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rS

ZERO

For More Information:

www.buildings.energy.gov/zero/

e-mail Contact:

doechallengehome@newportpartnerslic.com
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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

Zero Energy Ready Home
Definition
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Energy Efficiency &

Zero Definition Concept Renewable Energy

Energy Efficiency
First

Ensure
High-Performance

Renewable Last
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Energy Efficiency &
Renewable Energy

Efficiency

* More Rigorous Codes
* Rising Energy Costs
* Consumer Demand

* Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

 Advanced Windows
* More Air Tightness
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Energy Efficiency &
Renewable Energy

Efficiency

« Ultra-Low Space
Conditioning Loads

* Adv. Insulation System

— More Insulation
— Quality Installation
— Complete System

 Advanced Windows
* More Air Tightness
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Energy Efficiency &

Complete Energy Efficiency Renewable Energy

Efficiency

« Ultra-Low Space
Conditioning Loads

by,

* Energy Components
and MEL’'s More Than

50% Energy Use

* Energy Efficient
Water Htg., Lighting,
Appliances, and Fans

Buildings.Energy.gov
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Energy Efficiency &
Renewable Energy

Renewable

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

* Decreasing Solar Cost
* Rising Energy Costs

b

« Solar Ready Home
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Energy Efficiency &
Renewable Energy

Optimized Thermal Enclosure

¢

5. . Energy Efficient Components

Optimized Comfort System

Complete Water Protection

Comprehensive IAQ System

Solar Ready Construction
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ZERH Definition H Bl

High-performance home
SO energy efficient,

all or most annual energy consumption
can be offset by renewable energy.
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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

rS

ZERO

Zero Energy Ready Home
Value Propositions
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Energy Efficiency &

‘Green’ Definition Renewable Energy

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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Energy Efficiency &

‘Green’ vs. Zero Energy Ready Renewable Energy

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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Energy Efficiency &
Renewable Energy

Optimized Thermal Enclosure

¢

5. . Energy Efficient Components

Optimized Comfort System

Complete Water Protection

Comprehensive IAQ System

ZERO Solar Ready Construction

EEEEEEEEEEEEEEEEEE
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DOE ZERH Bankable Value Reronable Encray

Lives Works Lasts
Better Better Better

Engineered Ultra-Low Quality
Comfort Utility Bills Construction

Healthier Advanced More
Living Technology Durability
ary

Exclusivity

Vision
"‘
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Homes to the Power of ZERO

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

What is the DOE Zero Energy
Ready Home™ Label?

It is 2 Symbol of Excellence for energy savings,
comfort, bealth, quality, and durability met by
a select group of leading builders meeting
U.S. Department of Energy Guidelines.

What is a Zero Energy
Ready Home?

It is a high-performance home so energy
efficient, all or most annual energy
consumption can be offset with renewasble
energy. In other words, it is the Home of
the Future

A Symbol of Excellence

HEALTHFUL ENVIRONMENT

U.S. DEPARTMENT OF

Translating ZERH Value Proposition ENERGY

COMFORT PLUS

ADVANCED TECHNOLOGY

ULTRA EFFICIENT

QUALITY BUILT

DURABILITY

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

This graphic comparison chart demonstrates relative
performance of this DOE Zero Energy Ready Home to

existing homes (budt between 1990 and 20105 and ENERGY

STAR Certified Homes. Actual performance may vary.
° US. DEPARTMENT OF

202-221-45687
NewTown@net.com
123 Main Street, Denver, CO 24567
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Energy Efficiency &

Renewable Energy

Buildings.Ene



U.S. DEPARTMENT OF Energy Efficiency &

Value Proposition Transparency ENERGY | renewable Energy

DOE Challenge Home
Label Methodology

October 2012

A Symbol of Excellence

MFORT PLUS

ADVANCED TECHNOLOGY

U.S. DEPARTMENT OF ENERGY OURABILITY

CHALLENGE . ....-

ENERGY STAR Home

HOME =

@cnNEreY

DOE Challenge Home October 2012 1
Label Methodology
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Homes to the Power of ZERO

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

What is the DOE Zero Energy
Ready Home™ Label?

It is 2 Symbol of Excellence for energy savings,
comfort, bealth, quality, and durability met by
a select group of leading builders meeting
U.S. Department of Energy Guidelines.

What is a Zero Energy
Ready Home?

It is a high-performance home so energy
efficient, all or most annual energy
consumption can be offset with renewasble
energy. In other words, it is the Home of
the Future

A Symbol of Excellence

U.S. DEPARTMENT OF

Translating ZERH Value Proposition ENERGY

HEALTHFUL ENVIRONMENT
= =

COMFORT PLUS

ADVANCED TECHNOLOGY

ULTRA EFFICIENT

QUALITY BUILT

DURABILITY

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

This graphic comparison chart demonstrates relative
performance of this DOE Zero Energy Ready Home to

existing homes (budt between 1990 and 20105 and ENERGY

STAR Certified Homes. Actual performance may vary.
° US. DEPARTMENT OF

202-221-45687
NewTown@net.com
123 Main Street, Denver, CO 24567
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Renewable Energy
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U.S. DEPARTMENT OF Energy Efficiency &

Translating ZERH Value Proposition ENERGY | renewabie Energy

HEALTHFUL ENVIRONMENT
L

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.

U.S DEPARTMEHNT OF

ENERGY
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very Zero Energy Ready Home
offers a cost-effective, high
performance package of energy
savings, comfort, health, and
durabllity unparalleled In
today’s marketplace.

Front Cover

Lives Better
EALTHFUL ENVIRONMENT

Every DOE Zero Energy Ready Home has
a comprehensive package of measures to
minimize dangerous pollutants, provide
continuous fresh alr, and effectively filter
the alr you breathe.

ORT PLUS

[

Superlor Insulation, windows, alr sealing and
space conditioning systems Included In every
DOE Zero Energy Ready Home surround you
with even temperatures, low-humidity, and
qulet In every room on every floor.

KEY [1] DOE Zero Energy Ready Home
[l ENERGY STAR Cortified Home
1] Existing Home

7 | INNOVATION & INTEGRATIO

Works Better

ADVANCED TECHNOLOGY

P

Every DOE Zero Energy Ready Home begins
with solid bullding sclence specified by ENERGY
STAR for Homes, and then adds advanced
technologles and practices from DOE's world-
class research program, Bullding America.

ULTRA EFFICIENT

[

Compared to a typical home, an ultra efficlent
Zero Energy Ready Home Is Inexpensive to
own. In fact, every DOE Zero Energy Ready
Home Is so energy efficient, a small solar
electric system can easlly offset most, or all,
of your annual energy consumptlon, We call
this Zero Net-Energy Ready.

Lasts Better

QUALITY BUILT

[

Advanced construction practices and
technologles are specified for every
DOE Zero Energy Ready Home. Then
they are enforced by Independent
verlfiers with detailed checklists and
prescribed diagnostics.

N

DURABILITY

The advanced levels of energy savings,
comfort, health, durabllity, qualtty and
future performance In every DOE Zero
Energy Ready Home provide value that will
stand the test of time, and will meet and
exceed forthcoming code requirements,

LEARN MORE AT: buildings.energy.gov/zero

Inside Spread

\EGH

U.S. DEPARTMENT OF

Translating ZERH Value Proposition ENERGY

The Future of
Housing—Today

Only a select group of the top builders

in the country meet the extracrdinary
levels of excellence and quality specified
by LS. Department of Energy guidelines.

ZERO

ENERGY READY HOME

U.E. DEPARTHENT GF ENERGY

LEARN MORE AT:
bulldings.energy.gov/zero

Flap

Energy Efficiency &
Renewable Energy

A Symbol of Excellence

HEALTHFUL ENVIRONMENT
COMFORT PLUS
ADVANCED TECHNOLOGY
ULTRA EFFICIENT
QUALITY BUILT

DURAEBILITY

KEY || DOE Zero Energy Ready Home
[l ENERGY STAR Certifled Home
Existing Home
This Iabsl Indicates relative parfomance of this
DOE Zero Energy Ready Home to existing
homes ¢bullk between 1990 and 20103 and

EMERGY STAR Certifled Homes.
Actual parfomance may vary.

U8, DEPARTMENT OF

ENERGY

Back Cover



U.S. DEPARTMENT OF Energy Efficiency &

Translating ZERH Value Proposition ENERGY | renewabie Energy

TOWN:

New Town Builders NEW:

Lives Better; Healthful Environment

* Fresh Air:
. Supply Fresh Air System
. Odor and Moisture Control Fans
. High-Capture Filtration Technology
* Quiet:
. Quiet Window Technology
. Quiet Wall Technology
* Moisture Control:
. Dry-by-Design Construction
. Moisture Control System — Whole House
. Moisture Controlled Comfort System
. Moisture Controlled Windows
. Moisture Controlled Lower Level
» Pest Control:
0 Bug Control Barrier
. Pest Screened Home
* 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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very Zero Energy Ready Home
offers a cost-effective, high
performance package of energy
savings, comfort, health, and
durabllity unparalleled In
today’s marketplace.

Front Cover

Lives Better

HEALTHFUL ENVIRONMENT

—————

Every DOE Zero Energy Ready Home has
a comprehensive package of measures to
minimize dangerous pollutants, provide
continuous fresh alr, and effectively filter
the alr you breathe.

COMFORT PLUS

[

Superlor Insulation, windows, alr sealing and
space conditioning systems Included In every
DOE Zero Energy Ready Home surround you
with even temperatures, low-humidity, and
qulet In every room on every floor.

KEY [1] DOE Zero Energy Ready Home
[l ENERGY STAR Cortified Home
1] Existing Home
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Works Better

ADVANCED TECHNOLOGY

P

Every DOE Zero Energy Ready Home begins
with solid bullding sclence specified by ENERGY
STAR for Homes, and then adds advanced
technologles and practices from DOE's world-
class research program, Bullding America.

ULTRA EFFICIENT

[

Compared to a typical home, an ultra efficlent
Zero Energy Ready Home Is Inexpensive to
own. In fact, every DOE Zero Energy Ready
Home Is so energy efficient, a small solar
electric system can easlly offset most, or all,
of your annual energy consumptlon, We call
this Zero Net-Energy Ready.

Lasts Better

QUALITY BUILT

[

Advanced construction practices and
technologles are specified for every
DOE Zero Energy Ready Home. Then
they are enforced by Independent
verlfiers with detailed checklists and
prescribed diagnostics.

N

DURABILITY

The advanced levels of energy savings,
comfort, health, durabllity, qualtty and
future performance In every DOE Zero
Energy Ready Home provide value that will
stand the test of time, and will meet and
exceed forthcoming code requirements,

LEARN MORE AT: buildings.energy.gov/zero

Inside Spread

\EGH

U.S. DEPARTMENT OF

Translating ZERH Value Proposition ENERGY

he Future of
Housing—Today

Only a select group of the top builders

in the country meet the extracrdinary
levels of excellence and quality specified
by LS. Department of Energy guidelines.

ZERO

ENERGY READY HOME

U.E. DEPARTHENT GF ENERGY

LEARN MORE AT:
bulldings.energy.gov/zero

Call us at:
303-231-4567

NewTown@net.com

Flap

Energy Efficiency &
Renewable Energy

A Symbol of Excellence

HEALTHFUL ENVIRONMENT
COMFORT PLUS
ADVANCED TECHNOLOGY
ULTRA EFFICIENT
QUALITY BUILT

DURAEBILITY

KEY || DOE Zero Energy Ready Home
[l ENERGY STAR Certifled Home
Existing Home
This Iabsl Indicates relative parfomance of this
DOE Zero Energy Ready Home to existing
homes ¢bullk between 1990 and 20103 and

EMERGY STAR Certifled Homes.
Actual parfomance may vary.

U8, DEPARTMENT OF

ENERGY
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Energy Efficiency &

Renewable Energy

My power bill is $5.
J pWhat’s yours?

- Heather Robbins, Garbett Homeowner




U.S. DEPARTMENT OF

Translating ZERH Value Proposition ENERGY

__

Energy Efficiency &
Renewable Energy

S
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de youngprooerties B

“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,



U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

rS

ZERO

Zero Energy Ready Home
Business Case
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Energy Efficiency &

Predicting the Visible Future 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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U.S. DEPARTMENT OF Energy Efficiency &

More Informed Consumers ENERGY | Renowable Energy

Information

BY JANMN SWAMNSON

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

Jan 7 2013, 3:50PM 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
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U.S. DEPARTMENT OF Energy Efficiency &

Aglng HOUSlng StOCk ENERGY Renewable Energy

Innovation

Share of Owner-Occupied Housing
Years Structure Built - 2011

B 1969 or earlier
B 1970 to 1979
W 1980 to 1989
B 1950 to 1990
2000 to 2009

Somrca LS Cariud

B air - 21010 AHE
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Energy Efficiency &

Aging Housing Stock Renewable Energy

Innovation

Existing Homes = Innovation Opportunity
* High Utility Bills
* Poor Comfort

+ Health Risks Veet
 Moisture Problem Risks 85%
» Excessive Bugs/Pests of Your

Competition

Durability Issues
Obsolete Technology
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Energy Efficiency &

Increasing Innovation Expectation Renewable Energy

Innovation

New Innovation Business Model:
Exceed Customer Expectations

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

2. If you don'tdo it,
someone else will.

* Daniel Burrus, “Flash Foresight”
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Energy Efficiency &

Innovation Graveyard Renewable Energy

Innovation

Disruption with Someone Else Doing It:
+ Kodak

« Polaroid

 Motorola

* Palm

« American Car Manufacturers

« TWA and other Legacy Airlines
 Converse Sneakers

* and the list goes on...
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Energy Efficiency &
Renewable Energy

Optimized Thermal Enclosure

¢

Energy Efficient Components

\\
S

?

Optimized Comfort System

Complete Water Protection

Comprehensive IAQ System

ZERO Solar Ready Construction

EEEEEEEEEEEEEEEEEE

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



Visible Future in the Media

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

An air conditioner Walls that
that anticipates (O8hiral / 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
HOME

A car that can
power your house

PAGE 79

A garden that
filters your air

PAGE 87

Buildings.Energy.gov



Energy Efficiency &

Old Business Solution: Renewable Energy

Minimize Cost

NAHB estimates for every $1,000 increase in sales
price, nearly 250,000 households fall to qualify for
a mortgage on a typical new home.

