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The work presented in this report does not represent
performance of any product relative to regulated
minimum efficiency requirements.

The laboratory and/or field sites used for this work are
not certified rating test facilities. The conditions and
methods under which products were characterized for
this work differ from standard rating conditions, as
described.

Because the methods and conditions differ, the reported
results are not comparable to rated product performance
and should only be used to estimate performance under
the measured conditions.
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Executive Summary

The U.S. Department of Energy (DOE) Challenge Home Program is a successor certification
program to the DOE Builder’s Challenge Program, a highly successful program that certified
more than 14,000 homes since 2008. The DOE Challenge Home represents an improvement over
the Builder’s Challenge, not only in energy efficiency but also quality control and sustainability.
Below are some basic statistics on the new program.

e Nearly 1,400 homes have already achieved the Challenge Home average performance
threshold of a Home Energy Rating System (HERS) 55 under Builders Challenge with
nearly 140 zero energy homes achieving a HERS Index score of ‘0’ or lower.

e Nearly 8,000 homes have already committed to DOE Challenge Home certification,
mostly by production builders.

e Nearly 80 builders have already committed to 100% Challenge Home construction.

The purpose of this project was to evaluate integrated packages of advanced measures in
individual test homes to assess their performance with respect to Building America Program
goals, specifically compliance with the DOE Challenge Home Program.

To that end, Building Science Corporation (BSC) consulted on the construction of five test
houses by three cold climate production builders in three separate U.S. cities.

e K. Hovnanian Homes, Chicago, Illinois
e David Weekley Homes, Denver, Colorado

e Transformations, Inc., Devens, Massachusetts.

Each of the builders in this project has previously expressed interest in evaluating the new DOE
Challenge Home, and the possibility of integrating this package into a production environment.

BSC worked with the builders to develop a design package tailored to the cost-related impacts
for each builder. Therefore, the resulting design packages do vary from builder to builder.

BSC provided support through this research project on the design, construction, and performance
testing of the five test homes.

Overall, the builders have concluded that the energy related upgrades (either through the
prescriptive or performance path) represent reasonable upgrades. The builders commented that
while not every improvement in specification was cost effective (as in a reasonable payback
period), many were improvements that could improve the marketability of the homes and serve
to attract more energy efficiency discerning prospective homeowners.

However, the builders did express reservations about the associated checklists and added
certifications. An increase in administrative time was observed with all builders. The checklists
and certifications also inherently increase cost due to:
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e Adding services to the scope of work for various trades, such as HERS Rater and heating,
ventilation, and air conditioning contractor.

e Increased material costs related to the checklists, especially the U.S. Environmental
Protection Agency Indoor airPLUS and WaterSense Efficient Hot Water Distribution
requirement,

The three builders noted that these costs could be reduced as the builder learns more efficient
methods of executing the associated checklists, but were unable to provide an accurate
quantification of these savings.

In order for any program to succeed, BSC strongly believes that raters will have to serve as
effective advocates for the DOE Challenge Program. The three raters BSC worked with in this
research project had no previous experience with the DOE Challenge Home Program. In addition
to working with the builders on this project, BSC educated each of the raters on the Challenge
Home Program. It is expected, that once raters become official DOE Challenge Home verifiers,
they will be able to better integrate the program into their services. Cost to the builders,
especially costs related to the administrative work, are expected to be reduced once a builder
gains experience with the program. These developments, along with the additional exposure and
publicity the program will experience, will allow the Challenge Home Program to flourish.

The DOE Challenge Program continues to grow. BSC, along with Building America, advocates
for the project and will continue to pursue projects that seek certification.

x1
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1 Introduction
Building Science Corporation (BSC) consulted with three production builders for this project.

e K. Hovnanian Homes, Chicago, Illinois
e David Weekley Homes, Denver, Colorado

e Transformations, Inc., Devens, Massachusetts.

Each of the builders in this project has previously expressed interest in evaluating the new U.S.
Department of Energy (DOE) Challenge Home, and the possibility of integrating this package
into a production environment. The floor plans in this project represent a mix of one- and two
story houses, all with unfinished conditioned basements. Each project showcases a different
enclosure and mechanical design.

1.1 The Purpose of This Research Project

Through this advanced new construction energy efficiency packages evaluation, BSC acquired
important information about the performance of energy efficient technology packages designed
for three production builders. This served to develop the most cost competitive and replicable
designs for each builder to meet the DOE Challenge Home program criteria. This work will also
assist builders in meeting the upcoming 2015 International Energy Conservation Code (IECC).

Through this work, BSC collected information about:

e Cost and implementation issues with production builders constructing to the DOE
Challenge Home program

e Challenges faced by production builders when striving for the DOE Challenge Home
program.

1.2 Relevance to Building America’s Goals

Overall, the goal of the DOE Building America program is to “reduce home energy use by 30%-
50% (compared to 2009 energy codes for new homes and pre-retrofit energy use for existing
homes).” To this end, we conduct research to “develop market-ready energy solutions that
improve efficiency of new and existing homes in each U.S. climate zone, while increasing
comfort, safety, and durability.” '

The technology package proposed for each of the builders in this pilot project offers a variety of
specification alternatives for builders in a cold climate. The information gained through this
research about the implementation of the technology package at a production scale serves to
inform the greater production builder community across the cold climate region.

The most immediate impact of the research project was to inform the work of each production
builder. All five homes were constructed to achieve at least 30% savings versus the Building
America Benchmark and will meet the criteria of the DOE Challenge Home program. Lessons

! http://www]1.eere.energy.gov/buildings/building america/program goals.html
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learned both in the economics of the variations in design and constructability can be applied to
the future business model of the production builder.

The recent adoption of the new and more stringent 2012 IECC, in some states, is greatly
reducing the performance gap between code built homes and those that are constructed to meet
an energy efficiency standard (Bailes 2012). The research from this project also has the potential
to inform the residential construction industry on the replicability and cost effectiveness of
designs that not only meet the current energy code, but will meet future proposed building code
improvements, including the anticipated 2015 IECC mandate (which is expected to adopt the
Home Energy Rating System [HERS] Index as a performance path metric).

1.3 Previous Building America Research With Builders

BSC has been working with production builders around the country since its founding in the
mid-1990s. However, this project represents the first collaboration with a builder on achieving
DOE Challenge Home certification, as the program was released in 2013.

BSC does have extensive experience working, with builders of all types, on certifying homes
under the older DOE Builders Challenge Program. The Builders Challenge Program was a DOE
program that was the predecessor to the DOE Challenge Home, and has now been phased out
and is no longer available. The Builders Challenge was a more modest energy program, resulting
in homes with HERS Index scores in the range of 65-70. It also required a much lower level of
quality documentation. BSC was very successful in integrating this program with its builders
from 2008 to 2012, resulting in around 100 qualified homes.

1.4 U.S. Department of Energy Challenge Home Program

The DOE Challenge Home Program” is a recently released residential whole-house certification
program that is the successor the DOE Builders Challenge Program, which was active from 2008
to 2012. DOE envisions the program as a path toward net-zero energy. That is, the program
advocated not only energy efficiency upgrades that result in a high performance house, but also
to incorporate upgrades to various systems in order to allow a seamless installation of renewable
energy systems should a homeowner wish to achieve net-zero energy status in the future.

The DOE Challenge Home Program can be viewed as being composed of two main categories of
criteria:

1. Whole-house performance improvement achieved through energy-related upgrades,
either through:
a. Prescriptive path compliance, based on climate zone location

b. Performance path analysis, via a HERS analysis (generally a HERS Index in the
mid 50s)

2. A series of required mandates in the form of checklists and guidelines including:

a. Compliance with U.S Environmental Protection Agency (EPA) ENERGY STAR®
version 3, including the required checklists:

? http://www 1 .eere.energy.gov/buildings/residential/ch_index.html
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i. Thermal Enclosure System Rater Checklist (TES),

ii. Heating, Ventilation, and Air Conditioning (HVAC) System Quality
Installation Contractor Checklist (HVAC/C),

iii. HVAC System Quality Installation Rater Checklist (HVAC/R),
iv. Water Management System Builder Checklist (WMS)

b. U.S. Environmental Protection Agency (EPA) Indoor airPLUS Version 1
Revision 2 Construction Specifications (with DOE Challenge Home-specific
exceptions)

c. DOE Challenge Home Program consolidated EPA Renewable Energy Ready
Home (RERH) checklist, addressing both solar electric and solar thermal systems.

d. EPA WaterSense New Home Specification — Guide for Efficient Hot Water
Delivery Systems.

A DOE Challenge Home is roughly 40%—50% more efficient than a typical new home. This
generally corresponds to a HERS Index in the low to mid-50s, depending on the size of the home
and the climate zone location (DOE 2013b). This is a higher level of savings compared to the
DOE Builders Challenge program, which corresponded to a HERS Index in the mid-60s.
However, the required mandates and checklists represent the major addition to the program
compared to its predecessor the Builders Challenge.

DOE Challenge Home certification is performed by an accredited verifier, typically a certified
HERS rater. A breakdown of the expected duties that a builder can expect of its verifier is shown
in Table 1.

Table 1. DOE Challenge Home Verifier (HERS Rater) Duties

Assess construction plans for program target goals
(i.e. REM/Rate analysis)
Preconstruction | Provide summary of construction values, products required to meet target.
EPA WaterSense - Calculating theoretical water volume in plumbing
runout off of plumbing plans

Checklists
DOE Challenge Home National Program Requirements (Rev. 03)
During ENERGY STAR TES Rater Checklist
Construction ENERGY STAR HVAC/R Checklist

ENERGY STAR WMS Builder Checklist
EPA WaterSense—visual inspection of plumbing at rough installation
ENERGY STAR Version 3 Testing and Commissioning
Whole-house infiltration test
Duct leakage test
Post-Construction Bedroom pressure difference test with door closed
Individual HVAC register airflows
Outside airflow
Point source exhaust fan airflow
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Other Certification Testing and Commissioning
EPA WaterSense—hot water delivery test
EPA Indoor airPLUS—attached garage to house pressure test
Certification Documentation
Compile all checklists and keep records on file
Register and issue DOE Challenge Home Certificate and Label

Notes on checklists:
e The ENERGY STAR HVAC System Quality Contractor Checklist is completed and
verified by the HVAC installer and builder.
e The DOE Challenge Home Program consolidated EPA RERH checklist is verified by the
builder.

1.5 Research Questions
BSC sought to answer the following research questions through this Building America project:

1. What is the most cost-effective, best performing, and most easily replicable method of
achieving compliance with the DOE Challenge Home program?

2. What are the challenges that builders face when integrating the DOE Challenge Home
into a production environment?

3. Do production builders view DOE Challenge Home as a program that can result in homes
that are competitive and affordable in the marketplace?
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2 U.S. Department of Energy Challenge Home—Home Energy
Rating System-Related Upgrades

Two of the builders chose the performance path for meeting the DOE Challenge Home criteria.
This allowed each builder to tailor the energy related upgrades to suit their specific abilities and
preferences. It should be noted that each builder chose to consider certain upgrades over others;
therefore a full parametric analysis of all available upgrades to a residential buildings was not
performed. Rather, a limited parametric analysis was performed on each building, taking into
account elements that each builder was willing to consider upgrading. Each builder has its own
preferences, experiences, material availability, and faith in a particular contractor’s ability to
properly implement a specific energy related upgrade.

One builder (Transformations, Inc.) certified two homes via the prescriptive path, and ensured
that the specifications of the homes met or exceeded those stipulated in Exhibit 2 of the
Requirements.

The individual sections below discuss the energy-related upgrades and DOE Challenge Home
certification path details. A discussion on the DOE Challenge Home required checklists and third
party certifications are in Section 3.

2.1 K. Hovnanian Homes
K. Hovnanian homes constructed one DOE Challenge Home Program-certified home for this
project. The house is a two-story building with a conditioned unfinished basement.

Table 2 lists the dimensions and areas for the DOE Challenge Home-certified house (Floor

Plan 601).
Table 2. K. Hovnanian Floor Plan Dimensions and Areas
Floor # Floor Area | Surface Area | Volume Glazing
Plan | Floors (f6) () @) | #Beds | #Baths | o o
601 2 3,202 5,492 29,286 3 2.5 10.6%

The house was certified through the DOE Challenge Home performance path. BSC held an
initial onsite meeting in July 2013 to discuss the DOE Challenge Home program energy-related
upgrades that K. Hovnanian preferred to consider. The builder sought to achieve DOE Challenge
home compliance through improvements that were the easiest to integrate into a “quick build”
scenario.

