiency &

Integrated Renewable Energy ENERGY | renewabie Energy
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1o | Energy Efficiency &

Renewable Ready Exemptions ENERGY | renewabie Eneray

* Not required in areas lacking
significant solar resources or shaded

* Recognition of high performance water
heating systems
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Energy Efficiency &

RERH AppI|Cab|l|ty ENERGY | renewabie Energy

Average Dalily Solar Radiation Per Month
ANNUAL Solar Ready Encouraged

kWh/m%day

Il 10 to 14
8 to 10
7 to
6 to
5 to
4 to
3 to
2 to
0 to

none

RN < 0

Encouraged |M

D.DDDI:II:II:IEI

Solar Ready Required
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J.S. DEPARTMENT OF Energy Efficiency &

Screen for RERH Applicability ENERGY | Renenabio Eney

« Renewable Energy Ready Checklists
« Determine applicability by zip code
e http://gisatnrel.nrel.gov/PVWatts_Viewer/index.html

* In this Mid-Atlantic example, solar resources = 4.8
kWh/m?/day

PVWatts Viewer

Hational Renewable Cnergy Laboratory

Enter a fipoode

Zipcode:

+
7 + M
+ ¥4+ o+
F‘nrllr_%_é-":" + '¢"++ -qa-_#,_.,, wafral
Frygo, eSS

(L

+ e _ e T
L : +.§$-¢++ A |,.-.” = Atlantic Ocs

Ennrmm:lscl:}' 4: + = i + ":" : -H’-":"
AEBE e T e T
b o AT T
++ s "-Flﬁ'aﬁlt."{-"."'-_.-_":_ ":" + Dl ﬂ#.{k
S Dieg™ "'."_;.'"“.4.._?_1" _t + L 4
Nyersy, ST
A F .-¢- g ";"Hmdn
G . L
e Maxica _,}_:at""-r

MEXICE Havangled .
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J.S. DEPARTMENT OF Energy Efficiency &

Solar Electric Ready Requirements ENERGY | renewabie Energy

Documentation of the maximum allowable dead load and live
load ratings of the existing roof (Rec DL.: 6 Ibs./sq. ft.)

Conduit to run DC —
wire from roof to inverter NG

Dedicated Area e

for installing inverter and et —
balance of system TN, '

Conduit to run AC wire : Electic  Pane

from inverter location to ||
electric panel & P hjuond backng

Circuit Breaker
designated and/or installed

(¥
—
=9
m ke
.
=

for use by the PV system in == :
the electric panel
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Solar Hot Water Ready Reqts.

U.S. DEPARTMENT OF Energy Efﬂciency &

ENERGY Renewable Energy

Proposed Solar
Thermal Panel(s) -
7:12 Pitch

Documentation
of the maximum

nibnonnon -",“.r*l-lII .r?ﬂr*,:-l'w;:‘;'u:;f‘j‘-r;f'l-j?r*,lI,I}rl o

! ! | | |
ANTSTRYARAY | IWAT, Jl;_',l;_,__,._,,,.J:_,i_;LJUI_;':_i'L.."L:Z_il-..*-L."-.)J.J’.JLJE_'E'LJ'\JLL'L.-'U Sotd Jlur

allowable dead load and
live load ratings of the

' =
/ Pipe Chases: \
/ e Seancs o0 \ existing roof (Rec DL.: 6

lbs./sq. ft.)

| NN
RRATARAT RNAY |'| L i
LRIt iaTRIa1ate] | IPSlATALS -.-IJL. Un.-'l. LIATETAITATRIA TR LAY LIL.--.J 1RIRTA G RIATAIANARRIS IR L.I-H-LJL!I L

of Water Heater

¢ Desiginated Location =
: Hot Water Slorage Tank ©55
: Fuda? e
&
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Chases (a single 4
or 2—2") from utility room
to the attic space below
designated array
location. Cap and label
both ends.

i

Buildings.Energy.gov




U.S. DEPARTMENT OF Energy Efficiency &

Solar Hot Water Ready Reqts.* ENERGY | renewabie Energy

* Homes equipped with an
ENERGY STAR whole-house
tankless gas water heater or
heat pump water heater are
exempt from these
requirements.

———————

—=a=——
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Solar Bypass Valve

on the cold water feed of the
water heater (cap and label
both ends).

Dedicated Area (3 x 3’ x

7’) in the utility room adjacent to
the existing water heater for a
solar hot water tank.

Dedicated Area (3 x 2

plywood panel) adjacent to the
solar hot water tank for the
balance of system
components/pumping package.

Electrical Outlet within &
of the designated wall area.

Buildings.Energy.gov



J.S. DEPARTMENT OF

) Energy Efficiency &
Solar Water Heating Bypass Valve ENERGY |renewabie neroy

T-Fitting |
|- Shut Off Valve

Cap|

T For Solar Hot Return

Standard Fisture
Hot Water Solar Hot
Tank Water Tank

050 I S BE S0 0 0 7 7 20T B0 0 B 2 A
M M M M M M MM M MM MM MM M M M R M

Above: The cold water feed of the existing water heater should have a code-compliant valve
assembly installed to connect to the future solar storage tank. Solar bypass valve assembly

includes shut-off valves on each of the stubbed and capped “T” fittings, and one shut off valve in
the main pipe between the two “T” fittings.
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U.S. DEPARTMENT OF Energy Efficiency &

Low-Cost Solar Hot Water Heater ENERGY | renewabie Eneray

Solar Design Options:

* Integral Collector/Storage

 Thermo-Syphon

» Anti-Freeze with or without
PV Powered Pump/Control
(shown)

e Gravity Drain-Down
(requires low tank w/higher
collector) with or without
PV

v

House

PV for Pump Power +

Control
Solar Glazing

Solar Tank in Wedge
Encapsulated in
Spray Foam Insulation

Insulated Cold and H
Plumbing Connections

._ Solar Wedge made in

W\ factory. The only field
work is installing
wedge on concrete
pad, hooking up hot
and cold plumbing
lines, and
commissioning.

Solar Wedge Box

Concrete Pad
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Energy Efficiency &

ENERGY Renewable Energy

Zero Energy Ready Home

Technical Specifications:
Putting It All Together
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U.S. DEPARTMENT OF Energy Efficiency &

Zero Energy Ready Home Systems ENERGY | renewabie Energy

ERO

EMERGY READY HOME
. RO

U.nS DEFAKRTHENTD OF EN

Building Efficient Indoor
Science Practices JComponents] Air Quality

Thermal HVAC Hot Water

Enclosure Condt. Sp. System Cotrol Distriution
O Insulation System Thermal Fixtures
Water Super Lighting/ ~Outdoor
Air-Tight Appliances Eiltration Irrigation

Super
Windows

Low-Load
Eff. HVAC

nagement B Rocamer comn
Management Process M Documents A _Program
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Encouraged in

Challenge Home




U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

>

ZERO

Zero Energy Ready Home
Performance Threshold
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‘Target Home’ vs. Energy Star Spec ENERGY

J.S. DEPARTMENT OF

Energy Efficiency &
Renewable Energy

Higher Eff.
HVAC

Equip.