[http://mww.nahb.org/fileUpload_details.aspx?contentTypelD=3&contentlD=40372&subContent|D=112293]
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Energy Efficiency &

New Business Solution: Renewable Energy

Maximize Value

with proven innovations
homebuyers have to have once they try them
(e.g., make new housing compelling again).
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ZERH ‘Brand’ Recognition Renowable Eneray

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

Independent Voice of Authority vs. “Trust me.”
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Energy Efficiency &

Renewable Energy

Nearly 1 in 3 consumers indicated they

d0o 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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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

>

ZERO

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

California vs. IECC Climate Zones ENERGY | Renewable Energy

Moist (A)

Warm-Humid
Below White Line

ANl of Alaska in Zone 7
except for the following
Boroughs in Zone 8:

Bethel Northwest Arcli
Dellingham Snutheas( Falrbanks
Farbanls N.Star  Wade Ham

mplon Zone 1includes
Yukm-Kuyukuk

Hawail, Guam
Puerto
and me Vlrgl 1 Islands

Nor
Norlh Slope

= 1] 50 100 Wi

A LIFCRMLA £ HERGHY OOME S50 0M

SYOTERE AGSESMENT & FACLITES S TG DvE I0H
A I BAPS T LUHIT

AR S
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Energy Efficiency &

Key Strategy 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

.‘ QUALIFIED
NEW HOME

ENERGY STAR
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U.S. DEPARTMENT OF Energy Efficiency &

DOE ZERH CA Framework ENERGY Renewable Energy

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

Area of Improvement Mandatory Requirements
1. ENERGY STAR for O Certified under ENERGY STAR Qualified Homes Version 3 program
Homes Baseline requirements for the State of California®
O Fenestration shall meet or exceed latest ENERGY STAR requirements or
h California 2013 Building Energy Efficiency Standards window requirements in
\ table 150.1-A, whichever is more stringent ™ v
andatory ||z erveore ! oo
N O Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 IECC levels y M u St
or California 2013 Building Energy Efficiency Standards insulation /
Req tS requirements in table 150.1-A, whichever is more stringent.¥
- 3. Duct System O Ducts located within the home’s thermal and air barrier boundary“i ( :O I I l p Iy
4. Water Efficiency O Hot water delivery systems shall meet efficient design requirements¥i
O Allinstalled refrigerators, dishwashers, and clothes washers are ENERGY
. . STAR qualified.
5 klghl?lanngci‘s"‘ O 90% of lighting fixtures are ENERGY STAR qualified or ENERGY STAR
PP lamps (bulbs) in minimum 90% of sockets
O Allinstalled bathroom ventilation and ceiling fans are ENERGY STAR qualified
6. Indoor Air Quality [0 EPA Indoor airPLUS Verification Checklist and Construction Specifications fi*
[0 EPA Renewable Energy Ready Home Solar Electric Checklist and
‘ P
7. Renewable Ready*! Specifications .
O EPA Renewable Energy Ready Home Solar Thermal Checklist and
Specifications*
0 For all CA Climate Zones 1-16, must be testedE/or Bookmark not defined. ¢,

8. Air Infiltration achieve air infiltration levels at or below: 3 ACH50 for single family detached
. dwellings, or 4 ACH50 for attached single-family dwellings and dwellings in
multifamily buildings

‘Ta rg et L Exhibit 2: DOE Challenge Home Target Home for Performance Option (A) (or Prescriptive Option) y
~ Trade-Off
H ome ’ ) Hot Climates Mixed Climates Cold Climates d
(2012 IECC Zones 1,2) ' (2012 IECC Zones 3, (2012 IECC Zones P
S 4 except Marine) 4 Marine 5,6,7,8) FI exi b | I Ity
p e C S AFUE 80% 90% 94%
- SEER 18 15 13
HSPF 8.2 9 10
Geothermal Heat Pump ENERGY STAR EER and COP Criteria
ASHRAE 62.2 Whole- 1.4 cfmW; 1.4 cfmMW; 1.2 cfmMv;
House Mechanical no heat exchange no heat exchange heat exchange with 60%
Ventilation System

Insulation and Infiltration

« Insulation levels shall meet the 2012 IECC and achieve Grade 1 installation, per RESNET standards.

« Infiltration" (ACH50): 3inIECCCZs1-2 | 25inlECCCZs34 | 2inlECCCZs57 | 15
inIECC CZ 8
WindowsY ¥ Vi
Hot Climates Mixed Climates Cold Climates

(2012 IECC Zones 1,2,) (2012 IECC Zones 3, (2012 IECC Zones

4 except Marine) 4 Marine 5,6,7,8)
A SHGC 0.25 0.27 any 4
h U-value 04 03 0.27 1
Size Adjust. - Identical to

Exhibit 3: Benchmark Home Size*

Factor Bedrooms in Home to be Built 0 1 2 3 4 5 6 7 En ergy Star

Conditioned Floor Area genchmark Home 1,000 | 1,000 | 1,600 | 2,200 | 2,800 | 3,400 | 4,000 | 4,600
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:




U.S. DEPARTMENT OF

CA Mandatory Requirements ENERGY

Energy Efficiency &
Renewable Energy

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 program
requirements for the State of California’ i

2. Envelopeéi

Fenestration shall meet or exceed latest ENERGY STAR requirements or

California 2013 Building Energy Efficiency Standards window requirements in
table 150.1-A, whichever is more stringent - v

Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 IECC levels
or California 2013 Building Energy Efficiency Standards insulation
requirements in table 150.1-A, whichever is more stringent."

3. Duct System

Ducts located within the home’s thermal and air barrier boundary"i

4. Water Efficiency

Hot water delivery systems shall meet efficient design requirementsVii

5. Lighting &
Appliances™

All installed refrigerators, dishwashers, and clothes washers are ENERGY
STAR qualified.

90% of lighting fixtures are ENERGY STAR qualified or ENERGY STAR
lamps (bulbs) in minimum 90% of sockets

All installed bathroom ventilation and ceiling fans are ENERGY STAR qualified

6. Indoor Air Quality

EPA Indoor airPLUS Verification Checklist and Construction Specifications ii*

7. Renewable Ready*

O Ogo o gojg

EPA Renewable Energy Ready Home Solar Electric Checklist and
Specifications™

EPA Renewable Energy Ready Home Solar Thermal Checklist and
Specifications”

8. Air Infiltration

|

For all CA Climate Zones 1-16, must be tested=ort Bookmark not defined. 14,
achieve air infiltration levels at or below: 3 ACH50 for single family detached
dwellings, or 4 ACH50 for attached single-family dwellings and dwellings in
multifamily buildings

Encouraged:

« WaterSense Label (indoor and outdoor)
» Disaster Resistance (IBHS Fortified Home)
* Quality Management

65 | INNOVATION & INTEGRATION rming the Energy Efficiency Market

Buildings.Energy.gov



Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:

ENERGY STAR for Homes
Version 3 Baseline




U.S. DEPARTMENT OF Energy Efficiency &

What is Building Science ENERGY | Rencwabic Energy

Building Science:
 Air Flow

e Thermal Flow
e Moisture Flow

Heating,
Cooling, &
Ventilation

System

Thermal
Enclosure
System

Water
Management
System
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System 1: Energy Efficiency &

Thermal enclosure system Renewable Energy

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

.S. DEPARTMENT OF Energy Efficiency &

What We’re Trylng to AVO|d ENERGY Renewable Energy

Thermal
Enclosure

Attic air infiltration into the wall
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System 1: Thermal Enclosure System Energy Efficiency &

Drywall Sealed at Top Plates Renewadle Encroy
Thermal
Enclosure
Default: Alternative: Alternative:
Foam Sill sealer Constr. Adhesive
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System 1: Thermal Enclosure System Energy Efficiency &
Air and Thermal Flow Control

Renewable Energy

Thermal
Enclosure
» Air Sealing

 Air Barriers

- Thermal Bypass
- Wind Intrusion Thermal

 Insulation ElElosie

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

« Adv. Windows
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System 2: Energy Efficiency &

HVAC System 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 1AQ
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System 2: HVAC System Energy Efficiency &

What We,re Try|ng to AVOld Renewable Energy

Heating, Cooling
& Ventilation

Random Acts of Sizing
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System 2: HVAC System S —
HVAC-C (3.12); HVAC-R (1.2.9) FETEER 3 ST

Heating, Cooling
& Ventilation

Verify that the equipment capacity
IS right-sized relative to
the heating and cooling load.

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



System 2: HVAC System us. oesaxtuentor | Eneray Efficiency &
DUCt SyStem DeS|gn ENERGY Renewable Energy

Heating, Cooling
& Ventilation

1. Air follows the path of least resistance.

\ 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 Energy Efficiency &
Duct System Design

Renewable Energy

Heating, Cooling
& Ventilation

Factors that influence the airflow of the ducts:

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

Duct Length Duct Shape m
T S
g/
|~
)
Diameter
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System 2: HVAC System us oeparTMENT OF | Enargy Efficiency &

What We Are Trylng to AVOld ENERGY Renewable Energy

Heating, Cooling
& Ventilation
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System 2: HVAC System S —
HVAC-R Item 14, Sectlons 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 Energy Efficiency &
Basic Concepts

Renewable Energy

Heating, Cooling
& Ventilation
Design:

1. Calculate Heating/Cooling Loads

2. Select Equipment that Meets Loads HVAC QI
3. Design Duct System that Gets Air Contractor

from Equipment to Rooms and Back Checklist
Commission: HVAC QI

Rater

A. Check Airflow at Air Handler Checklist

B. Check Refrigerant Charge
C. Measure Airflow at Registers/Exhaust
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SyStem 3: Energy Efficiency &
Wate I M an ag eme nt Renewable Energy

Water
Management

Moisture Vapor (Air Flow)

- Air Sealing Thermal
- Air Barriers Enclosure
- Vapor Barriers/Retarders Checklist
- HVAC Quality Installation V/Xe

- Whole-House Ventilation

o Quality Installation
- Spot Ventilation o

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



System 3: Water Management u.s. oparTMENT OF | Enargy Efficiency &
Basic Concept

EN ERGY Renewable Energy

Water
Management

Drain Building

N

Drain Roof

Drain Materialsl

Drain Components I

Drain Openings

Drain Site

Drain Ground \{_)
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System 3: Water Management us oeparTMENTOF | Enargy Efficiency &

What We’re Trylng to AVO|d ENERGY Renewable Energy

Water
Management

0

Missing step & kick-out flashing
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System 3: Water Management Energy Efficiency &

Step and Kick-Out Flashing (3.1) Renewabie Eneray

« Step and kick-out flashing Flashing
at all roof-wall intersections, _ EESREUEETE
extending = 4” on wall B wall
surface about roof deck and
Integrated with drainage
plane above.

« Step flashing goes behind
water barrier on wall and
under shingles on the roof.
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System 3: Water Management Energy Efficiency &
Bulk Moisture Control

Renewable Energy

Water
Management

Bulk Moisture

- weather resistant barriers Water
- flashing Management
- capillary breaks Checklist
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Energy Efficiency &

Ensuring Complete Bldg. Science 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




U.S. DEPARTMENT OF Energy Efficiency &

ENERGY STAR W|ndOWS ENERGY Renewable Energy

« Assures beyond-code window
performance

* Fenestration used for passive
solar design are exempt from the .
U-factor and SHGC requirements

+ Area-weighted averages for U- Window Co,
factor, SHGC permitted

ENERGY STAR® Qualified in All 50 States

Millennium 2000*
Chad Wood Frame
Double Glazing * Argon Fill « Low £

e Windows must also meet Gaderfishn) | Sor st GmCouin
California 2013 BEES window .Qﬁgn”omgﬁzs
requirements (Table 150.1-A) in | “o'msﬂ"i“ | Lebwz-"“*
cases when they're more T

stringent
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Energy Efficiency &

Good, Better, Best Windows Renewable Energy

Mixed Climates Cold Climates
IECC CZ 34 IECC CZ 5-8

Hot Climates
IECC C2 1-2 except Marine and 4 Marine

Mandatory: An 0.30
ENERGn\'( 027 | @ | B @k zo.?zl5 0.31
STAR 310.30 @035 k540 0.32
Performance:
Target 025 04 | 027 03 |Any 027
Home
mneouraget 022 0.21 Any  0.21

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



.S. DEPARTMENT OF Energy Efficiency &

Windows Are a Big Deal ENERGY | rencwable Enerey

Window : :
15% of Wall R-Value with Windows
Wall Area w/Varied Wall Insulation Levels
R18  R-39
030  R5
0.20 R-5 R-23
0.15 R-5 R-23 R-28
0.10 R-5.5 R-27 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 &
Renewable Energy

Zero Energy Ready Home

Technical Specifications:
Best Practices
Super Air-Tight Construction
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U.S. DEPARTMENT OF Energy Efficiency &

Target Home Air-Tightness ENERGY | rencwable Energy

- ACH50 Requirements/Targets

IECC DOE Zero _
Climate Energy Ready o -"°Y  po12ECC — assve
STAR V3 House

Zones Home — CA*

1-2 3.0/4.0 6.0 5.0 0.6

3-4 3.0/4.0 5.0 3.0 0.6

S5-7 3.0/4.0 4.0 3.0 0.6

8 N/A 3.0 3.0 0.6

* For all CA Climate Zones 1-16, homes must be tested to achieve air infiltration levels:
< 3 ACH50 for single family detached dwellings
< 4 ACH50 for attached single-family dwellings and dwellings in multifamily buildings

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



Energy Efficiency &

Seal Usual Suspects Ronowablo Enoray

Penetrations: Shafts: Cracks:

* Plumbing * Flues « Sill Plates

* Wiring * Ducts  Windows & Doors

« Recessed Lights ¢« Plumbing -+ Drywall at Top Plate

 Vents « Access Panels

« HVAC Duct « Sheathing Joints
Boots

* Foundation/Framing

Odd Geometry:
« Cantilevers
e Knee-walls
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Air Leakage Distribution ENERGY | £y Effciency &

Renewable Energy

Exterior air barrier

Cathedral ceiling 1%

Q 6%
Z 4_@\0"’ ’
Sheathing / roof joint o
1.1 cfm/ft @ 50 Pa > =
‘ 93%
W Sheathing / top plates
B Stud / top plates
B Top plates

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

DOE Challenge Home IECC 2012

Contribution
to Requirement Contribution to
requirement requirement (%)
(%)

Requirement
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
Envelope:

2012 IECC Insulation




Energy Efficiency &

2012 IECC Insulation* Renewable Energy

« 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]

Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 IECC levels
or California 2013 BEES insulation requirements (Table 150.1-A), whichever

IS more stringent.
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2012 IECC Insulation Reronable Enoray’

Climate Zone 3:
Walls: R-20 or R-13+5
Celling: R-38

Floor: R-19
Basement: R-5/13
Crawl Space: R-5/13

Slab: R-0 (R-5 recommended by ZERH)
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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

rS

ZERO

Zero Energy Ready Home

High-R Walls
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High-R Wall Options Renonablo Eneray

« Advanced Framing with Thicker Wall

 Rigid Insulation Exterior Sheathing
— Continuous Rigid Insulation w/Sheathing
— Continuous Rigid Insulation w/o Sheathing
— Continuous Rigid Insulation w/Recessed Studs

 Structural Insulated Panels (SIPs)
 |nsulated Concrete Forms (ICFs)
* Double Wall

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



Energy Efficiency &

Renewable Energy

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

« Blanket Insulation Issues:
R-19 is 6” Thick, which results in
R-17 Compressed in 2x6 Wall

R-21 is 5.5” Thick, which results in
R-21 Iin 2x6 Wall

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

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

Rigid Insulation w/Sheathing Renewable Energy

« R-18 Wall
« Complete Thermal Break
o Exterior Condensation Surface

« Can Combine Sheathing w/ Weather
Resistant Barrier

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

Renewable Energy

« R-18 Wall
o 2x4 Studs with 2x6 Plates

« Sheathing Attached to Plates for Near
Full Racking Strength

« Complete Thermal Break Except for
Top and Bottom Plates

« Condensation Surface Inside
Assembly, so Must Control Air Flow

* Much Easier Installation of Cladding
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Energy Efficiency &

Renewable Energy

« R-20 Walls (6")

 Substantial Thermal Break
(3 — 8% Framing Factor)

« Special Construction Practices
Required

* Foundation has to be Perfectly
Level

 Significantly Reduced Time-of-
Construction

« Reduced Dimensional Variation & &
Corrections =

 Killer Applications
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U.S. DEPARTMENT OF Energy Efficiency &

Insulated Concrete Forms (ICFS)  ENERGY | renewable Energy

« ~R-24 Walls
« Complete Thermal Break

« Useful Thermal Mass
 Foundation has to be . :
Perfectly Level o [~
« Longer Time-of-
Construction

Web and
furring strip

« Maximum Disaster Resist.
« Termite Resistant

* Reduced Dimensional
Variation Corrections

 Much More Costly

Acrylic stucco
base coat

Courtesy Logix

23/4in. of
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Energy Efficiency &
DO U b I e-W8.| I Renewable Energy

e R-26 Walls

e Studs Offset to Ensure

Complete Thermal Break 4

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

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

EN ERGY Renewable Energy

rS

ZERO

Zero Energy Ready Home

High-R Roofs
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Energy Efficiency &

Why Thermal Holes Important Renewable Energy

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

Renewable Energy

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

Avg. U
Total Area (A) 1,000

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

Air Impermeable Insulation ENERGY | renewable Energy

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
Air Denied Entry

o

Building Science Corporation
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U.S. DEPARTMENT OF Energy Efficiency &

Insulation for Condensation Control ENERGY | renewable Energy

Minimum R-value of Impermeable Insulation

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

2B and 3B Tile Roof None Required N

1, 2A, 2B, 3A, 3B, 3C

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 | Renewable Energy

Building
Zﬁﬁﬁm shingles) Science
i ; Corporation
(e.g. roofing paper)
Roof Sheathing

(e.g. plywood)

Foam Board Insulation
(e.g. PIR, XPS, EPS)

Existing Roof Sheathing I
Exis!mg Roof Frammg EXISUOQ Ceﬂing Finish /:f( '.: ',‘-'A"i/!,_',‘:{--‘.,f_', g ra : AL
(e.g. lath & plaster; Wi
drywall) <
Drip Edge . ’ " Structural sheathing
Fasc as required to attach

Dense-packed fiber insulation roof cladding

(e.g. cellulose or glass fiber)

Water control layer
and cladding as per
project

Vented Soffit

Continuous Air Seal Rigid foam plastic

insulation sheathing

Rigid Blocking

Roof sheathing (air
barrier at this layer)
Rafter

Sequence of Retrofit:

: \\ ¥ Cavity insulation
1) Remove existing roofing and underiayment; Inspect existing roof deck and framing and repair as N
necessary- e Interior ceiling

covering
2) Install new exterior foam board insulation, roof sheathing, underiayment, flashings and roofing.