Table 3 shows the final building specifications for the Plan 601.
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Table 3. Summary of K. Hovnanian Plan 601 Energy Efficiency Package Components

Enclosure Specifications
Roof Description Medium color asphalt shingles on truss roof — vented attic
Insulation R-49 blown fiberglass, grade |
Description 2 x4 @ 16 in. o.c. with insulating sheathing
Walls . R-13 fiberglass batts with R-5 1-in. extruded polystyrene (XPS) insulating sheathing,
Insulation
grade |
Foundation Description Conditioned basement
Insulation R-19 vinyl faced fiberglass batts draped full height, grade I
Description Above grade: ENERGY STAR—certiﬁc?d double-pane Vinyl—framed with‘low—e
Windows Below grade: Non-ENERGY STAR-certified double-pane vinyl-framed with low-e
U-value Above grade: U = 0.29; below grade: U =0.39
Solar heat gain coefficient (SHGC) Above grade: SHGC = 0.28; below grade: SHGC = 0.24
. Specification 0.25 CFM 50/ft* enclosure @ 50 Pa
Infiltration —
Performance test Test result = 0.12 CFM 50/sf enclosure @ 50 Pa
Mechanical Specifications
. .. 95% annual fuel utilization efficiency (AFUE) sealed combustion condensing natural gas
Heating Description : .
furnace in conditioned basement
Cooling Manufacture}r apd Model Gooidman GMH950703BXAF . N
Description 13 seasonal energy efficiency ratio (SEER) single-stage air conditioner
Domestic Hot Manufacturer and Model Goodman GSX130301BC
Water (DHW) Description 50-gal sealed combustion condensing tank gas water heater (energy factor [EF] = 0.96)
Manufacturer and Model AO Smith Vertex 00
Distribution Description Metal duct system 100% in conditioned space via the floor joist system
Leakage Maximum 5% duct leakage to outside
Central fan integrated supply system with 6-in. insulated outside air duct and motorized
Description . damper
Ventilation Duty cycle: 10 min on; 20 min off, 50 CFM average flow;
ASHRAE 62.2-2010 compliance achieved via ASHRAE 62.2 compliant bath fan
Fan controller: Air Cycler FRV/VS fan cycler with motorized damper
b BTG Bath exhaust fan: Panasonic FV-08VQ5 WhisperCeiling
Pl;:l:i’lvl:;s Description Jump ducts to bedrooms
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Table 4 lists the energy-related upgrades that the builder chose to pursue and the incremental
impact on the HERS Index as well at DOE Challenge Home (CH), ENERGY STAR Version 3
(ES V3) and IECC 2012 qualified status.

Table 4. Plan 601—Incremental Improvements Impact on HERS Index

HERS CH ES [ IECC

Index V3 2012
Standard K. Hovnanian-Chicago Construction 64 NO NO NO
1-in. XPS Insulating Sheathing 62 NO NO NO

ENERGY STAR Windows

(U =~0.30, SHGC = ~0.28) 60 NO | NO | NO

3.0 ACH 50 to 1.7 ACH 50 (Measured Result) 57 NO | YES NO
Upgrade furnace from 92.1% to 95% AFUE 56 NO | YES | YES
Upgrade Water Heater From 0.60 to 0.96 EF 49 NO | YES | YES

Upgrade Compact Fluorescent Lamps From 75% to
80% of Total Fixtures B WOT e Phdes
ENERGY STAR-Certified Appliances 45 YES | YES | YES

2.2 David Weekley Homes
David Weekley Homes constructed two DOE Challenge Home Program-certified homes for this
project. Both homes are two-story residences with conditioned basements.

Table 5 lists the dimensions and areas for both floor plans. A mix of one- and two-story floor
plans can be observed.

Table 5. David Weekley Homes Floor Plan Dimensions and Areas

Floor # Floor Area | Surface Area | Volume # # Glazing
Plan | Floors (f6) (ft%) (f’) | Beds | Baths | Ratio
2870 2 1593 5529 22514 3 2.5 19.7%
2878 2 2430 7667 35383 3 2.5 19.7%

The house was certified through the DOE Challenge Home Performance Path. As with K.
Hovnanian, David Weekley Homes sought to achieve DOE Challenge homes compliance
through improvements that were the easiest to integrate into a “quick build” scenario, and to
minimize overall specification changes.

Table 6 lists the energy-related upgrades that the builder chose to pursue and the incremental
impact on the HERS Index as well at DOE Challenge Home (CH), ENERGY STAR Version 3
(ES V3) and IECC 2012 qualified status.

Table 7 shows the final building specifications for both houses.
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Table 6. Plan 2870—Incremental Improvements Impact on HERS Index

HERS Index | CH | ESV3 | IECC 2012
Standard David Weekley-Denver Construction 62 NO | NO NO
1-in. XPS Under Slab 61 NO | NO NO
R-49 Ceiling Insulation 60 NO | NO NO
3.0 ACH 50 to 2.4 ACH 50 (Measured Result) 58 NO | YES NO
Upgrade Furnace From 92.1% to 98% AFUE 56 NO | YES YES
Upgrade Cooling From 13 to 20 SEER 54 NO | YES YES
ENERGY STAR-Certified Appliances 50 YES | YES YES
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Table 7. Summary of David Weekley Homes Energy Efficiency Package Components

Enclosure Specifications
Roof Description Medium color asphalt shingles on truss roof — vented attic
Insulation R-49 blown fiberglass, grade |
Walls Description 2 X 6 (@ 24-in. o.c.
Insulation R-23 blown fiberglass, Grade I
Foundation Descrip.tion ' Conditioned basement .
Insulation R-19 vinyl faced fiberglass batts draped full height, Grade I
Description Above grade: ENERGY STAR—certiﬁgd double-pane Vin}fl-framed With‘ low-e
Windows Below grade: Non-ENERGY STAR-certified double-pane vinyl-framed with low-e
U-value Above grade: U = 0.30; below grade: U = 0.30
SHGC Above grade: SHGC = 0.35; below grade: SHGC = 0.30
. Specification 0.25 CFM 50/ft* enclosure @ 50 Pa
Infiltration _ 2
Performance test Test Result = 0.25 CFM 50/ft” enclosure @ 50 Pa
Mechanical Specifications
3 (s Description 98% AFUE sealed combustion condensing natural gas furnace in conditioned basement
Manufacturer and Model Lennox SLP98V
Cooling Description 20 SEER two-stage air conditioner
Manufacturer and Model Lennox XC25
DHW Description Tankless gas water heater (EF = 0.82)
Manufacturer and Model Rinnai R75i1
Distribution Description Metal duct system 100% in conditioned space via the floor joist system
Leakage Maximum 5% duct leakage to outside
Central fan integrated supply system with 6-in. insulated outside air duct and motorized damper
Description Duty Cycle: 10 minutes on; 20 minutes off, 50 CFM average flow;
Ventilation ASHRAE 62.2-2010 compliance achieved via ASHRAE 62.2-compliant bath fan
Manufacturer and Model Fan controller: Air Cycler FRV/VS fan cycler with motorized damper
Bath exhaust fan: Panasonic FV-08VF2 WhisperFit
Pl:telf:’lvl:;fs Description Jump ducts to bedrooms
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2.3 Transformations, Inc.
Transformations, Inc. selected two homes located in the Devens Sustainable Housing

development in Devens, Massachusetts to be submitted for the DOE Challenge Home Program:
Lot 6 (Saltbox) and Lot 7 (Custom Saltbox). The homes were completed in 2012 and have been

occupied for more than a year.

The homes obtained certification through the prescriptive path. Both houses qualified to use this
option by meeting the conditioned floor area for the Benchmark Home requirements set by the
program—the program guidelines specify the conditioned floor area for a three-bedroom home
cannot exceed 2,200 ft*—as well as mandatory requirements for all labeled homes (Exhibit 1)
and the prescriptive specifications of the DOE Challenge Home Target Home for Climate Zone 5

(Exhibit 2).

The houses were also required to meet or exceed the specifications in Exhibit 2 (Figure 1).

Exhibit 2: DOE Challenge Home Target Home 5

HVAC Equipment’’

AFUE

SEER

HSPF

Geothermal Heat Pump
ASHRAE 82 2 Whole-House
Mechanscal \Ventilation Sysbtem

Insulation and Infiltration

Hot Climates
(2012 IECC Zones 1.2)

1.4 cfm/W
o heat exchange

Mized Climates.

Caold Climates

(2012 IECC Zones 3, (2012 IECCT Zones
4 wucept Marine) 4 Marine 5,6.7.8)
80% %,
15 13
9 10"
ENERGY STAR EER and COP Criteria
1.4 cfm/W; 1.2 efm/W;
no bt exchange heal exchange with 80% SRE

= [nsulation levels shall mest the 2012 IECC and achieve Grade 1 installation, per RESHNET siandards.

« Infitration” (ACHS0) InCZs1-2 | 25inCZs34 | 2nCZs57 | 1.5mCZE
Windows .
Hot Climates Mized Climates Cold Climates
(2012 IECC Zones 1,.2,) (2012 IECC Zones 3, (2012 IECC Zones
4 excepl Maring) 4 Marine 5,6.7.8)
SHGC 0.25 0.27 ainy
U-Value 04 03 027

U-values or SHGCs.”

Homes qualifying through the Prescriptive Path with a total window-to-floor area greater than 13% shall have adjusted

Water Heater

EMERGY STAR minimum; for heating ol water heaters use EF = 0.60

Thermostat™

= Programmable thermostat (except for zones with radiant heat)

Lighting & Appliances

» For puposes of calculating the DOE Challenge Home Tanget Home HERS Index, homes shall be modeled with an ENERGY
STAR dishwasher, ENERGY STAR refrigerator. ENERGY STAR cedeng fans, and ENERGY STAR lamps (bulbs) in 80% of
sockets or B0% of hghting fixtures are ENERGY STAR Qualified

Figure 1. Exhibit 2 prescriptive requirements for Transformations, Inc.

The homes were exempt from completing both the EPA RERH Solar Photovoltaic and Solar
Thermal Specification Checklists. The program specifies that if the photovoltaic (PV) or solar

thermal systems were already in place, the compliance with the checklists is not required.

Another condition specified by the program states that the homes have at least 5 kWh/m?/day

10
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average daily solar radiation. Based on the location of the homes, and as calculated by the
PVWatts, the homes have an average daily solar radiation of 4.31 kWh/m?*/day. The PV systems
were installed in the homes as part of the original house packages and the solar thermal systems
were not installed at all.

The homes met most of the requirements in the remaining mandatory checklists; however, there
were a number of items that needed to be retrofitted in order to qualify for the certification. See
Sections 3 and 4 of the report for the description of retrofit measures.

Once the necessary items were addressed, the documentation was sent it to obtain the
certification and the homes were entered into the DOE Challenge Home Builder Awards. Both
were selected as winners in the Production Home and Custom Home categories.

—r——

Figure 2. Production home (Lot 6) Figure 3. Custom home (Lot 7)

The Lot 6 house features the developer’s standard Saltbox floor plan with three bedrooms, two
and a half bathrooms, living room, dining room, kitchen, a basement, and a two-car garage. The
Lot 7 house features a custom Saltbox floor plan with three bedrooms, two bathrooms, living
room, dining room, kitchen, a laundry room, a screened in porch, a basement and a two-car
garage.

Table 8. Transformations, Inc. Floor Plan Dimensions and Areas

Floor # Floor Area | Surface Area | Volume | # # Glazing
Plan | Floors (ft%) (f6) (fY) | Beds | Baths | Ratio
Lot 6 2 1,500 4,508 20,721 3 2.5 13.8%
Lot 7 2 1,952 5,292 26,142 3 2.0 12.7%

Over the years, Transformations, Inc. has developed a specific set of assemblies and

specifications that are being used for the homes it currently builds. The enclosure characteristics
in the Devens homes include full basements with 2 in. of XPS rigid insulation (R-10) under the
slab; 3% in. of closed cell spray polyurethane foam (ccSPF) (2.0/ft’) insulation (R-20) at the
basement walls finished with gypsum board; a double-stud wood framed above-grade wall with
12 in. of open cell spray polyrurethane foam (ocSPF) (0.5/ft) insulation (R-45 nominal);

11
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ENERGY STAR-qualified windows (R-5); 20 in. of cellulose insulation at the attic floor (R-70)
and 2 in. of ccSPF with 12 in. of cellulose insulation at the sloped roof (R-54 nominal). The
mechanical system consists of two single-head mini-split units: one head per floor, a ventilation
system (chosen by the homeowner), as well as a tankless propane water heater. A PV array is
also included in the house package—16.31 kW on Lot 6 and 17.28 kW on Lot 7. With the PV
systems in place the houses achieved HERS —37 (Lot 6) and —21 (Lot 7). Without the PV system
the HERS score for Lot 6 was 35 and for Lot 7 the score was 34.

Table 9 includes a summary of the specifications for each building component with the
manufacturers listed for all products.

