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U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy
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Zero Energy Ready Home
Zero Specifications
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U.S. DEPARTMENT OF Energy Efficiency &

Key Takeaways ENERGY | rononablo Enoray

1. DOEZERH Specs
- complete systems
- readilyachievable
- costeffective today

2. Reaching DOE ZERH not a big jur
- modest step up from ENERGY STAR

Buildings.Energy.gov
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Energy Efficiency &
Renewable Energy

Risk Man: Ifferentiation:

_ Future Ready
Low Loac_js Health Ready
Less Drying Advanced Tech

Less Fresh Air Zero Ready

Optimized |Optimized| Water |Complete| Efficient
Enclosure | Comfort |Protection IAQ Comps

System | System | System | System | System
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Energy Efficiency &
Renewable Energy

Optimized
Enclosure
System

QUALIFIED 2012 /2015 [ECC ENERGY STAF
NEW HOME + Envelopdnsulation + Windows

Levels
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Energy Efficiency &
Renewable Energy

Optimized
Comfort
System

Optimizeduct
+ Location
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Zero Energy Ready Home Spec ENERGY | renewabie Energy

Water
Protection
System

sump pumps
flooring materials
sub-slab aggregate

RH control in hot/humid
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U.S. DEPARTMENT OF Energy Efficiency &

Zero Energy Ready Home Spec ENERGY | renewabie Energy

Radon

Low emission materials
Combustion safety
Better filtration
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U.S. DEPARTMENT OF Energy Efﬁciency &

Zero Energy Ready Home Spec ENERGY | renewabie Energy

Efficient
Comps
YA

Hopliernees A High efficient lighting
Exhaust Fans " -
Ceiling Fans A Efficient hot water distribution

Water Heating (target)
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A DOE ZERH FReady Checklist
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U.S. DEPARTMENT OF Energy Efficiency &

DO E Z E R H F framewo rk ENERGY Renewable Energy

Exhibit 1: DOE Zero Energy Ready Home Mandatory Requirements for All Labeled Homes

Area of Imp t Mandatory Requir: t

1. ENERGY STAR for
Homes Baseline

Certified under ENERGY STAR Qualified Homes Version 3 or 3.1 % 10

N 2. Envelope' [ Fenestration shall meet or exceed ENERGY STAR requirements 2 2
M an d ato r A’ O Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 or 2015 IECC levels'. 1% 4
y ] Duect distribution systems located within the home'’s thermal and air barrier boundary or / M t
jPuct System optimized to achieve comparable performance'® u S

Req tS . . Water Efficiency [

5. Lighting &
Appliances'®

Hot water delivery systems shall meet efficient design requirements'’ \

All installed refrigerators, dishwashers, and clothes washers are ENERGY STAR qualified. | Co I I l p I y

80% of lighting fixtures are ENERGY STAR qualified or ENERGY STAR lamps (bulbs) in
minimum 80% of sockets

All installed bathroom ventilation and ceiling fans are ENERGY STAR qualified
Certified under EPA Indoor airPLUS '°

6. Indoor Air Quality

Oo|jo od

Provisions of the DOE Zero Energy Ready Home PV-Ready Checklist are Completed; (Solar

7. Renewable Ready Hot Water Ready provisions are encouraged but not required)

Exhibit 2: DOE Zero Energy Ready Home Target Home 7.20

HVAC Equipment?!

Hot Climates Mixed Climates Cold Climates
(2012 IECC Zones 1,2)2 (2012 IECC Zones 3, (2012 IECC Zones
4 except Marine) 4 Marine 5,6,7.8)
AFUE 80% 90% 94%
SEER 18 15 13
é T ar A HSPF 5.2 a 102
g ~ beothermal Heat Pump ENERGY STAR EER and COP Criteria
A '3SHRAE 62.2 Whole-House 1.4 cimw: | 1.4 cfmW { 1.2 cimAw; / Tr ad e_Off
H 0 m e O shanical Ventilation System no heat exchange no heat exchange heat exchange with 60% SRE/

‘ﬁl_laﬂnn '"."ﬂ“‘l""l..