3) Remove existing soffit and install rigid blocking to prevent loose-fill fiber insulation from blowing into soffit;
Install continuous air seal at all joints and interfaces in blocking; Replace soffit.

4) Dense-pack rafter cavities using approved cellulose or glass fiber insulation and following insertion tube
techniques descnbed in BPI RBE-WHALCI 2012
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
Ducts in Conditioned Spaces




Energy Efficiency &

Renewable Energy

« 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

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

Renewable Energy

« 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

« 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

 VVented 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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Ducts in Conditioned Floor Space Option 1: us. oeparTMENT OF | Enaray Efficiency &

Dropped Celllng ENERGY Renewable Energy

Issues:
« Architectural Integration

« Good Fit w/Simple Plans

Ducts in dropped ceiling (ACCAMan T)
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Ducts in Conditioned Floor Space Option 2: us oEPARTMENT OF | Energy Efficiency &

Modrned Atth TI’USS ENERGY Renewable Energy

Issues:

« Design Integration

e Good Fit w/Narrow Plans
« Sealed Air Barrier Critical

Ducts in modified truss
In attic

LA

= ool
; R
L [T | H ‘w

TYPICAL PLENUM TRUSS

Buildings.Energy.gov
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Ducts in Conditioned Floor Space Option 3: us. oeparTHENT OF | Eneray Efficiency &

DUCtS Between Floors ENERGY Renewable Energy

Issues:

Simple Installation
Design Flexibility
Cost-Effective

Floor Registers Likely

:
b
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Ducts in Conditioned Floor Space Option 3: us oeearmuenTor | Energy Efficiency &
DUCtS Between Floors ENERGY Renewable Energy
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U.S. DEPARTMENT OF Energy Efﬁciency &

Unvented Crawl Space/Basement ENERGY |renewabic Energy

Ducts in unvented crawl space
or basement

Issues:

Simple Installation
Design Flexibility
Cost-Effective
Floor Registers Likely " Ducts Inside
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Ducts in Unvented Attic ENERGY | rororanio oy

Issues:

« CZ 5+, air impermeable
F-q plus a Class Il VT or Class
1l VT In direct contact
« No Class | VR on attic floor

Ducts Iin unvented attic
PR . A

Ly ™
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U.S. DEPARTMENT OF Energy Efficiency &

Ducts in Vented Attic: Dry CZs ENERGY | renewable Energy

Buried Ducts

~IE

Ducts in vented attic

Ducts with R-8 insulation

Deeply-buried
Fully-buried

Partially-buried

Truss lower chords
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U.S. DEPARTMENT OF Energy Efficiency &

Ducts In Vented Attic: Humid CZs ENERGY | renewabie Energy

Buried Encapsulated Ducts (BEDs)

~IE

Ducts in vented attic

V‘: | N | .“E‘

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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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
Efficient Hot Water
Distribution




Energy Efficiency &

Water Efficiency as a System Renewable Energy

 Indoor Fixtures

- Plumbing Fixtures
- Appliances and Other Equipment

 Distribution

Service Pressure
Metering (for Multi-Family Homes)

Leak Prevention
Hot Water Distribution _
 Qutdoor

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

Efficient Hot Water Distribution Renewable Energy

* “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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Energy Efficiency &

Hot Water Distribution ENERGY | réncwatio Enerey

Built for when water was free and energy was cheap!

Copper L piping:

17 =5.53 ounces/ft
o % = 3.22 ounces/ft
o V5" =1.55 ounces/ft

Btomgele/olume:
jobtaallons

10’ branch
Waikgime: 1-1.5 +
e owerhead Hot Water Heater
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Energy Efficiency &

Hot Water Distribution Options Renewable Energy

» Core Plumbing Layout (wet wall)
* Manifold System
 Demand Pumping System
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Core Plumbing Layout

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

———————————————— ——————————— - — o —— -

BEDROOM

GARAGE BEDROOM
FAMILY ROOM
e
| i ,
i -
1
1
b
LIVING ROO ' [ : ]
1 :
' :
NORTH [
‘ M ‘ BATH
[] :
£ 1
mmhf ROOM g R

1800 SQ. FT.
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U.S. DEPARTMENT OF Energy Efficiency &

Manifold Plumbing System ENERGY | renewable Energy
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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

Demand Pumping System

Sensor or Controls

C WATER LINE

CITY WATER SUPPLY

* HOT WATER LINE
HOT WATER LINE —9
REMOTE

. [ ) | :
8 4= |0

WATER
“S$" SERIES PUMP SUPPLY
VALVE

VALVE

. J

~4— DEDICATED AMBIENT RETURN LINE

Demand Pump Dedicated Return

Buildings.Energy.gov
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Zero Energy Ready Homes

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




Energy Efficiency &

Efficient Components Renewable 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, celling fans

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

*Only where installed by builder
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home

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

Increasing Health Concerns ENERGY | renewable Energy

$40 Billion $20 Billion
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Energy Efficiency &

Increasing Health Concerns Renewable Energy

Indoor vs. Qutdoor Air Pollutants:

on average 2-5 times greater
upto 100 times greater

While Americans Spend

90% of time Indoors

Source: EPA
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Energy Efficiency &

Increasing Health Concerns Renewable Energy

> Health

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

1in 10 children in the U.S.
suffers from asthma.”

Source: Remarks for Administrator McCarthy, Announcement of Clean Power Plan,
Washington, DC, June 2, 2014
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U.S. DEPARTMENT OF Energy Efﬁciency &

Comprehensive |IAQ ENERGY | Renewable Energy

ENERGY STAR +* Indoor airPLUS

ENERGY STAR Radon
Envelope Pests
A Materials Compre.hensw.e
s == Indoor Air Quality
Moisture Co+ Protection
coO HVAC +

Moisture +

Buildings.Energy.gov
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Energy Efficiency &

Indoor Air Quality as a System Renewable Energy

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

 Dilution

HVAC
Quality Installation
System

e Filtration
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Source Control; Moisture U.s. DEPARTMENT OF | Enargy Efficiency &

ENERGY Renewable Energy

Moisture Control System

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

Bulk Moisture:

— Water-Managed Roofs

— Water-Managed Walls/Openings
— Water Manage Foundation/Site
— Water Managed Materials

WELET
Managed
Construction

Dehumidification HVAC System

[Warm-Humid Climates] or
Supplemental
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Source Control: Radon U.s. DEPARTMENT OF | Enargy Efficiency &
ENERGY

Renewable Energy

Radon Zones in U.S.

EPA Map of Radon Zones
~ Legend
B Zone 1
I Zone2
Zone 3

JS::W' oy
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 U.s. DEPARTMENT OF | Enargy Efficiency &
Radon Resistant Construction

EN ERGY Renewable Energy

Required for Moisture Control:

A. Gas Permeable Layer

EBqds (min. 4” clean gravel)
i 1 B. Plastic Sheeting
o il : (under slab)
—D - -
1 C. Sealing and Caulking
r (all openings in concrete floor)

:::;L R e K TN W I ——— D. Ve nt Plpe
(3 or 4 inch PVC pipe)

) E. Junction Box
& C B A (if fan needed later)

v 47 Radon Test Kits Not Required
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Source Control: Biological Contaminants us. DEPARTMENT OF | Energy Efficiency &
Screened Openings for Pests

EN ERGY Renewable Energy

Corrosion-proof rodent/bird screens for openings
(e.g., copper or stainless steel mesh)
Exception: clothes dryer vent
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http://cts.vresp.com/c/?HeyokaSolutions/10fcfaffdc/6a62a8e364/326c2da697/utm_content=rashkin.sam@epa.gov&utm_source=VerticalResponse&utm_medium=Email&utm_term=&utm_campaign=Ventilation News and Views January, 2011
http://cts.vresp.com/c/?HeyokaSolutions/10fcfaffdc/6a62a8e364/326c2da697/utm_content=rashkin.sam@epa.gov&utm_source=VerticalResponse&utm_medium=Email&utm_term=&utm_campaign=Ventilation News and Views January, 2011
http://www.wildlifecontrolsupplies.com/Merchant2/merchant.mvc?Screen=CTGY&Store_Code=WDC001&Category_Code=WDCRVG
http://www.wildlifecontrolsupplies.com/Merchant2/merchant.mvc?Screen=CTGY&Store_Code=WDC001&Category_Code=WDCRVG

Source Control: Biological Contaminants/Moisture us. DEPARTMENT OF | Energy Efficiency &
Foundation Sealing

EN ERGY Renewable Energy

Sealed Sump Pump Air Sealing
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Source Control: Combustion By-Products US. DEPARTMENT OF | Enargy Efficiency &

Power/Direct Vent EqL“pment ENERGY | rencwabie Energy

Power Vented Water Heater Direct-Vent Furnace
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Source Control: Combustion By-Products
Certified Fireplaces & Stoves
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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

Vented to outdoors

Adequate Combustion and
Ventilation Air

Gas fireplace power or
direct vented

Meet Specified Standards

Buildings.Energy.gov



Source Control: Combustion By-Products us DEPARTMENT 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

c(UL)us
LISTED

CO Alarm
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U.S. DEPARTMENT OF Energy Efficiency &

Source Control: Combustion By-Products
/ ENERGY

Renewable Energy

Attached Garage Isolation

Exhaust Fan
Optional

C

]

100

e
e

Air Sealing & Gasketed Door

Buildings.Energy.gov
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Source Control: Combustion By-Products us DEPARTMENT OF | Energy Efficiency &

Attached Garage Isolation ENERGY | renewabie Energy

No Air Handler In
the Garage

Picture Source; Construction Instruction
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Dilution: Energy Efficiency &

Whole-House Ventilation Renewable Energy

Three Options:
« Exhaust-Only
* Supply-Only
« 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)] + [.O1 * 2,000] = [30 + 20] = 50 cfm
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Dilution: Whole-House Ventilation us. oepaRTMENT OF | Enaray Efficiency &
Exhaust-Only Ventilation

EN ERGY Renewable Energy
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Dilution: Whole-House Ventilation us.DEPARTMENTOF | Eneray Efficiency &

Supply_OnIy Ventilation ENERGY | renewable Energy
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Dilution: Whole-House Ventilation us. oepaRTMENT OF | Enaray Efficiency &

EN ERGY Renewable Energy

Balanced Ventilation

ERV or HRV
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Dilution: U.S. DEPARTMENT OF | Energy Efficiency &

EN ERGY Renewable Energy

Spot Ventilation

 Kitchen:
— 100 CFM Intermittent
— 5 ACH Continuous

« Bathrooms:
— 50 CKFM Intermittent
— 20 CFM Continuous
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Filtration: U.S. DEPARTMENT OF

Energy Efficiency &

H|gh_MERV HVAC F||ter ENERGY | renewanle Energy

e Tl /
SemyAN=Z
.@..& ‘N L
= = 2
Q : e
Ny _ A5 S
.':S.k.:izzaj & g —

7w
f
S ats

TP Y

-—

8 MERYV Filter Minimum
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
Renewable Ready
[Where Applicable]




Energy Efficiency &

Decreasing Renewable Cost Renewable Energy

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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Energy Efficiency &

Integrated Renewable Energy Renewable Energy

2 VU

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 Renewable Energy

> |[nnovation

Benefits:
» Cost /\
* Appearance
« Maintenance
« Daylighting

PV Integrated into
Front or Rear Porch Roof
Directly on Porch Framing

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

Integrated Renewable Energy ENERGY | Renewable Energy




U.S. DEPARTMENT OF Energy Efficiency &

Integrated Renewable Energy ENERGY | renewabie Energy
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Energy Efficiency &

Exem pthnS Renewable Energy

* Not required in areas lacking
significant solar resources or shaded

* Recognition of high performance water
heating systems
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Energy Efficiency &

RERH Applicability Renewable Energy

Average Daily Solar Radiation Per Month
ANNUAL Solar Ready Encouraged

kWh/m%day

W 10 to 14 [=

[l 8to 10 =

[] 7to 8 Bs;

[0 6to 7 M
[0 5t 6 MM

[T 4to 5 Be

[] 3to 4 B2

0 2to 3 &

0 oto 2 [

) [] none 5

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

Screen for RERH Applicability ENERGY | ronoratie nony

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

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

| Data Visibility/Transparency: [ & |

PVWatts Viewer

National Renewable Energy Laboratory Current Action: PVWatts Tool

PVWatts Tool New Search [7]

@ " Zipcode ‘ Address Coordinates
ONTARIO b e
¥ . \ Enter a Zipcode
Vancouvert X Zipcode:
.¢.-§‘_am;- .
.¢.
| Ponl:::t‘#‘ <+ RS +omw_§:
Vol
© + o Jeret
+ T'n“\%u York
( ) iladelphia .
_ ingika R e ton Atlantic Oce
San Franciscd}- S S e
: "t}_ va <+
Los An&e%ﬁk _?_ + _+_ +
San DiegoT, ~ TR 3 +—¢-r$' +
\ *¢:¢_ S
'é?rlando
? \ Tam;#
Monterrey . . i rownsville $| B
Wi =

\ Gulf of Mexico
VEMEXICO Havanglud. o

Buildings.Energy.gov

244 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market


http://gisatnrel.nrel.gov/PVWatts_Viewer/index.html

U.S. DEPARTMENT OF Energy Efficiency &

Solar Electric Ready Requirements ENERGY | renewable Energy

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

Conduit torunDC —
wire from roof to inverter NS

Dedicated Area e o

for installing inverter and : =
balance of system i |

Conduit to run AC wire ' Gectc Pane

from inverter location to
electric panel

Circuit Breaker
designated and/or installed 5
for use by the PV systemin = =
the electric panel

plywood  backing
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home

Technical Specifications:
Putting It All Together

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



U.S. DEPARTMENT OF Energy Efficiency &

Zero Energy Ready Home Systems ENERGY | renewabie Energy

e

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

Building
Science

Themal Ducts in HAC Source Solar Hot Water

Ql Insulation System Thermal Fixtures Events

Water Super Lighting/ : : Outdoor
Super *
Low-Load
Eff. HVAC

Quality Int. Design YConstruction§ QM Encouraged in
| ] ( Challenge Home
Management Process @ Documents & Program
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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

rS

ZERO

Zero Energy Ready Home
Performance Threshold
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.S. DEPARTMENT OF Energy Efficiency &

California Compliance Options ENERGY | rencwable Enerey

Prescriptive « California Mandatory Items (Exhibit 1)
 DOE ZERH National Program Requirements
Path Prescriptive Path (Exhibit 2)

Performance (BN Mandatory Items (Exhibit 1)
P ath A « Performance path using national software

Performance |[Beanns Mandatory ltems (Exhibit 1)
P ath B « 25% better than 2013 Title 24

Performance SN Mandatory Items (Exhibit 1)
F)ath C  Side by Side comparison in Title 24
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Energy Efficiency &

HERS Score Companson ENERGY Renewable Energy

CA CA ZERH
Target H.
(CA13) 82 68 58
(CA12) 91 /8 59
Gas 388 74 60

CZ5
(CA 16) 91 75 53

CZ5
Gas 89 73 55
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U.S. DEPARTMENT OF Energy Efficiency &

Compliant Example (Perf. Path B) ENERGY | renewable Energy

CA Zone 12; IECC Zone 3

Size 2400 Sq ft; 4 bedrooms

Wall Insulation 2x4; R-13 Cavity; R-5 Continuous Exterior Insulation
Ceiling Insulation R-38; vented attic

Slab Insulation Uninsulated

Envelope Tightness 2.5 ACH 50

Windows U-0.3; SHGC 0.25

HVAC 90 AFUE Gas Furnace; 15 SEER A/C

Ducts In conditioned space

Water Heating 0.67 EF Gas Tank

Lighting and Efficient Lighting; Energy Star Appliances/fans
Appliances

Results: 29% better than 2013 Title 24 (TDV)

These are DOE ZERH prescriptive minimums
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U.S. DEPARTMENT OF Energy Efficiency &

Compliant Example (Perf. Path B) ENERGY | renewable Energy

CA Zone 8; IECC Zone 3

Size 2400 Sq ft; 4 bedrooms

Wall Insulation 2x4; R-13 Cavity; R-5 Continuous Exterior Insulation
Ceiling Insulation R-38; vented attic

Slab Insulation Uninsulated

Envelope Tightness 2.5 ACH 50

Windows U-0.3; SHGC 0.25

HVAC 90 AFUE Gas Furnace; 15 SEER A/C

Ducts In conditioned space

Water Heating 0.67 EF Gas Tank

Lighting and Efficient Lighting; Energy Star Appliances/fans
Appliances

Results: 28% better than 2013 Title 24 (TDV)

These are DOE ZERH prescriptive minimums
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| can’t get to 25%!1!! ENERGY | roerssie trens

LYYy
Yy
Yy Y.