12



U.5. DEPARTMENT OF Energy Efﬁ0|ency &

EN ERGY Renewable Energy

Table 9. Summary of Transformations, Inc. Energy Efficiency Package Components

COMPONENT SPECIFICATIONS
ENCLOSURE
Description Medium color asphalt shingles — vented and unvented attic
Roof Insulation R-60 and R-70 blown cellulose, grade I
Insulation R-54 ccSPF and blown cellulose, grade I
Walls Description Double-stud wall, 2 x 4 @ 16 in. o.c.
Insulation R-45 ocSPF, grade |
Foundation Description Conditioned basement .
Insulation R-20 ccSPF, Grade I with gypsum board as thermal barrier
oy Above grade: Harvey Tribute double-hung ENERGY STAR-certified
Description : . :
Windows triple-pane vinyl-framed with low-e
U-value Above grade: U = 0.20
SHGC Above grade: SHGC = 0.22
Infiltration Specification 0.25 CFM 50/ft* enclogure @ 50 Pa
Performance test Test Result = 0.09 CFM 50/ft” enclosure @ 50 Pa
MECHANICAL
st 10.6 heating season performance factor (HSPF) ductless mini-split air
Heating source heat pump (one head per floor)
Manufacturer and Model Mitsubishi Hyper Heat; MSZ-FE12NA/MUZ-FE12NA
i Description 23 SEER Ductless mini-split air source heat pump (one head per floor)
Manufacturer and Model Mitsubishi Hyper Heat MSZ-FE12NA/MUZ-FE12NA
DHW Description Condensing propane tankless water heater (EF = 0.96)
Manufacturer and Model Navien NR-180-NG
Sessiien Heat recovery ventilator (HRV)
ASHRAE 62.2-2010 compliance achieved via HRV
HRYV: Fantech SH704
o Manufacturer and Model Bath exhaust fan: ENERGY STAR-certified Panasonic FV-08VKS
Ventilation .
WhisperGreen
. ASHRAE 62.2-2010 compliance achieved via ASHRAE 62.2-compliant
Description bath fan

Manufacturer and Model

Bath exhaust fan: Panasonic FV-08VKS WhisperGreen

13
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3 Other U.S. Department of Energy Challenge Home Program
Requirements

The mandatory requirement (Exhibit 1) for the DOE Challenge Program refers to a number of
third-party certification programs, codes, and checklists:

e EPA ENERGY STAR for Homes Version 3 checklists:
o TES Rater Checklist
o HVAC/C Checklist
o HVAC/R Checklist
o  WMS Builder Checklist

e EPA Indoor airPLUS Construction Specifications (with DOE Challenge Home-specific
exceptions)

¢ DOE Challenge Home consolidated EPA RERH checklist, addressing both solar electric
and solar thermal systems

o EPA WaterSense New Home Specification — Guide for Efficient Hot Water Delivery
Systems.

Copies of the specific checklists can be found in the appendix.

3.1 EPA WaterSense Hot Water Efficiency Distribution

The DOE Challenge Home National Program Requirements (Rev. 03) mandates that all labeled
homes shall have hot water delivery systems that meet an efficiency requirement. The hot water
delivery system shall comply with Section 3.3 of the EPA WaterSense Single Family New Home
Specification Version 1.1. Footnote 14 from the requirements document states the following
design criteria:

Hot Water Delivery System — To minimize water wasted while waiting for hot
water, the hot water distribution system shall store no more than 0.5 gallons (1.9
liters) of water in any piping/manifold between the hot water source and any hot
water fixture. In the case of occupant-controlled or occupancy sensor-based
recirculation systems, the 0.5 gallon (1.9 liter) storage limit shall be measured
from the point where the branch feeding the fixture branches off the recirculation
loop, to the fixture itself. To verify that the system stores no more than 0.5 gallons
(1.9 liters), verifiers shall calculate the stored volume using the piping or tubing
inside diameter and the length of the piping/tubing.

In addition to section 3.3 of the EPA WaterSense Single Family New Home Specification
Version 1.1, there is a companion EPA WaterSense document titled “Guide for Efficient Hot
Water Delivery Systems.” The guide is designed to assist designers, architects, and builders to
better understand the criteria in more detail. It also provides recommended design considerations
for efficient hot water distribution systems.

14
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As stated in the “Guide for Efficient Hot Water Delivery Systems” document, there are typically
four basic hot water delivery system types:

e Trunk and branch systems
e Core systems
e Whole-house manifold systems

e Demand-initiated recirculation systems.

Each hot water delivery system type has its advantages and disadvantages. A production builder
must take into consideration a variety of factors when determining how to upgrade the hot water
delivery system for a certain residence.

In addition the footnotes also specify a performance criterion:

To account for the additional water that must be removed from the system before
hot water can be delivered, no more than 0.6 gallons (2.3 liters) of water shall be
collected from the hot water fixture before hot water is delivered. Recirculation
systems must be based on an occupant-controlled switch or an occupancy sensor.
Recirculation systems that are activated based solely on a timer and/or
temperature sensor do not meet this requirement. To verify that the system meets
the 0.6 gallon (2.3 liter) limit, verifiers shall first initiate operation of occupant-
controlled or occupancy sensor-based recirculation systems, if present, and let
such systems run for at least 40 seconds. Next, a bucket or flow measuring bag
(pre-marked for 0.6 gallons) shall be placed under the hot water fixture. The hot
water shall be turned on completely, a digital thermometer placed in the stream of
water just where it meets the water being collected, and the starting temperature
recorded. Once the water reaches the pre-marked line (approximately 24 seconds
for a lavatory faucet), the water shall be turned off and the ending temperature
reading at the same location recorded. The temperature must increase by 10 °F.
Only the fixture with the greatest stored volume between the fixture and the hot
water source (or recirculation loop) needs to be tested.

This test is to be performed by the rater during the commissioning of the house. This protocol is
representative of the additional testing required for the DOE Challenge Home Program,
compared to its predecessor DOE Builders Challenge.

A discussion on the hot water distribution design for each of the builder partners is detailed in
the sections below.

The volume of the water in the pipes can be estimated based on the pipe diameter and lengths.
Pipe volumes are shown in Figure 4, which is taken from the EPA WaterSense document “Guide
for Efficient Hot Water Delivery Systems” (EPA 2013Db).

15
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Ounces of Water Per Foot of Hot Water Tubing
Nominal
Diameter
in inches | Copper | Copper | Copper |CPVC CTS | CPVC | PEX-AI-PEX PEX CTS
(in) M L K SDR11 |[SCH40|ASTMF 1281 [PE-AL-PE| SDR9
Y 1.06 0.97 0.84 N/A 1.17 0.63 0.63 0.64
Y 1.69 1.55 1.45 1.25 1.89 1.31 1.31 1.18
% 3.43 3.22 2.90 2.67 3.38 3.39 3.39 2.35
1 5.81 5.49 517 4.43 5.53 5.56 5.56 3.91
1% 8.70 8.36 8.09 6.51 9.66 8.49 8.49 5.81
1% 12.18 11.83 11.45 9.22 13.20 13.88 13.88 8.09
2 21.08 20.58 20.04 15.79 21.88 21.48 21.48 13.86
Source: Modified from 2009 International Plumbing Code Table E202.1. international Code Council.
January.

Conversions: 1 gallon (3.8 liters) = 128 ounces
1 ounce = 0.00781 gallons (0.0296 liters)
0.5 gallons (1.9 liters) = 64 ounces
0.6 gallons (2.3 liters) = 76.8 ounces

Figure 4. Internal volume of various water distribution piping (EPA WaterSense)

3.2 K. Hovnanian Homes

The typical plumbing design for K. Hovnanian, in Chicago, Illinois, is a standard trunk and
branch system. Figure 5 shows the typical plumbing plan for Plan 601. As drawn, many of the
plumbing lengths were resulting in volumes exceeding the 0.5 gallon (64 ounce) limit, as
stipulated by the EPA WaterSense. Two main factors were contributing to increased water
volume in the initial plumbing layout:

e The water heater was originally located in the basement, resulting in very long runs to the
second floor.
e Most of the branches were called out as ¥4-in. pipe.

e The specified plumbing material was CPVC Schedule 40, which has a larger interior
diameter compared to other plumbing material options.
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SECOND FLOOR

FIRST FLOOR
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£
ATER HEATERJ@
w/ RELIEF VALVE
1 1" SERVICE
12" SPREAD
AT METER

Figure 5. K. Hovnhanian Plan 601 typical plumbing plan isometric

BSC discussed the WaterSense specifications with the builder and proposed a design with the
following major design changes:

1. Move the water heater to the utility closed on the second floor. This floor plan does not
have a hot water fixture in the basement, therefore moving the water heater to the living
space resulted in shorter runs to the fixtures.

2. Change the plumbing material to CPVC CTS SDR 11, which exhibits smaller interior
diameter. This increased the allowable length by 33%.

3. Many of the individual branches were reduced in size from % in. to ' in., which almost
doubles the allowable length of those branches.

An isometric plumbing schematic is not available for the BSC proposed design; however, a
plumbing layout sketch is available in the appendix.
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3.3 David Weekley Homes

David Weekley Homes, in Denver, hired a plumbing design firm to provide a plumbing plan that
meets the EPA WaterSense specifications. The design firm chose to utilize a recirculation loop to
meet the mandate and first created a plumbing layout for plan 2878. The original design can be
found in the appendix. The plumbing material that was specified was PEX CTS SDR 9, which
has the smallest interior diameter compared to most residential plumbing materials. The
recirculation loop for this design starts at the front of the house in the first floor joist and extends
up into the second floor joist cavity to the rear of the house. It also included a mini manifold
system in the second floor joist to service the upstairs bath fixtures. The original design did meet
the WaterSense specification; however BSC did choose to provide an alternative design. The
original design specified branch lengths that were of varying lengths between fixtures. This
could lead to performance differences between individual fixtures (i.e. Powder room sink takes
more time to deliver hot water compared to the bath sink). Figure 6 shows the plumbing layout in
the second floor joist system. The orange line indicates the return of the recirculation loop and
the mini manifold system can be seen above the kitchen.

Figure 6. David Weekley Homes Plan 2878 original plumbing design—second-floor joist
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BSC provided a different design that sought to keep the branch length short, and of an
equidistant length as compared to each fixture. This involved the lengthening and relocating of
the recirculation loop, such that branch lengths could be minimized. Figure 7 shows the location
of the recirculation loop, in green, in the first floor joist. The recirculation loop is routed as close
to each of the fixtures as possible. There are risers that lead to the second floor joist system on
the right hand side of the plan. The proposed plan did not specify a manifold system in the
second floor joist system, but rather placed the second-floor recirculation loop directly below
most of the fixtures and specified very short branch lengths. BSC performed a takeoff of each
designs and calculated a rudimentary cost analysis. While the BSC proposed recirculation loop
was 58 ft longer, the branch lengths were reduced by 128 ft. This overall reduction in material,
plus the elimination of the mini manifold systems, resulted in what BSC believes to be a cheaper
design. The full BSC proposed plumbing layout can be found in the appendix. David Weekley
Homes decided to use the BSC plumbing design for the two homes.

- w‘\
L
= 12" riser to kitchen
4" island

O AND PUMP
LOCATED AT
\WMWATER HEATER

Figure 7. David Weekley Homes Plan 2878 BSC proposed plumbing design—first-floor joist
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3.4 Transformations, Inc.
3.4.1 Evaluation

The DHW system in the Devens houses is a single trunk and branch system, plumbed with
flexible PEX piping. There is a %-in. trunk line running the length of the house (Figure 8), with
Y5-in. branches off of the trunk, to fixtures (Figure 9). The hot water trunk is insulated (with
some missing insulation portions); the branches are uninsulated.

Figure 8. %-in. trunk at basement
ceiling

Figure 9. Hot and cold 2-in. branches from

%-in. insulated trunk

The pipe lengths for Lot 7 were mapped where visible in the basement, and the hidden runs were
estimated, as shown in Figure 10. These lengths were tabulated, and estimated volumes of stored
water were calculated, as shown in Table 10, and in the graph in Figure 11. The figures
highlighted in red represent values that exceed the requirement of the program—~0.5 gallon.

Table 10. Pipe Lengths at Lot 6 in Devens

Trunk Trunk Branch Branch Total
Fixture Length Volume Length Volume Volume

(linear ft) (gal) (linear ft) (gal) (gal)
Kitchen 6.0 0.1 15 0.1 0.3
Second-Floor Bathtub 24.5 0.5 12 0.1 0.6
First-Floor Shower 40.5 0.8 12 0.1 0.9
First-Floor Lavatory Sink 2 42.5 0.8 3 0.0 0.8
First-Floor Lavatory Sink 1 43.3 0.8 2 0.0 0.8
Laundry (Washer) 50.3 0.9 5 0.0 1.0
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Figure 10. DHW piping map for Devens Lot 7

Based on the graph of stored water (Figure 11), it is clear that the majority of the stored water is
in the %-in. trunk line, especially at the locations further from the water heater. In addition, most
of the fixtures exceed the 0.5-gallon maximum storage volume required by the Challenge Home
Program.

Stored Water Volume (Gallons)
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Kitchen B Trunk Volume (gallons)

mB h Vol Il
Second Floor Bathtub ranch Volume (gallons)

First Floor Shower
First Floor Lav Sink 2
First Floor Lav Sink 1

Laundry (washer)

0.5 gal max for Challenge Home
Figure 11. Estimated water volume (gal) stored in DHW piping, by trunk versus branch
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3.4.2 Retrofit

Prior to the deadline for submitting the applications for the DOE Challenge Home Builder
Awards set for August 1, 2013, DOE had announced that the requirement for meeting the EPA
WaterSense checklist was being waived for this year’s applicants. The owner of the Lot 7 house
decided to move forward with the retrofit of the system; however, the owner of Lot 6 declined.

For the retrofit of the unit, BSC recommended using the Taco D’Mand demand-based
recirculation pump system, Model 008-DM-PK. This particular model is designed for a tankless
water heater unit sized for a “small/medium” house.

The fact that the trunk holds the majority of the stored water is an advantage when retrofitting a
demand recirculation pump. The pump fills the entire ¥4-in. trunk with hot water, which is the
majority of the stored/wasted water for most fixtures. The branch volume’s water, in comparison,
is a small amount, although it is noticeably larger for longer branch lines, such as second-floor
runs, or the shower away from the trunk line.

