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Zero Energy Ready Home 
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DOE Zero Energy Ready Home



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

For More Information:

www.buildings.energy.gov/zero/

e-mail Contact:

doechallengehome@newportpartnersllc.com

For More Information
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Outline

Part I:

• Definition

• Value Proposition 

• Business Case

Part II:

• Technical Specifications

• Recognition w/Challenge Home

• Local Solution

Zero 
Energy

Ready

Home:
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Zero Energy Ready Home

Definition
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Zero Definition Concept

Energy Efficiency 

First

Ensure

High-Performance

Renewable Last
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• Adv. Insulation System
– More Insulation

– Quality Installation

– Complete System

• Advanced Windows

• More Air Tightness

Zero Starts with the Enclosure

Efficiency Performance Renewable

• More Rigorous Codes

• Rising Energy Costs

• Consumer Demand
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• Ultra-Low Space 

Conditioning Loads 

Zero Starts with the Enclosure

Efficiency Performance Renewable

• Adv. Insulation System
– More Insulation

– Quality Installation

– Complete System

• Advanced Windows

• More Air Tightness
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• Energy Efficient 

Water Htg., Lighting, 

Appliances, and Fans

• Energy Components 

and MEL’s More Than 

50% Energy Use

Complete Energy Efficiency

• Ultra-Low Space 

Conditioning Loads 

Efficiency Performance Renewable
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• Solar Ready Home

Renewable Opportunity

• Energy Loads So 

Ultra-Low, All or Most 

Annual Consumption 

Can be Offset with 

Renewable Energy

• Decreasing Solar Cost

• Rising Energy Costs

Efficiency Performance Renewable
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Solar Ready Construction

Zero Must-Have Summary

Efficiency Performance Renewable

Comprehensive IAQ System

Complete Water Protection

Optimized Comfort System

Energy Efficient Components

Optimized Thermal Enclosure
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High-performance home 

so energy efficient, 
all or most annual energy consumption 

can be offset by renewable energy.

ZERH Definition
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Zero Energy Ready Home

Value Propositions
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‘Green’  Definition

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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‘Green’ vs. Zero Energy Ready

Complete Systems that Ensure

Bankable Value Propositions

What’s Missing in

Green Definition

What’s Included in

Zero Energy Ready Definition
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Solar Ready Construction

ZERH Complete Systems

Efficiency Performance Renewable

Comprehensive IAQ System

Complete Water Protection

Optimized Comfort System

Energy Efficient Components

Optimized Thermal Enclosure
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Lasts 

Better

Works 

Better

Lives 

Better

DOE ZERH Bankable Value

Advanced 

Technology

Ultra-Low

Utility Bills

Engineered

Comfort

Healthier

Living

Quality 

Construction

More 

Durability

Exclusivity Visionary Smart

Advanced 

Technology

Ultra-Low

Utility Bills

Engineered

Comfort

Healthier

Living

Quality 

Construction

More 

Durability
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Translating ZERH Value Proposition
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Value Proposition Transparency
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Translating ZERH Value Proposition
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Translating ZERH Value Proposition
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Front Cover Inside Spread Back CoverFlap

Translating ZERH Value Proposition

Lives Better Works Better Lasts Better
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Garson Homes
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:

• 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

New Town Builders
Lives Better: Healthful Environment

Translating ZERH Value Proposition

http://www.expatforum.com/expats/members/tp.html
http://www.expatforum.com/expats/members/tp.html
http://www.expatforum.com/expats/members/tp.html
http://www.expatforum.com/expats/members/tp.html
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Front Cover Inside Spread Back CoverFlap

Translating ZERH Value Proposition

Lives Better Works Better Lasts Better

Call us at:

303-231-4567

NewTown@net.com
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Translating ZERH Value Proposition



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

Translating ZERH Value Proposition
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Zero Energy Ready Home

Business Case
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“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”

Predicting the Visible Future
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More Informed Consumers

Change Information Innovation
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Aging Housing Stock

Change Information Innovation

http://eyeonhousing.files.wordpress.com/2014/01/chart_2.png
http://eyeonhousing.files.wordpress.com/2014/01/chart_2.png
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Existing Homes = Innovation Opportunity

• High Utility Bills

• Poor Comfort 

• Health Risks

• Moisture Problem Risks

• Excessive Bugs/Pests

• Durability Issues

• Obsolete Technology

Meet 

85%
of Your 

Competition

Aging Housing Stock

Change Information Innovation
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New Innovation Business Model:

Exceed Customer Expectations

New Rules*:

1. If it can be done, it will be done.

2. If you don’t do it, 

someone else will.

* Daniel Burrus, “Flash Foresight”

Increasing Innovation Expectation

Change Information Innovation
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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…

Innovation Graveyard

Change Information Innovation
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Predicting the Visible Future

Solar Ready Construction

Comprehensive IAQ System

Complete Water Protection

Optimized Comfort System

Energy Efficient Components

Optimized Thermal Enclosure

Change Information Innovation
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Walls that 
can weather a 

hurricane 
PAGE 66

A car that can 
power your house

PAGE 79

An air conditioner 
that anticipates
your needs
PAGE 59

Solar panels that 
eliminate your 
energy bills
PAGE 76

A door that can 
sense your approach
PAGE 59

A garden that 
filters your air

PAGE 87A sprinkler that 
tracks the weather
PAGE 80

Visible Future in the Media

Change Information Innovation
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Minimize Cost
NAHB estimates for every $1,000 increase in sales 

price, nearly 250,000 households fail to qualify for 

a mortgage on a typical new home. 

[http://www.nahb.org/fileUpload_details.aspx?contentTypeID=3&contentID=40372&subContentID=112293]

Old Business Solution:
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Maximize Value
with proven innovations

homebuyers have to have once they try them 

(e.g., make new housing compelling again).

New Business Solution:
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ZERH ‘Brand’ Recognition

Independent Voice of Authority  vs. “Trust me.”
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Why Trust So Important to Builders

Nearly 1 in 3 consumers indicated they 

do not trust 
home building and real estate companies.