Eh € €3 €8  minimim specitioaions wi
Y Yy

N Most cases, minimum
DOE Zero Energy Ready
Home specifications will
achieve the 25% > Title-24
target.
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What are the Drivers?

Energy Efficiency &

Renewable Energy

: Electric Water :

e It IS harder to
reach 25% In
milder climates

« CA zones 3 and
5 may need to
add additional
measures to
reach 25%

 Penalized In
TDV Analysis

e Can still
achieve 25% in
some climates

 Most estimates
show electric
water heating is
10% or less of
the residential
market in CA

« Houses that are

larger than the
benchmark size
have to hit a
more
aggressive
savings target

This 1s also true
with the
national
program’s size
adjusted HERS
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U.S. DEPARTMENT OF Energy Efficiency &

SOlUtIOnS ENERGY Renewable Energy

Ad d * Many DOE Zero Energy Ready Home builders already build beyond minimum
efficiency specifications

Eﬂ' C | e n Cy * Increasing efficiency beyond minimums may be an economical option

P rescrl ptlve 0 getrr;]eogcs)trp;[ei?j %?gstl:rti(p))tci)\;elﬁlss than the benchmark size, compliance can be

I'  All mandatory items must be met as well as national prescriptive minimums for the
CO I l Ian Ce appropriate climate zone

R ES N ET * In some cases California builders have demonstrated compliance through the national
program using national HERS Software

CO m pl | an Ce + California mandatory minimums must still be met

» This method involves running two Title 24 models.

. . * In one case the prescriptive minimums are modeled. In the other case the proposed
S | de by S | d e design is modeled. The proposed design must be more efficient than the prescriptive
minimums on a TDV Basis

» Must still meet code
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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 d 3 4 5 i 7 g
Conditioned Floor Area oo Hiome 1,000 | 1,600 | 2.200 | 2,800 | 3.400 | 4,000 | 4,800 | 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 /ICFA Home to Be Built] 0-25
[Not to Exceed 1.0]
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U.S. DEPARTMENT OF Energy Efficiency &

Rat”']g &_ Ver|fy|ng Homes ENERGY | renewanle Energy

« Same: ENERGY STAR Homes framework

* 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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mailto:doechallengehome@newportpartnersllc.com

Energy Efficiency &

Renewable Energy

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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Energy Efficiency &

Renewable Energy

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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Energy Efficiency &

Verifying Homes — RERH Renewable Energy

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

EN ERGY Renewable Energy

rS

ZERO

Zero Energy Ready Home
Recognition
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Energy Efficiency &
Renewable Energy

ENERGY READY HOME

S. DEPARTMENT OF ENERGY

EPA Indoor
AlLFPLLIS

PHIU:
N E FORTIFIED
Passive House Institu . | .. forsaferliving.
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U.S. DEPARTMENT OF Energy Efficiency &

ZERH Partner Registration ENERGY | Rencwabic Energy

e Review

— Technical Guidelines
— Partnership Agreement Terms

* Register

— Electronically Sign Agreement

 Choose Optional Commitments:

w4 100% of homes meet DOE Challenge 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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U.S. DEPARTMENT OF Energy Efficiency &

ZERH Partner Benefits ENERGY | renewable Energy

e Resources

U Customizable Homebuyer Brochures

U Branding [Logos, Home Certificates and Labels]

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

* Technical Support

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

* Recognition
O DOE Housing Innovation Awards

0 DOE Zero Energy Ready Home Web Site Locator Tool
O Profiles/Virtual Parade of Home [coming]
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Energy Efficiency &

ZERH Partner Locator Tool Renewable Energy

Links Buyers to Leading Edge Builders:
» Contact Information
* Optional Commitments

DOE Challenge Home Partner Locator
Find out who is taking the challenge. Local artners near you! First choose a pariner type and select a state. You can
,,-"_-"--:\ aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
U0 % JN - . .
Piease note: Partnaers began registering for the new DOE CHALLENGE HOME on April 2, 2012, The locator will not produce farge
results of partners in the program for several weeks. Please check back to waich our progress.
izati : Choose a State: |All [See Results

For All Active Partners
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ZERH Partner Locator Tool ENERGY | rororanio oy

'W Monsanto House x Y\ ¥ Indoor Air Quali x YE Building Techno x ( [% TeamSportsinfo. x (é'p% Construction Spe % Y\@ SAC/HC | New Pl x § =@

€« C' | [0 wwwd.eere.energy.gov/buildings/residential/results/verifier/mn 7 =

Fe

About

_ DOE Challenge Home: Results
Take Action to Save
Energy These are all verifiers who are located (or do business) in Minnesota.

Partner With DOE

Madify Search] [New Search]
Activities
Solar Decathlon m 1

Building America

100% Partners il
Home Energy Score . .
Name Commitments City State # of DOE
Home Performance with Challenge
ENERGY STAR Home
Better Buildings Projects
MNeighberhood Program
@ M
Challenge Home Q Building Science Institute Inc. @ @ W HINSDALE IL
- Partner Log In =X A
- Become a Partner Q Habitat for Humanity of Ohio-Ky @ W HAMILTON OH
- Criteria -
Q| Widwestem Eneray Solutions_LLC. @ - OELWEIN A
- Partner Locater
- Events 2 ™ =
Q SustainMax. LLC " Aws \W@ MINNEAPOLIS MN 3
Guidelines for Home
Energy Professionals
Technology Research, Name Commitments City State # of DOE
Standards, & Codes Challenge
Home
Projects
O\ Bluegill Energy Management KATY TX
O\ Building Efficiency Resources HOLCOMBVILLE MY
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U.S. DEPARTMENT OF Energy Efﬁciency &

CH Housing Innovation Awards ENERGY | renewable Energy
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U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &

ZERH Profiles

Renewable Energy

DOE CHALLENGE HOME e2 HOMES

Energy Efficiency &
Renewable Energy

NERGY

BUILDER PROFILE

@2 Homes

President: Rob Smith
PO. Box 3300

Winter Park, FL 32790
407-923-4229
rob@eZhomes.com

FEATURED HOME/DEVELOPMENT:

« First Certified Challenge Home—October
2012, Witson Residence, Winter Park, FL

« 4 badrooms, 4 baths

* 4305 conditioned space
(8,000 with lanai, garage, etc.)

« Date complated: May/June 2012

« Performance Data: HERS Index
without Solar PV: 57

« HERS Index with Solar PV: -7

* Modeled utili
of this size &

bills for a standard home
1 this utility area: §3378

» Projected utility costs for this home:
$2,297

« Projected annual energy cost savings
for this home (without solar):
$1,081 PV Production = $2,420

* Projected annual energy cost savi
for this home (with solar): §-123

U.5. DEPARTMENT OF ENERGY

CHALLENGE

HOME
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BUILDING TECHNOLOGIES PROGRAM

The Nation’s First Certified DOE Challenge Home
Leaves a BIG impression with a SMALL Footprint

The first certified DOE Challenge Home—the “Wilson Residence” in Winter Park,
Florida—produces more energy than it uses with construction costs one-third less than
originally proposed. Completed in May 2012, this 4-bedroom, 4-bath 8,000-ft* (4.305-ft*
in conditioned space) custom home scores a HERS 57, which is well below the HERS
100 for a standard home built to code. With its photovoltaic system, the home produces
better than net-zero energy, with a score of HERS -7, which translates into no electric
utility bills and even $123 annually in the homeowner’s pocket from the utility.

The homeowner, Mr. Wilson, hired ¢2 Homes to build his dream home. From
the start, Rob Smith (the president of ¢2 Homes) worked with the homeowner,
his HERS rater, and his mechanical contractor to study how differing cfficiency
measures would impact cost, encrgy-cfficiency, comfort, and durability. “The
DOE Challenge Home is data driven and performance driven, based on all the
dards...and it add concerns of diffe climates” said Smith. The team
used the Challenge Home req| (along with ifications from LEED for
Homes. the Florida Green Building Coalition, the Florida Water Star Gold, and
other programs) to analyze best practices in their climate zone compared to costs.

As specified in the Challenge Home i the was designed to
meet all ENERGY STAR Version 3 requirements and 2012 Il CcC msulduon levels.
Final blower door tests show a tight envelope at 1.77 ACH 50.

T'he exterior walls were constructed of Aercon Autoclaved Acrated Concrete (AAC)
blocks. “My client wanted AACs to avoid using drywall [in this hot humid climate).”
said Smith. Like concrete block, AAC is also mold-resistant, non-combustible,

and not penetrable by termites or pests, but the unique foam-like structure of the
AAC also makes it insulating (R-8 for an 8-inch block), sound resistant, lightweight
(one-fifth the weight of concrete), casy to saw or drill, and strong (AAC blocks and
pancls come structurally reinforced with rebar).

The window package they ultimately selected s ENERGY STAR, low
95% of ultraviolent and infrared light). double-panc. and vinyl with a

66 glass (blocks
J-factor of 0.27.

bled - 4

The roof is light-colored Galval ding-scam metal over
roof trusses that are spray foamed underneath to R-20. to create a sealed, conditioned
attic that keeps summer temperatures down to 85°F instead of a typical 150°F.

!
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Al of the 962-square-foot porch roof s
comprised of solar panels with a 13.4-Kw
solar array system. The 69 panels don't sit
on top of the roof, they are the roof. The
completely water-tight structure allows
about 15% of natural light to filter through
the panels, lighting the space below. The
panels are dual surface meaning they can
produce power from any sunlight reflected
up onto their lower surface, for up to 30%
greater than rated power production.

All wiring is hidden within the canopy’s
aluminum support beams.

CHALLENGE HOME CERTIFIED:

BASELINE
Certified ENERGY STAR home

ENVELOPE

meets or

DUCT SYSTEM

located with the home’s thermal boundary
WATER EFFICIENCY

meets or eds the EPA WaterSense
Section 3.3 specs

LIGHTING AND APPLIANCES
ENERGY STAR qualified

INDOOR AIR QUALITY
meets or exceeds the EPA Indoor
airPLUS Verification Checklist

RENEWABLE READY
meets EPA Renewable Energy-Ready
Home Solar Electric and Thermal Check

eds 2012 IECC levels

Every DOE Challenge Home combines
building science specified by ENERGY
STAR for Homes and advanced
technologies and practices from DOE's
Building America research program

B2 + fiiniRees

U5, Departmest of

.5, DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

For more information on the DOE Challenge Home,
go to www.buildingamerica. gov/challenge

PNNL-SA-XXXXX November 2012

As required by the Challenge Home, the ducts and air handler are located within
conditioned space—in the unvented, insulated attic. The home is heated and
cooled by three systems: on the first floor a heat pump (SEER-18, HSPF 9.5), in
the master bedroom  ducted mini-split heat pump (SEER 16, HSPF 10), and on
the second floor another heat pump (SEER 16.5, HSPF 9).

T'he team designed the ventilation system to create a slight positive pressure in

the house to help control humidity. The “economy ventilation system” includes a
fresh air duct to the outside of the home that is set to an clectric damper regulated
by the thermostat to meet ASHRAE ventilation standards.

I'he home is water efficient in several ways. Two tankless, propane-fired water
heaters are located as close to their points of use as possible to minimize water
and energy waste (i.¢., one near the master bedroom and the other near the
kitchen, laundry room, and other bedrooms). Also, the house is double piped so
that a 7,000-gallon cistern collects and supplies rain water to all toilets, urinals,
and plants in the backyard.

With the home designed for maximum energy and water conservation, the 13.5-kw
Sanyo photovoltaic system completes the house. Rather than mounting the 69 solar
panels on the roof. the company Superior Solar, fit them together to form a watertight
structure that literally is the roof of the home’s 962-ft* lanai. The Sanyo HIT Double
195 Watt solar panels are bifacial, meaning they can generate some electricity from
reflected light that hits the bottom side of the pancls. The panels also permit about
15% of the daylight to filter through them, lighting the porch arca beneath. The
hybrid inverter. a SolarEdge Power Optimizer and Inverter system, converts the
pancl-produced direct current power into a utility-compatible alternating current,
using a unigue technology that overcomes the limitations of traditional central string
inverter systems but at a much lower cost than micro-inverter systems.

“At the end of the day, my message for builders considering [building to)
Challenge Home is that this program is very rigorous, so it should help builders
stand out from the crowd,” said Smith. “If you start early in the process, there
doesn’t have to be a cost differential to implement high-performance building.”

i SRee
U.S. Dopartment of Energy

www_BuildingAmerica.gov




Energy Efficiency &

Renewable Energy

 Take Orientation Training

after registering and renew training every year

* Provide Certificate

for DOE Zero Energy Ready Home to each home owner

 Adhereto Brand ldentity 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

U.S. DEPARTMENT OF

EN ERGY Renewable Energy

Energy Efficiency &

« Rater Prints

Certificate

directly from rating
software

 Certificate

Includes:

— Rating Detalls
— Graphic HERS Index
— Optional Programs

ZERO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

YOUR HOME WAS DESIGNED, ENGINEERED,
AND CONSTRUCTED IN CONFORMANCE TO
U.S. DEPARTMENT OF ENERGY (DOE)
GUIDELINES FOR EXTRAORDINARY

LEVELS OF EXCELLENCE AND QUALITY.
Projected Rating: Based on Plans -
Field Confirmation Required.

HERS® Index

More Energy

Existing

V

Homes

This home builtat 2342 Maybee sve.

By
Verified by

Standard
New Home

THIS HOME MEETS OR EXCEEDS THE MINIMUM Zero Energy
CRITERIA FOR THE FOLLOWING: Home |
EPA Indoor airPlus Program

EPA WaterSense for llew Homes Program

IBHS Fortified for Safer Living Program

DOE Challenge Home Quality Management Guidelines

SAM RASHKIN, CHIEF ARCHITECT
BUILDING TECHNOLOGIES
U.S. DEPARTMENT OF ENERGY

REM/Rate - Residential Energy Analysis and
Rating Software v14.1 Wisconsin
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Energy Efficiency &

ZERH Builder Recommendations Renewable Energy

* ‘Test Drive’ Zero Energy Ready 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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U.S. DEPARTMENT OF Energy Efficiency &

QueStIOnS') EN ERGY Renewable Energy

Thank You

rS

ZERO

For More Information:

www.buildings.energy.gov/zero/

e-mail Contact:

doechallengehome@newportpartnerslic.com
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World-Class
Expert
Guidance...