2012 vs.
2009 IECC
Insul.

More Eff.
Windows

Exhibit 2: DOE Challenge Home Target Home 317

HVAC Equipment

Hot Climates Mixed Climates Cold Climates
(2012 IECC Zones 12) (2012 IECC Zones 3,4) (2012 |IECC Zones 5,6,7.8)
AFUE 00% 90% 94%
SEER 18 15 13
HSPF 8.2 9 10"
Geothermal Heat Pump ENERGY STAR EER and COP Criteria
ASHRAE 62.2 Whole-House 1.4 cfm/W; 1.4 cfm/W; 1.2 cfm/W;

MV System Performance

no heat exchange

no heat exchange

heat exchange with 802

and Infiltration

Insulationlevels shall meetthe 2012 IECC and achieve Grade 1 installation, perRESMNET standards.

|nﬁ|trat:r;rcH50;. 3inCZs1-2 25inCZs34 | 2inCZs57 | 15inCZ8 Ha|f ACH5O
Hot Climates Mixed Climates Cold Clim3
(2012 IECC Zones 1,2)) (2012 IECC Zones 3,4) (2012 |IECC Zone:
SHGC 0.25 027 any
U-Value 0.4 0.3 027
omes qualifying through the Prescriptive Path with a total window-to-floor area greaterthan 15% shall have age
U-values or SHGCs * ~
Water Heater
EMERGY STAR minimum A\™®. te
Thermostat™ & Ductwork A

* Programmablethermostat (except forzones with radiant heat)

Lighting & Appliances

s Forpurposes of calculatingthe DOE Challenge Home Target Home HERS Index, homes shall be modeled with an ENERGY
STAR dishwasher, ENERGY STAR refrigerator, ENERGY STAR ceilingfans, and EMERGY STAR lamps (bulbs}in 80% of

sockets or 80% oflighting fixtures are ENERGY STAR Qualified.
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J.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Washington ‘Target Home’ Spec

Exhibit 2: DOE Challenge National Home Target Home

Note: Exhibit 2 is for information only. It does not represent a prescriptive path as it does in the
National Program. It represents the overall energy performance target for a DOE Challenge Home. 5%

HVAC Equipment®
Hot Climates Mixed Climates Cold Climates
(2012 IECC Zones 1,2) & (2012 IECC Zones 3, (2012 IECC Zones
. - : b

4 except Marine) 4 Marine 5,6,7,8)

A\ AFUE 80% 90% 94%

SEER 18 15 13
0 J HSPF 8.2 9 107
Geothermal Heat Pump ENERGY STAR EER and COP Critenia
ASHRAE 62 .2 Whole-House 1.4 cm/W; 1.4 cim/W; 1.2 cim/W;

Mechanical Ventilation System

2012 vs.

no heat exchange

no heat exchange

heat exchange with 60% S

nsulation and Infiltration

2009 |IECC

Infiltration® (ACHS0):

3inCZ's 1-2

sulation levels shall meet the 2012 IECC and achieve Grade 1 installation, per RESNET standards.
| 25inCZs34 | 2inCZs57 | 15inCZ8

28. .27

Insul.

Indows

Hot Climates
(2012 IECC Zones 1.2,)

Mixed Climates
(2012 IECC Zones 3,
4 except Marine)

Cold Climates
(2012 IECC Zones

4 Marine 5,6,7,8)

SHGC

More Eff.

0.25

0.27

any

U-Value

Windows

0.4

0.3

0.27

ENERGY

ENERGY STAR minimum; for heating oil water heaters use EF = 0.60

STAR Water

Thermostat™

+ Programmable thermostat (except for zones with radiant heat)

Htg.

Lighting & Appliances

« For purposes of calculating the DOE Challenge Home Target Home HERS Index, homes shall be modeled with an ENERGY
STAR dishwasher, ENERGY STAR refrigerator, ENERGY STAR ceiling fans, and ENERGY STAR lamps (bulbs) in 80% of
sockets or 80% of lighting fixtures are ENERGY STAR Qualified.

208 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market

Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

Target Home Avg. HERS Scores ENERGY | renewable Energy

Average DOE Challenge Home HERS Index by Climate Zone
(Overall Average = 55.5)

70.0
65.0
% 60.0
e]
£
(7))
&
T 55.0
50.0 l
45.0 : : : : : l
1 2 3 4 5 6 7

Climate Zone

Based on 1800, 2400, and 3600 ft 2 prototypes on climate-appropriate foundations.
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U.S. DEPARTMENT OF Energy Efficiency &

Size Adjustment Factor ENERGY | renewable Energy

Homes larger than the benchmark home size must use the
size adjustment factor to determine the target HERS index

Exhibit 3: Benchmark Home Size™

Bedrooms in Home to be Built 1 2 ] 4 5 i 1 3
Conditioned Floor Area o .. 1.000 | 1,600 | 2.200 | 2,300 | 3.400 | 4,000 | 4600 | 5.200

Note: Renewable energy systems may not be used to
gualify for the Challenge Home HERS Index Target
Score, but may be used for the incremental HERS
Index points needed for the Size Adjustment Factor.

Size Mod. Factor = [CFA Benchmark Home /CFA Home to Be Built] 025
[Not to Exceed 1.0]
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U.S. DEPARTMENT OF

ENERGY

Performance Path Example

CZ4 Prototype -4 BR, 2400 SF

Energy Efficiency &
Renewable Energy

AGW Insulation

Attic Insulation
Basement Walls
Windows
Infiltration

Ducts

Furnace AFUE
A/C SEER

Whole-House
Mech. Vent.