#

Flexibility

Specs + Insulation levals shall meet the 2012 IECC and achleve Grade 1 Installabon, per RESNET standards.
r « Infiltraton™ (ACHSD): 3NCZs12 | 25NCZs34 | 2INCTE5T | 1.5InCZE
windows™
Hod Climatss Mixsd Climates Cold Climatas
{2012 IECC Zones 1,2,) (2012 IECC Zones 3, (2012 IECT Zanes
4 expept Marine) 4 Marine 5,6,7.E)
SHEC 0.25 027 any
LFValue 04 L3 027

Homes qualifying throwgh the Prescriptive Path with a total window-io-floor area greater than 15% shall have adusted
U-values or SHGCs =

Water Heater
ENERGY STAR minlmurm; for healing ol water healers use EF = 0L.ED
Effective for Homes Rewized 07/00,/2012 Page Zof 8

Permittmd Sezrtine 45173013
Exhibit 3: Benchmark Home Size™

Size AdJUSt.  aooms i Home o beBuir T2 15T 17737775 Identical to

[

Facto r [ Conditioned Floor Area geesman ioms 1,000 | 1,800 | 2.200 | 2,300 | 3,400 | 4,000 | 4,800 | 5,200 En ergy Star

| INNOVATION & INTEGRATIO Market




U.S. DEPARTMENT OF Energy Efficiency &

Target Home Avg. HERS Scores ~ ENERGY | renewable Energy

Typical DOE ZERH-Compliant HERS Index by Climate Zone
(Overall Average = 55.5)

70.0
65.0
g 60.0
7 tESIT ZOIOtaigok homes; Avg. HERS §2
T 55.0 - I
1 2 | 3 | 4 | 5 6 | 7 |

Climate Zone

Based on 1800, 2400, and 3600 firototypes on climateappropriate foundations.

Buildings.Energy.gov
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HERS Threshold for ZERH us. oeartuentor | Enargy Efficiency &
ENERGY | Renowabio Enoray

- Relative to a Target Home

A Evaluation of the HERS Score for DOE ZERH
compliance is relative to the Target Home

A HEtRaSﬂéigre DOE Zero Energy Ready Home

Projected Rating: Based on Plans - Field Confirmation Required.

A Alleviates Energy Performance
. House Type DOE Zero Energy Ready Home Builder Partner ID#
Im paCtS frO m Sinde-family detached 1
ear built Square footage of Conditioned Space including Basement
software 2015 3600.0
ChangeS & NuT:-erd Bedrooms Squ:;;ﬂf.aﬂﬂtageomedmrﬂdSpacemthmt Basement
u pd ates Site address (if not available, list the site Lot #) Registered Builder
Certified Rater
OH
HERS Index without On-site Generation Date of Rating
R0
HERS Index with On-site Generation Rating Software
50 REM/Rate
HERS Index of the ing im factor mated a Eenergy cos
52
uuuuuuuuuuuuuu ted a savings
Electric: 1004 Y Matu as: ic: kWh . Matural gas: Therms
Energy cost rates a emissions reduct
Blectric: 0.08 5 Gas: 5/The C 2 J S02: 34.51bs S M 6.61bs
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications:

Optimized Enclosure
System
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Energy Efficiency &

Thermal Enclosure System Renewable Energy

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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Energy Efficiency &

Renewable Energy

1, 000 sq. ft. B8 Attic
U =.026

Drop-Down Stair = R
R1,U=1.0
10 sq.ft. = 1% of area

What Percent LOSS In
Attic RValue?
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Energy Efficiency &

Thermal Holes Are a Big Deal Renewable Energy

Avg. U= 0 : M E Il MU b
Total Area (A)
— (.026 x990) + (1 x 10)
1,000

1,000 °
- R-28=2/""%x K38

1% HioterRResuits 10727 Yo dsasReVatue
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Energy Efficiency &

Optimized Enclosure System Renewable Energy

A Air-Tight Construction
AComplete Air Barriers

- Thermal Bypass

- Wind Intrusion _
Air and Thermal

Alnsulation System Flow Control

- Next Code Quantity
- Proper Installation
- Minimum Thermal Bridging

AAdvanced Windows

101 | INNOVATION & INTEGRATION: Transforming the Energy Efficiency Market



Energy Efficiency &
Renewable Energy

Zero Energy Ready Home

Zero Specifications 1 Optimized Enclosure System

Air-Tight Construction
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Energy Efficiency &

Why Air-Tight Construction Renewable Energy

A 16 to 50% of HVAC Loads
A Moisture Problems

A Comfort Problems

A Indoor Air Quality
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Target Home Air-Tightness ENERGY | ronowcolo Encray
- ACH50 Requirements/Targets
Zero Zero
Energy Energy
Climate Ready Ready ENERGY 2012& Passive
Zones Home Home STAR V3 2015 IECC House