Building America Solution Center =——=JlI14

BASC.energy.gov i‘ﬁ!f /) 4“

...At Your
Fingertips



BASC Interfaces

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

Building Components

Find how-to Guides and
reference documents describing
construction techniques for each

part of the house.

ENERGY STAR Checklist

Find Guides to help you
implement each item on the
four ENERGY STAR Version 3

checklists.

Guides Alphabetically

You can also find images,

CAD drawings, references,

and other resources under
FIND RESOURCES.
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Building Science Publications

Use this information mapping
tool to link to hundreds of
references from the Building
America library and beyond.

Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

BASC Checklist Manager ENERGY | renewabie Energy

Building America Solution Center | searcH |

EERE » BTO » Building America » Solution Center »
o X geollellivli@pnnlyuy  Aocooant (KL
Solution Center Home PI'OEI'E m Checklists MIORILE FIELD KITS
About EMERGY STAR Qualified Homes, Version 3 (Rev. 6) Checklist gS; Flelt Wit Number 1 Title
17 drms

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

FIND YOUR TOPIC BY: -
Wehsite.

Building Components ENERGY STAA

Guides A-£

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

at the DOE Challenge Home Website.
Challenge Home ZE RO

ENERGY READY HOME

U.S. DEPARTMENT OF ENERGY

Indoor airPlus
SolarReady PV
Solar Ready Hot Water

EPA's Indoor airPLUS Program checklist helps builders construct homes with
improved indoor air quality. This checklist is a component of the Challenge
Home Checklist. Additional information can be found at the EFA (ndoor

EPE o
dIrPLUS airPLUS Program Wehsite.
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 8 component of the Challenge Home Checklist.

Images Additional information can be found at the EPA Renewsble Energy
Case Studies m Readv Homes Website.
Videos The Renewahble Energy Ready Home Solar Water Heating Checklist was

designed for builders constructing single family homes with pitched
roofs. This checklist is @ component of the Challenge Home Checklist.
Additional information can be found at the EPA Renewable Energy Ready

Homes Website.

Presentations

Building Science
Publications
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BASC Checklist Manager

U.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

ENERGY READY HOME

EMERGY STAR
mr\; Requirements for All Labeled Homes
Challenge Home

IndoorairPlus
Renewable Ready

FIND RESOURCES:

References and
Resources

CAD Files
Image Gallery
Case Studies

FIND PUBLICATIONS:

Building Science
Publications

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
» HVAC Equipment

Insulation and Infiltration

-

» Windows

r Water Heater

-

Thermostat

-

Lighting & Appliances

Exhibit 3: Benchmark Home Size

» Benchmark Home Size

Efficiency Market

Buildings.Ene
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BASC Checklist Manager ENERGY | Renonais Energy

Renewable Energy

Solution Center Home Indoor airPLUS Qualified Homes Program Requirements
Help EPA's Indoor airPLUS Program checklist helps builders construct
FIND YOUR TOPIC BY: homes with improved indoor air quality. This checklist is a component
. SR of the Challenge Home Checklist. Additional information can be found
Building Components g

%E'TLUE at the EPA Indoor airPLUS Program Website.
Guides A-Z g

* Pragram Checklists
EMERGY STAR » EMERGY STAR for Homes Baseline
Challenge Home

- Thermal Enclosure System Rater Checklist completed.
Indoor airPLUS

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

Renewable Ready
FIND RESOURCES:

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

Building Science
Publications

r Materials

» Final
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BASC Checklist Manager ENERGY | Renonais Energy

Renewable Energy

U.5. DEPARTMENT OF

Energy Efficiency &
ENERGY Renewable Energy

Login | Register

Building America Solution Center |

EERE » BTO » Building America » Solution Center » Checklists

sotion Centerhome - ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

Component Explorer

Checklist Manager provides links to technical guides that align with each measure included in the checklists for ENERGY
STAR Qualified Homes, Version 3 (Rev. 6). The numbers and titles included in the Checklist Manager follow the same order
as the four ENERGY STAR Inspection Checklists for Mational Program Requirements. To view programmatic footnotes, see

Building Science ENERGY STAR the original program checklists . Portions of the programmatic footnotes have been added to the Scope tabs in the guides.
Explorer For additional ENERGY STAR program requirements and information, visit the ENERGY STAR Website

Checklist Manager

5

ENERGY STAR

Browser
Guides
CAD Files
» Thermal Enclosure System Rater Checklist (TES)
Case Studies
» HWVAC System Quality Installation Contractor Checklist (HVAC/C)
Image Gallery 8 X
» HVAC System Quality Installation Rater Checklist (HVAC/R)
References
» Water Management System Builder Checklist (WMS)

Contact Us Wel

Site Policies U.5. Department of Energy USA gov

Content Last Updated: 12/13/2012
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BASC Checklist Manager ENERGY | rononcblc Enorgy

ENERGY | rencwavie Enerey
Login | Register
Building America Solution Center  * EZEE

EERE » BTO » Building America » Solution Center » Checklist:

solution Center fome ~ ENERGY STAR Qualified Homes, Version 3 (Rev. 06)
Component Explorer

Checklist Manager ' ‘ Checklist Manager provides links to technical guides that align with each measure included in the checklists for ENERGY
'? STAR Qualified Homes, Version 3 (Rev. 6). The numbers and titles included in the Checklist Manager follow the same order
ENERGY STAR as the four ENERGY STAR Inspection Checklists for Mational Program Requirements. To view programmatic footnotes, see

Building Science ENERGY STAR the Uﬂgi.ﬂ.Eﬂ program checklists T Purlim]? of the prugra.mmat\c.fuuln.ul.es have been added to .Ihe Scu;e tabs in the guides
Explorer For additional ENERGY STAR pragram requirements and information, visit the ENERGY STAR Wehbsite
Browser

Guides

CAD Files

~» Thermal Enclosure System Rater Checklist (TES)

+ TES 1. High-Performance Fenestration

v TES 2. Quality-Installed Insulation

References

v TES 3. Fully-Alignad Air Barriers

» TES 4. Reduced Thermal Bridging

+ TES 3. Air Sealing
» HVAC System Quality Installation Contractor Checklist (HVAC/C)
» HVAC System Quality Installation Rater Checklist (HVAC/R)

» Water Management System Builder Checklist (WMS)

Contact Us Veb Site Policies U.S. Department of Energy USA.gov

Content Last Updated: 12113/2012
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BASC Checklist Manager ENERGY | Renonanio Eneray

us oerammmentor | Engrgy Efficiency &
Y | Renewable Energy

Login | Register

Building America Solution Center — © EXEE

EERE » BTO » Building America » Solution Center » Checklists

soution centertome - ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

Component Explorer

Checklist Manager

' ' Checklist Manager provides links to technical guides that align with each measure included in the checklists for ENERGY
'( STAR Qualified Homes, Version 3 (Rev. 6). The numbers and titles included in the Checklist Manager follow the same order

as the four ENERGY STAR Inspection Checklists for National Program Requirements. To view programmatic footnotes. see
Building Science ENERGY STAR the original program checklists T . Portions of the programmatic footnotes have been added to the Scope tabs in the guides.
For additional ENERGY STAR program requirements and information. visit the ENERGY STAR Website.

ENERGY STAR

Explorer

Browser
Guides
CAD Fies » Thermal Enclosure System Rater Checklist (TES)

Case Studies . c
» TES 1. High-Performance Fenestration

Image Gallery
» TES 2. Quality-Installed Insulation
References
= TES 3. Fully-Aligned Air Barriers

TES 3.1. walls
TES 3.1.1. Walls behind showers and tul
TES 3.1.2. Walls behind firepla:
TES 3.1.3. Attic knee walls
TES 3.1.4. Skylight shaft walls
TES 3.1.5. Wall adjoining porch roof
TES 3.1.6. Staircase walls
TES 2.1.7. Double walls
TES 3.1.8. Garage rim / band joist adjoining conditioned space
TES 2.1.9. All other exterior walls

TES 3.2. Floars
TES 3.2.1. Floor above garage
TES 3.2.2. Cantilevered floor
TES 3.2.3. Floor above unconditioned basement or unconditioned crawlspace

TES 3.3. Ceilings
TES 3.2.1. Dropped ceiling / soffit below unconditioned attic

TES 2.2.2. All other ceilings
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U.S. DEPARTMENT OF Energy Efficiency &

BASC Component Explorer ENERGY | renewable Enery

WHOLE HOUSE PERFORMANCE

Fully Aligned Air Barriers
Behind Showers and Tubs
Behind Fireplaces

Walls/Openings

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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U.S. DEPARTMENT OF Energy Efficiency &

BASC Guide: Attic Knee Wall ENERGY | renewable Energy

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

Checklist Manager

Bliifig Science ‘ Scope | Description ] Ensuring Success ! Climate ! Training CAD ! Compliance 7 More Info. I

!

Explorer
Browser Scope
Guides
CAD Files
A Install a top and bottom plate or blocking G
Case Studies at the top and bottom of all knee wall T_he BL/|_|Id|ng “-.mvenca
vitias Field Kit allows you to
Image Gallery C2Y _ A er i save items to your profile
B. Back attic knee walls with a rigid air for review or use on-site.
References barrier or 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

or

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

Notes:

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

T UreTTCTOT ULIISTWIDT 11 vy weTar ST R i b | T
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U.S. DEPARTMENT OF Energy Efficiency &

BASC Guide: Attic Knee Wall ENERGY | renewable Energy

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

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

Explorer
Browser Description
Guidez " . . .
knee walls, the walls that separate conditioned from unconditioned space in an attic. can be a source MOBILE FIELD KIT
CAD Files of significant air leakage if a continuous air barrier is not provided to prevent unconditioned air from
Case Siudies ﬂn.wmg under t_he knee wgll and U|7der 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 hetween the attic floor joists from the bottom of the knee wall to the save items to your profile
fet ceiling deck below, or a continuous air barrier can be installed from the top of the knee wall along the for review or use an-site.
ETErENCES

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 matenial that blocks air flow between conditioned space and
unconditioned space, including necessary sealing to block excessive air flow at edges and seams and
adequate support to resist positive and negative pressures without displacement or damage. Air barrier
material can include thin sheet goods such as nigid insulation, dry wall, OSB, plywood, or rolled batt
insulation that is covered with spray foam. These materals may be installed by insulatars, framers, or
drywallers. This task should be included in the contract for the appropriate trade depending on the
worlkflow at the specific job site.

Air 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.

307 | INNOVATION & INTEGRATION: nsforming the Energy Efficiency Market Buildings.Energy.gov



U.S. DEPARTMENT OF Energy Efficiency &

BASC Guide: Attic Knee Wall ENERGY | renewable Energy

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

Checklist Manager

Building Science Scope  Description | Ensuring Success | Climate  Training CAD  Compliance  Maore Info.

Explorer
Browser Ensuring Success
Guides . . L
Blower door testing, conducted as part of whole-house energy performance testing, may help indicate MOBILE FIELD KIT
CAD Files whether air leakage at knee walls has been successfully sealed. An infrared camera may also be used
Case Studies to determine air leakage at the knee wall, if a sufficient temperature d!ﬁerence EKIS.'[S. 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 Gallery for air leaks beneath the knee walls with a smoke pencil or by feeling for leaks with the back of the save items to your profile
hand. for review or use on-site.
References
or
Log In

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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Guide: Attic Knee Wall ENERGY | rororanio oy

Solution Center Home A‘I_'t|c Knee Wa"s ———
Component Explorer Flease Eegister or Lagin te Provide Feedback.

Checklist Manager

Building Science i Scope i Description ] Ensuring Success | Climate | Training ] CAD i Compliance i Maore Info.

Explorer

Browser Climate

Guide=z .
EHERGY STAR Version 3. [HE‘U‘. E:l MOBILE FIELD KIT

CAD Files Thermal Enclosure Checklist, Fully-Aligned Air Barriers. A complete air barrier shall be provided that is

Case Studies fully aligned with the |.nsulatmn at exterior surface of walls in all climate zones: and also at interior The Building America
surface of walls for Climate Zones 4-8. Field Kit allows you to

Image Gallery save items to your profile
DOE Challenge Home for review or use on-site.

References

Exhibit 2: DOE Challenge Home Target Home. 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.

ar

Climate: Climate-specific codes, standards,
ENERGY STAR, and Challenge Home guidance.
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U.S. DEPARTMENT OF Energy Efficiency &

BASC Guide: Attic Knee Wall ENERGY | renewable Energy

Solution Center Home Att|c Knee Wa"s
Component Explorer Please Register or Login to Provide Feedback

Checklist Manager

Building Science Scope i Description ] Ensuring Success I Climate | Training | CAD ) Compliance i More Info.

Explorer

Browser Right and Wrong Images

Guides

MOBILE FIELD KIT

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

or

Casze Studie

w

Image Gallery

References

Presentations Login

None Available

Videos

Training: resources such as Right and Wrong/

Sequencing installation images.
COMING: Videos and presentations
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U.S. DEPARTMENT OF Energy Efficiency &

BASC Guide: Attic Knee Wall ENERGY | renewable Energy

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

Checklist Manager

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

Explorer
Browser CAD Images
Guides
MOBILE FIELD KIT
CAD Filez
Caze Studies - 2 The Building America
= A i — A Field Kit allows you to
Image Gallery Py : /,f 3 P : save items to your profile
P 5 g s { B— D for review or use on-site.
References F k= F .
FEF H REF) H AEF H

CAD: Architectural CAD files of the building topic in
DWG and PDF forms.

Buildings.Energy.gov
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Guide: Attic Knee Wall ENERGY | noneratie trony

Solution Center Home Att“: Knee Wa"s
Component Explorer Please Register or Login to Provide Feedback

Checklist Manager

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

Explorer
Browser Comp"ﬂnCE
Guidez .
CAD Files Thermal Enclosure Checklist, Fully-Aligned Air Barriers. A complete air barrier shall be provided that is
Case Studies fully aligned with the |.nsu|at||:|n at exterior gurfan:e of wal.ls in all climate zones; and also at interior The Building America
surface of walls for Climate Zones 4-8. All insulated vertical surfaces are considered walls (e.g., above Field Kit allows you to
Image Gallery and below grade exterior walls, knee walls) and must meet the air barrier requirements for walls, with save items to your profile
the exception of adiabatic walls in multifamily dwellings. for review or use on-site.

References

DOE Challenge Home

Extibit 2: DOE Challenge Home Targef Home. Certified under EMERGY STAR Qualified Homes
Version 3. Infiltration (ACHA0): 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).
shall comply with the relevant vapor retarder provisions of the 2012 International Residential Code.

ASTM E1677-11

Standard Specification for Air Barrier (AB] Material or System for Low-Rise Framed Building Walls.
This specification covers minimum performances and specification criteria for an air barrier material or
system for framed. opagque 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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U.S. DEPARTMENT OF Energy Efficiency &

BASC Guide: Attic Knee Wall ENERGY | renewable Energy

solution Center Home  Attic Knee Walls
Component Explorer Please Register or Login to Provide Feedback.

Checklist Manager

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

Explorer
Browser Case Studies
Guides 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, Houstan, TX, PMML-5A-87333, prepared by the Pacific Marthwest MNational o )
Case Studies Laboratory for the U.S. Department of Energy. The Building America

. Field Kit allows you to
-
Image Gallery Link to Document 73 save items to your profile

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-SA-87331, prepared by the Pacific Morthwest Mational m
Labaoratory for the U.S. Department of Energy.