Source: The business of Trust – The Most Trusted Builders in America, 

Lifestory Research, January 2013
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Zero Energy Ready Home

Technical Specifications
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California vs. IECC Climate Zones
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Align with ENERGY STAR for Homes v3:

• Comprehensive Building-Science System

• Variable vs. Fixed HERS Index Score

• House Size Adjustment to HERS Score

Key Strategy
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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 Californiai, ii 

2. Envelopeiii 

□ 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 iv, 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.vi 

3. Duct System □ Ducts located within the home’s thermal and air barrier boundaryvii    

4. Water Efficiency □ Hot water delivery systems shall meet efficient design requirementsviii 

5. Lighting & 
Appliancesix 

□ 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,x  

7. Renewable Readyxi 

□ EPA Renewable Energy Ready Home Solar Electric Checklist and 
Specificationsxii 

□ EPA Renewable Energy Ready Home Solar Thermal Checklist and 
Specificationsxiii 

8. Air Infiltration 

□ For all CA Climate Zones 1-16, must be testedError! Bookmark not defined. to 
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 

 

i Consistent with the ENERGY STAR for Homes V3 allowance for sampling, the Thermal Enclosure 
System Rater Checklist and the HVAC System Quality Installation Rater Checklist shall be permitted to 
be completed for a batch of homes using a RESNET-approved sampling protocol or Title 24 Sampling 
protocol. The Indoor airPLUS Verification Checklist may also be completed using a RESNET-approved 
sampling protocol.  Sampling shall not be permitted to complete the HVAC System Quality Installation 
Contractor Checklist. 
 
With respect to Provision 2.2 within the ENERGY STAR Qualified Homes, Version 3 (REV07) Thermal 
Enclosure System Rater Checklist: where ceiling, wall, or floor assembly insulation is installed "blind" 
between layers of sheathing and therefore cannot be visually inspected, such assemblies are deemed 
equivalent to a RESNET-defined Grade 1 installation if the assembly insulation level is at least 50% 
greater than the specified value for the DOE Challenge Home Target Home, based on nominal R-value. 
 
ii For homes achieving PHIUS+ certification, DOE will allow compliance with the 2012 IRC kitchen 
ventilation airflow rates (M 1507.4) as an alternative to those specified within ASHRAE 62.2.  This 
alternative will remain in effect while DOE works to develop an ASHRAE 62.2-compliant solution 
optimized for very low-load homes.  However, this exception does not supersede California State 
requirements for ASHRAE 62.2 compliance. 
 
iii 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. 
 

                                                   
Exhibit 2: DOE Challenge Home Target Home for Performance Option (A) (or Prescriptive Option)  

HVAC Equipmenti  

 Hot Climates 

(2012 IECC Zones 1,2)
 ii 

Mixed Climates  

(2012 IECC Zones 3, 

4 except Marine)  

Cold Climates  
(2012 IECC Zones  

4 Marine 5,6,7,8) 

AFUE  80%  90%  94% 

SEER 18 15 13 

HSPF 8.2 9 10iii 

Geothermal Heat Pump ENERGY STAR EER and COP Criteria 

ASHRAE 62.2 Whole-
House Mechanical 
Ventilation System  

1.4 cfm/W;  

no heat exchange 

1.4 cfm/W;  

no heat exchange  

1.2 cfm/W;  

heat exchange with 60% 
SRE 

Insulation and Infiltration 

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

 Infiltrationiv (ACH50):              3 in IECC CZ’s 1-2       │   2.5 in IECC CZ’s 3-4   │   2 in IECC CZ’s 5-7   │   1.5 
in IECC CZ 8 

Windowsv, ,vi, vii 

 

Hot Climates 

(2012 IECC Zones 1,2,) 

Mixed Climates  

(2012 IECC Zones 3, 

4 except Marine) 

Cold Climates  
(2012 IECC Zones  

4 Marine 5,6,7,8) 

SHGC 0.25 0.27 any 

U-Value 0.4 0.3 0.27 

Homes qualifying through the Prescriptive Path with a total window-to-floor area greater than 15% 
shall have adjusted U-values or SHGCs.viii 

Water Heater 

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

Thermostatix  

 Programmable thermostat (except for zones with radiant heat) 

Lighting & Appliances 

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

 

Exhibit 3: Benchmark Home Sizex
 

Bedrooms in Home to be Built 0 1 2 3 4 5 6 7 

Conditioned Floor Area Benchmark 

Home 
1,000 1,000 1,600 2,200 2,800 3,400 4,000 4,600 

 

i For Performance Option (A), HVAC System Type for the Target Home shall be the same as the Rated 

Home, with the following exceptions.  The Target Home shall be configured with an air-source heat pump 
in Climate Zones 1-6 when the Rated Home is modeled with a ground-source heat pump, electric strip or 
baseboard heat; and the Target Home shall be configured with ground-source heat pump in Climate 
Zones 7 & 8 when the Rated Home is modeled with an air-source or ground-source heat pump, electric 

                                                   

DOE ZERH CA Framework 

Mandatory

Reqts.

‘Target 

Home’ 

Specs

Size Adjust. 

Factor

Must 

Comply

Trade-Off

Flexibility

Identical to 

Energy Star
Exhibit 3: Benchmark Home Size1

 

Bedrooms in Home to be Built 0 1 2 3 4 5 6 7 

Conditioned Floor Area Benchmark Home 1,000 1,000 1,600 2,200 2,800 3,400 4,000 4,600 

 

1 The average-size home for a specific number of bedrooms is termed “Benchmark Home”. The conditioned floor area for 
a Benchmark Home (CFA Benchmark Home) is determined by selecting the appropriate value from Exhibit 3. For homes 
with more than 8 bedrooms, the CFA Benchmark Home shall be determined by multiplying 600 sq. ft. times the total 
number of bedrooms and adding 400 sq. ft. 

 
Example 10 Bedroom Home: Benchmark Home = (600 sq. ft. x 10) + 400 sq. ft. = 6,400 sq. ft. 

 
31 Target energy savings/use are based on Time Dependent Valuation and only take into the Title-24 regulated end-uses 
which include heating, cooling, ventilation, and water heating. 
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
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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 Californiai, ii 

2. Envelopeiii 

□ 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 iv, 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.vi 

3. Duct System □ Ducts located within the home’s thermal and air barrier boundaryvii    

4. Water Efficiency □ Hot water delivery systems shall meet efficient design requirementsviii 

5. Lighting & 
Appliancesix 

□ 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,x  

7. Renewable Readyxi 

□ EPA Renewable Energy Ready Home Solar Electric Checklist and 
Specificationsxii 

□ EPA Renewable Energy Ready Home Solar Thermal Checklist and 
Specificationsxiii 

8. Air Infiltration 

□ For all CA Climate Zones 1-16, must be testedError! Bookmark not defined. to 
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 

 

i Consistent with the ENERGY STAR for Homes V3 allowance for sampling, the Thermal Enclosure 
System Rater Checklist and the HVAC System Quality Installation Rater Checklist shall be permitted to 
be completed for a batch of homes using a RESNET-approved sampling protocol or Title 24 Sampling 
protocol. The Indoor airPLUS Verification Checklist may also be completed using a RESNET-approved 
sampling protocol.  Sampling shall not be permitted to complete the HVAC System Quality Installation 
Contractor Checklist. 
 