Water Heater

HERS Index

R20 or R13+5

R49 (U=0.026)
R10/13

U=0.30; SHGC=0.27
2.5 ACH50

Total £ 8 CFM25 per 100 SF of CFA;
Leakage to outdoors <4 CFM25 per
100 SF of CFA

90

15

77 cfm; 1.4cfm/W no heat
exchange;

ENERGY STAR
52

R21
R50

R10
U=0.30; SHGC=0.27
3.0 ACH50

Total leakage 288 CFM25
Leakage to outdoors 140 CFM25

90

15
77 cfm; 8.0 cfm/W exhaust-only

Gas storage 0.67 EF
52 COMPLIES!
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U3 OERESTHENT OF o | Enongy Efficiency &

Ra'“ng & Ver|fy|ng Homes ENERGY Renewable Energy

e Same: ENERGY STAR Homes framework

e New:
— Indoor airPLUS Checklist;

— Renewable Energy Ready Home Checklists (where applicable)

— Hot Water Distribution test

e Submissions:

— Send “DOE Challenge Home Verification Summary”
electronically to doechallengehome@newportpartnerslic.com

— Otherwise builders will not receive “credit” on DCH website

— Considering RESNET National Homes Registry for future
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MENT OF Energy Efficiency &

Verifying Homes — Indoor airPLUS ENERGY | renewabie enery

e 1-page checklist

« Builder or Rater may verify

* Permissible methods:
— Visual verification on site during construction
— Reviewing photos taken during construction

— Checking documentation

— Equivalent methods as appropriate

« Sampling permitted per RESNET protocol
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7o | Energy Efficiency &

Verifying Hot Water Distribution ENERGY | Renowable Enersy

1. Initiate operation of occupant-controlled or occupancy
sensor-based recirculation systems, if present,

2. Place bucket or flow measuring bag (pre-marked for 0.6
gallons) under the hot water fixture. Only fixture with
greatest stored volume of hot water needs to be tested.

3. Turn on hot water; place digital thermometer into the
stream of water just where it meets the water being
collected; record starting temperature.

4. When water reaches 0.6 gallons record temperatures
again. The temperature must increase by 10 F.
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U.S. DEPARTMENT OF Energy Efficiency &

Verlfylng HOmeS — RERH ENERGY | renewabie Energy

e RERH checklist for DOE ZERH Home
- builder or rater may verify
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U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

>

ZERO

EMERGY READY HOME
U.nS DEFARTHENTD OF ENTROGY

Zero Energy Ready Home
Recognition
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Energy Efficiency &

LOtS Of ReCOgnIthn ChOICGS - ENERGY Renewable Energy

ENERGY READY HOME

. DEFARTMENT OF ENERGY

FIJHTIFIEI]
[ forsaieriving

217 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov
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ZERH ‘Brand’ Recognition ENERGY | renewable Energy

ZERO

ENERGY READY HOME

U.S. DEPARTMENMT OF ENERGY

Independent Voice of Authority vs. “Trust me.”
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Why TFUSt SO Important tO BUI|d€I’S ENERGY Renewable Energy

Nearly 1 in 3 consumers indicated they

do not trust

home building and real estate companies.

Source: The business of Trust — The Most Trusted Builders in America,
Lifestory Research, January 2013
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Pent-up ZERH Demand ENERGY | renovabis Enerey

ﬂ 1 3 Sanrray, Jorw 19, 3002
The Washington Post = ., FE=

Vodel home
shows olT ils

“I('{ 11

|||||||

“They d1dn t have thls [model] when
we purchased our home” three doors
down the street in October, said Nickiea
Youmans, who along with her husband,
Linzy, walked into the back yard to check
out the house. “We would have been very
interested in this,” she added.

T W
LT —
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ZERH Partner Reg|Strat|On ENERGY Renewable Energy

e Review

— Technical Guidelines
— Partnership Agreement Terms

* Register

— Electronically Sign Agreement

 Choose Optional Commitments:
W 100% of homes meet DOE Zero Energy Ready Home Guidelines

O Homes meet EPA's WaterSense Guidelines
@ Homes meet IBHS'’s Fortified Home Guidelines

@ Meet DOE Challenge Home Quality Management Program
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ZERH Partner Benefits ENERGY | renovabe Enerey

Renewable Energy

e Resources

U Customizable Homebuyer Brochures
U Branding [Logos, Home Certificates and Labels]

U Electronic Newsletter [updates, policy changes, new innovations]
U Appraisal Guidance

 Technical Support

U Building America Solution Center
U Building America Stakeholder Meetings
U Building America Research Studies

 Recognition
L DOE Housing Innovation Awards

1 DOE Zero Energy Ready Home Web Site Locator Tool
U Case Studies/Virtual Parade of Home [coming]
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ZERH Partner LOCatOr TOOI ENERGY Renewable Energy

Links Buyers to Leading Edge Builders:
e Contact Information
e Optional Commitments

_ " =% 5 EbeT 8 SOMIAny l'l\!l'N-Il'ld .GI: Jule Immmmln& h:.'cu-wer.-
':' ik alif

g '"' Flasse mmmm Wfﬂrmnmﬂﬂfifuttmimfuﬂwh T2 The kecedor wil nof proouse damg
L y comautly ool i i Lhe g for several sk, P check feck fo meich oor progree.

e # Labeled Homes -
e \Website link

DOE Challenge Home Partner Locator

For All Active Partners
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ZERH Partner Locator Tool ENERGY | renewable Energy

Bulkdings Home

DOE Zero Energy Ready Home: Results

Nam«g Type  Commitmenis Cily Siate # of DOE Zero Energy ¥ of Builders
Ready Home Projects  Challenge Homes.

Aot
Emarging Technalogias
Residential Buildings

104% Pariners
Sotar Dacalkion =
Building Smasica Boulder ZED Design Bulder W OO @ Enuwider e (4 ]
Homs Energy Soore Eg
e Eio Smart Bulding  Bulder W8 00 N QU CHICAGO Lo i
LLC
Befier Buikdings =
S P gucards Desian mader o O @ O SCOTTSDALE Az |o )]
£era Ensrgy Ready Home Group, Inc
Pastrer Log in (2
oo Elacyr Corporafion Buidar " Dover NH D i
V.Y
i Erienqy Tech Buser W Lo @ CARBONDALE co |o o
- Partner Locator -
- , N
- Rasoues Enstay Toch Lid Bulder ¥ o w CARBONDALE co o i
- Events o i T
" e GEOS Meghborhood  Bulder St k-#i'#'@ BOULDER co |0 o
ousing nnowahon " e
i Joryipl e | i
e Grasn T2am fies Buider W L oo FORT COLLING co o o
mergy Professionals it
Eslate
Codes & Standards 2
Commercial Bullings Harrington Busder W Lo @ = UL mah) |1 4

aircion |1 ¢

Appliance & Equipment

Stamdards T -
) Majestic Estate Buider W L0 N @ ’sl + | Wauconda IL [i] il
Bualicing: Encray. Coues Develnpars: e

Michael Hoogard LLC | Buider " G v/ QU Chasterfiekd MO |0 o
Palo Durg Homes Inc | Bulider w @ ALBUQUEROQUE M 152 235
Zero-Energy Plans Budder W L @ Coupeville WA D 1
Ay ephnr, LLC Budder Nhaca NY 11 1]
Banzonwood Homas | Bulider ‘Walpola NH |0 o
Chandler Desiqn-Buld | Bulider MEBANE NG |D 1
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CH Housing Innovation Awards ENERGY | renewable Energy

ypond lo tasmiisgad .E:;J
Ug bna E0S noldisasd 18f )