Link to Document T ar

References

References

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

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

T T [ T !
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U.S. DEPARTMENT OF Energy Efficiency &

BASC Browser Image Gallery ENERGY | Rencwabie Energy

Click an image to
enlarge in a
sliding window.
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U.S. DEPARTMENT OF Energy Efficiency &

BASC Browser Cad Files ENERGY | Renowable Energy

TN\ AT HZ = W=  Click the CAD
oS IE.—ael = IT= load in a slider
e window.

Y U WOORRE ST
; | e
’ — TR
|

oo — |

AR SEALAT CABINET SOFFIT ¥ SINGLE-STORY

GreenBuildingAdwsor.com Sk 1Tt 5‘01 027

by L

Air seal at cabinet soffit - single-story

| 110f50 4 P

== e | cay e

Ul Hlw Ul HD o
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BASC Mobile Application ENERGY | rencwabe Enorey

+ 2 O #

APl Demos Browser Calculator Calendar Camera Clock Custom Loc:

vm = BB G

Dev Tools Downloads Email Gestures Bu Messaging Music

“ @ § L

Search Solutions Speech Rec Widget Prey
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BASC Mobile Application ENERGY | renowaie Enray
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0 Image
Available
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U.S. DEPARTMENT OF Energy Efﬁciency &

DOE ZerO Energy Ready Home ENERGY Renewable Energy

SAM RASHKIN
Chief Architect

Building Technologies Program




Step One:

Document 3rd-Party Certification

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

A wide array of
programs gqualify 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 :I:Of_thallenge Home Bullder Partner ID#
Single-family detached 12345
Year bullt :Square footage of Conditioned Space including Basement
03 3968.0
Humber of Bedrooms Square footage of Conditioned Space without Basement
4 | n3emn
Site address (if not avallable, list the site Lot #) .ltegl;tered Builder
555 Main Street
Cold City Certified Rater
MM, 20853
HERS Index without On-site Generation :l!an.e of Rating
46
HERS Index with On-site Generation Rating Software
46
HERS Index of the ing s energy costs()
46
Estimated annual & savings
Electric: 10825 52 7 ‘Wh % Matural gas Therms
Energy costrates emissions reductl
Electric: 0.08 % | Gas: 0 {50216 4bs (N 1.2 0ks

DOE Challenge Home Certification

4s the certified Rater for this house, | certify this house meets/ comples with al mandatary requirments of the DOE Chalenge
home guidelines, including the folowing:

X Compliance with all ENERGY STAR Qualified Homes Version 3 requirements and chechlists
Compliance with Mandatory Fenestration Requirements

Complance with Mandatory Insulation Requirements

Compliance with Mandatory Duct Location Requirements

Compliance with Mandatory Applance Reguirements

Comrpliance with Mandatory Lighting Requirements

Compliance with Mandatory Fan Efficiency Reguirements

Compliance with Mandatory Indoer &ir Quality Requirements

Compliance with Mandatory Renewable Energy Ready Solr Electric Reguirements
Comrpliance with Mandatory Renewable Energy Ready Solar Hot Water Requirements

This home was qualified via sampling in beu of testing, in accordance with allvwable sampling provisions as stated in the
DOE Chalerge Home Hational Program Requirements

B BB B B a3

Optional Compliance for Builder Recognition
I further certify that the follvwing ako apply to this house:
YES NI DONT Optonal Home Buillder Commitments for Recognition
HHOW
b Certified under the EFA Indoor airPLUS Program®

“Certification under the DOE Challenge Home permits bmited exceptions to full compliance with Indoor airPLUS. Builders seeking
the Indoor airPLUS label must achieve full complance with the Indoor airPLUS Verification Checklist.

REM/MRate - Residential Energy Analysis and Rating Software vi4.2
This infarmation daes not constitute any warranty of energy ©ost of savings.
© 1985-2013 Architectural Energy Corporation, Boulder, Colorado.
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Step Two:

U.S. DEPARTMENT OF Energy Efficiency &

Specrry Green Appralser ENERGY Renewable Energy

waluation of Sustainakée Bulldings: Residental E/12/13 B:E4 FM

In many markets you
are eligible to specify e s i

ry = Wislialion of Sustainabie Buikiings: Fes:

In this Saction

with the lender that you | —
will only accept an
appraiser from the

Certified Green
Residential Appraiser

irs whes haves suecsrssiul

MOTE:

D

Bsts Aperataal Insiius Daskgniats
i

kot Db
! Dt

siion of Solisf coursi. Thises o e fi iy Baa unti by 1, 2004 19 G

Select StaleFrovince | <Al =2

SELECT Sandra K fdo Adomaie msal Service Vs

= - SELECT Jahn T. Ashras il Bafvidis Vi
ISt. These appralsers e B
SELECT Doeald M Briggs, Mal, SRk Y

- SELECT Thuiadeh W. Chigapsal, MAI Faik Gy, UT Wik

h ave b e e n tral n e d to Woeed @B SELEGT Ly, Civsren, SRA” Latean, UT vos
A8 Pt SELECT Shavan D). Claussen, Wl Was hingiues, D2 Yo

e = m Pichisal D Colias, SRA . £ 'rl.'--,-. n He

. et it SELECT Benpmin B. Dasiduon, MAI A Amsocintes: LLG Gonfar, G0 Yes

SELECT Lisa K Desmaraks. 5RA Peak o P G ng. LLC Broomiield, SO Yos

recoanize the value of i — e
SELECT Lamar M, Elis. |1l SRA Atania Vog

SELECT Anthony L Ginesl Jr. MAI" Real Froperty Consulant [ L W Yeos

h - SELECT Haran L Gioforks, Mii = ‘helis Fargs Bask - RETECHS & Pumirsbug, FL Yur
lah-performance R

5 CT Swewe L Mok 5RA " Aasitentisl Aopraisal Sanices LLG Ogdan. UT Yes

SELECT Mamaret & Hamblsion, SRA " MambiEizn, Inc. Columbus, OH ¥es

] ] SELECT Cheistopher T. Hansis, WA * Appraisal Qroue, ne Wihaade, LT Y

h O m e I m rOVe m e n tS I n SELECT Michasl H. bakch, SRA* Michas Maich Real Estale Agpraisal, inc Yos
SELECT Croig 5. Healon, 5RA * ¢ 5 Hepon Agpraizals. Inc Yo

SELECT Rl O Huaicby, WAl €8 Riraid Blks, Vi

Am gty AnatpslsOull Cosst Y

Pabmo Apprpisal K O tancy Yos

your allenge
Adul, 18 Yk

PP ——— ks & barlo LG s, I v

SELECT Bace Ingram, SR ram Aopraeal Graup, It Sak Lake Gity, UT Yoz

Home ST e
" 5 CT Jeftrey B Jorgensen, S84 ° Jorgmrsen Hesidential Appesisal Dragar, UT ¥es

hittp: | fwwew. appraisalinstitute org/findappraser fgreen_sustainability_residential aspx
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Step Three: JS DEPARTMENT OF | Energy Efficiency &

Complete Green Appraiser Form

EN ERGY Renewable Energy

ClentFla#: | [aopraisai Fle #: |
Residential Green and Energy Efficient
Addendum

01|'!(|sl° Cliont 2o oo

.|||| |
Al Rep ‘Subject PropertysCimate Zane 5

Form B20.04* City: Anysoum State:USA Tig: 7545
Agditional resources to aid In the valuation of green properties and the campletion of this form can be found st

- -
hittp:// www.appralsalingtitute org/ edycation/ green_enengy_addendym.aspn
W I I u The appraiser hereby cortifies that the information pravided within this addendum:
o has been considered in the aparaiser's development af the appraisal of the subject praperty anly for the client and intented user(s)

ieniifiec n the appraisal repart and only for the intended use stated in the repart

is not pravided by the appraiser for any other purpose and shauld nat be relid upon by parties other than those identified by the

- - - ‘anpraiser as the cliart or intardsd user(s) in the reaort.
is the result of the appraisar's rauting inspectian of and inguiries about the subjact praperty's graen and energy effcient features.
. . Extragrdinary assumation: Deta pravided herein fs assumed to be accurate and f found ta be i error cauld alter the aporaiser's
‘apinions or conclusions.

is ot mate a5 3 represantation of 2z a waranty as to the efficiency, quality, function, operatility, reliability or cast savings of the
rearted itams or of the subject pragerty in general, ant this addendum shoul nat be relied ugen for such agsessments.

. .
L]
Green Bulding: The practice of creating structures and using processes that 2re ami respansitle and et throughout a
. building’s lfacycle from sifing to design, jon, oparation, mai renovatian, and ion. This practics expands and

complements the classic building design concams of ecanamy, utilty, durabilty, and camfort” High Performance building and green bullding are
aften used interchangeatly.

i Elements of Green Bullding: A green building has attributes that fall into the six elements of green buikding knawn as (1) site, (2} water, {3)
anargy, (4) materials, (5) indoar air quality, and (G) mairtenance and operation. A Green Building will be energy sficient but an energy sficiant
building is not synonymOLS with Green Building

G atures
The following items are considered within the appraised valuz af the subject property:

Cortlfication DOE | Year Cetfied: | Cortying Organization:
Challeng | 2013 O Home Innvation Research Labs (ICC-700) | ™ Verfication Reviewed | M Certification attached to

www.appraisalinstitute.org/education

Score: : i .
Rating Certified | °™"% pya | LEED Cenfiect 1 LEED Siver (O LEED Goid O] LEED Fiatinum

1 1CC-700 Aatianal Sroer Budiding Stangard Centified: O Bronze O Siter O Gold [ Emerald
Green Certifying Organization URL {website) www1.eere.energy. govibuildngs/rasidentialich_index.nitml

green_energy_addendum.aspx = e

Do changes require recartification to verify rating is stil applicable? 1 Yes C1 Mo

If @ praperty is built green but not formally certified, it stl desenves proper description and analysis to value the features.
Tihe market analys's is of the stucture's physical, ecangenic, and locatianal atribiutes and nat an analysis of its label
alone.

Comments

Attach the rating
worksheet that

Complete the form and provide a FEm

understanding of the
features. The
worksheet will assist

copy to the lender as guidance to for =
Including all DOE Challenge Home
Improvements in the final report. R e

* 1S, Evironmental Protection Agency at www.2pa. 0w/ greenbuildings/ pubs/abaut htm.

*NOTHCE: The Appraisal Institute pubishes this form for use by apraisers whene the aporaiser caems use of the farm approcrizte. Depending on the assignment, the appeaiser may
mad o provide sddianal data, analysss snd work peadict st caliad b in Tis T, The Appraisal Irstite plays o2 b in completing the tom and dsclaims any rspansisilty far
T dafa, analysks o any oar wk produt peovided by theindvidaal apprisarls),

B Repons® A-B30.04 Residential Gonen anc Energy Eckent Addandum  Approsal stitae 2013, 41 Rights Ressed Linusey 2013
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http://www.appraisalinstitute.org/educationgreen_energy_addendum.aspx

U.S. DEPARTMENT OF

ENERGY

Residential Green and Ener

Energy Efficiency &
Renewable Energy

Addendum

Client: Joe Doe Cllent Fle #: | crent: | Joe Doe | caent Fie #: [
Subject Property; Giimate Zone 5 Appraisal Fle #: | Subject Property: | Glimate Zone 5 |Appraisai Fle & |
ENERGY EFFICIENT ITEMS Solar Panels
The fallowing items are cansidersd within the aporaised value of the subject progerty: The fallowing items are cansidared within the appraized value of the subject property: RENEWABLE READY HOME
Insulation 1 Fioergiass Blown-in M Fazm insulation O Celluioss  C1  Fiberglass Batt Insuiation | R-Value: Deseription N /A, | Aoray 81 Dleased |00 50 Dlessed | iption Solar Thermal Watat
. 1 Owned O Owned Heati m
1 Other (Descrine): 35
0 wale KW (sizs) IFActive Systsm - type
) s - )
M Basement Insulation (Descrine); HiGh Density SPF O ceilng 4 Obirect O Indieect
. ; O Floer 30
C1 HERS Insulation Installed Rating 011 O2 013 (See Ghassary) Manifacturer of |FPassive System - hype | O Integral collector
Fanels O Thermasypaon
Envelope Tightness: 1.25 Unit: O CFM25  CICPM50 M ACHSO O ACHnatural
Emvelopa. ‘Warranty on Panels Storage Tank Stza .
M Ervelope Tightness based on Blower Door Test # Gallans:
Water Efcloney [EIEXR‘::‘E;MGH Water System Location of cistern:
" O Citem-Size:  Gallons Aga uf Panels Callector Type
1 Greywate sta I Flat-Plat Collectar
et s systom i _ i 1 Integral Collector
:;ﬁﬁr::nss fitures 01 _fain Barels Provide Irgation — Energy Production ki D) Evacusted-Tube Solar
) bl Fana
Windows ST CllowE L1 High Impact | 01 Starm O Téple Pane ‘EI Tinted 1 Sofar Shades per Amay
L1 skylignts - | L1 Salar Tubes - | 1 Other {Explain): = ENERGY STAR Swurce fi Back-U D1 Canventional Water Hir
Day Lighting - - urce for Energy p System
# # Light Fistures. Praduciian Estimata [ Tankless On Demand
A EMERGY STAR® Water Heater: Appliance Energy Source: DI Tankless Heat Pump
Appliances: 1 Selar OPmgane ™ Bectic M Natural Gas Location (Roof, g of Systam
M Dishwasher S Heat Pump O Other {Descrive): Ground, Etc.)
™ Refrigerator 4l O Tankiess O Coil
lian "
moter P Size: Gal i/ Stape for & Warraniy T
HVAC (Dascribe = High Efficiancy HVAC E!ff:iZ:t F"‘i';:"
In Comments Area) | SEER: 1 o Ratng: Azimuth per Array Manufacturer
Eficiency Radng: % | 0 Passive Solar
AFUE® 95 % EEF 9 D Tharmactaty Cantralers (Defined in Glossary)
*Annual FuekUtiizstion | (20" Aga of kwertn(s) Salar Enrgy Factor (SEF}
Efficiency ) )
EER: (Rating range 1 to 11 -
higher number is more
M Programmable Themmostat 1 Radiant Floor Heat £ Geothermal Manutacturer ,ﬁim
B ENERGY STAR *Home - Version
Energy Ral
= 3 Warranty Term
1 Oter {Describe):
Horme Energy Scare (HES) {Score range 1-10: 46 Name of Utiliy Campany: Cost per KWh charged by Comgany: _ § /KW
Discuss source of infarmatian and define other renewable energy saurces, such as wind, ydropawer, biomass pawer,
Comments
B Certfication Attached = ate.
(Discuss incartives -
available for new This home is renewable ready for solar electric and thermal.
\door Al Quallly ;Inﬂanrmr FLUS =] :ergy Recovery Ventiator Unit or Wnoie Bulding Verslaton | oo e
ackage System curent panels. and any
HERS Information | Rating: 465 Monthly Enesgy Savings on Reting: 518,50 Date Rated: 5/15/13 maintenance issuss. I
Ieased, pravide the
Utility Costs. Average Annwal Utiity Cost: § 141 per month based on: REM/rate # of Decupants: 4. lease tarms. )
Energy Audlt /A | O Infrared Fhotograph Attached A fre oaling tool and
manual for valuing the
Has an energy audit/rating been perfarmed on the subject propery? ClYes  CINa O Unknown sy precliction
If yes, comment an work completed as resut of audit. of tha Solar BV
- System is available
Comments Infoemation was peovided by:
(Includs source for Rater's Name and Company at wivw.prvalue.com
information provided
in this section) Attach REM/rate reports, filled out checklists for EPA indoor
alPLUS, EPA renewable ready home solar electric and EPA Download the
Attach documents o ENEREr
renewable ready home solar themal Tl
reference them in el
T the solar tems on this
farm and inputs used in
The energy element the PY Value Tool.
is the mast
measurable element
of green or high
perfarmanca housing.
*NOTICE: The Appraisal Institute publistes: this form for us by 2porasers whers the 2poraser deems use of the form appropriate. Depending an the assignment, the appraser may
need ta provide addtional cata, inalis and watk procuc nat tales forin form, Tha Appeaisal Institiae plays na toie in campleting the farm and disciams any resporabiity ke SNOTIE: The this form for w58 by T BpErakser Je8Ms use of the fom apprEdat. Depending on the Assignman, I ipeniser may

the data, analyss or any eher work progict prowkdRd by e indhedual apgeaisents)

A RRDCAS® A-H20,04 RRSCRNTAI Groan ang EVAIRY EMCA Acgenqum

T AOFASA NSUTLAN 2013, Al METS FRsate]

Janaary 2013

B 1 e 5073l 43

s v
BPAIYSS AN WOTK GO R0L G3ID T if TS 10, The ARGl MSTURE BI3YS M 10 1 COMEASNE e B 300 H50AITs Ny HSGONSLilly for
e daks, analysts e any ofer wark prodact provided by the inciidusl appisiseriz).