With respect to Provision 2.2 within the ENERGY STAR Qualified Homes, Version 3 (REV07) Thermal 
Enclosure System Rater Checklist: where ceiling, wall, or floor assembly insulation is installed "blind" 
between layers of sheathing and therefore cannot be visually inspected, such assemblies are deemed 
equivalent to a RESNET-defined Grade 1 installation if the assembly insulation level is at least 50% 
greater than the specified value for the DOE Challenge Home Target Home, based on nominal R-value. 
 
ii For homes achieving PHIUS+ certification, DOE will allow compliance with the 2012 IRC kitchen 
ventilation airflow rates (M 1507.4) as an alternative to those specified within ASHRAE 62.2.  This 
alternative will remain in effect while DOE works to develop an ASHRAE 62.2-compliant solution 
optimized for very low-load homes.  However, this exception does not supersede California State 
requirements for ASHRAE 62.2 compliance. 
 
iii 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. 
 

                                                   

CA Mandatory Requirements

Encouraged:
• WaterSense Label (indoor and outdoor)

• Disaster Resistance (IBHS Fortified Home)

• Quality Management
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:
ENERGY STAR for Homes 

Version 3 Baseline
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Building Science:
• Air Flow

• Thermal Flow

• Moisture Flow

What is Building Science

Heating, 
Cooling, &
Ventilation

System 

Thermal 
Enclosure 

System

Water
Management 

System
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A well-insulated and air-sealed home, 

with good windows and doors, 

reduces the amount of energy needed 

to keep the home comfortable. 

System 1:

Thermal enclosure system

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management
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Attic air infiltration into the wall

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 1: Thermal Enclosure System

What We’re Trying to Avoid
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Alternative:

Constr. Adhesive
Alternative:

Sill sealer
Default:

Foam

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 1: Thermal Enclosure System

Drywall Sealed at Top Plates
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• Air Sealing

• Air Barriers
- Thermal Bypass

- Wind Intrusion

• Insulation
- Adequate Quantity

- Proper Installation

- Minimum Thermal Bridging

• Adv. Windows

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 1: Thermal Enclosure System

Air and Thermal Flow Control

Thermal

Enclosure 

Checklist



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

• Heating and Cooling Equipment:

– High efficiency

– Properly designed and installed

– Combined with a duct system that’s 

insulated, sealed, and balanced

… Maintain comfort with less energy. 

• Ventilation System:

– Remove low-quality air

– Provide outdoor air

– Filter contaminants to improve IAQ

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: 

HVAC System
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Random Acts of Sizing

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: HVAC System

What We’re Trying to Avoid
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Verify that the equipment capacity 

is right-sized relative to 

the heating and cooling load.

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: HVAC System

HVAC-C (3.12); HVAC-R (1.2.9)
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1. Air follows the path of least resistance.

Room A Room B

Equal resistance, 
equal flow

Room A Room B

Higher resistance, 
less flow

Design the duct system

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: HVAC System

Duct System Design
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Factors that influence the airflow of the ducts:

Duct Turns

Duct 
Diameter

Duct Length

• Duct Length

• Duct Size

• Duct Shape

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

• Duct Type

• Duct Turns

• Other Components (e.g., Filters)

Duct Shape

System 2: HVAC System

Duct System Design

Duct Type
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Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: HVAC System

What We Are Trying to Avoid
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Item 1.4 & Sections 2, 3, & 4 of the HVAC-R

Verify that the ducts are 

balanced, insulated, tight, and 

installed without major defects.

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: HVAC System

HVAC-R Item 1.4, Sections 2,3, & 4
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Design:
1. Calculate Heating/Cooling Loads

2. Select Equipment that Meets Loads

3. Design Duct System that Gets Air 

from Equipment to Rooms and Back

Commission:
A. Check Airflow at Air Handler

B. Check Refrigerant Charge

C. Measure Airflow at Registers/Exhaust

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 2: HVAC System

Basic Concepts

HVAC QI

Contractor

Checklist

HVAC QI

Rater

Checklist
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• Moisture Vapor (Air Flow)
- Air Sealing

- Air Barriers

- Vapor Barriers/Retarders

- HVAC Quality Installation

- Whole-House Ventilation

- Spot Ventilation

Thermal 

Enclosure 

Checklist

HVAC 

Quality Installation

Checklist

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 3: 

Water Management
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Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 3: Water Management

Basic Concept
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Missing step & kick-out flashing

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 3: Water Management

What We’re Trying to Avoid
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• Step and kick-out flashing 

at all roof-wall intersections, 

extending ≥ 4” on 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.

Flashing 
extends up 

wall 

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 3: Water Management

Step and Kick-Out Flashing (3.1)
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• Bulk Moisture
- weather resistant barriers

- flashing

- capillary breaks

Water 

Management

Checklist

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management

System 3: Water Management

Bulk Moisture Control
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ENERGY STAR for Homes v3:
 Thermal Enclosure Checklist

 HVAC QI Checklist - Contractor

 HVAC QI Checklist - Rater

 Water Management Checklist

Ensuring Complete Bldg. Science

Thermal 

Enclosure

Heating, Cooling 

& Ventilation

Water 

Management
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements

Envelope: 
Advanced Windows
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• 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-

factor, SHGC permitted

• Windows must also meet 

California 2013 BEES window 

requirements (Table 150.1-A) in 

cases when they’re more 

stringent 

ENERGY STAR Windows
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Hot Climates

IECC CZ 1-2

Mixed Climates

IECC CZ 3-4 

except Marine

Cold Climates

IECC CZ 5-8 

and 4 Marine

SHGC U-value SHGC U-value SHGC U-value

Mandatory:

ENERGY 

STAR

0.27 0.60
[4] 0.40

[3] 0.30

[4] 0.32

[3] 0.35

Any

≥0.35

≥0.40

0.30

0.31

0.32

Performance:

Target 

Home
0.25 0.4 0.27 0.3 Any 0.27

Encouraged:

R-5
0.22 0.21 0.25 0.21 Any 0.21

Good, Better, Best Windows
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Window

15% of

Wall Area

Wall R-Value with Windows
w/Varied Wall Insulation Levels

U-Value R-0 R-18 R-39 R-60

0.30 R-5 R-11 R-15 R-17

0.20 R-5 R-13 R-19 R-23

0.15 R-5 R-14.5 R-23 R-28

0.10 R-5.5 R-16 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

Windows Are a Big Deal
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Zero Energy Ready Home

Technical Specifications:
Best Practices

Super Air-Tight Construction
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Target Home Air-Tightness

ACH50 Requirements/Targets

IECC

Climate 

Zones

DOE Zero 

Energy Ready 

Home – CA*

ENERGY 

STAR V3
2012 IECC

Passive

House

1-2 3.0 / 4.0 6.0 5. 0 0.6

3-4 3.0 / 4.0 5.0 3.0 0.6

5-7 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
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Penetrations:

• Plumbing

• Wiring

• Recessed Lights

• Vents

• HVAC Duct 

Boots

Cracks:

• Sill Plates

• Windows & Doors

• Drywall at Top Plate

• Access Panels

• Sheathing Joints

• Foundation/Framing

Shafts:

• Flues

• Ducts

• Plumbing

Odd Geometry:

• Cantilevers

• Knee-walls

Seal Usual Suspects
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Air Leakage Distribution

Sheathing / roof joint

1.1 cfm/ft @ 50 Pa
93%

6%
1%

Sheathing / top plates

Stud / top plates

Top plates

Exterior air barrier

Cathedral ceiling

Zones

DOE Challenge Home IECC 2012

Requirement

Contribution 

to 

requirement 

(%)

Requirement
Contribution to 

requirement (%)

1 – 2 3 17 5 10

3 – 4 2.5 20 3 17

5 – 7 2 25 3 17

8 1.5 33 3 17

2-Story house (Floor area = 2,000 ft2)

Sheathing / roof joint unsealed  0.5 ACH50
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:

Envelope: 
2012 IECC Insulation
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• Compliance with next generation code

• Three Options:

 Prescriptive

 Alternative equivalent U-factor 

 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. 

2012 IECC Insulation*
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Climate Zone 3:
Walls:  R-20 or R-13+5

Ceiling:  R-38

Floor: R-19

Basement:  R-5/13

Crawl Space: R-5/13

Slab:  R-0 (R-5 recommended by ZERH)

2012 IECC Insulation
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Zero Energy Ready Home

High-R Walls



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

• 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)

• Insulated Concrete Forms (ICFs)

• Double Wall

High-R Wall Options
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• 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 in 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 

Adv. Framing w/Thicker Walls
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• R-18 Wall

• Complete Thermal Break

• Exterior Condensation Surface

• Can Combine Sheathing w/ Weather 

Resistant Barrier

• Installation Issues:

< 1.5” Thick, Nails Okay

> 1.5” Thick, Screws Needed

Rigid Insulation w/Sheathing
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• R-18 Wall

• 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

Rigid Insulation w/Recessed Studs
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• 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

Structural Insulated Panels (SIPs)
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Insulated Concrete Forms (ICFs)

• ~R-24 Walls

• Complete Thermal Break 

• Useful Thermal Mass

• Foundation has to be 

Perfectly Level

• Longer Time-of-

Construction

• Maximum Disaster Resist.

• Termite Resistant

• Reduced Dimensional 

Variation Corrections

• Much More Costly
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• R-26 Walls

• Studs Offset to Ensure 

Complete Thermal Break

• Coldest Outside Sheathing 

Surface Suggests Plywood 

Rather Than OSB to Ensure 

Drying

• Uses Exact Same Framing 

Techniques Already 

Understood by Trade Partners

Double-Wall 
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Zero Energy Ready Home

High-R Roofs
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Why Thermal Holes Important

1, 000 sq. 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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(U1 x A1) + (U2 x A2) + … (.026 x 990) + (1 x 10)
Total Area (A)                               1,000

35.74
1,000

Avg. U = =

= = .036 = R27.8 = 27% less than R-38 

Why Thermal Holes Important?
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Air Impermeable Insulation 

5.1  AIR-IMPERMEABLE:  In direct contact with the 

underside of the sheathing

Building Science Corporation

What 

R-value?
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Insulation for Condensation Control

Minimum R-value of Impermeable Insulation

Climate Zone Minimum Impermeable 

Insulation R-Value*

2012 IECC  Ceiling 

R-Values

2B and 3B Tile Roof None Required 30

1, 2A, 2B, 3A, 3B, 3C R-5 38

4C R-10 38

4A, 4B R-15 49

5 R-20 49

6 R-25 49

7 R-30 49

8 R-35 49

*contributes but doesn’t supersede 2012 IECC insulation requirements
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Top Insulated Roof Deck
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:

Ducts in Conditioned Spaces
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• 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:

– IAQ

– Comfort

– Durability 

Why Ducts in Conditioned Space?
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• Short Duct Run 
up to 10’ of total length is permitted to be outside of 

the home’s thermal and air barrier boundary.  

• Jump Ducts 
may be located in attics if all joints, including boot-to-

drywall, are fully air sealed with mastic

• Ductless HVAC system 

Ducts in Condit. Space Exemptions
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• Conditioned Floor Space [3 options]
within the thermal boundary

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

• Unvented Attic
regardless of whether conditioned with a supply register

• Vented Attic 
equivalent option where other locations in conditioned 

space are impractical, expensive, don’t work well in 

specific climates, or increase envelope loads

Ducts in Condit. Space Options
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Ducts in Conditioned Floor Space Option 1:

Dropped Ceiling

Issues:

• Architectural Integration

• Good Fit w/Simple Plans 

• Longer Throws 

(ACCA Man T)
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Ducts in Conditioned Floor Space Option 2:

Modified Attic Truss 

Issues:

• Design Integration

• Good Fit w/Narrow Plans

• Sealed Air Barrier Critical
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Ducts in Conditioned Floor Space Option 3:

Ducts Between Floors

Issues:

• Simple Installation

• Design Flexibility

• Cost-Effective

• Floor Registers Likely
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Ducts in Conditioned Floor Space Option 3:

Ducts Between Floors
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Unvented Crawl Space/Basement

Issues:

• Simple Installation

• Design Flexibility

• Cost-Effective

• Floor Registers Likely

1 2

3 4

6

Ducts in unvented crawl space

or basement

Ducts Inside

Ducts Outside
Picture Source: Construction Instruction
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Ducts in Unvented Attic

Ducts in unvented attic

Issues:

• CZ 5+, air impermeable 

plus a Class II VT or Class 

III VT in direct contact

• No Class I VR on attic floor
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Ducts in Vented Attic: Dry CZs

Buried Ducts 
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Ducts in Vented Attic: Humid CZs

= R-31

= R- 25

Buried Encapsulated Ducts (BEDs)
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:

Efficient Hot Water 
Distribution
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• Indoor Fixtures
- Plumbing Fixtures

- Appliances and Other Equipment 

• Distribution
- Service Pressure

- Metering (for Multi-Family Homes)

- Leak Prevention

- Hot Water Distribution

• Outdoor
- Landscape Design

- Irrigation (if installed)

Water Efficiency as a System
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• “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. 

Efficient Hot Water Distribution
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Copper L piping:

• 1” = 5.53 ounces/ft

• ¾” = 3.22 ounces/ft

• ½” = 1.55 ounces/ft

Built for when water was free and energy was cheap!