: s
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ZERH Partner ReSpOI’]SIbI“tIeS EﬁEWREEFY Renewable Energy

 Take Orientation Training

after registering and renew training every year

e Provide Certificate

for DOE Zero Energy Ready Home to each home owner

« Adhere to Brand Identity Guidelines

for proper use of the DOE Zero Energy Ready Home name and logo

 Build/Verify at Least One Home/Year

to maintain active partnership

To view the full Agreement terms and disclaimers, visit:
http://wwwl.eere.energy.gov/buildings/zero/
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ZERH Certification Process ENERGY | renewable Energy

e Rater Prints A

AND CONSTRUCTED IN CONFORMANCE TO

C - f - U.5. DEPARTMENT OF ENERGY (DOE)
e rt I I C ate GUIDELINES FOR EXTRADRDINARY
LEVELS OF EXCELLENCE AND QUALITY.
U-G. DEPARTHENT OF ENERGY  Projected Rating: Based on Plans

directly from rating CHALLENGE ol Contrmaton s,

software HOME e

e Certificate

Includes:
— Rating Details

- Graphic HERS Index | -
— Optional Programs

|BHS Fortified for Safer Living Program
[DOE Challenge Home Quality Management Guidelines

REM/Rate - Refidentlal Energy Analysi and
Rating Software vid, 1 Wisconsin
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ZERH BUllder ReCOmmendatlonS ENERGY Renewable Energy

e ‘Test Drive’ Challenge Home

[1- 5 homes; most not ready for wholesale change]
Offer Zero Energy Ready Home as ‘Limited Edition’

e Measure Profit Metrics:

- Cost
- Marketing
- Performance

 High-Performance Looks Different!

- Architectural Appearance
- ‘Mark of Excellence’
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QueStIOHS') ENERGY Renewable Energy

Thank You

>

ZERO

EMERGY READY HOME
U.nS DEFARTHENTD OF ENTROGY

For More Information:

www.buildings.energy.gov/zero/

e-mail Contact:

zero@newportpartnersllic.com
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World-Class
Expert
Guidance...

Building America Solution Center

BASC.energy.gov

...At Your
Fingertips




BASC Interfaces ENERGY | cencrenio trony

Building Components ENERGY STAR Checklist
Find how-to Guides and Find Guides to help you
reference documents describing implement each item on the
construction techniques for each four ENERGY STAR Version 3
part of the house. checklists.

Guides Alphabetically ] Building Science Publications
You can also find images, Use this information mapping
CAD drawings, references, tool to link to hundreds of
and other resources under references from the Building

FIND RESOURCES. America library and beyond.
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BASC Checklist Manager ENERGY | renewabie Energy

Building America Solution Center l :

EERE » BTO » Building America » Solution Cenler » $ eoll cliicligmmibauy Szt Bty
Solution Center Home PI'OEI'BTTI Checklists MOEILE FIELD KITS
About EMERGY STAR Qualified Homes, Version 3 (Rev. 6} Checklist gE; Elsid KUt Numbar 1 Title

17 dems

into the Checklist Manager. Additional ENERGY STAR program
requirements and information can be found at the ENERGY STAR

FIND YOUR TOPIC BY: T
Website.
Building Components

Guides A-Z

. D0OE Challenge Homes National Program Requirements (Rev. 02). DOE
* Program Checklists Challenge Home offers both a Prescriptive Path and Performance Path
ENERGY STAR to meet program requirements. Additional Information can be found

Z E RO at the DOE Challenge Home Website.
Challenge Home

EMERCY R4l ~dME
LOUPRLATHTAT AT FHERA

Indoor airPlus
SolarReady PV

EPA's Indoor airPLUS Program checklist helps builders construct homes with
improved indoor air quality. This checklist is a component of the Challenge

SolarReady Hot Water 4T Home Checklist. Additional information can be found at the EPA Indoor
dITPLUS airPLUS Program Website.
RESOURCES: oo
References The Renewable Energy Ready Home Solar Photovoltaic Checklist was
CAD Files designed for builders constructing single family homes with pitched
roofs. This checklist is a component of the Challenge Home Checklist.
Images Additional information can be found at the EPA Renewable Enerev

Ready Homes Websits,

Case Studies
Videos The Renewahle Energy Ready Home Solar Water Heating Checklist was
designed for builders constructing single family homes with pitched
roofs. This checklist is a component of the Challenge Home Checklist.
Additicnal information can be found at the EPA Renewable Energy Ready

b B

Homes Website.

Presentations

Building Science
Publications
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BASC Checklist Manager

J.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

Renewable Energy

Solution Center Home
Help

FIND YOUR TOPIC BY:
Building Components
Guides A-Z

* Program Checklists

DOE Challenge Home Program Requirements (Rev. 02)

The Building America Solution Center has integrated the DOE Challenge
Homes National Program Requirements (Rev. 02) into the Program
Checklists. Use the boxes to access specific parts of the Requirements,
which have been numbered and titled to be consistent with the DOE
Challenge Home National Program Requires. Additional information can
be found at the DOE Challenge Home Website

ZERO

CRLFCY -
1 e ¢

EMNERGY STAR
mw Requirements for All Labeled Homes
Challenge Home

Indoaor airPlus

Renewable Ready
FIND RESOURCES:

References and
Resources

CAD Files
Image Gallery
Case Studies

FIND PUBLICATIONS:
Building Science
Publications

234 | INNOVATION & INTEGRATION:

TAR for Homes Baseline

er ENERGY STAR Qualified Homes Version 3.0

or airPLUS Verification Checklist and Construction Specifications
ive: ENERGY STAR for Homes V3 Water Management System Builder

+ 7. Renewable Ready
- Consolidated Renewable Energy Ready Checklist

Exhibit 2: Target Home
r HVAC Equipment

-

Insulation and Infiltration

» Windows

r Water Heater

-

Thermostat

-

Lighting & Appliances

Exhibit 3: Benchmark Home Size

» Benchmark Home Size

ansforming the Energy Efficiency Market

Buildings.Energy.gov




BASC C h eCkl |St M an ag er Eﬁ”E“"“REEFY Energy Efficiency &

Renewable Energy

Solution Center Home Indoor airPLUS Qualified Homes Program Requirements

Help EPA's Indoar airPLUS Program checklist helps builders canstruct

FIND YOUR TOPIC BY: homes with improved indoor air quality. This checklist is a component
Pilding Compenesits E Dl B of the Challenge Home Checklist. Additional information can be found

dIrPLUS at the EPA Indoor airPLUS Program Website.
Guides AZ o v

* Program Checklists
EMERGY STAR » ENERGY STAR for Homes Baseline
Challenge Home

- Thermal Enclosure System Rater Checklist completed.
Indoor airPLUS

HVAC System Quality Installation Contractor Checklist completed.
HVAC System Quality Installation Rater Checklist completed.
Water Management System Builder Checklist completed.