Based on the geometry of the plumbing system at Lot 7, the laundry area is located at the end of
the %-in. trunk run (Figure 12); the end of the trunk is the ideal location for the recirculation
pump, as it will “flush out” the entire length of the trunk. The pump will create a cross-
connection between end of hot water “trunk line” and cold water “trunk line.”

The laundry appliances are located on the first floor (Figure 12); however, the laundry feeds are
at the end of the trunk in the basement. Therefore, BSC recommended that the D’Mand pump
was installed in the basement, connected to the PEX lines accessible from the basement (Figure
13; shown as a conceptual installation).

Figure 12. First-floor laundry area Figure 13. Proposed location for D’Mand pump

A ground fault circuit interrupter duplex electrical receptacle for powering the pump was
installed on the side of the joist, as noted by the outlet symbol in Figure 13, and shown in Figure
14. The pump was installed in one joist bay area away from the receptacle with the RF Remote
Transmitter/Receiver Kit connected to the pump (Figure 15). The RF individual remote
transmitter buttons were placed at the remotes sinks, in the first-floor master and the second-
floor bathrooms as well as the laundry room (Figure 16 and Figure 17).
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e

Figure 14. Location of ground fault circuit Figure 15. Location of Taco D’Mand
interrupter receptacle for recirculation pump recirculation pump

i o

-l
Figure 16. Remote button in second-floor bath Figure 17. Remote button in laundry room

3.5 EPA Indoor airPLUS

The Indoor airPLUS specifications feature a comprehensive set of indoor air quality-related
improvements. Two sections of the specifications, which most impacted the design and
construction of the homes, are discussed below.

3.5.1 Section 5.4: Attached Garages

A feature that generated a strong reaction from our builder partners was the requirement for an
exhaust fan to be installed in attached garages along with an automatic door closer at the garage
door to the living space. An exhaust fan with a minimum installed capacity of 70 CFM is to be
installed in the attached garage. The fan either can be operated continuously, or automated
controls can be included that can sense garage occupation and operate the fan operate the fan
accordingly. Most of BSC’s builder partners offered strong negative reactions to this
specification, citing additional cost and procurement complexities for a system that was viewed
as unnecessary.
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BSC was informed by EPA, during this research project, that an exemption to the required
garage fan was being considered. This was in response to negative feedback from some builders
regarding the fan and controls requirement. EPA updated the Indoor airPLUS Specifications
(from version 01, revision 01 to version 01, revision 02) in November 2013. Per the
specification, an additional test would be required to measure garage air leakage with respect to
the house; with the intent of determining how well isolated the attached garage is from the living
space (Rudd 2013).

Verify that the garage-to-house air barrier can maintain a pressure difference of
greater than 45 Pascals while the home maintains a 50 Pascal pressure difference
with respect to the outdoors. All operable garage openings shall be closed during
this test.

3.5.2 Section 6: Low-Emission Materials

The specifications in this section proved to be the most difficult to satisfy. Section 6 specifies
that wood products, interior paints and carpet materials must be certified as low VOC (volatile
organic compounds) emission materials. An extensive list of various emission requirements and
certification programs are listed for these materials. The builders had difficulty procuring the
certification status of their materials, plus difficulty in finding materials that met the standards.
Consequently, builder feedback was skeptical as to the applicability of these specifications,
especially at a competitive cost.

3.6 K. Hovnanian Homes
3.6.1 Garage Fan
K. Hovnanian elected to install an exhaust fan in the garage, see Figure 18.

. 1111 /Eme 1648

Figure 18, Garage fan at K. Hovnanian Plan 601
(grille is covered for protection during construction)

3.6.2 Sump Pit

Section 2.1 of the Indoor airPLUS requirements states that an airtight sump pump cover shall be
installed to prevent the introduction of soil gases (from the sump) and moisture into the
basement. Figure 19 shows a picture of the installed sump cover.
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Figure 19. Airtight sump cover and air sealed radon pipes at Plan 601

3.7 David Weekley Homes

3.7.1 House-to-Garage Air Leakage

The builder opted to pursue exemption of the garage fan. To meet the revised requirement of
EPA Indoor airPLUS for the house-to-garage air leakage, a house was tested and passed. See
Section 4 for a detailed description of the testing procedure.

3.8 Transformations, Inc.

3.8.1 House-to-Garage Air Leakage

To meet the revised requirement of EPA Indoor airPLUS for the house-to-garage air leakage,
both houses were tested with depressurization testing and passed. See Section 4 for a detailed
description of the testing procedure.

The doors from the house to the garage in both homes were already equipped with weather
stripping but lacked the door closers. In Lot 7, a door closer was installed at the garage door
connected to the back hallway (Figure 20). In Lot 6, the garage door is located off the living
room and the owner was concerned about the appearance of the door closer. Therefore, to meet
the requirement of the program, a hinge pin closure was installed instead (Figure 21).

Figure 20. Door closer, Lot 7 Figure 21. Hinge pin closure, Lot 6
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3.8.2 Sump Pit

The sump pit in Lot 6 had a plastic cover with an open slot from the sump to the basement, as
shown in Figure 22. There was standing water in the sump pit, roughly 18 in. below floor level
(Figure 23).

Figure 22. Plastic cover of sump pit, Lot 6 Figure 23. Standing water in sump, Lot 6

Lot 7 had a similar sump pit cover (Figure 24) but had dry conditions inside it (Figure 25).

Figure 24. Plastic cover of sump pit, Lot 7 Figure 25. Dry conditions in sump, Lot 7

The sump cover that was used for retrofitting the existing installation was Jackel, Inc.’s Original
Radon/Sump Dome, which bolts down to concrete floor with concrete screws, and is caulked to
existing floor. The access panel of this cover can be opened without breaking the caulk seal to
the slab.
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Figure 26. Sump pit retrofit cover, Lot 6 Figure 27. Sump pit retrofit cover, Lot 7
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4 Performance Testing

The DOE Challenge Home program requires the following performance testing as part of the
verification procedure under the ENERGY STAR version 3 checklists (DOE 2013a):

e Blower door test to measure the house infiltration rate, using the depressurization method
ASTM E779 with computerized multipoint measurements (ASTM 2003a)

e Duct blaster test to measure duct leakage (both total duct leakage and duct leakage to
outside) using the ASTM E1554 depressurization Test Method A (ASTM 2003b)

e Qutside air ventilation rate measurement
e Register flow measurement—typically the responsibly of the HVAC contractor

e HVAC equipment external static pressures—measured with a static pressure pitot tube.

Bedroom to hallway pressure difference while door is closed (to ensure that transfer grilles or

jump ducts were sized properly such that room pressurization can be prevented when the door is
closed).

4.1 K. Hovnanian Homes

A local rater provided the verification and certification of Plan 601; however, BSC was onsite to
assist in the performance testing. Figure 28 shows the front elevation for two-story Plan 601
from K. Hovnanian.

Figure 28. Plan 601 front elevation

4.1.1 House Air Leakage Testing

The whole-house infiltration test yielded 847 CFM 50, which is well under the goal of 986 CFM.
This target infiltration rate is equivalent to a leak ratio of 0.12 (CFM 50/ft* enclosure). Table 17
below lists the details on the infiltration testing for Plan 601.
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Table 11. Plan 601 Infiltration Testing Results

plan | CFM S0ncasurea | CFM 50401 ACH 50 Leak Ratio
(CFM @ 50 Pa) | (CFM @ 50 Pa) | (CFM 50/vol/h) | (CFM 50/ft%)
601 847 986 1.7 0.12

4.1.2 Duct Air Leakage Testing
Table 12 lists the details on the duct testing at Plan 601. The total duct leakage (110 CFM 25)
constitutes 11% of the total 1000 CFM of nominal cooling flow. This total duct leakage rate is
below the 15% total duct leakage goal that BSC typically recommends. Total duct leakage is a
less critical operating characteristic when the entire duct system is located in conditioned space,
as any leakage is essentially still within the building enclosure. The critical metric for assessing
duct tightness for a system located entirely within conditioned space is the duct leak to outside
test. BSC requires, for Building America projects, that duct leakage to outside be limited to 5%
of the total cooling flow. Plan 601 passes with 3% duct leakage to outside.

Table 12. Plan 601 Duct Testing Results

Plan Duct25-Total Duct25-To Outside | Outside Duct Leakage | Outside Air Flow | Duct-25 Total
(CFM@?25 Pa) (CFM @ 25 Pa) (5% Goal) (CFM) (CFM25/100 ft%)
601 110 26 3% of cooling flow 56 3

The outside ventilation airflow was also measured .A powered flow hood was utilized to
measure the incoming air at the exterior wall inlet register. The 56 CFM in Table 12 was with the

HVAC system running in cooling mode.

4.1.3 Individual HVAC Register Flows
The flow hood was also utilized to measure airflow at each of the supply registers. All flows
were measured with the HVAC system in cooling mode. Figure 29 plots the measured CFM flow
from each register versus the calculated Manual J8 peak cooling CFM. Points above the magenta
line indicate flows that exceed the Manual J§ peak cooling flow, whereas points below indicate
measured flows that are lower than the predicted peak cooling CFM. All measured flows are
within ~20% of the calculated Manual J8 flows.
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Figure 29. Plan 601 design register flow versus measured register flow plot
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4.1.4 HVAC System Static Pressures

A digital manometer was utilized to measure external static pressures in the supply and return
plenum of the HVAC system. Table 13 shows the measured static pressures at Plan 601. The
resulting total external static pressure is 35.1 Pa. This is equivalent to 0.14 in. of water column.
HVAC manufacturers typically recommend that an air handler not operate at more than 0.5 in. of
water column, as this will result in restricted airflow, therefore the duct system at Plan 601 is not
restrictive according to the static pressure measurements. This test was performed on a dry
cooling coil, as the site visit was in November. It should be noted that the furnace filter appeared
to be a standard 1-in. filter that most likely was not rated at minimum efficiency reporting value
6 or higher. It is likely that the static pressures will increase slightly when homeowners move in
and install a DOE Challenge-compliant filter.

Table 13. Plan 601 HVAC External Static Pressures

Plenum External Static Pressure
Supply +19.4 Pa
Return —15.7 Pa

4.1.5 Bedroom Pressures

A digital manometer was also utilized to measure the pressure difference between the bedrooms
and central hallway with the doors closed and the HVAC system operating in second stage
cooling. ENERGY STAR requires a pressure difference of no more than 3 Pa, during HVAC
operation, to prevent pressurization and ensure proper airflow to rooms with doors that are
typically closed for extended periods of time. Table 14 below shows the measured pressure
differences at Plan 601. The measured pressure difference at the master bedroom was above the
3.0 Pa limit. This was most likely due to an undersized jump duct, and the builder has been
advised to investigate.

Table 14. Plan 601 Room Pressure Measurements

Plan Pressure Difference Return Pathway Type
Master Bedroom 3.6 Pa Jump duct
Bedroom 2 1.2 Pa Jump duct
Bedroom 3 1.8 Pa Jump duct

4.1.6 Point Source Exhaust Airflow
Table 15 shows the measured point source bath exhaust airflow. Each bath exhaust fan is a
Panasonic FV-08VQ5 WhisperCeiling, rated for 80 CFM of airflow.

Table 15. Point Source Exhaust System Test Results at Plan 601

Fan Measured Airflow
Master Bathroom (Second Floor) 39 CFM
Half Bath (Second Floor) 35 CFM
Powder Room (First Floor) 57 CFM

The second-floor fans measured distinctly lower than the first-floor powder room. It was
observed that the first-floor bath exhaust termination was through the exterior wall, whereas the
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second-floor bath exhaust terminations were through the soffit. The grilles at the soffit are
noticeable smaller and appear to have less free area (see Figure 33 and Figure 34), therefore it is
suspected that the soffit grilles are restricting airflow at the second-floor baths. An overly
restrictive duct system may be contributing as well. The builder was informed of this suspicion,
and was provided with information on alternative soffit grilles and ducting techniques that
should improve performance; however, there have been no changes to date.

Figure 30. Second-floor bath exhaust
terminations Figure 31. First-floor bath exhaust termination

4.1.7 Hot Water Testing

This test was performed at Plan 601, using the kitchen sink faucet (the furthest runout), with a
0.6-gallon collapsible bowl and an Omega thermocouple reader/multimeter (Figure 32:). For
reference, 0.6 gallon equals 2.4 quarts; 2.5 quarts is just under the rim of the bucket. The initial
temperature from the tap was compared to the water temperature with the bucket mostly full.

Figure 32. Tester measuring tap water temperature before test

The testing results are listed in Table 16.

The test measured a 25°F rise in water temperature with 0.6 gallons of water drawn at the kitchen
faucet. This far exceeded the test threshold of at least a 10°F temperature rise. The house was
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unoccupied at the time of the test, and the hot water system was observed to have not been used
throughout the entire day that BSC was onsite.

Table 16. DHW System Test Results in at K. Hovnanian Plan 601

0.6 gallon AP
60°F— 85°F

Pass/Fail
Pass

Condition
Unoccupied

House
Plan 601

4.2 David Weekley Homes

A third-party rater served as the DOE Challenge verifier for these two homes. The homes have
been verified as DOE Challenge by the verifier; however, BSC has not been able to access the
detailed testing results for these two homes. One test result was shared with BSC: the whole-
house infiltration test result for Plan 2870 is in Table 17.