Hot Water Distribution

Example:

30’ trunk

10’ branch

5’ twig

2 GPM showerhead

Stored Volume: 
1.6 gallons

Wait Time: 1 – 1.5 
minutes
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Hot Water Distribution Options

• Core Plumbing Layout (wet wall)

• Manifold System

• Demand Pumping System
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Core Plumbing Layout
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Manifold Plumbing System

10’ Max
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Demand Pumping System

Sensor or ControlsSensor or ControlsSensor or Controls

Dedicated ReturnDemand Pump
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Zero Energy Ready Homes

Technical Specifications
Mandatory Requirements:

Efficient Components: 
Lighting, Appliances, & Fans
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Components and MEL’s are increasingly 

Important in Low-Load Homes (~25 to 40%). 

Therefore, Challenge Home requires:

• ENERGY STAR Certified Appliances:* 

refrigerators, dishwashers, clothes washers

• ENERGY STAR Certified Fans*:

bathroom ventilation, ceiling fans

• ENERGY STAR Certified Lighting:

Min. 80% of fixtures or lamps (CFL or LED)

*Only where installed by builder

Efficient Components
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:

Indoor Air Quality
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$20 Billion$40 Billion

Increasing Health Concerns
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Indoor vs. Outdoor Air Pollutants:

On average 2-5 times greater

Up to 100 times greater
While Americans Spend 

90% of time indoors

Increasing Health Concerns

Source: EPA
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“If your child doesn’t use an inhaler,

consider yourself a lucky parent because,

1 in 10 children in the U.S. 

suffers from asthma.” 

Increasing Health Concerns

> Energy > Health > Innovation

Source: Remarks for Administrator McCarthy, Announcement of Clean Power Plan, 

Washington, DC, June 2, 2014
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Comprehensive IAQ 
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Practices & Product Selection 

That Limit Moisture, 

Radon, Chemicals, 

Combustion By-Products, 

Biological Contaminants

Practices & Product Selection 

That Limit Moisture, 

Radon, Chemicals, 

Combustion By-Products, 

Biological Contaminants

Indoor Air Quality as a System

• Source Control

• Dilution

• Filtration

HVAC 

Quality Installation

System
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Source Control: Moisture

Moisture Control System

• Moisture Vapor:
– Air Sealing

– Air Barriers

• Bulk Moisture:
– Water-Managed Roofs

– Water-Managed Walls/Openings

– Water Manage Foundation/Site

– Water Managed Materials

• Dehumidification 

[Warm-Humid Climates] 

Water 

Managed

Construction

Thermal 

Enclosure

System

HVAC System 

or    

Supplemental
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Note: these maps indicate 

average risk by county.   

However, High levels of Radon 

can be found in any home.

Surgeon General’s Warning:

Radon Causes Lung Cancer

Source Control: Radon

Radon Zones in U.S.
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Required for Moisture Control:

A. Gas Permeable Layer
(min. 4” clean gravel)

B. Plastic Sheeting
(under slab)

C. Sealing and Caulking
(all openings in concrete floor)

D. Vent Pipe
(3 or 4 inch PVC pipe)

E. Junction Box
(if fan needed later)

Source Control: Radon

Radon Resistant Construction

Radon Test Kits Not Required
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Source Control: Biological Contaminants

Screened Openings for Pests

Corrosion-proof rodent/bird screens for openings

(e.g., copper or stainless steel mesh) 

Exception: clothes dryer vent

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
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Air Sealing

Source Control: Biological Contaminants/Moisture

Foundation Sealing

Sealed Sump Pump
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Source Control: Combustion By-Products

Power/Direct Vent Equipment

 

Direct-Vent FurnacePower Vented Water Heater
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Source Control: Combustion By-Products

Certified Fireplaces & Stoves

• Vented to outdoors

• Adequate Combustion and 

Ventilation Air

• Gas fireplace power or 

direct vented

• Meet Specified Standards
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Source Control: Combustion By-Products

Certified CO Alarms

CO Alarm

Enforceable policy in

Multi-family buildings

Combined CO 

& Smoke Alarm

CO Alarm in each bedroom area
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Exhaust Fan

Optional

Air Sealing & Gasketed Door

Source Control: Combustion By-Products

Attached Garage Isolation
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Source Control: Combustion By-Products

Attached Garage Isolation

Picture Source: Construction Instruction

No Air Handler in 

the Garage
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Dilution:

Whole-House Ventilation

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)] + [.01 * 2,000] = [30 + 20] = 50 cfm
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Dilution: Whole-House Ventilation

Exhaust-Only Ventilation
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Dilution: Whole-House Ventilation

Supply-Only Ventilation
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ERV or HRV

Dilution: Whole-House Ventilation

Balanced Ventilation
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Dilution:

Spot Ventilation

• Kitchen:

– 100 CFM Intermittent

– 5 ACH Continuous

• Bathrooms: 

– 50 CFM Intermittent

– 20 CFM Continuous
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8 MERV Filter Minimum

Filtration:

High-MERV HVAC Filter
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Zero Energy Ready Home

Technical Specifications
Mandatory Requirements:

Renewable Ready
[Where Applicable]
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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

Decreasing Renewable Cost
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PV Mounted on Roof PV Integrated into 

Front or Rear Porch Roof

Directly on Porch Framing

Integrated Renewable Energy
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PV Integrated into 

Front or Rear Porch Roof

Directly on Porch Framing

Benefits:
• Cost

• Appearance

• Maintenance

• Daylighting 

Integrated Renewable Energy

> Energy Eff. > Performance > Innovation
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Integrated Renewable Energy
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Integrated Renewable Energy
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• Not required in areas lacking 

significant solar resources or shaded

• Recognition of high performance water 

heating systems

Exemptions
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RERH Applicability

Solar Ready Encouraged

E
n
c
o
u
ra

g
e
d

R
e
q
u
ir

e
d

Solar Ready Required
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Screen for RERH Applicability

• 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/m2/day

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


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

Solar Electric Ready Requirements

Dedicated Area 
for installing inverter and 

balance of system

Conduit to run DC 

wire from roof to inverter

Conduit to run AC wire 

from inverter location to

electric panel

Circuit Breaker 
designated and/or installed 

for use by the PV system in 

the electric panel

Documentation of the maximum allowable dead load and live 

load ratings of the existing roof (Rec DL.: 6 lbs./sq. ft.)
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Zero Energy Ready Home

Technical Specifications:
Putting It All Together
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Solar

Electric

Solar

Ready

Solar

Thermal

Disaster

Resistance

Natural

Events

Pests

Weather

Water

Efficiency

Hot Water 

Distribution

Indoor

Fixtures

Outdoor

Irrigation

Building 

Science

Thermal

Enclosure

HVAC

QI

Water

Managemt.

Indoor 

Air Quality

Dilution

Filtration

Source

Control

Efficient

Components

HVAC

System

Water Htg.

System

Lighting/

Appliances

Zero Energy Ready Home Systems

Best

Practices

2012 IECC

Insulation

Super

Air-Tight

Ducts in

Condit. Sp.