Target - Target -
Detached Attached:-

1-2 3.0 3.0 6.0 5. 0 0.6
3-4 5.0 3.0 0.6
5-7 2.0 3.0 4.0 3.0 0.6

8 1.5 3.0 3.0 3.0 0.6

* Built into REM/Rate v1&.EnergyGaugeGUSAbY%pdate (expected miarch 2016)
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Energy Efficiency &

What Wedre Tr yi n ENERGY |renfadéetol

Attic air infiltration into the wall
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ENERGY STAR Rater F|€Id CheCk“St = Energy Efficiency &

Renewable Energy

- Drywall Sealed at Top Plates (Item 4.5)

Default: Alternative: Alternative:
Spray Foam Sill sealer Constr. Adhesive
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home

Zero Specifications i Optimum Enclosure System

Complete Air Barriers
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U.S. DEPARTMENT OF Energy Efficiency &

Complete Air Barriers ENERGY | Renewable Energy

Walls Floors Ceilings

C Showers and Tubs C Floors Above Garage C Dropped Ceiling/
C Fireplaces C Cantilevered Floor Soffit at

C Attic Knee Walls C Unconditioned Floor Unconditioned Attic
C Skylight Shaft Walls (Basement/ G Other Ceilings

C Adjoining Porch Roof Crawl Space)

C Staircase Exterior Walls

C Double Walls

C Rim/Band Joists

C Other Exterior Walls
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.S. DEPARTMENT OF Energy Efficiency &

u.s
EN ERGY Renewable Energy

Air Barrier Example:
Garage Rim Joist

No air barrier is present Alir barrier is present between
between garage and garage and conditioned
conditioned space. space.
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Air Barrier Example: us. DEPARTMENT OF | Fnergy Efficiency &

Wa” AdJOlnlng POrCh Roof ENERGY | renewable Energy

No air barrier between porch Air barrier is installed prior to
attic and conditioned space. porch attic framing.
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home

Zero Specifications i Optimized Enclosure System

Insulation System
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Energy Efficiency &

2012 IECC Insulation Renewable Energy

A Compliance with next generation code

A Three Options:
V Prescriptive
V Alternative equivalent U-factor

V Total UA calculation
- allows window to be included

A Allowances for ceilings without attic spaces
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Insulation System for States us. oevasruent or | Eneray Efficiency &

W|th Advanced Codes ENERGY Renewable Energy

" Has 2012/15 IECC
been in effect in a

state for at least 1
Yes Y year? D @ No

ENERGY STAR ANor mal o DOE ZERF
Version 3.1 is Program
required Requirements apply
DOE ZERHs must DOE ZERHs must
meet ES Version 3.1 meet Version 3.0 and
& envelope must the envelope must
meet 2015 IECC UA meet 2012 IECC UA
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.S. DEPARTMENT OF Energy Efficiency &

Phase-In of New Requirements ENERGY | Renewable Energy

StateLevel Effective Dates for Whe New

t
DOE ZERHSs Must Meet el

ENERGBTAR v3.1 & 2015 IECCI I e

T7F itted
UALevels for the Building Envelop e

V3.1 and

DC, IL, 2015 IECC
MD, RI Insulation
IA Levels in
DE Effect
MT, OR,
| WA 1/1/16
Ty — MN, VT 4/1/16
’ NV 7/1/16
NJ 4/1/17
CA & FL have regional variations of 3.1 TX 10/1/17
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U.S. DEPARTMENT OF

Energy Efficiency &

Impacts of Meeting Energy Star v3.1 ENERGY | rencwabie Energy

A For homes meeting DOE Zero Energy Ready Home:

I Achieving Version 3.1 compliance imposes little/no
additional builder burden

I HERS Target for DOE ZERH is already low enough such that

homes will achieve Version 3.1 compliance by default in most/all
cases

A Easy to assess compliance with Version 3.1 using Quick
Compliance tool

: File Building View Extras Libraries Reports Tools Help

ol L B B[] (] 7
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What are Differences in 2012 and 2015  useeasmentor | Energy Efficiency &

EN ERGY Renewable Energy

IECC Insulation Requirements?