M Reports® 620,04 Residernial Green ant Energy Efficiem Adcencum © Apprizal mnstiune 2003, All Righes Reserves Jansary 1013
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eSIdentlaI Gl'een and Energy e Energy Efficiency &

dde nd um EN ERGY Renewable Energy

| cien: | 100 Doe | cuent Fie #: [ |
| Subject Property: | Climate Zone 5 [pprasai Fia &= | | | ctent: [ [ crent Fie #: [ |
| Sutject Propany: | |AppraisatFie s | |

oon s Residentel Geen an Erergy it Addendum
The follawing fems are considered within the apprised valus of the subject pro Glossary and Resources
Source
hehaand N!A Seoa Exampie: hito:/ /i |kscore. com!
1CC-700 National Green Bulding Standard (NGBSY: An ANSI-approved residential green buikiing standard develapd by the National Assaciation

Miﬂr-wm [ Bus - Distance: Blocks O Train - Distance: Blocks I O Subway - Distance: Blocks of Home Builders (NAHZ) and the Intemational Code Council (ICC). 1t is applicable ta single and muktifamily prajects, renoations and additions
and residential land development. Ta camply. all buildings must incarparate sustainable Jot develogment techniques and address enengy. water &

Orientation - front faces: Landszaping: material reseurca eficiency and indoor emvirnmental guality. Alsa, all owners must bz educated abaut building aperation and mainenznce.
= [ East/West M Noath/South | [ Water Efficiant U Natural Centfication 10 the NGBS is provided oy the Home Innovation Research Labs. hitp://wiw,nanb, orgy page,aspy/ generic/sectionD=2510 o
— hitp: /e homeinnavation.com/
Comments DOE Challenge Home certification concentrates only on the actual physical building
and its high performance aspects. LEED: Leadership in Enersy and Enviranmantal Desigh i racefining the way we think abaut the placss whara we live, work an learn. As an

intematianally recognized mark of excellence, LEED provides buiding owners and aperatos with a framewark for identifying and implementing
practical and measurable green buikling design, construction, operations and maintenance solutions
it/ wwe.usgic.orey DispleyPage.asp? CSPagelD=1988

Energy Star*: ENERGY STAR cartfied new homas must meet strict enengy afficiency guidefines set by the U.S. Ervironmental Protectian Agency.
These homes are intiependsntly verfied 1o be at least 15% more energy ficient than hames buit to the 2009 Intamational Energy Conservation
Cade (IECC). and feature adgitional measures that deiver a total energy efficiency impravement of up to 30 gercent compared 1o typical new
homes and even more comparad £ most resale hames. hita:/wwe.energystar. gow/indew.cfm Pc=new_hames.him_index

Home Eneegy Score (HES): The Hame Energy Score is similar ta a vehicle's mile-per-gallon rating. The Home Energy Score allows homeowners ta
compare the energy performance of their homes to other homes in the area. It alsa provides hameawners with suggestions for improving their
homes' efficiency.

The process sterts with a home energy sssessor oallecting energy information during a brief home walk-through, The assessar then scores the home
an a scale of 1 ta 10, with a score of 10 indicatmg that the home has excellent energy performance. A score of 1 indicates that the home neads
extensive energy improvements. In addition 1o praviding the score, the hame energy assessor provides the homeowner with a list of recommended
energy impravements and the associated cost savings estimates. fhittp:// www1.eere.energy. gov/ buildings/ esidential/hes_index. htmi

HERS Index: The Home Enerey Rating System (HERS) Index is the Industry Standrd by which s home's energy effciency is measured. s also the
Incentives - Amount of Incentive and Terms natianally resognized system for inspecting and calculating a hame's energy perfarmance. Hiin:/, e, anetus/ hers-index This Index is

The fallawing itams are cansiderad within the appraised value of the subject property: ‘assessed by a qualified third party certifier based an the physical characteristics of the house. The energy estimates from this assessment may
ary dapending on the lifestyle of the accupants, increzsing wtility expenses, and changes in the maimenance or characteristics of the energy
] features.

Buikling Envelope: The building envelape is everpthing that ssparates the buikling's interior fram the esterior. This includes the faundation, exterioe
walls, racf, daars and windaws.

Geothermal: A geothermal heat pump uses the constant below ground temperature of sail or water to heat and cool your home.
State hitn:// enengy.gow energysaver/ anticles, gecthermal-heat-pumps

Low-E: Low emittance indicates a Goating is added to the glass suface. The coating allaws visible light to pass through the gass while stopping
the raifiant heat energy from the sun and heat sources in the building from passing thugh the glass. Approimately 40% of the sun's hamnful
ultra violet rays are blacked and insulation enhanced.

‘Whale Bullding Vemitstion System: A whole building ventilation system assists in a controlled movement of air in tight envelope construction and
Incal may include air-purifying systems. Whale building ventitation equipment i often a par of the forced air heating or cobling systems.

Eneegy Recovery Ventiation System: Ofien called Heat Recovery Ventilators (HRY). Thess systems replenish the indoar air without wasting all the
anergy already used 1o heat the indaor 2 In some cimates, these systems are also Lsed t handie waler vapar in the incoming air.

Passiva Solar: Passive solar is technology for using suniight to light and heat buildings with no circulating luid or energy conversion system.
it/ medic, el g/ sola/ ghossary A complete passive solar building design has the following five elements: (1) apesture (colectar) (2) absorber

Source {3) thermal mass {4) distribution (5) cantrol. htta:/ www.nrel gav/docs/ 0 1osty 27954, pdf
(Far example SEER: Seasonal energy efficiency ratio - The higher the SEZR rating. the mone energy efficient the equipment is. A higher SEER can result in lower
i energy costs. htoywww energystar. o index.cimPo=tax_credits.tx_definitionsAdts=ssps,mes sser.eer

‘Water Sense: EPA released s Final Version 1.1 New Home Spect This ion will be effective January 1, 2013 and
‘establishes the criteria for new homes labeled under the WaterSense program and is applicable to newly constructed single-family and mutti-family

Comments hames. -t www epa. g watersanse/ new_hames/ homes._final itm

Incentives affset cast ‘Water Heaters: Solar, Heat Pump, Tankless On Demand or Tankless Cail water heaters are descrined at the follawing location:

and should ba hitp// energy. govy energysaver/ articles/ solar-water-heatars.

reportad in the cost X

sopevach sacticn of Green Cestifying Organizations: A partial list of arganizatians can be found at: hispy/fwww.usghe, ig/ShowFile.asax? Dogumend D=2001

the L L2 - HERS Insulation Installed Rating: Rating 1 is the best with 3 the lowast rating.

Incentives are typically heto://www. resnetus/ ssandards/ Enhancements_to_National Rating Standards.pdf

ot a sales

comparisan approach SAVE At The SAVE Act is proposed legislation to improve the accuracy of martgage underwriting used by federal morigage agencies by snsuring

concassien since they that energy costs are included in the undarwTiting process.  https/www.imtorg/ finance-and-leasing/ sava-act

do nat transfer with

the property.

*NOTKCE: The B hs.torm fur w52 by apprmi e agpraiser deens e of the fom apprgriste. Depending cn the assignme.
e I prndde 0007l Qat, RIS AN WOrK BOCACt Rt alid S in s Tom. The AppriSal NSHNLGE PIays A0 18 N COMGIEENE ME 3 4nd d5CaIMS,

Builder or Rater .. GC or Rater oae 91513 1 et st ay e v e by 2 .

20,04 Residental Green and Evergy Efficient hdcens

aporater may
i #SpOnSEiy 01

Campleted by:

© Apprtisal nstituse 2023, Al Rghts Resarved Jansary 2013

TR T3 PR 000Nl D303, BTA1Fas A WOTK BROGCE AL CAIED 1 17 TTES 100, TG APBIaSal NS LY n0 0 1G0T IANE 8 0 304 D5Cams any Ssersily i
e dats, abysis or any ofher work product provided by the indvicusl appisisesls).
A Frzports® A1-B20.04 Resideriial Green anet Encrgy Efcient Adéendum @ Appeizal institite 2013, All Rights Reszed Jamuary 2013
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U.S. DEPARTMENT OF

Business Metrics ENERGY | rororanio oy

e Cost

— True Credit/Debit Costs
— Time of Sale
— Profit Margins

— Call-Back Expenses

» Marketing

— Homebuyer Visits
— Media Exposure
— Referrals

 Performance

— Customer Satisfaction
— Actual Billing Data
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Energy Efficiency &

Renewable Energy

Zero Net-Energy Ready

Technical Specifications
Encouraged:
Water Conservation
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Energy Efficiency &

Need for Water Efficiency Renewable Energy

* 1950 - 2000:

U.S. Population Doubled
Public Supply Water
Demand More than Tripled

 Since 2011.;

> Half the U.S. with
Some Level of Drought.
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U.S. DEPARTMENT OF

Need for Water Efficiency ENERGY | e Eficiency &

Renewable Energy

U.S. Drought Monitor %32

Infensity: Craught impact Types:
% g? gbnm:ta“rfﬂndry " r~ Defineates dominant impacts
I D2 Dﬁﬂgm Savra S ShorTerm, yposky < tone

(e.q. agriculiure, grasslands)
B C= Drought - Extreme

L = Lang-Term, typically =8 months
I O Drought - Exceptional .
(e.g. hydrology, ecology) l_J_SDA ﬁ%
The Drought Monitor focuses on broad-scale conditions. = i | e i
Local conditions may vary. See accompanying text summarny
for forecast statements. Released Thursday, August 2, 2012
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Energy Efficiency &

Water Use at Home et By

 More than 1.2 million Residential
homes were constructed Indoor Water Use
In 2010 and 2011 in U.S.

* Average water use is 70% Too% el

26.7%

iIndoors, 30% outdoors.

« Qutdoor use is higherin  rauce -
Southwest and other dry """

regions. o
13.7%
o 0 . -
20 /0 SaVIngS readlly Clothes washer Other
achievable 217 >3
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Energy Efficiency &

Water Efficiency as a System Renewable Energy

 Indoor Fixtures

- Plumbing Fixtures
- Appliances and Other Equipment

» Distribution

Service Pressure

Metering (for Multi-Family Homes)
Leak Prevention

Hot Water Distribution

 Qutdoor

- Landscape Design
- Irrigation (if installed)
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U.S. DEPARTMENT OF Energy Efficiency &

WaterSense Labeled Products ENERGY | renewable Energy

Irrigation
Tank-Type Controllers
_ Showerheads 30 labeled models
Toilets 600 labeled
1,100 labeled models
models Lavatory Faucets Flushing Urinals
3,400 labeled models 140 labeled models

Labeled products are listed at:
www.epa.gov/watersense/products
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Energy Efficiency &

Hot Water Distribution e ey

Built for when water was free and energy was cheap!

Copper L piping:

17 =15.53 ounces/ft
o % =3.22 ounces/ft
o V5" =1.55 ounces/ft

Hot Water Heater
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Energy Efficiency &

HOt Water DIS'[I’IbUtIOﬂ Renewable Energy

* The system shall store no more than 0.5 gallons
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 fixture before hot water Is
delivered (accounts for water that must be

removed from the system before hot water can
be delivered).

« Recirculation systems must be demand initiated
(push button or motion sensor).

— Timer and temperature activated recirculation
systems do not meet this requirement.
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U.S. DEPARTMENT OF Energy Efﬁciency &

TO | | ets ENERGY | renewabie Energy

All toilets shall be WaterSense labeled tank-type.

When the
toilet tank fills,
water should
not flow over
Into this tube

Angle valve
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— Energy Efficiency &

Bathroom Faucets ENERGY | rencnebio troy

All bathroom sink faucets or faucet accessories
(e.g., aerators) shall be WaterSense labeled.

Bathroom sink flow test
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U.S. DEPARTMENT OF Energy Efficiency &

K|tChen S|nk FaUCetS ENERGY Renewable Energy

All kitchen sink faucets must have
a maximum flow rate of 2.2 gpm.

Valve and

Kitchen sink flow test connection hoses
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Energy Efficiency &

S h owers Renewable Energy

Shower compartment requirements:

* The total allowable flow rate of water flowing at
any given time from all showerheads must be
limited to 2.0 gpm per 2,160 square inch (in?)
Increment or less of shower compartment floor
area.

« Additional showerheads are allowed for each
additional 2,160 in? floor area increment, provided
the total flow rate from all flowing devices in each
compartment is less than or equal to 2.0 gpm and
the additional showerheads are operated by
separate controls.
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Energy Efficiency &

S h owers Renewable Energy

Showerhead requirements:
* All showerheads shall be WaterSense labeled.

* |n cases where more than one showerhead or
hand-held shower is provided in combination
with others in a single device intended to be
connected to a single shower outlet, the entire
device must meet the maximum flow

requirement in all possible operating modes.
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U.S. DEPARTMENT OF Energy Efficiency &

S h owers ENERGY Renewable Energy

Showerhead flow test
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Energy Efficiency &

Appllan ces Renewable Energy

 |If a dishwasher Is installed, it shall be
ENERGY STAR® gualified.

* |If clothes washer are installed, including
those in common-use laundry rooms, they
shall be ENERGY STAR qualified with a
water factor (WF) < 6.0 gallons per water
cycle per cubic foot capacity.

Buildings.Energy.gov
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Energy Efficiency &

Evaporative Cooling Systems ENERGY | rencwable Enerey

If an evaporative cooling system is installed,
It must meet the following criteria:

= Shall use a maximum of 3.5 gallons of water
per ton hour of cooling when adjusted to
maximum water use.

= Blowdown shall be based on the time of
operation, not to exceed 3 times in 24 hours.

= Once-through or single-pass cooling systems,
systems with continuous blowdown/bleedoff
and systems with timer-only -
mediated blow-down
management do not meet the
requirements.
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U.S. DEPARTMENT OF Energy Efficiency &

Water Softeners ENERGY | renewable Energy

If a water softener Is installed, it shall be certified
to meet NSF/ANSI 44 including Section 7
voluntary requirements for efficiency rated
systems, including:
- Use demand-initiated regeneration controlled
by a flow meter or water hardness sensor.

- Have a rated salt efficiency = 3,350 grains of
total hardness exchanged per pound of salt
(NaCl equivalency).

- Must not include devices that use a clock timer
to set regeneration on a fixed time schedule.

- Must not regenerate using more than 5.0 gallons
of water per 1,000 grains or hardness removed
during the service cycle.

V sl £
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Energy Efficiency &

Drinking Water Treatment ENERGY | rencwable Enerey

 |f a drinking water treatment system is
Installed, it must be certified to meet
appllcable NSF/ANSI standards:

NSF/ANSI 42 Drinking Water Treatment Units — Aesthetic Effects
NSF/ANSI 53 Drinking Water Treatment Units — Health Effects
NSF/ANSI 55 Ultraviolet Microbiological Water Treatment Systems
NSF/ANSI 58 Reverse Osmosis Drinking Water Treatment Systems
NSF/ANSI 62 Drinking Water Distillation Systems

e Such systems shall yield at least 85 gallons
of treated water for each 100 gallons of water
processed (i.e., it shall have an efficiency
rating equal to or greater than 85%).
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Energy Efficiency &

Metering (Multi-Family Only) Renewable Energy

In multi-family buildings, each unit must
be individually metered, submetered, or
equipped with an alternate technology
capable of tracking water use and making
the information available to the residents

of the individual unit.