Super

Windows

Low-Load

Eff. HVAC

Encouraged in 

Challenge Home
Quality

Management
Int. Design

Process

QM

Program

Construction

Documents
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Zero Energy Ready Home

Performance Threshold
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California Compliance Options

• California Mandatory Items (Exhibit 1)

• DOE ZERH National Program Requirements 
Prescriptive Path (Exhibit 2)

Prescriptive 
Path

• California Mandatory Items (Exhibit 1)

• Performance path using national software

Performance 
Path A

• California Mandatory Items (Exhibit 1)

• 25% better than 2013 Title 24

Performance 
Path B

• California Mandatory Items (Exhibit 1)

• Side by Side comparison in Title 24

Performance 
Path C
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2008 CA

Energy 

Star 
California 2013 CA

DOECH 
Standard

CZ3 
(CA13) 82 ? 68 58

CZ4 
(CA12) 91 ? 78 59

CZ4 
Gas 88 ? 74 60

CZ5 (CA 
16) 91 ? 75 53

CZ5 
Gas 89 ? 73 55

HERS Comparison

2008 CA

Energy 

Star 
California 2013 CA

DOECH 
Standard

CZ3 
(CA13) 82 ? 68 58

CZ4 
(CA12) 91 ? 78 59

CZ4 
Gas 88 ? 74 60

CZ5 (CA 
16) 91 ? 75 53

CZ5 
Gas 89 ? 73 55

HERS Comparison

2008 
CA

2013 
CA

DOE 

ZERH 
Target H.

CZ3 
(CA13) 82 68 58

CZ4 
(CA12) 91 78 59

CZ4 
Gas 88 74 60

CZ5 
(CA 16) 91 75 53

CZ5 
Gas 89 73 55

HERS Score Comparison
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Climate Zone 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 

Appliances

Efficient Lighting; Energy Star Appliances/fans

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

These are DOE ZERH prescriptive minimums

Compliant Example (Perf. Path B)
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Climate Zone 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 

Appliances

Efficient Lighting; Energy Star Appliances/fans

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

These are DOE ZERH prescriptive minimums

Compliant Example (Perf. Path B)
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• In most cases, minimum 

DOE Zero Energy Ready 

Home specifications will 

achieve the 25% > Title-24 

target.

• In some situations, 

minimum specifications will 

not reach 25% savings

• There are solutions

I can’t get to 25%!!!!
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Climate

• It is harder to 
reach 25% in 
milder climates

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

Electric Water 
Heating

• Penalized in 
TDV Analysis

• Can still 
achieve 25% in 
some climates

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

House Size

• Houses that are 
larger than the 
benchmark size 
have to hit a 
more 
aggressive 
savings target

• This is also true 
with the 
national 
program’s size 
adjusted HERS

What are the Drivers?
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• Many DOE Zero Energy Ready Home builders already build beyond minimum 
efficiency specifications

• Increasing efficiency beyond minimums may be an economical option

Add 
Efficiency

• If the home is equal to or less than the benchmark size, compliance can be 
demonstrated prescriptively

• All mandatory items must be met as well as national prescriptive minimums for the 
appropriate climate zone

Prescriptive 
Compliance

• In some cases California builders have demonstrated compliance through the national 
program using national HERS Software

• California mandatory minimums must still be met

RESNET 
Compliance

• This method involves running two Title 24 models.

• In one case the prescriptive minimums are modeled.  In the other case the proposed 
design is modeled.  The proposed design must be more efficient than the prescriptive 
minimums on a TDV Basis

• Must still meet code

Side by Side

Solutions
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Size Adjustment Factor

Note: Renewable energy systems may not be used to 

qualify for the Challenge Home HERS Index Target 

Score, but may be used for the incremental HERS 

Index points needed for the Size Adjustment Factor. 

Homes larger than the benchmark home size must use the 

size adjustment factor to determine the target HERS index

Size Mod. Factor = [CFA Benchmark Home /CFA Home to Be Built] 
0.25

[Not to Exceed 1.0]
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Rating & Verifying Homes

• Same: ENERGY STAR Homes framework

• New: 

– Indoor airPLUS Checklist;

– Renewable Energy Ready Home Checklists (where applicable)

– Hot Water Distribution test

• Submissions: 

– Send “DOE Challenge Home Verification Summary” 

electronically to doechallengehome@newportpartnersllc.com

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

– Considering RESNET National Homes Registry for future

mailto:doechallengehome@newportpartnersllc.com
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Verifying Homes – Indoor airPLUS

• 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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Verifying Hot Water Distribution

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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Verifying Homes – RERH

• RERH checklist for DOE ZERH Home

- builder or rater may verify
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Zero Energy Ready Home

Recognition
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Lots of Recognition Choices…
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ZERH Partner Registration 

• Review
– Technical Guidelines

– Partnership Agreement Terms

• Register
– Electronically Sign Agreement

• Choose Optional Commitments:

100% of homes meet DOE Challenge Home Guidelines

Homes meet EPA’s WaterSense Guidelines

Homes meet IBHS’s Fortified Home Guidelines

Meet DOE Challenge Home Quality Management Program
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ZERH Partner Benefits

• Resources
 Customizable Homebuyer Brochures

 Branding [Logos, Home Certificates and Labels]

 Electronic Newsletter [updates, policy changes, new innovations]

 Appraisal Guidance

• Technical Support
 Building America Solution Center

 Building America Stakeholder Meetings

 Building America Research Studies

• Recognition
 DOE Housing Innovation  Awards

 DOE Zero Energy Ready Home Web Site Locator Tool

 Profiles/Virtual Parade of Home [coming]
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ZERH Partner Locator Tool

Links Buyers to Leading Edge Builders:
• Contact Information

• Optional Commitments

• # Labeled Homes

• Website link

For All Active Partners



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

ZERH Partner Locator Tool
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CH Housing Innovation Awards
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ZERH Profiles
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• Take Orientation Training 
after registering and renew training every year

• Provide Certificate
for DOE Zero Energy Ready Home to each home owner

• Adhere to Brand Identity Guidelines
for proper use of the DOE Zero Energy Ready Home name and logo

• Build/Verify at Least One Home/Year
to maintain active partnership

To view the full Agreement terms and disclaimers, visit:

http://www1.eere.energy.gov/buildings/zero/

ZERH Partner Responsibilities

http://www1.eere.energy.gov/buildings/challenge/
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• Rater Prints 

Certificate
directly from rating 

software

• Certificate 

Includes:
– Rating Details

– Graphic HERS Index

– Optional Programs

ZERH Certification Process
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ZERH Builder Recommendations

• ‘Test Drive’ Zero Energy Ready Home
[1- 5 homes; most not ready for wholesale change]