Changes Between the 2012 IECC and 2015 IECC

Change No Change
Prescriptive R-Value —
ve v
— U-Value Alternative L

Total UA Alternative A &

ONLY Change inNAalue iIs for Abov8rade Framed Walls

No Changes to Prescriptiv&d/&ue Reguirements
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U.S. DEPARTMENT OF Energy Efficiency &

Impacts of Meeting 2015 IECC UA Levels ENERGY | renewable Energy

A No additional burden for most designs

A In Climate Zones 17 5, meeting 2015 IECC via a whole-
building UA tradeoff will be very slightly less stringent
I Required Frame Wall U-Factor is 2 to 5% less stringent
I Frame Walls might comprise ~ 20% 7 40% of total shell area...
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2012 IECC Insulation Reronable Enoray’

R-13 R-20 or R-13+5

Walls (rec. R13+5) (rec. R-13+5)
Celiling R-38
Floor R-13 R-19
Basement R-0 R-5/13
Crawl Space R-0 R-5-13

Slab R-0 (rec. R-5 slab edge)
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Insulation Proper Installation ENERGY | Renewable Energy

Misalignment, =

!



TMENT OF

Insulation Thermal Bridging ENERGY

Energy Efficiency &
Renewable Energy




Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications i Optimized Enclosure System

Insulation System:
High-R Walls
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High-R Wall Options Reronable Enoray

A Advanced Framing with Thicker Wall

A Rigid Insulation Exterior Sheathing
I Continuous Rigid Insulation w/Sheathing
I Continuous Rigid Insulation w/o Sheathing
I Continuous Rigid Insulation w/Recessed Studs

A Structural Insulated Panels (SIPs)

A Insulated Concrete Forms (ICFs)
A Double Wall
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U.S. DEPARTMENT OF Energy Efficiency &

Adv. Framing w/Thicker Walls ENERGY | renewable Energy

A R-17 7 R-21 (U 0.052-0.060)
A Higher Framing Factor (~12-15%)

A Blanket Insulation Issues:

I R-19 ithlick;®es6ults in R-17 compressed
In 2x6 wall

I R21 i s 5.50 t liocZX6 Wall e s I n R

A Blown-In Insulation Issues:
I Settling
i Proper Density (Bag Count)

A Spray Foam Issues:
I Cost impact
I Closed cell enhances structural
I Need to ensure quality installation
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Energy Efficiency &

Rigid Insulation w/Sheathing Renewable Energy

A R-18 Wall (U 0.054)
A Complete Thermal Break
A Exterior Condensation Surface

A Can Combine Sheathing w/ Weather
Resistant Barrier

A Cladding Installation Issues
I Fastening 1 follow man. specs

I Furring T follow man. specs
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Energy Efficiency &

Rigid Insulation w/o Sheathing Renewable Energy

A R-17-R-28 Wall
A Complete Thermal Break

A Enhanced Racking Strength and
Impact Resistance with CCSpf
Enables No Sheathing

A Rigid Insulation Sheathing can serve
as WRB w/Liquid Membrane at Joints
and Pan Flashing

A Substantially Reduced Framing
Including Single Plates

A Engineered, stamped system

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



Energy Efficiency &

Renewable Energy

AR18 Wall AExtended ed D
A 2x4 Studs with 2x6 Plates

A Sheathing Attached to Plates and
Studs (longer nails)

A Complete Thermal Break Except for
Top and Bottom Plates

A Condensation Surface Inside
Assembly, so Must Control Air Flow

A Cladding Attachment simplified if
permissible to nail into WSP
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Energy Efficiency &

Structural Insulated Panels (SIPs) e S

AR-26Walls(60) (U) 0. 034

A Substantial Thermal Break
(317 8% Framing Factor)
A Special Construction Practices

Required
A Foundation has to be Perfectly
Level
A Significantly Reduced Time-of- s
Construction 7
A Reduced Dimensional Variation & &
Corrections
AAKiller Applicati ons o

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



Insulated Concrete Forms (ICFs)

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

~R-24 Walls (U 0.038)
Complete Thermal Break
Useful Thermal Mass

Foundation has to be
Perfectly Level

Longer Time-of-
Construction

Maximum Disaster Resist.
Termite Resistant

A
A
A
A
A
A
A
A

Reinforced

Exterior acrylic
stucco finish

. Acrylic stucco
base coat

Web and
furring strip

Acrylic stucco
base coat

23/4in. of

Reduced Dimensional
Variation Corrections

A Much More Costly
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DO u b I e'Wa.I I Energy Efficiency &