Renewable Ready

FIND RESOURCES:

References and
Resources F Moisture Control
CAD Files » Radon
Image Gallery » Pests
Case Studies b HWVAC 5ystems
FIND PUBLICATIONS: ¢ Combustion Pollutants

Building Science
Publications

¢ Materials

¢ Final
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BASC CheCk“St Manager ENERGY Renewable Energy

wgin | Regse

Building America Solution Center o R

LEAL = BT » Quiging &merics » folyton Cender = Chegkisng
gabuton certes here ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

Component Explorer
Checkiist Manager provides links to technica guoies thal aign with each measure included in the checklisis for SNERGY
srmion 1 (Raw &) The rumbars and iles inclidad in tva Checklist Managar follvs the sama ordar
g Towige progemivetic laolnoles, gea
added ta the Scope tabs in the gaides
v STAR Wahsia

Cheakilisd Manager

ETAR Cuatfiad Bomas,
a4 the hiur THERGY STAR ligpectci Shecklats T Haliona Pregramn Fedulis
Feriions of the programmalic footnotes have

ERERGT ST

the original pregram checklizs "2
For addtonal EMERGY STAR program raquisaments and innmrabion viss he EH

Bulwing Sciencs

xpbonas
Drowesr
(T
L b Thesmal Erclosuie Syt Ralei Checklist [TES)
IR + HAS System fualhy Tnstallznnn Sontractar Chacklist (HYAE/]

v HVAC System Qualty Instailaton Rater Chacklist (HYACRY

¥ Wakar Mznagement Systemn Builder Chedklis: [WME]

Cotlest g Wish R Eplzese U5, Daparirmact o Ersmgy Eah g

Corkirnl Lest Uptated: 124 3012

Buildings.Energy.gov
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BASC CheCk“St Manager ENERGY Renewable Energy

it | Rrqiries

Building America Solution Center | g seseon |

EEHE & BT 6 Buiicinng Americs s Snlihon Centar & Checkist

soiuticn cerserflome. - ENERGY STAR Qualified Homes, Version 3 (Rev. 06)
Componert Explorer
Chackiat Mars;
STAR Qua

fitdea lines o lechnics: gadea Bat aign wilth each messure acliidad @ tha chackiala fr EREREY

Checkint Manager
raion 3 iFey 51 The rurkers a9 1tk ocluded mthe Checkbal Managss Tilos (ke s oda

CHEREY: BEAH #= lhe four ENERG A brpeclion Checkl=ts o Hatiosd Progam Feguisments e, aee
== the origing progam checkisis =5 . Pwilions of the programmstic ot s o b= godes

Buiding Sclerce EMERGY STAR = : b :
Exphici LY For addtional ENEREY STAR program requirements and information
Broevgar

Suides

sanE

SR » Thanmal Enclozure System Razer Chedklis: (TE5]

Cass Thdes

e 4 TEE L High-Parformancs Fenastration
Tage Calery

. ¥ TEE 2. Qualiey-Iretaled Insulatian
e ¥ TR 3. mulke-Jigned &r Barriers
¥ TEE 4. Reduced Tharmat Brdaing
v TEE 4. &jr Sazling
+ HWAC Systam Quakby Incbalaton Cantractor Checkdiat [HyAZAT]
¢ HWAD Sesbam Quakty Instalahon Raber Shacklzt (HEYADR]

» Warar Managament Syssam Builder Chaddst (ms)

Comiact Us Wiak s Sodoies W5 Deparimes of Cramy US4, g

Comerl Last Updaiac 12922012
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BASC Checklist Manager ENERGY | renowabls Eneray

Login | Sl

Building America Solution Center | [Cseanch |

souton centerviome - ENERGY STAR Qualified Homes, Version 3 (Rev, 06)

Componet Explarer H
. =t ) | n EREhE e Tt [ r 0l =t=¥r F 03
Chacklist Maeager Checkl=l Manags prosidas anka 1o techrecal quncss that aloe st aach maazea incuded inihe checklst i EHERGY

STAR Jualfied Homes, Versen 2 (Ree B2 T
EMERGY STAR Ingpsd

pibeg and lillag incduded in ihe Checklizt Manager fal ey tha same oider

PRESSY STAR = o wograminalic loolnuley, ==

klizig [ Haliunal Praggran

LspAErenl
f U wrogrammalic fominwies have b

Fri

;,:_.I:.‘,.rf.szww ENERGY STAR II.’.l ;u:]lil:liil'cl ENEREY STAR pogram e rents and clonmaton, Wsi the SHZREY STAS Wisbel "";n s
Srowser

Cuiges

AL Fes

= Themal Endosure System Sater Chadkist (FEE)
Comr Sudies
E ¥ TES L. Hgh-Parformance Fanastraban
g Gabary
" ’ # TEES 2. Qualicy Irstaled Irsulation
Retarenmes
= TE% 4. Fully-dligned Ar Barrizrs

TES 3.1, wakls

TES 3.1.1. wakls bahnid showars and tubg
TES 3. 1.7, WHlS baheni fraqlag
TES 3.1.Z attic knze walls
IES 3.1.4. Skylight. shiaft walls
TES 3,1.5- &l admming porch oot
TES 3. 1.E. Starcase walls
TES 3. 1.7 Dnuble walls
TES.2.1.8. Garage rm/ band joit adjoining conditoned zpace
TES 2. 150 all Glher esteion wals
TS 3.2, Foors
TES 3.7.1. Flacrabave garaga
TES 3.7.3. Cantlewarad finor
TES 2.2.2. Flocr above unconditianzd basement or uncondidened crawlsaace

1ES 2.4, Ceilngs

TES 3.3.1 ottt belvw srecndhaned abhe

TES 2.%.2 all cther caibngs
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BASC Component Explorer ENERGY | renewable Energy

[ —

Fully Aligned Ai-r Barriers
Behind Showers and Tubs

Walls/Openings Behind Fireplaces
Water Managed Walls Attic Knee Walls
Minimum Thermal Bridging Skylight Shaft
Insulation Walls Adjoining Porch
Air Sealing Double Walls

Fully Aligned Air Barriers Garage Rim/Band Joist
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BASC GUlde Atth Knee Wa” ENERGY Renewable Energy

Solution Center Home Attic Knee Wa"s
Component Explorer Please Register or Login to Provide Feedback
Checklist Manager

BB SEichoe Scope L Description J Ensuring Success . Climate I Training CAD _ Compliance i More Info. I

Explorer [ -
Browser Scope
Guides
Fully Aligned Air Barrier MORILE EIELD KIT
CAD Files
A Install a top and bottom plate or blocking S—
Case Studies at the top and bottom of all knee wall e Biicing imniica
- Field Kit allows you to
Image Gallery i 'ES'_ ; e save itemns to your profile
B. Back attic knee walls with a rigid air far review or use on-site.
References barrier ar other supporting material to

prevent insulation from sagging and create
a continuous thermal barrier®

C. Seal all seams. gaps. and holes of the air
barrier with caulk or foam.

D Install insulation without misalignments.
compressions, gaps, or voids in all knee
wall cavities.