Offer Zero Energy Ready Home as ‘Limited Edition’

• Measure Profit Metrics:
- Cost

- Marketing

- Performance

• High-Performance Looks Different!
- Architectural Appearance

- ‘Mark of Excellence’
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Thank You

For More Information:

www.buildings.energy.gov/zero/

e-mail Contact:

doechallengehome@newportpartnersllc.com

Questions?
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World-Class
Expert
Guidance…

…At Your
Fingertips

Building America Solution Center

BASC.energy.gov
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BASC Interfaces
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BASC Checklist Manager
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BASC Checklist Manager
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BASC Checklist Manager
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BASC Checklist Manager
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BASC Checklist Manager
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BASC Checklist Manager
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Walls/Openings
Water Managed Walls
Minimum Thermal Bridging
Insulation
Air Sealing
Fully Aligned Air Barriers

BASC Component Explorer

Fully Aligned Air Barriers

Behind Showers and Tubs

Behind Fireplaces

Attic Knee Walls

Skylight Shaft

Walls Adjoining Porch

Double Walls

Garage Rim/Band Joist
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BASC Guide: Attic Knee Wall

Scope: Clearly defines and bounds the topic in a way 

builders and remodelers can contractually obligate 

their subcontractors.
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BASC Guide: Attic Knee Wall

Description: Provides an explanation of the building 

topic and in some cases specific “how-to” 

implementation steps.
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BASC Guide: Attic Knee Wall

Ensuring Success: Related health, safety, durability, 

performance issues, test-in/test-out requirements, and 

scheduling and sequencing considerations.
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BASC Guide: Attic Knee Wall

Climate: Climate-specific codes, standards, 

ENERGY STAR, and Challenge Home guidance.
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BASC Guide: Attic Knee Wall

Training: resources such as Right and Wrong/ 

Sequencing installation images.
COMING: Videos and presentations
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BASC Guide: Attic Knee Wall

CAD: Architectural CAD files of the building topic in 

DWG and PDF forms. 
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BASC Guide: Attic Knee Wall

Compliance: Specific compliance references/links from 

applicable codes and standards. 
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BASC Guide: Attic Knee Wall

More Info: ·References - Full citations with links for content

·Case Studies - Whole-house best practices

·Resources - Relevant info not previously cited
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• Click an image to 

enlarge in a 

sliding window.

BASC Browser Image Gallery
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• Click the CAD 

file image to 

load in a slider 

window.

BASC Browser Cad Files
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BASC Mobile Application
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BASC Mobile Application
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The Appraisal Process: 
Be Your Own Advocate

SAM RASHKIN
Chief Architect

Building Technologies Program

DOE Zero Energy Ready Home
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A wide array of 

programs qualify as 

green or energy 

efficient including 

the DOE Challenge 

Home.  Use the 

DOE Challenge 

Home Verification 

Form to document 

compliance with the 

program.

Step One:  

Document 3rd-Party Certification
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In many markets you 

are eligible to specify 

with the lender that you 

will only accept an 

appraiser from the 

Certified Green 

Residential Appraiser 

List.  These appraisers 

have been trained to 

recognize the value of 

high-performance 

home improvements in 

your DOE Challenge 

Home.

Step Two:  

Specify Green Appraiser
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Download Appraisal Institute Form 

820.04: Residential Green and 

Energy Efficient Addendum from:

www.appraisalinstitute.org/education

green_energy_addendum.aspx

Complete the form and provide a 

copy to the lender as guidance to for 

including all DOE Challenge Home 

improvements in the final report.

Step Three:  

Complete Green Appraiser Form

http://www.appraisalinstitute.org/educationgreen_energy_addendum.aspx
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Residential Green and Energy 
Addendum
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Residential Green and Energy 
Addendum
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• 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

Business Metrics
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Zero Net-Energy Ready

Technical Specifications
Encouraged:

Water Conservation



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

• 1950 – 2000:
U.S. Population Doubled 

Public Supply Water 

Demand More than Tripled 

• Since 2011:
> Half the U.S. with 

Some Level of Drought.

Need for Water Efficiency
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Need for Water Efficiency
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Water Use at Home

Residential 

Indoor Water Use

• More than 1.2 million 

homes were constructed 

in 2010 and 2011 in U.S.

• Average water use is 70% 

indoors, 30% outdoors.

• Outdoor use is higher in 

Southwest and other dry 

regions. 

• 20% savings readily 

achievable
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• Indoor Fixtures
- Plumbing Fixtures

- Appliances and Other Equipment 

• Distribution
- Service Pressure

- Metering (for Multi-Family Homes)

- Leak Prevention

- Hot Water Distribution

• Outdoor
- Landscape Design

- Irrigation (if installed)

Water Efficiency as a System
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Tank-Type 

Toilets

1,100 labeled 

models Lavatory Faucets

3,400 labeled models

Flushing Urinals

140 labeled models

Showerheads

600 labeled 

models

Irrigation 

Controllers

30 labeled models

Labeled products are listed at:

www.epa.gov/watersense/products

WaterSense Labeled Products
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Copper L piping:

• 1” = 5.53 ounces/ft

• ¾” = 3.22 ounces/ft

• ½” = 1.55 ounces/ft

Built for when water was free and energy was cheap!

Hot Water Distribution
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• 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.

Hot Water Distribution
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All toilets shall be WaterSense labeled tank-type.

Angle valve

336

Toilets

When the 

toilet tank fills, 

water should 

not flow over 

into this tube

http://i173.photobucket.com/albums/w67/143house/pub/P1010812.jpg
http://i173.photobucket.com/albums/w67/143house/pub/P1010812.jpg
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All bathroom sink faucets or faucet accessories 

(e.g., aerators) shall be WaterSense labeled.

Bathroom Faucets

Bathroom sink flow test
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All kitchen sink faucets must have 

a maximum flow rate of 2.2 gpm. 

Valve and 

connection hoses

Kitchen Sink Faucets

Kitchen sink flow test
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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 (in2) 
increment or less of shower compartment floor 
area. 

• Additional showerheads are allowed for each 
additional 2,160 in2 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.

Showers
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Showerhead requirements:  

• All showerheads shall be WaterSense labeled. 

• In 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.

Showers
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Showerhead flow test

Showers
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• If a dishwasher is installed, it shall be 

ENERGY STAR® qualified.

• 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.

Appliances



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

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.