Renewable Energy

A R-26 Walls (U ~ 0.034) 4

A Studs Offset or Separated to

Ensure Complete Thermal
Break

A Coldest Outside Sheathing

Surface Suggests Plywood
Rather Than OSB to Ensure

Drying

i Vapor-open designs use higher- A Uses Exact Same
perm sheathing such as gypsum Framing Techniques

i Modeling needed to assure Already Understood
moisture control by Trade Partners
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications i Optimum Enclosure System

Insulation System:
High-R Roofs
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High-R Roof Insulation at Flat ENERGY | renewable Energy

RAISED HEEL
INSULATION

VENTILATION
(WITH BAFFLES) .
X%

0Ose
SHEATHING

BRI —
L\/

ool 'I .

I: 2 _‘.
[/

//
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U.S. DEPARTMENT OF Energy Efficiency &

High-R Roof Insulation at Slope ENERGY | renewabe Eneray

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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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 30
1, 2A, 2B, 3A, 3B, 3C R-5 38
4C R-10 38

4A, 4B R-15 49

) R-20 49

6 R-25 49

7 R-30 49

8 R-35 49

FO2YUNROdziI S&a o0dzi R2Say Qi adz2LISNESRS ¢+
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Rigid + Air Permeable Insulation =~ ENERGY | renewabie Energy

5.2 Rigid Insulation Board above structural roof
sheathing + air-permeable insulation in direct
contact with the underside of the sheathing

i)
— ‘4'.' |
/) v
A L:-’!
A ‘,'-’". N 4
’ .
s . ‘:
~_ 72red

, _Rigid foam (Impermeable) ABOVE

e THE ROOF SHEATHING
S e Roof Sheathing
L, e

i Rafter
il - ~ Cavity Insulation (Can be Air-Permeable)

Building Science Corporation
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home

Zero Specifications i Optimized Enclosure System

Advanced Windows
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Energy Efficiency &

ENERGY STAR Windows Renewable Energy

A Assures beyond-code
window performance

A Fenestration used for
passive solar design are
exempt from the
U-factor and SHGC

World's Best
Window Co.

Millennium 2000+

requirements T PRGRAANC AT
A Area-weighted averages | .Sm?,?n”m%..?nl
for U-factor, SHGC 051 0.2

Mratictany sipcn 13 hew ANGE ok & PRIt N EC proansTs S anere Y stor

permitted
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ENERGY STAR Windows

Energy Efficiency &
ENERGY Renewable Energy
- Updated Specs

Window Specs to Hot Climates Mixed Climates Cold Climates
Energy Ready arine an arine
Projects permitted up 822 OAgy b 5
to 8/31/2016 0'32 50 ' 10
[3] 0.30 [3] 0.25
0.40 0.25
Projects permitted [4]0.30 [4]0.40 0.27* Any*
after 8/31/2016* 0.28* O0. B 2/*
0.29* O0. B7/*

*For Cold Climate Zones, the revised specs are applicable to DOE Zero Energy Ready Homes permitted
after 8/31/2016

Note that DOE Zero Energy Ready Home offers multiple compliance paths. See the National Program
Requirements, Exhibit 1 with footnotes, for details.
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.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

R-18  R-39
R-5
R-5 R-19
0.15 R-5 R-145 R-23 R-28
010 R-55 R-16 R-27 R-34

Sources:

oHoles in the Wall: To Improve the Energy Performance of Walls, Look at the-Vata&Re
Journal of Light Construction, February 2014;

Multi-AssemblyR-Value / UValueCalculatorg Cascadia Windows and Doors;
MichaelBlasnikPresentation, 2014 ACI Conference
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications:

Optimized Comfort System
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Optimized Comfort System ENERGY | rencwable Enerey

AQuality HVAC Installation:

i High efficiency
i Properly designed and installed

i Combined with a duct sys
Insulated, sealed, and balanced

é. MMiathimcomforhwith less energy.