T =

* ENERGY STAR recommends using a rigid air barrier, but it is not a requirement.

Motes:

Scope: Clearly defines and bounds the topic in a way
builders and remodelers can contractually obligate
their subcontractors.

uialiicLs UnEoS ULHiSiywios inidiedusu U:II' LS faliuigdelul sl 1 IEANNE dil el otidll UL e THads Ul nadil
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BASC GUlde Atth Knee Wa” ENERGY Renewable Energy

Solution Center Home A‘I_‘tic Kﬂee Wa"ﬁ
Component Explorer Please Eegister or Login to Provide Feedback

Checklist Manager

Building Science [ Scope ; Descnptlon: Ensuring Success i Climate ] Training i CAD I Compliance  More Info. !

Explorer ! —
Browser Description
Guides 2 3 : :
Knee walls, the walls that separate conditioned from unconditioned space in an attic, can be a source MOBILE EIELD KIT
CAD Files of significant air leakage if a continuous air barrier is not provided to prevent unconditioned air from
e ﬂnlvu'in:t_] under t.he knee wgll and LIr?dEF the floor boards .thhe attic room. There are two ways to block off The Building America
this air flow: either a continuous air barrier can be provided from the top of the knee wall down to the Field Kit allows you to
Image Gallery attic floor. including the spaces between the attic floor joists from the bottom of the knee wall to the save items to your profile
ceiling deck below. or a continuous air barrier can be installed from the top of the knee wall along the for review or use on-site.
e attic roofline to the top plate of the home’s exterior wall. With either method the air barrier should be
installed before installing attic floor insulation to the unconditioned portion of the attic. An air barrier is
defined as any durable. solid material that blocks air flow between conditioned space and
unconditioned space. including necessary sealing to block excessive air flow at edges and seams and e
adequate support to resist positive and negative pressures without displacement or damage. Air barrier
material can include thin sheet goods such as rigid insulation. dry wall. 0SB, plywood, or rolled batt Login

insulation that is covered with spray foam. These materials may be installed by insulators, framers. or
drywallers. This task should be included in the contract for the appropriate trade depending on the
workflow at the specific job site

Adr barrier effectiveness is measured at the whole-house level. High-performance branding programs
and the 2009 |[ECC require that builders meet specified infiltration rates at the whole-house level. See
the “compliance” tab for these specified infiltration rates.

Description: Provides an explanation of the building
topic and in some cases specific “how-to”
Implementation steps.
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BASC Guide: Attic Knee Wall ENERGY | Renewable Energy

Solution Center Home A‘l_'t": Knee Wa"s
Component Explorer Please Register or Login to Provide Feedback

Checklist Manager
i

Hishding Science 1 Scope A Description | Ensuring Success | Climate I Training CAD Compliance  More Info. _

Explorer
Browser Ensuring Success
Guides : . e
Blower door testing, conducted as part of whole-house energy performance testing, may help indicate MOBILE EIELD KIT
CAD Filez whether air leakage at knee walls has been successfully sealed. An infrared camera may also be used
F— to determine air leakage at the knee wall. if a sufficient temperaturs d!fferem:e ems.tet between the attic The Building America
and the conditioned space of the house to see the leakage. An experienced technician can also check Field Kit allows you to
Image Galery for air leaks beneath the knee walls with a smoke pencil or by feeling for leaks with the back of the save itemns to your profile
hand. for review or use on-site.
References

or

Ensuring Success: Related health, safety, durability,
performance issues, test-in/test-out requirements, and

scheduling and sequencing considerations.

Buildings.Energy.gov
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J.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

Guide: Attic Knee Wall

Renewable Energy

Solution Center Home
Component Explorer

Checklist Manager

Building Science
Explorer

Browser
Guides
CAD Files
Case Studies
Image Gallery

References

Attic Knee Walls
Flease Register or Login to Provide Feedback

: §
Scope Description Ensuring Success | Climate | Training CAD Compliance More Info.

Climate

ENERGY STAR Version 3. (Rev. 6)

Thermal Enclosure Checklist, Fully-Aligned Air Barriers. A complete air barrier shall be provided that is
fully aligned with the insulation at exterior surface of walls in all climate zones: and also at interior
surface of walls for Climate Zones 4-8.

MOBILE FIELD KIT

The Building America
Field Kit allows you to
save items to your profile

DOE Challenge Home for review or use on-site.
Exhibit 2: DOE Challenge Home Target Home. Infiltration (ACH50): Zones 1-2: 3; Zones 3-4: 2.5; Zones
5-7- 2: Zone 8: 1.5, Envelope leakage shall be determined by an approved verifier using a RESNET-

approved testing protocol.

Climate: Climate-specific codes, standards,
ENERGY STAR, and Challenge Home guidance.

Buildings.Energy.gov
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BASC Guide: Attic Knee Wall

Solution Center Home
Component Explorer

Checklist Manager

Building Science
Explorer

Browser
Guides
CAD File=
Case Studies
Image Gallery

References

J.S. DEPARTMENT OF

ENERGY

Attic Knee Walls
Flease REegister or Login to Provide Feedhack

Description  Ensuring Success  Climate | Training | CAD Compliance  More Info.

I Scope

Right and Wrong Images

Presentations

Mone Available

Videos

Training: resources such as Right and Wrong/

Sequencing installation images.
COMING: Videos and presentations

Energy Efficiency &

Renewable Energy

MOBILE FIELD KIT

The Building America
Field Kit allows you to
save items to vour profile
for review or use on-site.

Log In

Buildings.Energy.gov
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BASC GUlde Atth Knee Wa” ENERGY Renewable Energy

Solution Center Home A‘l_‘t": Knee WaIIS
Component Explorer Please Register or Login to Provide Feedback.