Evaporative Cooling Systems

http://www.google.com/imgres?imgurl=http://www.precisionplumbing.com/img/evaporative_cooler_350.jpg&imgrefurl=http://www.precisionplumbing.com/services/cooling/evaporative_cooling.php&usg=__VI53baaP1wzjNh4Nb-Y7Cfb2K1k=&h=257&w=350&sz=40&hl=en&start=5&sig2=xZkTP2tHnGLgtZkU2S9KSQ&tbnid=EZDpk8LxmE-jvM:&tbnh=88&tbnw=120&prev=/images?q=home+evaporative+cooling+system+pictures&hl=en&ei=b0-xSvzFINzHtgfXya31DQ
http://www.google.com/imgres?imgurl=http://www.precisionplumbing.com/img/evaporative_cooler_350.jpg&imgrefurl=http://www.precisionplumbing.com/services/cooling/evaporative_cooling.php&usg=__VI53baaP1wzjNh4Nb-Y7Cfb2K1k=&h=257&w=350&sz=40&hl=en&start=5&sig2=xZkTP2tHnGLgtZkU2S9KSQ&tbnid=EZDpk8LxmE-jvM:&tbnh=88&tbnw=120&prev=/images?q=home+evaporative+cooling+system+pictures&hl=en&ei=b0-xSvzFINzHtgfXya31DQ
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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.

Salt/

brine 

tank

Resin 

tank

344

Water Softeners
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• If a drinking water treatment system is 
installed, it must be certified to meet 
applicable 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 

• 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%). 

345

Drinking Water Treatment
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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.

Metering (Multi-Family Only)
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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 

soil) may be installed if permanent landscapes 

cannot be installed due to climate conditions. 

Landscape Design
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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 soil moisture sensors

Irrigation



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

Zero Net-Energy Ready

Technical Specifications
Encouraged:

Disaster Resistance
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Disaster Resistance as a System

• Weather
– Wind

– Hurricanes

– Tornado/Hail

– Severe Winter Storms

• Natural Events
– Floods

– Wildfires

– Earthquakes

• Pests
– Termites

– General Pests
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U.S. Disaster Map
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Disaster Risk in the U.S.

New York Times, April 30, 2011 
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Disaster Risk in the U.S.

New York Times, 

April 30, 2011 
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Weather:

Wind, Hurricane, Tornado Risk Map



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

Weather:

Tornado Risk Map
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Weather:

Hurricane Risk Map
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Weather: 

Wind Speed Requirements
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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]

Weather: 

Hail Risk Management
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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 

Weather: 

Wind Continuous Load Path 
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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) 

Weather: 

Wind Continuous Load Path 
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Weather:

Wind Continuous Load Path

Typical wall connections 

with stud spacing the 

same as truss/rafter 

spacing. Figure 305G-1, 

IBHS Guide
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Weather:

Wind Risk Measures

Installation of secondary water 

resistance using self-adhering strips.
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Weather:

Roof-Wall Connectors

Metal straps, clips, and connectors installed on 

the outside of the wall.
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Weather:

Roof-Wall Connectors

Metal straps, clips, and connectors 

installed on the inside of the wall.
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Weather:

Severe Winter Weather Risk Map
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• 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

• 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

Weather:

Severe Winter Weather Measures
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Natural Events:

Flood Risk Map
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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.

Natural Events: 

Flood Risk Area Basic Requirements
4. FLOOD CRITERIA 

The FORTIFIED for Safer Living® flood 

requirements are, in general, no different 

than the minimum requirements of the 

National Flood Insurance Program (NFIP), 

except as follows: 

1. The building must be at least 3 feet 

higher than the BFE. 

2. The foundations in Coastal A zones 

must adhere to the same requirements as 

those in V zones. That is, only open 

elevated foundations are allowed in the 

Coastal A zone in the FORTIFIED 

program. 
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Natural Events:

Flood Risk Management

Typical shoreline elevation showing flood zones V, Coastal A and X 

(Coastal Construction Manual, 3rd edition, FEMA 55).
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Natural Events: 

Wildfire Risk Map
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• 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)

Natural Events:

Wildfire Area Basic Requirements
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Natural Events: 

Wildfire Area Defensible Space Zones

Defensible Space Varies:

• Extreme Hazard Area -100’

• High Hazard Area - 50’

• Moderate Hazard Area - 30’

100 ft area

Defensible Space Characteristics:

• Grass mowed below 6”

• Regular Irrigation

• For trees >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: 

Wildfire Risk Area Materials

Combustible and Non-combustible Soffit Materials
Combustible

• Vinyl

• PVC

• Wood boards or panels less than or equal to ½” thick 

(including plywood and OSB)

Noncombustible

• Aluminum

• Wood boards or panels greater than ½“ in thickness 

(including plywood and OSB)

• Cementitous soffit board

Wildfire Protection Criteria that Varies by Wildfire Hazard Level
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Natural Events:

Wildfire Spark Arrestors

Spark Arrestor for chimney
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Natural Events: 

Earthquake Risk Map
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Natural Events: 

Earthquake Risk Map
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Note: Lines defining areas are approximate only. Local conditions may 

be more or less severe than indicated by the region classification.

Pests:

Termite Infestation Chart
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• 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)

Pests:

Pest Control Measures
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Zero Net-Energy Ready

Technical Specifications
Encouraged:

Quality Management
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Quality Management Provisions

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
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Efficient Low-Load HVAC

• Challenge Home Target Home Specifications:

Hot Climates

IECC CZ 1-2

Mixed Climates

IECC CZ 3-4 

except Marine

Cold Climates

IECC CZ 5-8 

and 4 Marine

AFUE 80% 90% 94%

SEER 18 15 13

HSPF 8.2 9 10

Geo HP ENERGY STAR EER and COP Criteria

ASHRAE 62.2 

Whole-House

Ventilation

1.4 cfm/W:

no heat exch.

1.4 cfm/W:

no heat exch.

1.2 cfm/W:

w/heat exch. 

60% SRE
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• Challenge Home Technology Options

– Variable-Speed or multi-stage

– Ductless Mini-Split Heat Pump Systems

• Optimized distribution

– GSHPs

– Combi-Systems [e.g., heat, water heating, vent.]

Efficient Low-Load HVAC
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Zero Net-Energy Ready

Technical Specifications:
Best Practices

Efficient Components
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• ENERGY STAR Gas Water Heating

– Storage with EF > 0.67

– “Extra Credit”:

• Whole-Home Tankless with EF > 0.82

• 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

Efficient Water Heating
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• Heat Pump Clothes Dryer

• Induction Cooktop

Advanced Efficient Components
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Condition Air to 

70O F

Drye

r

110O F 

Air 12,000

CF Air
Hot

Wall

Heat 70O F air to 125O F, 

circulate to remove 

moisture, and then exhaust

All air in a 1,500 sf

home exhausted out 

over 60 minute cycle

Typical Clothes Dryer Inefficiency
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After 40 Minutes 

Dryer Operation

Dryer Not

Operating

Typical Clothes Dryer Hot Wall
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4.5 vs. 12,000 CF Air 

Plus No Exhaust Vent

Advanced Heat Pump Clothes Dryer
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Advanced Induction Cooktop