AOptimized Duct Systems
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications 1 Optimized Comfort System

Quality HVAC Installation
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Energy Efficiency &

DUCt SyStem DeS|g f Renewable Energy

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

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



U.S. DEPARTMENT OF Energy Efficiency &

What We Are Trying to Avoid ENERGY | renewable Energy
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ENERGY STAR Rater F|e|d CheCk“St o Energy Efficiency &

-Section 6 AQuality Duc TS T°Y n

Verify that the ducts are
balanced, insulated, tight, and
Installed without major defects.
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Energy Efficiency &

Basic Concepts Renewable Energy

Design:

1. Calculate Heating/Cooling Loads HVAge[;isrigner

2. Select Equipment that Meets Loads Rater Design Review

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

Commission:

A. Check Airflow at Air Handler HVAC Commissioning

Checklist

B. Check Refrigerant Charge

C. Measure Airflow at Registers/Exhaust
(recommended)
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications 1 Optimized Comfort System

Optimized Duct Systems
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Energy Efficiency &

Renewable Energy

A Significant Thermal Losses:

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

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

A Significant Performance Impacts:
i 1AQ
I Comfort
I Durability
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Energy Efficiency &

Renewable Energy

A Short Duct Run

upt o 1 0 0 lemgth is peontittad to be outside of
t he homeds ther mal and air

A Jump Ducts

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

A Ductless HVAC system
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Energy Efficiency &

Ducts in Condit. Space Options Renewable Energy

A Conditioned Floor Space [3 options]

within the thermal boundary

A Unvented Craw| Space/Basement
whichi s wi t hin t hebolndamme 0s t her

A Unvented Attic

regardless of whether conditioned with a supply register

A Vented Attic [dry & humid option]

equivalent option where other locations in conditioned
space are impractical, expensive,d o n 0 t wellio r Kk
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:
A Architectural Integration

A 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:

A Design Integration

A Good Fit w/Narrow Plans
A Sealed Air Barrier Critical

Ducts in modified truss
In attic

LA

= ool
; R
L [T | H ‘w

TYPICAL PLENUM TRUSS
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Ducts in Conditioned Floor Space Option 3: us. oeparTHENT OF | Eneray Efficiency &

DUCtS Between Floors ENERGY Renewable Energy
Issues:
A Simple Installation
A Design Flexibility
A Cost-Effective
mmml A Takes advantage of lower design
loads & smaller ducts
Ducts between floors A Floor Registers Likely
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U.S. DEPARTMENT OF Energy Efﬁciency &

Unvented Crawl Space/Basement ENERGY |renewabic Energy

Ducts in unvented crawl! spe
or basement

Issues:

A Simple Installation
A Design Flexibility
A Cost-Effective

A Floor Registers Likely " Ducts Inside
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U.S. DEPARTMENT OF Energy Efficiency &

Ducts in Unvented Attic ENERGY | Renowable Energy

Issues:

A No Class | VR on attic floor
F-q A Design for code-compliant
thermal & ignition barriers
on the SPF

Ducts Iin unvented attic
PR . A

AN R '(" : -
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U.S. DEPARTMENT OF Energy Efficiency &

Ducts in Vented Attic: Dry CZs ENERGY | renewabie Energy

Buried Ducts

i
!
X '
.
. . -
- a. Py
& o :
e IR
~ Vs
> \
=, 5
Ty N
.

~IE

Ducts in vented attic

Ducts with R-8 insulation
Sealed to 3 ¢cfm25/100
SF CFA

Deeply-buried O 3. 50

I o

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

Ducts In Vented Attic: Humid CZs ENERGY | renewable Energy

Buried Encapsulated Ducts (BEDS)

o Al R 4
i

Ducts in vented attic

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

Sealed to 3 ¢cfm25/100
| SF CFA 3.50

Fully-buried O 2 0

Partially-buried

Truss lower chords

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



Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications:

Water Protection System
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Energy Efficiency &

Bulk Moisture Control Renewable Energy

Bulk Moisture

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

Water Management Renewable Energy

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 Checklist
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U.S. DEPARTMENT OF Energy Efficiency &

BaS|C Concept ENERGY Renewable Energy

Drain Building

\‘ \i Roof

Drain Materials|

Drain Wall
Drain Components

Drain Openings

Drain Site Drain Site

L s U R e T
-]:-: e ‘,r_, i,é‘-v.\ S
~C Drain Ground
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U.S. DEPARTMENT OF Ene Eff|c|ency &

What Weodore Tr yl n (ENERGY re Bol

Missing step & kickut flashing
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Step and Kick-Out Flashing (3.1)  ENERGY |rencsoe e

A Step and kick-out flashing Flashing
at all roof-wall intersections, 5
extending O 4¢ R
surface about roof deck and =
Integrated with drainage
plane above.