Table 17. Plan 2870 Infiltration Testing Results

Plan CTFM 50 measured CFM 504021 ACH 50 Leak Ratio
(CFM @ 50 Pa) | (CFM @ 50 Pa) | (CFM 50/vol/h) | (CFM 50/ft)
2870 910 1382 24 0.16

The garage-living space pressure difference was —47 Pa at an outside-living pressure difference
of =50 Pa, thus passing the Indoor airPLUS garage fan exemption test.

4.3 Transformations, Inc.

4.3.1 Domestic Hot Water System Testing (Water Waste Measurements)

This test was performed at both houses, using an upstairs bathroom lavatory (one of the two
furthest runs), with a 2 }4-quart bucket, Omega HHM31 Multimeter/Dual Input Thermometer
multimeter with K type thermocouple sensors and stopwatch (Figure 33 and Figure 34). For
reference, 0.6 gallon equals 2.4 quarts; 2.5 quarts is just under the rim of the bucket. The initial
temperature from the tap was compared to the water temperature with the bucket mostly full.

k L& ‘ .‘.= lg_l‘ll..* ;i

Figure 33. DHW wait time testing (start)

Figure 34. DHW wait time testing (end)

The raw testing results are listed in Table 18; further explanation is below the table.
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Table 18. DHW System Test Results in Devens

House Condition 0.6 gallon AP Pass/Fail

Lot 6 Unoccupied for day 76°F— 78°F Fail

Lot 7 As found (occupied, in use) 73°F— 89°F Pass (questionable)
Lot 7 Cold flush + hot prime 72°F— 93°F Pass (questionable)

At the Lot 6 test, the homeowners had been away for much of the day, so the DHW system was
not “preloaded” with any hot water. A test of the lavatory sink showed only a small rise in
temperature (76°F— 78°F), and the system clearly failed the test.

At Lot 7, the upstairs lavatory was first tested in the “as found” state, with the occupants (two
adults, two children) at home during the day. It is unknown when the most recent hot water
draws occurred. Based on these conditions, the DHW system passes the test (73°F— 89°F, over
10°F rise).

Therefore, Lot 7 was retested with the method called “cold flush + hot prime.” First, the Navien
unit was powered down, by unplugging it, so that water would pass through unheated. Then, the
upstairs lavatory hot water line was flushed until the water ran cold; this was the “cold flush.”
The Navien was then plugged back in, and the sink closest to the Navien unit (kitchen sink) was
run until hot water ran from the taps (“hot prime”). Retesting the lavatory resulted in a
questionable pass.

Lot 7 should have been ideally retested with a “cold flush” alone; however, this test was omitted
given the homeowner interruption, and the fact that pipe volumes and lengths can be used to
calculate water volume trapped in pipes (see Section 4.3.2).

The Lot 7 homeowner provided information that is consistent with the patterns measured above.
At the first shower of the day, the owner reported a wait time of roughly 90 seconds for hot water
to appear. However, for the rest of the day (assuming occupied conditions), there were typically
much shorter wait times for hot water. This occurs because the trunk (and possibly the heat
exchanger core of the Navien unit) are “preloaded” with hot water, as done in the “cold flush +
hot prime” test. The pipe insulation that is present on the hot water ¥-in. trunk likely helps hot
water draw time issues.

4.3.2 Domestic Hot Water System Testing (Performance Measurements)

One common concern with instantaneous or tankless water heaters is what is known as either a
“cold water sandwich” or a “cold slug,” where two back-to-back hot water draws (with a pause
in between) result in a “sandwich” of cold water between the hot water runs. This was described
in “Why Add a Tank to a Tankless Water Heater?”” (Fine Homebuilding Magazine, December
2007):

Picture this: The plumber has just finished hooking up a new high-efficiency gas-
fired tankless water heater. Dad jumps in the tub and enjoys his shower, hot to the
last drop. Five minutes later, Mom hops in. The water in the pipes under the house
is still warm because the pipes are insulated, but the heat exchanger inside the
water heater is dead cold. When Mom turns on the hot water, the burners in the
heater go to work making hot water, but the cold water is out of the gate and
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heading straight for Mom. She is well into her shower when a slug of cold water
hits. “Yow!” she cries. “This energy efficient water heater isn’t so great after all!”

In these Challenge Home houses, cold slug issues are more important than discomfort to the
occupant. It would essentially make the installation of an on-demand DHW recirculation pump
ineffective. The recirculation pump would pull hot water out of the supply pipe, and return it via
the cold pipe, and shut off when hot water is detected. If there is a “cold slug” situation, the
supply out of the faucet/shower would then be hot, followed by cold, and then hot again: this
would be a less-than-ideal result.

Therefore, BSC measured the hot water temperature out of a lavatory faucet versus time. The test
setup is shown in Figure 35.

Figure 35. Water temperature versus time Figure 36. Navien NR-180 (LP) unit installed in
measurements basement

The NREL staff had also performed this measurement on another Devens house in July 2013.
The results from the NREL test are shown in Figure 37 and the BSC test in Figure 38.
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Figure 37. NREL testing of DHW time versus temperature and “cold slug” risks
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Figure 38. BSC testing of DHW time versus temperature and “cold slug” risks

In these tests, water was drawn from the tap until the water temperature reached steady-state
conditions (typically 120°-130°F). Then, the hot water was turned off for a period of time (30—
60 seconds). Then, the hot water was turned on again.

In both tests, there was a slight drop in water temperature (e.g., 131°—126°F in the BSC test),
roughly 50 seconds after turning the tap back on. This might be the effect of the unit turning on
and off (i.e., the “cold slug”), but apparently, there is sufficient thermal mass in the stored water,
and/or the tankless unit has a rapid enough response time that a true “cold slug” is not an issue.

One other point to note, though, is the wait time required for full temperature hot water delivery.
Based on these measurements, full temperature hot water did not reach the lavatory until roughly
a full minute after turning on the tap.

4.3.3 House Air Leakage Testing

A multipoint air leakage depressurization (blower door) test was performed at the two homes in
September of 2012 by a third-party rater who works directly with the developer. The test results
are listed in Table 19.

Table 19.House Air Leakage Test Results in Devens

Square Inch CFM50/ft?
House House Name CFM50 ACH50 Leak/100 i Enclosure
Lot 6 Saltbox 425 1.2 1.0 0.09
Lot 7 Custom Saltbox 481 1.1 0.9 0.09

4.3.4 House-to-Garage Air Leakage Testing
The two houses were tested with depressurization (blower door) testing (Figure 39), while
measuring the pressure difference to the garage with the exterior garage door closed (Figure 40).
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Figure 39. Depressurization testing of Lot 7 Figure 40. Garage pressure tap (Lot 7)

The pressures were measured with an Energy Conservatory APT-8 multichannel pressure gauge,
measuring both fan flow and pressures to the garage. House airtightness was consistent to
previous measurements provided by the rater (see Table 19). The measured pressure differences
are shown in Figure 41; house-to-garage pressures were measured at house-to-exterior pressures
of 50 Pa, 40 Pa, and 30 Pa.
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Figure 41. Garage-to-house pressure testing at Lot 6
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The results of the testing are summarized in Table 20: both houses meet the 45 Pa or higher
pressure difference requirement.

Table 20. House-to-Garage Air Leakage Test Results in Devens

House House Pressure Garage AP Pass/Fail
Lot 6 50.2 Pa 48.7 Pa Pass
Lot 7 50.8 Pa 49.7 Pa Pass

4.3.5 Ventilation System Testing

The ventilation rate was estimated based on ASHRAE 62.2-2010; assuming three bedrooms and
roughly 1500 ft%, this comes to a continuous rate of 45 CFM. However, exhaust-only ventilation
is limited in its distribution of ventilation and effectiveness; multiplying this rate by 1.5 (~68
CFM) is a recommended measure for good indoor air quality.

The builder offers various ventilation options to the homebuyers with the basic option being
ASHRAE 62.2-2010 compliant exhaust-only ventilation provided by bathroom exhaust fans
located in the bathrooms. The upgrades include either an energy recovery ventilator or an HRV
in addition to the basic option. The homeowner of Lot 6 chose the basic option whereas the
homeowner of Lot 7 chose the upgraded version with the HRV.

The Lot 6 house is equipped with three exhaust fans: the master bathroom (first floor), the half
bath (first floor), and the upstairs bath (second floor). The upstairs and master bathroom fans
would be ideal for ventilation, as bedrooms often have concentrated occupancy (overnight
sleeping with door closed). However, the fan running at 30 CFM is noticeable in the master
bedroom, which could lead to homeowner complaints. The hall lavatory fan was used instead.

The bathroom fans were measured for airflow with an Alnor flow hood/balometer (Figure 42,
Figure 43), with results in Table 21.

Figure 42. Testing bathroom exhaust fan with Figure 43. Flow measurement at bathroom
hood exhaust

The total background ventilation rate was 71 CFM (37+34 CFM), which matches the
recommended 68 CFM. Although this is the recommended ventilation rate, the homeowner
should have ultimate control of the ventilation rate, increasing or decreasing based on the
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perception of indoor air quality. The homeowner was informed that the dial inside the fan can be
adjusted to change the background ventilation rate.

Table 21. Ventilation System Test Results in Devens, Lot 6

Fan Background Rate Boost Rate
Master Bathroom (First Floor) 0 CFM (off) 84 CFM
Half Bath (First Floor) 37 CFM 90 CFM
Upstairs Bath (Second Floor) 34 CFM 71 CFM

At Lot 7, general dilution ventilation is provided by a Fantech SH704 HRV, as shown in Figure
44 and Figure 45.

Figure 44. Fantech SH704 HRV in basement Figure 45. Fantech SH704 HRV in basement

At Lot 6, ventilation is provided by exhaust-only ventilation, via bathroom exhaust fans located
on the first and second floors. The installed fans are Panasonic FV-08VKS units (WhisperGreen
80 CFM ceiling-mounted ventilation fan with DC motor and variable-speed controls). The
installation intent was that the units should be run at 30 CFM continuous ventilation rate, and
that the homeowner could turn on a switch to “boost” the airflow rate during bathroom/shower
use.

However, flow testing showed that neither fan was running. Opening the fans confirmed that the
fan was not in operation, but that turning on the wall switch operated the fan (Figure 46 and
Figure 47).
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Figure 46. Testing bathroom exhaust fan for Figure 47. No flow at Panasonic fan with switch
flow off

The installation guide for this model fan was downloaded to check specifics. It was confirmed
that this model has the capability of operating as per Transformations Inc.’s design intent; there
are dials to set the low/constant flow CFM, and the delay time for bathroom shower exhaust
(Figure 49).

The wiring plan from the installation directions showed two switches: one to turn the entire unit
on and off (black wire), and another to run the fan in high speed/boost mode. This is apparently
how the unit was wired, based on additional investigation (Figure 48): the lower two switches
control the fan power (black wire) and the light, and the upper switch controls the “boost”
function. Turning off the fan power switch disables background ventilation, which was the as-
found mode.

Figure 48. Light, fan, and wall switches

To correct the issue, as per BSC’s direction, the electrician hard wired the “fan power” switch to
be continuously on. The control dials were changed to run fans at 30 CFM low speed; it is useful
to note that these knobs have distinct “clicks,” to positively identify the CFM or minutes of
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additional runtime. It was recommended, if possible, that the fan be masked before the painter
covers the markings in the dials.

Figure 49. Settings on Panasonic fan (upstairs bath)
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5 Cost Analysis

Building Energy Optimization (BEopt™) software was utilized to calculate the annual source
energy savings versus the Building America Benchmark as defined in the House Simulation
Protocols. The BEopt software includes an optimization capability that uses user-supplied cost
data and energy use information for a specified set of energy saving measures to determine
combinations of measures that are optimal or near optimal in terms of cost effectiveness. BEopt
uses a sequential searching technique so that not every possible combination of options is
simulated. BSC compiled available cost figures from each builder, after construction, updated
the BEopt Cost Library and re-ran each model.

It should be noted that while BEopt is the preeminent Building America modeling software, and
is normally the modeling metric that is used for analysis, for this specific research work the
HERS Index was the major driving metric, as it is what the DOE Challenge Home program is
based off of. Therefore, decisions were not influenced by the BEopt results. They are shown here
as a comparison and as a method of performing a cost analysis.

BSC interviewed the verifiers for each of the projects. The average cost to upgrade a rating from
ENERGY STAR version 3 to DOE Challenge was quoted to be around $200/house. This
includes the additional inspection, verification and administrative work. This is the quoted cost
for future DOE Challenge Home verification work, as the costs associated with these three
homes was higher due to inexperience with the DOE Challenge Home Program.

5.1 K. Hovnanian Homes

5.1.1 Construction Cost

The available cost data for Plan 601 is shown in Table 22 for the specifications that were
upgraded for these homes. The available costs are incremental; however, BSC expects to receive
total costs for reporting. Costs are also for materials only, except where noted.