Buildings.Energy.gov
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Energy Efficiency &

Landscape Design Renewable Energy

WaterSense Water Budget applied to:

* Front Yard only for single-family homes

« All areas improved upon by the builder for
single-family and multi-family buildings

 Temporary landscapes (e.g., straw over bare
soll) may be installed if permanent landscapes
cannot be installed due to climate conditions.
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Energy Efficiency &

|rl‘lga'[I0n Renewable Energy

If an Irrigation System is installed, it must:

* Be designed or installed AND audited by a
professional certified by WaterSense program

« Use fixed spray irrigation on turfgrass only and
achieve at least a 65 percent distribution
uniformity

« Use drip or micro irrigation on all plants other
than turfgrass

* Include WaterSense labeled irrigation controllers
or soll moisture sensors
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Energy Efficiency &

Renewable Energy

Zero Net-Energy Ready

Technical Specifications
Encouraged:
Disaster Resistance
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. . U.S. DEPARTMENT OF Ener Eﬁ-’lc'enc &
Disaster Resistance as a System ENERGY | Renewable Energy
 Weather

— Wind

— Hurricanes

— Tornado/Hall

— Severe Winter Storms

 Natural Events

— Floods
— Wildfires
— Earthquakes

e Pests

— Termites
— General Pests
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U.S. DEPARTMENT OF Energy Efﬁciency &

U.S. Disaster Map ENERGY | Renewable Energy

Source:FEMA’'s National Emergency Management Information System

oy -'\’,L_; AT\ gaois; o . : Disasters
=, B0 - 22
3 4 f—n ‘ir-.‘ -'.1 I
_":‘ I___Jl’ - - i e =5 . - - 7 5 9
-3

Q—=5h

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



U.S. DEPARTMENT OF Energy Efﬁciency &

D|SaSter R|Sk |n the US ENERGY Renewable Energy

Lowest risk: Corvallis, Ore. Small quake and drought risk; little extreme weather.

9]

®
°
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®  Highest risk: Dallas
- Lots of almost everything but quakes: twisters,
.__} hurricane remnants, hail, wind, drought, floods.
Metro area population Scale of hazards Metro areas with lowest risk: Highest risk:
Less than 175.000 . . a . 1. Carvallis, Ore. 1. Dallas-Plano-Irving, Tex.
175.000 to 500.000 = L 2. Mt. Vernon-Anacortes, Wash. 2. lenesboro, Ark.
. ! ' Lower ——= Higher 3. Bellingham, Wash. 3. Corpus Christi, Tex.
.} More than 500,000 4. Wenatchee, Wash. 4. Houston
5. Grand Junction, Colo. 5. Beaumont-Port Arthur, Tex.
6. Spokane, Wash. 6. Shreveport, La.
7. Salem, Ore, 7. Austin, Tex.
8

. Birmingham, Ala.

New York Times, April 30, 2011 s seate
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U.S. DEPARTMENT OF Energy Efficiency &

DISB.S'[EI‘ R|Sk |n the US ENERGY Renewable Energy

Tornado Risk Lower Bl Higher Hurricane Risk Lower Bl Higher

Earthquake Risk  Lower Bl Higher

New York Times,
April 30, 2011
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WEEGEE JS DEPARTMENT OF | Energy Efficiency &

Wind, Hurricane, Tornado Risk Map ENERGY | renewavie Eneray

Fortified...for Safer Living Hurricane, High Wind, and Tornado/Hail Regions

Key
B Hurricane

[ High Wind
I TormadoHall
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WEEGEE JS DEPARTMENT OF | Energy Efficiency &

TOI’nadO RlSk Map ENERGY Renewable Energy

TORNADO ACTIVITY IN THE UNITED STATES*

Summary of Recorded F3, F4, & F5 Tornadoes
Per 3,700 Square Miles (1950 - 1338)

Numiber of Recorded
F3,F4, & F5 Tormadoes
por3.700 Sq. Mi.
o
-8
Je-15

% : B 1625

-

Q . - 25
AMERICAN SAMOA, PUERTO HAWAII

RICO, VIRGIN | SLANDS * Based on NOAA, Storm Pregiction Cenler Statistics
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WEEGEE u.s DEPARTMENT OF | Energy Efficiency &

EN ERGY Renewable Energy

Hurricane Risk Map

Design Peak Gust Hurricane Wind
Speeds (mph) In Open Terrain
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WEEGEE u.s DEPARTMENT OF | Energy Efficiency &

ENERGY Renewable Energy

Wind Speed Requirements

Table 3-2: Adding 20 MPH to ASCE 7 basic wind speeds for
FORTIFIED Deszign Wind Speed requirements (MPH)

ASCET Building Code Design Wind Speed FORTIFIED Design Wind Speed
Wind Speed (or interpolate between values)
<90 30 110
30 - 100 100 120
100 — 110 110 130
110 — 120 120 140
120 — 130 130 150
130 — 140 140 160
140 — 150 150 170
=150 150 170
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WEEGEE JS DEPARTMENT OF | Energy Efficiency &

EN ERGY Renewable Energy

Hail Risk Management

One Requirement:

Install an impact resistant roofing

[UL 2218 Class 4 or FM 4473 Class 4 which is appropriate for flexible
roofing products like asphalt shingles and metal panels or shingles]
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WEEGEE Energy Efficiency &
Renewable Energy

Wind Continuous Load Path

A continuous load path in wood frame construction:

1. metal connectors between the rafters/trusses
and the double top plate,

2. various systems involving connectors, sheathing,
rods, hold-downs, etc to transfer loads from the
top plate through the wall and into the foundation

3. properly designed and detailed foundations

Buildings.Energy.gov
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WEEGEE Energy Efficiency &

Wind Continuous Load Path AR Sl

A continuous load path in masonry construction:

1. metal connectors between the rafters/trusses
and the bond/tie beam,

2. horizontal re-bar installed in the bond/tie beam,

3. vertical re-bar in fully grouted cells (number and
location depends on design conditions)
connecting to

4. horizontal steel in the footing/foundation (Figure
3-10)
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Weather:

U.S. DEPARTMENT OF

Energy Efficiency &
' : ENERGY | renewable Ener
Wind Continuous Load Path GY | Renewabie Energy

Typical wall connections
with stud spacing the
same as truss/rafter
spacing. Figure 305G-1,
IBHS Guide
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WEEIGEE u.s DEPARTMENT OF | Energy Efficiency &

I I ENERGY new ner
Wind Risk Measures GY | Renewabie Energy

Installation of secondary water
resistance using self-adhering strips.
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WEEGEE u.s DEPARTMENT OF | Energy Efficiency &

EN ERGY Renewable Energy

Roof-Wall Connectors

Metal straps, clips, and connectors installed on
the outside of the wall.
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Weather:

.S. DEPARTMENT OF Energy Efficiency &

ENERGY | rononcolo Enor
Roof-Wall Connectors GY | Renewable Energy

Metal straps, clips, and connectors
Installed on the inside of the wall.
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Weather:
Severe Winter Weather Risk Map

.S. DEPARTMENT OF Energy Efficiency &

u.s
EN ERGY Renewable Energy

Legend

- Applies ta Entire State
Ij Applies ta County Only
| Does No: Apply
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WEEGEE Energy Efficiency &
Renewable Energy

Severe Winter Weather Measures

* Added moisture barrier at roof eaves (ice flashing)
* Heating strips at drains on flat roofs

* No heat source installed in unconditioned attic

* No uninsulated recessed lights

o All attic access doors treated as exterior doors
(insulated, sealed, and weather stripped/gasketed)

 All hidden attic penetrations (stack vents, partition
walls, electric chases, etc.) properly sealed

 Sufficient insulation on piping In exterior
assemblies or prohibit pipes in external
assemblies or unheated spaces
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Natural Events: U.s. DEPARTMENT OF | Enargy Efficiency &

Flood Risk Map

EN ERGY Renewable Energy

Flood R|sk Global
(88 of hcch 14, 2008 datavault

,,,,, [[[Hh III;” e,

Il !*l[lm,

Soil Conditions

About this Figure
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Natural Events: Energy Efficiency &
Renewable Energy

Flood Risk Area Basic Requirements

Minimum Requirements of the National Flood
Insurance Program (NFIP) except:

» The building must be at least 3’ higher than the
BFE (Base Flood Elevation)

* The foundations in Coastal A zones must adhere
to same requirements as those in V zones. That
IS, only open elevated foundations are allowed.
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Natural Events:

Flood Risk Management

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

L

Wave Height Z 3 ft

BFE Including—
Viave Effects

Properly Bevated
Building
‘\ i D
100-Year

Ll b
I

Wave Height <3 ft

Stillwarar Flevation 3 e
B S 1T ‘ﬁ """"""""""
.. ; ) —
(8.0; NAVD, AV _ Unelevated Building
‘ Conslructed Bafore Community Entered the NFIP
Shoraline Sand Beach Buildings Crarland Vegetated Limit of 100-Year
Wind Fetch Region Flooding and Waves

Typical shoreline elevation showing flood zones V, Coastal A and X
(Coastal Construction Manual, 3rd edition, FEMA 55).
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Natural Events: u.s DEPARTMENT OF | Energy Efficiency &

Wildfire Risk Map

ENERGY Renewable Energy
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Natural Events: U.s. DEPARTMENT OF | Enargy Efficiency &
Wildfire Area Basic Requirements

EN ERGY Renewable Energy

* Non-combustible street number at least 4’ high

* Firewood Storage and LP Containers at least 50" away from
home structure and at least 15’ defensible space

« Non-combustible screening covering attic/sub-floor vents

« Gutters and downspouts of noncombustible materials

* Min. 12" wide driveways with min. 13.5 vertical clearance

« (Gates must open inward and at least 2" wider than driveway
 Individual fire extinguishers

« Spark arrestors in all chimneys

« Defensible space that varies by hazard area classification

« Additional requirements base on hazard area classification
(extreme, high, or moderate)
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Natural Events: Energy Efficiency &

Renewable Energy

Wildfire Area Defensible Space Zones

Defensible Space Varies: Defensible Space Characteristics:
« Extreme Hazard Area -100’ Grass mowed below 6"
 High Hazard Area - 50’ * Regular Irrigation

e Moderate Hazard Area - 30 * Fortrees >18’, prune lower branches
within 6" of ground

* Trees at least 10" apart

* No tree limbs within 10’ of home

« All plants or plant groups >20’ apart
* No vegetation under decks

» Remove all dead/dying vegetation
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Natural Events: Energy Efficiency &

Wildfire Risk Area Materials Renewable Energy

Combustible and Non-combustible Soffit Materials

Combustible

* Vinyl

 PVC

« Wood boards or panels less than or equal to 72" thick
(including plywood and OSB)

Noncombustible

* Aluminum

« Wood boards or panels greater than 2" in thickness
(including plywood and OSB)

« Cementitous soffit board

Wildfire Protection Criteria that Varies by Wildfire Hazard Level

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



Natural Events: U.s. DEPARTMENT OF | Enargy Efficiency &

Wildfire Spark Arrestors ENERGY | renewabic Eneroy

e !-'i" WIRE MESH
f SCREENING :

Spark Arrestor for chimney
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Natural Events: U.s. DEPARTMENT OF | Enargy Efficiency &

Earthquake Risk Map

EN ERGY Renewable Energy

Lowest
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Natural Events: U.s. DEPARTMENT OF | Enargy Efficiency &

Earthquake R'Sk Map ENERGY | renewable Energy

Fortified Seismic Zones

Criteria N/A
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Pests: u.s DEPARTMENT OF | Energy Efficiency &

Termite Infestation Chart

EN ERGY Renewable Energy

U.S. Subterranean Termite Distribution

B Very Heavy
B Heavy to Moderate 4%
r] Slight to Moderate
_None to Slight

Note: Lines defining areas are approximate only. Local conditions may
be more or less severe than indicated by the region classification.
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Pests: Energy Efficiency &
Renewable Energy

Pest Control Measures

« Termite Resistant Construction
- Treated Wood Framing (e.g., Borate)
- Steel Framing (but need to address thermal bridging)
- Masonry Construction

* Pest Control
- Air-Tight Construction
- Screened Openings
- Integrated Pest Management (IPM)
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Energy Efficiency &

Renewable Energy

Zero Net-Energy Ready

Technical Specifications
Encouraged:
Quality Management
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U.S. DEPARTMENT OF Energy Efficiency &

Quality Management Provisions ENERGY | Renewable Energy

1. Complete Construction Documents

— Qualify as Designed to Earn ENERGY STAR
— Document all Challenge Home specifications

2. Integrated Design Process
— Meet with all trades/rater early in the design process
— Document all meeting outcomes
— LEED for Homes Integrated Process Prerequisite complies

3. Formal Quality Management Program
— Written procedures and field checklists
— In-house inspections and field-test protocols
— Training requirements for staff and contractors
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Zero Net-Energy Ready

Technical Specifications:
Best Practices
Efficient Low-Load HVAC




Energy Efficiency &

Eff|C|ent LOW'Load HVAC Renewable Energy

* Challenge Home Target Home Specifications:

Hot Climates Mixed Climates Cold Climates
IECC CZ 1-2 IECC CZ 3-4 IECC CZ 5-8
except Marine and 4 Marine
AFUE 80% 90% 94%
SEER 18 15 13
HSPF 8.2 9 10
Geo HP ENERGY STAR EER and GQOP Ciriteria
ASHRAE 62.2 1.4 cim/W- 1.4 cim/W- 1.2 cfm/W:
Whole-House 10 heat exch. no heat exch w/heat exch.
Ventilation ' | 60% SRE
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Efficient Low-Load HVAC Reronable Enoray’

* Challenge Home Technology Options
— Variable-Speed or multi-stage
— Ductless Mini-Split Heat Pump Systems
« Optimized distribution
— GSHPs
— Combi-Systems [e.qg., heat, water heating, vent.]
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Zero Net-Energy Ready

Technical Specifications:
Best Practices
Efficient Components




Energy Efficiency &

Efficient Water Heating Renewable Energy

« ENERGY STAR Gas Water Heating
— Storage with EF > 0.67

— “Extra Credit”:
* Whole-Home Tankless with EF > 0.82
e Condensing with EF > 0.8

« ENERGY STAR Electric Water Heating
— Heat Pump Water Heater with EF > 2.0

« ENERGY STAR Solar Water Heating
— Solar with SF > 0.5

* OIl Water Heating
— Any oil-fired water heater with EF > 0.6
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Energy Efficiency &

Advanced Efficient Components Renewable Energy

« Heat Pump Clothes Dryer
 Induction Cooktop
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Typical Clothes Dryer Inefficiency Energy Efficiency &

Renewable Energy

Condition Air to

O
s 12,000

;CF Alr

Heat 70° F air to 125° F, All air in a 1,500 sf
circulate to remove home exhausted out
moisture, and then exhaust | ' over 60 minute cycle
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Typical Clothes Dryer Hot Walll
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Renewable Energy
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U.S. DEPARTMENT OF Energy Efficiency &

Advanced Heat Pump Clothes Dryer ENERGY | renewable Energy

Warmepumpentrockner - Aufbau

Miele Schontrommel Flach- und Feinfilter
Kompressor
Prozessluftgeblase
S
P Kiihlluftgeblase _—
Verfliissiger J E——
= il —_—
Verdampfer & Y : : Enthitzer —_—
Kapillarrohr d & i Feinfilter

45 vs. 12,000 CF Air
Plus No Exhaust Vent
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U.S. DEPARTMENT OF Energy Efﬁciency &

Advanced Induction Cooktop ENERGY | Renewable Energy

"?_f

Field (4 [A [4 [A [

Mclaq'r;gti;:

Ceramic
Top Plate

(iInduction)

Supply
(Electronic Generator)
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