A Step flashing goes behind
water barrier on wall and
under shingles on the roof.
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U.S. DEPARTMENT OF Energy Efﬁciency &

Step & K|Ck'OUt FIaSh|ng ENERGY Renewable Energy

T 4
STEP FLﬁ:\ﬁ__HING EXTE -‘:\u 7.

STEP FLASHING GOI 8
A HING s.,_‘b J"

‘\
"' COUNTER FLA
OVER STEP FLA

-y a—

PROVIDE KICk
EDGE TER

i iy —

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



Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications:

Efficient Component System
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Energy Efficiency &

Efficient Components Renewable Energy

Compnemseand V& L'aanedncrédsingly s
larger part of total energy use in low-Load
homes (~50%).

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



Energy Efficiency &

Efficient Components Renewable Energy

Zero Energy Ready Home requires:

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

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

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

A WaterSense Hot Water Distribution

*Only where installed by builder
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Energy Efficiency &

Water Efficient System Context Renewable Energy

A Indoor Fixtures

- Plumbing Fixtures
- Appliances and Other Equipment

A Distribution

Service Pressure
Metering (for Multi-Family Homes)

Leak Prevention
Hot Water Distribution _
A Qutdoor

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

Efficient Hot Water Distribution Renewable Energy

AfMust Hav e o-efergyrreadydomes n
A Based on EPA WaterSense Specifications:

i O Ogallbns of water in any piping/manifold between
hot water source and any hot water fixture.

i O 0.6 gallons of water shall be collected from the hot
water fixture before hot water delivered.

I Recirc. Systems based ONLY on a timer or a temp
sensor not permitted
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Energy Efficiency &

EN ERGY Renewable Energy

Hot Water Distribution

Built for when water was free and energy was cheap!

Copper L plplng

A10 = 5.53 ounces/ ft

AlJo = 3.22 ouncesPEl T
Ald = 1.55 oun s{wm_
EStonplg:\VVolume: Fixture Stored Vqlume mu
31g6analionsy n be @allons 5

1006 br an C
sVgaittimg: @1.5

Z@ﬁ H‘F%ﬁOWerhe Hot Water Heater

Buildings.Energy.gov
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Energy Efficiency &

Hot Water Distribution Options Renewable Energy

A Core Plumbing Layout (wet wall)
A Manifold System
A Demand Pumping System

See Jonah Schein
EPA WaterSense

e Hot Wat er Di stri
Det ai |l s t hat W

March 2 @ 3:30 pm
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Energy Efficiency &
Renewable Energy

Zero Energy Ready Home
Zero Specifications:

Comprehensive IAQ System
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U.S. DEPARTMENT OF Energy Efﬁciency &

Addressing Health Concerns ENERGY | rencwable Energy

ENERGY STAR +* Indoor airPLUS

look for

ENERGY STAR

Radon
Envelope Pests
VA Materials Compre.hensiv.e
== == Indoor Air Quality
Moisture COo+ Protection
co HVAC +

Moisture +
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Why IAQ is NOT A La Carte? S e

A 2000 SF Home - 5 Pa depressurization

A8.506 Ceilings
A 3 ACHS50 Air Tightness

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

Pl
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Energy Efficiency &

Indoor Air Quality as a System Renewable Energy

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

A Dilution
HVAC
Quality Installation
_ _ System
A Filtration
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Source Control: Radon U.S. DEPARTMENT OF | Energy Efficiency &
Radon Zones in U.S.

EN ERGY Renewable Energy

EPA Map of Radon Zones
~ Legend
B Zone 1
0 Zone 2
Zone 3

f‘z’::w' s
Note: these maps indicate
average risk by county.

Sum@eona'Gemner al 6 siowsarr High e\els of Radon
Radon Causes Lung Cancer can be found in any home.
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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

EB/ac (mn.40 cl ean 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. Vent Plpe
(3 or 4 inch PVC pipe)

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

Radon Test Kits Not Required
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Chniirra Cantral: Rinlanical CAantaminante U.S. DEPARTMENT OF Energy Efﬁciency &

Screened Openings for Pests

ENERGY Renewable Energy

B S P ¥
o e ki ST Bl T P A s U B
LR 7 e A R SRS By e SR S e S S n @ :
AT Y &
-2 il
’ ;,&

Corrosion-proof rodent/bird screens for openings
(e.g., copper or stainless steel mesh)
Exception: clothes dryer vent
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