Table 22. K. Hovnanian Incremental Construction Costs

Component Upgrade Specifications Incrél(:lsintal
Attic Insulation From R-38 to R-49 blown fiberglass $0.28/ft°
Insulating Sheathing Adding R-5 XPS to exterior walls $1.17 /ft**
Windows From U = 0.34, SHGC T) (?))030 to U =0.30, SHGC = $325 total
Heating Goodman GMH950703BXAF 95% AFUE gas furnace $225
DHW AO Smith Vertex 100 0.96 EF gas tank water heater $1,750
Bath Exhaust Fans (3) Panasonic FV-08VQ5 WhisperCeiling $382
EPA. W?lter.Sense Recirculation System with Metlund D’Mand $556
Distribution
Total Costs Total cost per house to achieve DOE Challenge Status $7,000

*Material and labor cost

The State of Illinois has adopted the 2012 IECC, but with an amendment that increases the
infiltration rate from 3 to 5 ACH 50. As such, K. Hovnanian is able to meet the state-mandated
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energy code via the performance path. This is why their base enclosure does not meet the
prescriptive 2012 IECC levels.

The $7,000 cost does not take into account the added time and cost related to the checklists and
associated third party certifications. The builder estimated that around $1000-$1500 was
invested in the management and execution of the checklists and third-party certifications.

5.1.2 BEopt Energy Modeling
The DOE-2 version of BEopt version 2.0.0.6 (BEopt) was utilized for the David Weekley
Homes.

Figure 50 compares the predicted source energy use to the Building America Benchmark, as
calculated by BEopt, and is broken down into various end uses. Plan 2870, used as an example
here, is estimated to save 34% in source energy use versus the Building America Benchmark.
This is equivalent to around 79.8 MMBtu/yr.
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Figure 50. Plan 601 BEopt source energy savings versus the Building America Benchmark—
end use breakdown

Figure 51 is the BEopt optimization graph that plots the various combinations of characteristic
that were calculated. The entire enclosure plus the mechanical systems and lighting were
optimized in BEopt. The circled point for the technology package in the swoosh curve is the final
technology package. This point has the lowest annualized energy related costs which is
represented as the most cost-optimized configuration for the options studied.
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Figure 51. Plan 601 BEopt optimization graph

5.2 David Weekley Homes

5.2.1 Construction Cost

Only limited cost data were available to BSC, shown in Table 23, for the specifications that were
upgraded for these homes. The available costs are incremental only.

Table 23. David Weekley Homes Incremental Construction Costs

Component Upgrade Specifications Incrélsls(intal
Slab Insulation R-5 XPS under basement slab $0.94/ft"
Attic Insulation From R-38 to R-49 blown fiberglass $0.21/ ft*

Windows From U = 0.34, SHGC = 0.30 to U= 0.30, SHGC =0.30 | $180 total
Heating Lennox SLP98V 98% AFUE gas furnace (donated) $1,850
Cooling Lennox XC25 20 SEER (donated) $5,930

EPA WaterSense . . . ,

e . Recirculation system with Metlund D’Mand $2,230

Distribution

Total Costs Total cost per house to achieve DOE Challenge status $12,500

The $12,500 cost takes into account the added time and cost related to the checklists and
associated third party certifications, which was estimated to be around $2000. The builder
recognizes a potential for that cost to be reduced in future homes, but could not offer an estimate.

5.2.2 BEopt Energy Modeling
The DOE-2 version of BEopt version 2.0.0.6 (BEopt) was utilized for the David Weekley
Homes.
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Figure 50 compares the predicted source energy use to the Building America Benchmark, as
calculated by BEopt, and is broken down into various end uses. Plan 2870, used as an example
here, is estimated to save 38% in source energy use versus the Building America Benchmark.
This is equivalent to around 71.2 MMBtu/yr.
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Figure 52. Plan 2870 BEopt source energy savings versus the BA Benchmark—
end use breakdown
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Figure 53 is the BEopt optimization graph that plots the various combinations of characteristics
that were calculated. The entire enclosure plus the mechanical systems and lighting were
optimized in BEopt. The selected point represents the actual specifications for the houses. As
noted at the beginning of this section, the energy-related upgrades were not selected with BEopt;
therefore, it is expected that some of the optimizations may suggest different a cost-effectiveness
model compared to the HERS analysis.
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Figure 53. Plan 2870 BEopt optimization graph

5.3 Transformations, Inc.

5.4 Construction Cost
Transformations, Inc.’s construction specifications exceed the requirements of the DOE

Challenge Home program; therefore, the builder’s cost figures for the material and labor for the
various building components would not provide a true representation of a typical home trying to
receive the certification. For that reason, the construction costs for the two homes are not

included.

Table 24 lists the cost of products used for the retrofit measures completed to meet the
requirements of the DOE Challenge Home program. The labor cost was not available.

Table 24. Transformations, Inc. DOE Challenge Home Checklist-Related Costs

Checklist Requirement Retrofit Measure Cost
Recirculating pump | $419.95 ea.
EPA Water Sense Hot water delivery system Receiver kit $59.45 ea.
Transmitter button $24.65 ea.
EPA Indoor airPLUS Garage fan . Door‘closer $24.97 ea.
Hinge pin closure $8.74 ea.
EPA Indoor airPLUS Airtightness Sump pit cover $102.12 ea.

5.4.1 BEopt+ Energy Modeling
The EnergyPlus version of BEopt version 2.1.0.1 (BEopt+) was utilized for the Transformation

test houses, as it includes the option for mini-split heat pumps in the specifications. The BEopt+
optimization of the enclosure compared 12 in. of ocSPF insulation (R-46) and 12 in. of cellulose
insulation (R-45) installed in the above-grade double-stud walls. Two different R-value levels of
cellulose insulation at the attic floor were also compared: R-60 (current developer specification)
and R-38 (2009 IECC). For the basement wall insulation, two options were selected: R-20 ccSPF
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insulation and R-5 XPS rigid insulation with R-13 fiberglass batt. Window types compared in the
optimization were Harvey low-e, triple-glazed units (U = 0.20; SHGC = 0.22), and standard low-
e, double-glazed windows (U = 0.34; SHGC = 0.30).

Three space conditioning options for the heat pump were included for the optimization: mini-
split heat pump with SEER 23/HSPF 11.1, mini-split heat pump with SEER 16/HSPF 8.5, and
mini-split heat pump with SEER 14.5/HSPF 8.2. Three options for the water heating were
selected: gas tankless, condensing (EF = 0.96), gas premium (EF = 0.67) and gas standard (EF =
0.59).

The BEopt+ optimization simulated the combinations of options for Lot 6 and an optimization
curve was created (Figure 54). The measures include R-46 walls with ocSPF insulation, R-60 of
cellulose insulation in the attic, R-20 ccSPF for the basement walls, and Harvey triple-glazed
windows. The SEER 23 mini-split heat pump was selected for space conditioning, with the gas
tankless, condensing (EF = 0.96) water heater. The difference in source energy use between the
“B10 Benchmark™ and “maximum savings” projected by BEopt+ was 68.7 MMBtu/yr, or a
38.5% reduction.
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Figure 54. Lot 6 BEopt+ optimization results—maximum savings design selected

The most optimal design in terms of annual energy related cost savings and source energy
savings yields a 36.5% reduction, or 65.1 MMBtu/yr. The measures for this option include R-46
walls with cellulose insulation, R-38 of cellulose insulation in the attic, R-5 XPS rigid insulation
with R-13 fiberglass batt, and Harvey triple-glazed windows. The SEER 22 mini-split heat pump
was selected for space conditioning, with the gas tankless water heater (Figure 55).
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Figure 55. Lot 6 BEopt+ optimization results—as-built design selected
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6 Identified Gaps and Barriers

The three builders provided key identification of gaps and barriers that affect the DOE Challenge
Home Program. Barriers, due to economic reasons, comprise the majority of feedback from the
production builders. DOE Challenge Home requires more checklists and administrative work
compared to its predecessor the Builders Challenge Program. While these additional
requirements are meant to improve quality control and also to prepare the homes for net zero
energy in the future, production builders predict having difficulty remaining competitive in the
marketplace if they chose to certify homes to the DOE Challenge Home program.

6.1 K. Hovnanian Homes
K. Hovnanian identified the following barriers to implementing the DOE Challenge Home
program in future homes:
e Additional administrative work, especially with the checklists.
e Some Indoor airPLUS specifications, such as
o Carpet and Rug Institute-rated carpet and pad
o Certification for low-VOC materials
o Low-formaldehyde cabinetry
o Garage fan and controls requirement
e Some renewable energy ready specifications, such as additional material and labor costs.
Some of the measures in the Indoor airPLUS specification proved to be very difficult to meet.
The builder had some difficulty in procuring the specific materials listed above. Consequently, a
large amount of time was spent on finding these products and/or the associated certification
documentation. Additionally, the builder also indicated that the homeowners often specify some

of the finish materials and as such the builder may not have direct control over the installed
materials.

6.2 David Weekley Homes
David Weekley Homes identified the following barriers to implementing the DOE Challenge
Home program in future homes:
e Additional administrative work, especially with the checklists.
e Some Indoor airPLUS specifications, such as
o Carpet and Rug Institute-rated carpet and pad
o Water-resistant flooring
o Low-formaldehyde cabinetry.

These measures proved to be very difficult to meet. The builder had some difficulty in procuring
these specific materials. Consequently, a large amount of time was spent on finding these
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products. Also, it is worth noting that homeowners often specify some of these materials and as
such the builder may not have direct control over the installed materials.

6.3 Transformations, Inc.

Transformations, Inc.’s focus is to build net-zero energy homes that can be easily replicable. The
house model that the company developed prioritizes energy efficiency and durability, and
follows a specific financial model. Any additional expenses that could be accrued for each home
are carefully considered as any minimal cost increase has a significant impact on a production
scale. This includes the cost of materials and labor as well as any additional administrative time
on behalf of the management team or work that needs to be contracted out such as energy
modeling or verification.

The builder has experience with a number of third-party certification programs, such as
ENERGY STAR, the U.S. Green Building Council’s Leadership in Energy & Environmental
Design for Homes and Passive House, and has submitted a number of homes to the predecessor
of the DOE Challenge Home — Builders Challenge. Each of those programs requires a time
commitment, devoted for verification that is an added cost for Transformations, Inc. While it is
valuable to receive a recognized and prominent third-party certification, the additional
administrative cost is a barrier for the builder.

Similar to the other certification programs, the DOE Challenge Home program required
additional administrative time from the builder management team. Most of the additional effort
was due to:

e Verification of construction materials
e VOC levels

e Compilation of equipment and appliance manufacturer information (e.g., model number)
and specifications (e.g., certified efficiency ratings) related to products installed in the
houses

e Coordination of retrofit work with the homeowners and the contractor

e Verification of the specifications from the various checklists.

More specifically, the builder indicated that the DOE Challenge Home program requires some
measures that the marketplace is not asking for, (e.g., garage door closers or the hot water
recirculation pumps). Historically, buyers that seek net zero energy homes from
Transformations, Inc. are already well informed about the features and benefits of net-zero
energy homes. The high level of efficiency and sustainable construction methods attract
environmentally conscience customers. Specific features such as energy-efficient tankless water
heaters and enclosure air sealing are standard construction for Transformations, Inc. As such,
many of the DOE Challenge Home required measures are already incorporated in the current
Transformations, Inc. design; therefore, the homeowners do not consider the added cost of
further documenting these measures to be justifiable. It should be noted that this also applies to
the Leadership in Energy & Environmental Design for Homes.
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7 Conclusions

The DOE Challenge Home Program is an ambitious successor to the DOE Builder’s Challenge
Program. The statistics, to-date, on the new program are impressive.

e Nearly 1,400 homes have already achieved the Challenge Home average performance
threshold of a HERS 55 under Builders Challenge with nearly 140 zero energy homes
achieving a HERS Index score of ‘0’ or lower.

e Nearly 8,000 homes have already committed to DOE Challenge Home certification,
mostly by production builders.

e Nearly 80 builders have already committed to 100% Challenge Home construction.

e Many builders participating in more than 12 Challenge Home training classes have
demonstrated how they are achieving impressive market-based pricing for their DOE
Challenge Homes.

e Four DOE Housing Innovation Award winners in the Affordable Builder category are
achieving Challenge Home certification for their low income homebuyers.

BSC conducted this research project in order to better understand the economics of the DOE
Challenge Home Program. BSC worked with these three builders to develop a design package
tailored to the cost-related impacts for each builder. Therefore, the resulting design packages do
vary from builder to builder.

Overall, the builders have concluded that the energy-related upgrades (either through the
prescriptive or performance path) represent reasonable upgrades. The builders commented that
while not every improvement in specification was cost effective (as in a reasonable payback
period), many were improvements that could improve the marketability of the homes and serve
to attract more energy efficiency discerning prospective homeowners (i.e., better mechanical and
hot water systems, increased insulation levels, and ENERGY STAR appliances).

The builders did express reservations about the associated checklists and added certifications. An
increase in administrative time to manage and execute the checklists was observed with all
builders. The checklists and certifications also inherently increase cost due to:

e Adding services to the scope of work for various trades, such as HERS rater and HVAC
contractor. The cost of which can be broken down into two main categories, additional
trade administrative work, and the cost of fulfilling the mandates listed in the checklists
(additional tests etc.).

e Increased material costs related to Indoor airPLUS — examples of which are low-VOC
and -formaldehyde interior finish work and wood materials, Carpet and Rug Institute-
certified carpets and associated adhesives and pads.

e Increased material costs related to efficient hot water distribution requirement — the
additional design work along with increased labor costs.
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This feedback, combined with the current lack of marketplace recognition of the DOE Challenge
Home, influenced the builder’s evaluation of the DOE Challenge Home Program. It should be
noted that two of the three builders do not typically construct homes to comparable energy
program specifications, such as ENERGY STAR version 3. These costs represent an effort to
upgrade a house from being code compliant, or slightly above so, to full DOE Challenge Home
certification. Therefore, costs would be expected to be higher. The costs would be more
manageable if a builder were seeking to upgrade to Challenge Home from ENERGY STAR.