Checklist Manager I

Buiiing SeScne I Scope _ Description I Ensuring Success _ Climate k Training | CAD | Compliance : More Info.
Explorer [
Browser CAD Images
Guides
MOBILE FIELD KIT
CAD Files
Caze Studies ) } ] The Building America
= & = L Field Kit allows you to
Image Gallery P i ,.-'f»’x A save items to your profile
o No— Pl o b— @ for review or use on-site.
References 1_ — f" : 1: —
. : . i i : r L L Siqn |_|p
- ar
Log In

CAD: Architectural CAD files of the building topic in
DWG and PDF forms.
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GUlde Atth Knee Wa” ENERGY Renewable Energy

Solution Center Home A‘tt|c KI‘IEE Wa"s
Component Explorer Please Eegister or Login to Provide Feedhback

Checklist Manager

Building Science Scope i Description . Ensuring Success _ Climate . Training ’ CAD | Compliance More Info. .

Explorer
Browser Compliance
L}
Guides ;
ENERGY STAR Version 3. IRE"J E] MOBILE FIELD KIT
CAD Files Thermal Enclosure Checkdist, Fully-Aligned Air Barrers. A complete air barrier shall be provided that is
= T fully aligned with the |.n5ulat||:|n at exterior guﬁace waal.ls in all climate zones: and also at.lnterlnr The Building America
surface of walls for Climate Zones 4-8. All insulated vertical surfaces are considered walls {s.g.. above Field Kit allows vou to
Imags Gallery and below grade exterior walls, knee walls) and must meet the air barrier requirements for walls, with save items to your profile
ik the exception of adiakatic walls in multifamily dwellings for review or use an-site.
ETETENCESR
DOE Challenge Home
Exhibit 2: DOE Challenge Home Target Home. Certified under EMERGY STAR Qualified Homes

Version 3. Infiltration (ACHS0): Zones 1-2: 3; Zones 3-4: 2.5; Zones 5-7- 2: Zone 8: 1.5, Envelope
leakage shall be determined by an approved verifier using a RESNET-approved testing protocol.
Building envelope assemblies, including exterior walls and unvented attic assemblies {where used), Log In
shall comply with the relevant vapor retarder provisions of the 2012 International Residential Code

ar

ASTHM E1677-11

Standard Specification for Air Barrier (AB) Material or System for Low-Rise Framed Building Walls.
This specification covers minimum performances and specification crteria for an air barrier material or
system for framed. opaque walls of low-rise buildings. The provisions are intended to allow the user to

Compliance: Specific compliance references/links from
applicable codes and standards.
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BASC Guide: Attic Knee Wall ENERGY | Renewable Energy

Solution Center Home A‘l‘tic Kﬂee Wa"s
Component Explorer Please Register or Login to Provide Feedback.

Checklist Manager 1

Riicing teenes | Scope Description Ensuring Success Climate Training CAD Compliance | More Info. |

Explorer = s . _
Browser Case Studies
Caldles 1. David Weekley Homes: Eagle Springs & Waterhaven, Houston, TX
CAD Files PHML. 2012, Building America Case Study: David Weekley Homes, Eagle Springs & MOBILE FIELD KIT

Waterhaven. Houston, Tx, PHNMNL-SA-87333, prepared by the Pacific Morthwest Mational
e Laboratory for the U.S. Department of Energy.
Link to Document T

The Building America
Field Kit allows vou to

Image Gallery save items to your profile
A 2 Tommy Williams Homes: Longleaf Village & Belmont, Gainesville, FL for review or use on-site.
PHML. 2012, Building America Case Study: Tommy Williams Homes, Longleaf Village &
Belmont, Gainesville, FL. PMMNL-5A-87331. prepared by the Pacific Morthwest Matianal m
Laboratory for the LS. Department of Energy.

Link to Document ) "

References

1. 2009 IECC—International Energy Conservation Code
2009 |ECC, International Energy Conservation Code. International Code Council, Washington.

More Info: - References - Full citations with links for content
- Case Studies - Whole-house best practices
- Resources - Relevant info not previously cited

[ L L | I
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BASC Browser Image Gallery ENERGY | renewable Energy

Click an image to
enlarge in a
sliding window.
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Step Two: 23 DEPARTMENT OF _ | Energy Efficiency &

ENERGY Renewable Energy

Specify Green Appraiser

In many markets you e
are eligible to specify
with the lender that you
will only accept an
appraiser from the = —
Certified Green S S
Residential Appraiser - . o=
List. These appraisers == ===o = o
have been trained to BN o= == =
recognize the value of T EE
high-performance ==
home improvements in
your DOE Challenge EReE.
Home. o

L T L L = R TP P T e Y S e Pogm L of 2

: Professsonsd Devrlopment Program Magetry
Valuation of Sustainable Bulldings: Residential

dik P -k
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BASC Browser Cad FI|eS ENERGY Renewable Energy

21T HEie HRe « Click the CAD

"'-',.-"'f LT
i i

R

| e o - file Image to
I : =1 load in a slider
window.

AR SERLAT CABINET BOFFIT & BAGLE-STORY

GreenBuildingAdvisar com [T N T ]
e

Earbg e LT X

Air =eal at cabinet sofft - single-story

Buildings.Energy.gov
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BASC MOb”e Appllcatlon EﬁE“‘REE’Y Energy Efficiency &

Renewable Energy

APPS WIDGETS

i —
= L.
B - 3 F -
2 L

APl Demos Browser Calculator Calendar

#£ & A =

Dev Tools Downloads Email

Gallery Gestures Bu Mess:

- . @ .

People Fhone Solutions Speech Rec Widget Prev
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BASC Mobile Application ENERGY | rencvabie nerey

] No
{ H | |
0 HHH mage

Available
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U.S. DEPARTMENT OF Energy Efficiency &

DOE Zero Energy Ready Home ENERGY | renewabie Energy

SAM RASHKIN
Chief Architect

Building Technologies Program




Step One:

Document 3rd-Party Certification

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

A wide array of
programs qualify as
green or energy
efficient including
the DOE Challenge
Home. Use the
DOE Challenge
Home Verification
Form to document
compliance with the
program.

DOE Challenge Home Verification

Projected Rating: Based on Plans - Field Confirmation Required.