In order for any program to succeed, BSC strongly believes that raters will have to serve as
effective advocates for the DOE Challenge Home Program. The three raters BSC worked with in
this research project had no previous experience with the DOE Challenge Home Program. In
addition to working with the builders on this project, BSC educated each of the raters on the
Challenge Home Program. It is expected, that once raters become official DOE Challenge Home
verifiers, they will be able to better integrate the program into their services. Cost to the builders,
especially costs related to the administrative work, are expected to be reduced once a builder
gains experience with the program. These developments, along with the additional exposure and
publicity the program will experience, will allow the Challenge Home Program to flourish. The
DOE Challenge Home Program will continue to grow and expand into new markets. BSC, along
with Building America, advocates for the Challenge Home and will continue to pursue projects
that seek certification.

7.1 Research Questions
Answers to the research questions are provided in the following sections. These conclusions and
opinions of the builders are based off of direct communication with the builder at each location.

7.1.1 K. Hovnanian Homes
Answers to the research question can be found below for K. Hovnanian:

What is the most cost-effective, best performing and most easily replicable method of
achieving compliance with the DOE Challenge Home program?

The specification package developed for K. Hovnanian was specific to its methods and costing
scenarios. To meet the DOE Challenge Home program, the enclosure was upgraded to meet the
2012 IECC and improvements were made to the mechanical systems and other house systems. A
list of the upgrades is below:

1. Enclosure: Exterior wall insulating sheathing,

2. Mechanical: Increased furnace efficiency

3. Miscellaneous: Lighting package and appliance efficiencies.

K. Hovnanian concluded that the energy-related upgrades (not including the checklists)
represented improvements that could be considered for future homes.

What are the challenges that builders face when integrating the DOE Challenge Home into
a production environment?
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The checklists and third-party certification requirements represented the major challenges for the
builder. As stated in the main conclusions, the additional time for processing the checklists,
along with the cost of implementing the requirement themselves, ultimately factored in the
builder’s reservations about the applicability of this standard in future homes.

e Certain Indoor airPLUS specifications

e Certain Renewable Energy Ready Checklist (RERH) items.

Some of the measures in the Indoor airPLUS specification proved to be very difficult to meet.
The builder had some difficulty in procuring the specific materials listed above. Consequently, a
large amount of time was spent on finding these products and/or the associated certification
documentation. Additionally, the builder also indicated that the homeowners often specify some
of the finish materials and as such the builder may not have direct control over the installed
materials. The builder did recognize that a learning curve can be applied to the checklists and
acquisition of materials, but still was not confident in the effort becoming a cost-effective
method of selling and promoting their homes.

Do production builders view DOE Challenge Home as a program that can result in homes
that are competitive and affordable in the marketplace?

K. Hovnanian did not find value in the program due to the additional hurdles related to checklists
and third-party certifications. This is a market barrier that needs to be addressed for a wider
adoption of the program.

7.1.2 David Weekley Homes
Answers to the research question can be found below for David Weekley Homes:

What is the most cost-effective, best performing and most easily replicable method of
achieving compliance with the DOE Challenge Home program?

The specification package developed for David Weekley Homes was specific to its methods and
costing scenarios. The enclosure was upgraded to meet the 2012 IECC. In order to meet this
code, improvements were made in the following specifications:

1. Enclosure: Ceiling, slab and windows

2. Mechanical: Increased furnace efficiency

3. Miscellaneous: Lighting package and appliance efficiencies.

David Weekley Homes concluded that the energy-related upgrades represented improvements
that could be considered for future homes.

What are the challenges that builders face when integrating the DOE Challenge Home into
a production environment?

The checklists and third-party certification requirements represented the major challenges for
David Weekley Homes. As stated in the main conclusions, the additional time for processing the
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checklists, along with the cost of implementing the requirement themselves, ultimately factored
in the builder’s reservations about the cost effectiveness of this standard in a production
environment.

Do production builders view DOE Challenge Home as a program that can result in homes
that are competitive and affordable in the marketplace?

DWH did not find value in the program due to the additional hurdles related to checklists and
third-party certifications. This is a market barrier that needs to be addressed for a wider adoption
of the program.

7.1.3 Transformations, Inc.
Answers to the research question can be found below for Transformation, Inc.:

What is the most cost-effective, best performing and most easily replicable method of
achieving compliance with the DOE Challenge Home program?

Transformations, Inc. has been implementing a specific set of design choices into the
construction of its net-zero energy homes for a number of years. The homes can proficiently
achieve the ENERGY STAR Qualified Homes, Version 3 certification and receive among the
lowest HERS ratings in the country. Transformations, Inc. has achieved great success in the
marketplace with both affordable and market rate homes. The specifications that are currently
implemented as standard practice already are of such a high quality, that only a few
improvements were necessary to meet the requirements of the DOE Challenge program.

What are the challenges that builders face when integrating the DOE Challenge Home into
a production environment?

Additional time for the management staff was the biggest obstacle for Transformations, Inc.
Submitting the homes for the DOE Challenge Home certification required extra paperwork to be
filled out and time spent coordinating the retrofit work.

The DOE Challenge Home program follows strict guidelines that are based on the ENERGY
STAR program. Consequently, Transformations, Inc. homes achieve net zero energy levels that
are beyond the ENERGY STAR certification; therefore, meeting the DOE Challenge Home
energy-related specification requirements was easily attainable. The checklists and associated
administrative and retrofit work represented the biggest challenge for the builder.

Do production builders view DOE Challenge Home as a program that can result in homes
that are competitive and affordable in the marketplace?

The builder believes the homes certified under the DOE Challenge Home program can certainly
be competitive in the marketplace but not on a production scale for Transformations, Inc. The
homes built by the company already reach net-zero energy level and achieve exceptionally low
HERS ratings. They are typically entered to obtain the Tier III incentive level through the
Massachusetts ENERGY STAR program, which requires a 45% energy savings and offers an
incentive of $7,025 for a single-family home. The difference, in specifications and construction
quality for Transformations, Inc. homes, between the ENERGY STAR program and the DOE
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Challenge Home is marginal; however, the additional cost to receive the DOE Challenge Home
certification cannot be rationalized from the cash incentive point of view.

The builder views the DOE Challenge Home program as more of a marketing tool rather than a
rating system. Transformations, Inc. received a great amount of recognition from winning the
DOE Challenge Home Builder Awards and the builder has been able to use the positive
marketing for future projects, such as proposals for prospective net-zero energy developments or
grant programs for research projects.

The builder expressed interest in submitting one or two future homes for the DOE Challenge
Home certification as well as for the Builder Awards in the subsequent years.
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2015 IECC Compliance in a Cold Climate

The upcoming 2015 IECC will result in a more stringent standard. A major upgrade is expected
that will allow builders to comply with the 2015 IECC via a HERS Index calculation. Each
Climate Zone would be assigned a HERS Index threshold. The performance path HERS Index
method will allow builders to select upgrades and design a code compliant house with
specifications attract potential homeowners in a specific market.

The code continues to evolve into a whole-house energy standard, rather than the enclosure code
of the past. Of note, the code is expected to allow for HERS compliance with a qualifying score
of 59-63, depending on climate zone (NEEP 2013).

Using the K. Hovnanian Plan 601 as an example (a plan that scored a HERS Index of 45) the
following upgrades were reduced to raise the HERS Index to the 59—63 range. Note that none of
the measures were reduced to below the 2012 IECC code, except for the two changes (infiltration
and ceiling-R value) above. Table 25 lists the specifications for the Plan 601 to qualify for the 2015
IECC, based off of available data. This translated to a HERS Index of 59, at the low end of the range.

Table 25. Example Specifications for IECC 2015 Compliance in a Cold Climate

TIECC 2015 Compliant—Estimate

Ceiling
Walls

Frame Floors
Basement Walls
Basement Slab

Windows
Infiltration
Heat

Cooling
DHW

Ducts

Lights

Appliances

Building Envelope
R-49, grade |
2 x 4 framing @ 16 in. o.c. with R-13, grade |
and 1-in. R-5 insulating sheathing
R-38 blown fiberglass, Grade I
R-19 fiberglass batts draped full height, Grade I
Uninsulated
Above grade: U = 0.32, SHGC = 0.32
Basement: U = 0.32, SHGC = 0.50
3 ACH 50 (for duct test to outside exemption)
Mechanical Systems
90% AFUE gas furnace in conditioned space
13 SEER split system
Tank water heater, EF = 0.62
Located 100% in conditioned space via floor joists
leak free to outside (5% or less)
Appliances, Lighting, MELs
60% ENERGY STAR-certified compact fluorescent lamps
and ENERGY STAR appliances
Standard refrigerator, dishwasher, and clothes washer;
natural gas range/oven and clothes dryer

It is too early to make any real determination on how the 2015 IECC will affect builders, but
some of the clues that are available now indicate that the code may not present much of a
problem for many production builders who already embrace some efficiency measures above the
current code.
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Building Science Corporation Doe Challenge Guide

DOE Challenge Home Program Guide

The purpose of this document is to provide a guide for all the mandatory criteria in the DOE Challenge Home Program.
Currently, the DOE Challenge Home National Program Requirements (Rev. 03) refers to multiple third party checklists and
certification protocols as mandatory elements of the program. A user who is not familiar with the DOE Challenge Home Program
is forced to search for these resources, which can be time consuming and confusing for potential clients. This document was
created to group the referenced material in one guide, to make it easier to learn about the DOE Challenge Home Program.

The first section, Section A, of this document provides an overview of the program criteria as stipulated in the DOE Challenge
Home National Program Requirements. Section B breaks down the mandatory requirements of the program, including the criteria
required through third party certification programs. Section C includes the full version of the DOE Challenge Home National
Program Requirements (Revision 03).

Copies of the required checklists (and associated specifications) that are referenced in the DOE Challenge Home Program
requirements are provided as appendix material. These may be included as pdf documents that are sent along with this document.

More information on the DOE Challenge Home Program can be found at:
http://www]l.eere.energy.gov/buildings/residential/ch_index.html

Organizations interested in “taking the challenge” can register on the DOE Challenge Home website at:
http://www4.eere.energy.gov/buildings/residential/register/

Marketing and promotional materials can be generated with your organizations logo embedded on the DOE Challenge website.

Also, the Building America Solution Center (BASC) is a web-based utility that provides a variety of online building science
resources. Design and construction support material can be found on the BASC in an assortment of guides, checklists and case
studies. Many of the required components of the DOE Challenge Home Program are addressed with content on the BASC.
http://basc.pnnl.gov/

Please do not hesitate to contact me with any questions or concerns.

Sincerely,

Philip Kerrigan Jr., PE
phil@buildingscience.com
978.863.5271
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Appendix materials that accompany this document include:

e EPA Energy Star version 3 bundled checklists:
o Thermal Enclosure System Rater Checklist (TES),
o HVAC System Quality Installation Contractor Checklist (HVAC/C),
o HVAC System Quality Installation Rater Checklist (HVAC/R),
o Water Management System Builder Checklist (WMS)
e EPA Indoor airPLUS Construction Specifications (with notes regarding DOE Challenge
specific exceptions)
e EPA Solar Photovoltaic Specification Checklist and Guide (with notes regarding DOE
Challenge specific exceptions)
e EPA Solar Thermal Specification Checklist and guide (with notes regarding DOE
Challenge specific exceptions)
e EPA WaterSense New Home Specification — Guide for Efficient Hot Water Delivery
Systems
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A. DOE Challenge Home Program Overview

To qualify as a DOE Challenge Home, a home shall meet the minimum requirements as
stipulated by the DOE Challenge Home National Program Requirements (Version 03). Either a
prescriptive path or performance path may be utilized for qualifying a home. In either case,
Exhibit 1 below shows the mandatory requirements for all homes, regardless of the chosen
qualification path.

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 378

Fenestration shall meet or exceed latest ENERGY STAR requirements 1.1

2. Envelope®
p Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 IECC levels'?

Duct System Ducts located within the home's thermal and air barrier boundary'

4. Water Efficiency Hot water delivery systems shall mest efficient design requirements ™

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

5. Lighting & 80% of lighting fixtures are ENERGY STAR qualified or ENERGY STAR lamps (bulbs) in
Appliance515 minimum 80% of sockets

All installed bathroom ventilation and ceiling fans are ENERGY STAR qualified
EPA Indoor airPLUS Verification Checklist and Censtruction Specifications 8¢

EPA Renewable Energy Ready Home Solar Electric Checklist and Specifications'®
EPA Renewable Energy Ready Home Solar Thermal Checklist and E‘»peeiﬂeatic:nQg

oojoyo ool o

6. Indoor Air Quality

OO0 o

7. Renewable Ready"

A breakdown of the Mandatory Requirements in Exhibit 1, including all footnote materials, is in
Section B of this document.