Energy Performance
House Type DOE Chalienge Home Butider Partrar ID8
g tamly oetached 12345
Year bult Square footage of Conditired Space i luding Rasement
o Yied 0
Mumber of Bedreom Square footage of Conditioned Space without Basement
4 pall N
e address (f not svallabie, It the vis Lot &) Regiviered Bubider
555 Mamn Streot
Coiz Cmy Certfied Rater
M. 2085)
HERS index withoel On-site Gener alion Date of Rabing
an

a“
HERS index of the 1 : ng o Tactor
an
Estmated annal
Ecuric - 10875 i
Energy coit rates
Electric: 0.08 5 fl Gas: § 5/ Ther

DOE Challenge Home Certification

& the certified Rater for this house, | Cortity this house meets/ complies with al mandatory requirments of the DOE Chalenge
home gubdled, v ufing e folowing

X Compilance with al ENERCY STaR Quabfied Homes Vorsion ) recuraments and checkists
Corpiance with Mandatory Fenestration Requir ements

Compiiance with Mandatory | vt ion Regult smeniy

Compllance with Mandstony Duct Location Requir ements

Complance with Mandstory Applanc e Reque ements

Complian e with Mardat ony Lighting Regur seenty

Corpiiance with Mandat oy Fan BTy Beguir sment

Corpllance with Mandatory indoor Ar Qualty Requirements

Corpllance with Mandstory Remewabie Energy Ready Sobw Dectric Regaroments
Compiiance with Mardat oy Rerewabie Dres gy Beady Solw Mo Water Requirsmentsy

This Peare wik Quallled vib Sarpiing W B of Tonting. 15 s Cof dnCs wiTh dloswalis Camping provishons af italed n the
DOL Challenge Mome Naticnal Pregr am Requir ements

Optional Compliance for Bullder Recognition
| further certfy that the folowing abo spply Lo thi bouse
YES N0 CONT Optionsd Home Bulder Commiments for Recognition
O
x Cortified under the EPA |ndooe srPLUS Progrant

“Cortific aton under the DOE Chalorge Home pormits Bnted exceptions 1o Tul complance with Indoor 2ir PLUS. Buidors socking
the brsioor sir PLUS bsbed munt ac hieve full complanc e with the lndoor abr PLLES Yerofic st hon € heciint

e e w

BEEWHate - Revdentisl Energy Analyus and Ratirg Software w14 1
Tha inflormtien does nol comtitute any warranly of energy cosl or savings
© 19852013 Archetectural Energy Corperation, Bouider, Colerado.

255 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market Buildings.Energy.gov



Step Three: e e 2 - | Energy Efliciency &

ENERGY Renewable Energy

Complete Green Appraiser Form

(31 Pl fprvmiRe |
‘ Residential Green and Energy Efficient
.|I Iru. Addendum

o Ty, S L

[ ] e g 178

S P W ] ¢ T vkl ol e o 650 T G R O T W i b el B

Download Appraisal Institute Form e
820.04: Residential Green and S
Energy Efficient Addendum from: w-m..,mamfimfm

i Bt of G B aiing: AT bR o P EET A 8 Tt g d.r', rewn ma [1] ok, (5] meston, (3
meagy, {4 150 iacinar ol pndry, w0 (T P mavans and cpsmian, &G Fuiring el 5s o s et 5.1 00 srape ffcan
2

wnskea r.t-.-mw o rd PRy e eame
X 'l v'.\.wrml"im o WA ol MR 1R aEaee

(=L = Tﬂlmfﬂ1m'nﬁn'ﬁhuln'l ClSie: DGk O Cred

www.appraisalinstitute.org/education
green_energy_addendum.aspx M~

D i rrmrce el e g it O Vel O W
oy
E.

.
18 prpoy pimal fovr b ol vorele il L8 demrens o orgler and anaf o I vetue e eerm.
era o e satiars civiead wewe L aw mdnew sl ol polan ewbus ! b ek

Complete the form and provide a ==
copy to the lender as guidance to for ==
Including all DOE Challenge Home

Improvements in the final report. e

U i s ! Pl iy o il i L b,

AT B gl vk o e ey o B 7 LAY i e s e e e b e Do o, ey
SHST S T IO ML BN 1 R D A1 AL Y T S SRR BRI 41 0 |'r:-w|'|rw-w BB AT TR T
T A By BT . DT VTN T L B

N B O e B T iy i A i - TTLL A S Bl "y L
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Residential Green and Energy s oesmcruentor | Energy Efficiency &

Addend um ENERGY Renewable Energy

et |arw Ot o o e enme |
S Pt i Jarm & fop—— e Chrarin Fosa & iimadacis
Vs b o e ormalered i S s v vk ol S skt amery T faimwrg erm
- 3 0 Lewied O oawit Sow el Wala
I i O imgfris Sowe-bn Bl e vt O Cowime O # m Bek lmasbay | e (e Ay Zearpian
£ v et ae IR B O e | M 0 e Pt S
- % [t F dectlen Syt -
B faiewelima gin Dnasee HIIN Domsity SFF O onieg gy el T | Dot D
e A B a0 ¥aasackoe of B Rambe St g | D gl ool
Paran L [ ermaypiee
Evviiops Iieen: 1200 me OOees CoNsl BAch] O Mdk .
Pl Warsah v Peses fre
M Frosiops Tieronsme baend 01 S e Nors Tae: » e Finira
. E!l:l.u.rr'ﬂl'.l"knr Lowsten of catoe
[rophbd: [ firer - Swe Sviem e o oale Eailecio Trps
4 8 s Csncicn
Oz rem ke ~
T —— e — P L
= R | Caubis Fem TXE
Wk ehiks DimE Obglae [Door |5 m b [omees  [osmarmans par ey
sy Ligring E‘ir-ws 21 ket Tt - | T b (B 8 ENEREY ST P T ;:;af;r::::l
i . Lale B Pregastdon Librutn il
CULRCY STRR" dzgiarce gy Saame: A 1 : DTokeesc HmiFury
Aevkawin dpamom O Premrs [ JEE N BT A Azcatior [Aack, gl
B Chea W O Crm D Ermn, Pic |
iy §
o ms iy
a Th B b heay ‘Wararty T
FAL Do
= Comrmrh Arnn| hrwrasiy pa iy Mamruries
15 L amive Seir
DT st b w e s |Dxirad m ;
A of Erveriaru) S Loargy Fucie (5IT]
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W DT B e - Bman
[
gy Eafmg a o
[l SE TN
Howm Enwrmgy S 1HES] [Sowm vage 1-10L 5 (a2 iy bavas Lo e h e ]
LA Dicims i o b i o 0 8 il T B SO DR, bt i L T, L il sy
B D b Ml o b =
= = = il Var e This home is reneveable reody for solar eiectic and themal.
- PI“r:ﬂ:lll-.l.s ls.'l-‘rl'nhm'f‘u'hlerlnnrM Aicding Ve mion Pl ks i D ey i 61 ¥
2. L <z vl pawin, and am
BERS irkvafin | Fxdce 15 L e P R = ] e itz 5] /43 miEmecs mn ¥
. 3mEn b
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= 2 ' 3 ENCES SF
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R pae
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Residential Green and Energy s oemaruent or | Energy Efficiency &

Addend um ENERG Renewable Energy

Cherd Rl 12
Aashimal Fln it remFaa |
[rs——— |
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