1. Prescriptive Path

Exhibit 2 below shows the specifications for prescriptive path compliance, broken down by
IECC Climate Zone.
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Exhibit 2: DOE Challenge Home Target Home 5

HVAC Equipment’
Hot Climates Mixed Climates Cold Climates

(2012 IECC Zones 1.2)™ (2012 IECC Zones 3, (2012 IECC Zones
4 wucept Marine) 4 Marine 5,56.7.8)

AFUE B0 90% ' YT

SEER 18 15 ' 13

HSPF 8.2 9 ' 1™

Geothermal Heat Pump EMERGY STAR EER and COP Criteria
ASHRAE 82 2 Whole-House 1.4 cfmiW 1.4 cfmW, I 1.2 cfm/W,
Mechanical \Ventilabon System no heat exchange no heat exchange heal exchange with 60% SRE

Insulation and Infiltration

= [nsulation levels shall mest the 2012 IECC and achieve Grade 1 installation, per RESHNET siandards.
« Infitration™ (ACHS0) ImCIs 1-2 | 25inCZs34 | 2mCZs 57 | 1.5mCZ8

Windows = ©'

Hot Climates
{2012 IECC Zones 1,2,)

Mized Climates
(2012 IECC Zones 3, {2012 IECC Zones
4 excepl Maring) 4 Marine 5.6.7.8)

Cold Climates

SHGC 0.25 027 any

U-Value 04 03 0.27

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

Water Heater

EMERGY STAR minimum; for heating ol water heaters use EF = 0.60

Thermostat™

* Programmable thermosiat (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 cedeng fans, and ENERGY STAR lamps (bulbs) in 80% of
sockets of B0% of kghting fixtures are ENERGY STAR Qualified

or equals the Conditioned Floor Area Benchmark Home value in Exhibit 3, given the number of
bedrooms in the home to be built.

Exhibit 3: Benchmark Home Size™®

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

Conditioned Floor Area genchmark Home

1,000 | 1,000 | 1,600 | 2,200 | 2,800 | 3,400

4,000

4,600

2. Performance Path

It is estimated that the preponderance of homes will be utilizing the performance path, in order to
allow for tradeoffs of certain specifications that can allow for a more economic design for a
particular builder in a specific market. There are steps that must be taken into account when

analyzing a home with the performance path, such as a size modification factor and an adjusted

Challenge Home HERS Target Index. These are not discussed in detail in this document, as

current energy software (e.g. REM/Rate version 14 and Energy Gauge USA version 3.1)

automatically calculate the Target Home and provide performance path analysis for DOE
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Challenge Home Program certification. The entire DOE Challenge Home Program National
Requirements are included in this document, the details the performance path can be found there.
Based off of initial performance path work, it is expected that a house will have to score a HERS
Index at around the mid 50’s to qualify as a DOE Challenge Home Program certified home.

3. Associated Checklists

There are five additional resources that are included with this document as appendix material.
These guides provide support information to the checklists listed as part of the DOE Challenge
Home Mandatory Requirements for all Labeled Homes (Exhibit 1).

EPA Energy Star version 3 checklists:

o Thermal Enclosure System Rater Checklist (TES),

o HVAC System Quality Installation Contractor Checklist (HVAC/C),

o HVAC System Quality Installation Rater Checklist (HVAC/R),

o Water Management System Builder Checklist (WMS)
EPA Indoor airPLUS Construction Specifications (with notes regarding DOE Challenge
specific exceptions)
EPA Solar Photovoltaic Specification Checklist and Guide (with notes regarding DOE
Challenge specific exceptions)
EPA Solar Thermal Specification Checklist and guide (with notes regarding DOE
Challenge specific exceptions)
EPA WaterSense® New Home Specification — Guide for Efficient Hot Water Delivery
Systems

This document does not address the optional certifications that are offered in conjunction with
the DOE Challenge Home Program (e.g. PHIUS+ or IBHS FORTIFIED for Safer Living).
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B. Exhibit 1 Mandatory Requirements — Additional
Information

The mandatory requirements (Exhibit 1) for the DOE Challenge Program refer to a number of
third party certification programs, codes and checklists. This section collates all the referenced
documents, to eliminate the need to research them separately.

1. ENERGY STAR for Homes Baseline

o Certified under ENERGY STAR Qualified Homes Version 3

Energy Star version 3 Information about the ENERGY STAR Version 3 Guidelines can be found
at http://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_v3_guidelines

The following four checklists are part of ENERGY STAR Version 3 Certification:

Thermal Enclosure System Rater Checklist (TES)

HVAC System Quality Installation Contractor Checklist (HVAC/C)

HVAC System Quality Installation Rater Checklist (HVAC/R)

Water Management System Builder Checklist (WMS)

An interactive ENERGY STAR v.3 checklist guide is available on the Building America
Solution Center website. The original checklists can be downloaded as a single pdf file at:
http://basc.pnnl.gov/checklists/energy-star

DOE Challenge Home National Program Requirements Footnotes

Footnote 7: 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. 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 (REV06)
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.

Footnote 8: For homes achieving PHIUS+ certification, DOE will allow compliance with the
2012 IRC kitchen ventilation airflow rates (M1507.4) 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.

MIS07.4 Local exhaust rates. Local exhaust systems shall be

designed to have the capacity to exhaust the minimum air flow rate
determined in accordance with Table MIS07.4.
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TABLE M1507.4
MINIMUM REQUIRED LOCAL EXHAUST RATES FOR
ONE- AND TWO-FAMILY DWELLINGS
AREA TO BE EXHAUSTED EXHAUST RATES

' 100 cfm intermittent or 25 c¢fm contin-
Kitchens Sk

: nical e st c: i :
Bathrooms-Toilet Rooms Mecha' al exhaust capacity of 50 cfm
intermittent or 20 ¢fm continuous

For SI: 1 cubic foot per minute = 0.0004719 m's.
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2. Envelope

o0 Fenestration shall meet or exceed latest ENERGY STAR requirements

The figures below define the ENERGY STAR window requirements for the four ENERGY
STAR Qualification Criteria defined climate zones. More information on ENERGY STAR
windows can be found in the Building America Solution Center at: http://basc.pnnl.gov/resource-
guides/energy-star-windows

ENERGY STAR® for Windows, Doors, and Skylights

CLIMATE ZONE MAP

B worthern
] orth-Contral
[ South-Cantral
B zouthemn
ENERGY STAR* Qualification Criteria for EMERGY STAR® Qualification
Residential Windows and Skylights Criteria for Residential Doors
Windows Skylights Cop— shie:
Clmaio Zons U-Iﬂ'-' w‘ Climaie Zona UFacEr' SHGELY =02 Ho Rating |
08 | am | Prescopuew m =05 Any =037 =030
031 =035 Equivslaen Worih-Central <05 = 040 =032 =030
Enargy = .
45 =04 P it I iy k .I{-..‘-'.-.'.';-..i..-_ =05 =030
Baghtel
Nurih-Caniral w03 | «0ue m =07 =030 _r
e - Fragifon of ingident sofar redation
| Goum-L o =35 | =050
- Bewh i F
= Fraaniovy of inaidint solar raciatan

DOE Challenge Home National Program Requirements Footnotes

Footnote 10: Windows shall meet the ENERGY STAR Window Product Criteria which are in
force at the time of the final rating inspection. See www.energystar.gov/windows for current
ENERGY STAR Window Product Criteria. Where triple glazed window assemblies with thermal
breaks/spacers between the panes are used, such windows are deemed to meet this requirement
even in the absence of an ENERGY STAR certification.
Footnote 11: Fenestration shall meet the applicable ENERGY STAR Window Product Criteria
for U and SHGC, with the following exceptions:
a. An area-weighted average of fenestration products shall be permitted to satisfy the U-
factor requirements;
b. An area-weighted average of fenestration products > 50% glazed shall be permitted to
satisfy the SHGC requirements;
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15 square feet of glazed fenestration per dwelling unit shall be exempt from the U-factor
and SHGC requirements, and shall be excluded from area-weighted averages calculated
using a) and b), above;

One side-hinged opaque door assembly up to 24 square feet in area shall be exempt from
the U-factor requirements and shall be excluded from area-weighted averages calculated
using a) and b), above;

Fenestration utilized as part of a passive solar design shall be exempt from the U-factor
and SHGC requirements, and shall be excluded from area-weighted averages calculated
using a) and b), above. Exempt windows shall be facing within 45 degrees of true South
and directly coupled to thermal storage mass that has a heat capacity > 20 btu / ft3x°F
and provided in a ratio of at least 3 sq. ft. per sq. ft. of South facing fenestration.
Generally, thermal mass materials will be at least 2 in. thick.
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o Ceiling, wall, floor, and slab insulation shall meet or exceed 2012 IECC

levels

Table R402.1.1 from the 2012 IECC is listed below. IECC Window specifications are not
applicable to the DOE Challenge Home Program; fenestration criteria are specified in the
previous section.

TABLE R402.1.1
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT®

CRAWL
SHEALED wWooD MASS BASEMENT® | SLABY
CLIMATE |FENESTRATON | SIOHHIGHT CEILING FLOOR SPACE"
FENESTRATEN FRAME WALL WALL WaLL R-VALUE
ZONE UFACTOR™ | H-FACTOR SHEGL R-VALUE RVALUE R-VALUE' R-VALUE RVALUE | & DEPTH Rﬁf\tll_.lE
1 NR 0p5 0p5 30 13 3/4 13 0 0 0
2 o0ko 0.55 0.5 38 13 4/6 13 0 0 0
3 0R5 0.55 0.5 38 200r 13+5"° | 8/13 19 5/13° 0 513
“\f"':.c"' 0.5 0.55 00 49 | 200r13+5" | 813 19 10413 | 1020 10013
wvlarine
5 and 0.p2 0.55 R 19 200r 13+5" | 1317 308 15119 | 10,2/ | 1519
Marine 4
6 0.2 0.55 NR 49 2045 or 13+10°| 1520 | 30° 1519 | 10,40 | 1519
7 and 8 0.2 0.h5 NR 49 [20+50r 13+10"| 19/21 388 1519 | 10,4 ft | 15/19

For 51: 1 foot = 304.8 mm.
a. R-values are minimums, (Mlactors and SHGC are maximums. When insulation is installed in a cavity which is less than the label or design thickness of the

insulation, the installed #-value of the insulation shall not be less than the R-value specified in the table.

c. "15/19” means R-15 continuous insulation on the interior or exterior of the home or R-19 cavily insulalion at the interior of the basement wall. “15/19" shall
be permilted (o be met with R-13 cavity insulation on the interior of the basement wall plus R-5 continuous insulation on the interior or exterior of the home.
“10/13" means R-10 continuous insulation on the interior or exterior of the home or R-13 cavity insulation at the interior of the basement wall.

d. R-5 shall be added 1o the required slab edge R-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever is less in Climate
Zones | through 3 for heated slabs.

. Basement wall insulation is not required in warm-humid locations as defined by Figure R301.1 and Table R301.1,

g. Or insulation sufficient to fill the framing cavity, R-19 minimum.

h. First value is cavity insulation, second Is continuous insulation or insulated siding, so “13+5" means R-13 cavily insulation plus R-5 continuous insulation or
insulated siding. If structural sheathing covers 40 percent or less of ihe exterior, continuous insulalion R-value shall be permitted to be reduced by no more
than R-3 in the locations where structural sheathing is used - 10 maintaln a consistenl total sheathing thickness.

i. The second R-value applies when more than half the insulation is on the interior of the mass wall.

DOE Challenge Home National Program Requirements Footnotes

Footnote 12: Insulation levels in a home shall meet or exceed the component insulation
requirements in the 2012 International Energy Conservation Code (IECC) - Table R402.1.1. The

following exceptions apply:

a.

b.

Steel-frame ceilings, walls, and floors shall meet the insulation requirements of the 2012
IECC —Table 402.2.6.

For ceilings with attic spaces, R-30 shall satisfy the requirement for R-38 and R-38 shall
satisfy the requirement for R-49 wherever the full height of uncompressed insulation at
the lower R-value extends over the wall top plate at the eaves. This exemption shall not
apply if the alternative calculations in d) are used;

For ceilings without attic spaces, R-30 shall satisfy the requirement for any required
value above R-30 if the design of the roof / ceiling assembly does not provide sufficient
space for the required insulation value. This exemption shall be limited to 500 sq. ft. or
20% of the total insulated ceiling area, whichever is less. This exemption shall not apply
if the alternative calculations in d) are used;

An alternative equivalent U-factor or total UA calculation may also be used to
demonstrate compliance, as follows: An assembly with a U-factor equal or less than
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specified in 2012 IECC Table 402.1.3 complies. A total building thermal envelope UA
that is less than or equal to the total UA resulting from the U-factors in Table 402.1.3
also complies. The insulation levels of fenestration, ceilings, walls, floors, and slabs can
be traded off using the UA approach under both the Prescriptive and the Performance
Path. Also, note that while ceiling and slab insulation can be included in trade-off
calculations, Items 4.1 through 4.3 of the ENERGY STAR for Homes V3 Thermal
Enclosure System Rater Checklist shall be met regardless of the UA tradeoffs calculated.
The UA calculation shall be done using a method consistent with the ASHRAE Handbook
of Fundamentals and shall include the thermal bridging effects of framing materials. The
calculation for a steel-frame envelope assembly shall use the ASHRAE zone method or a
method providing equivalent results, and not a series-parallel path calculation method.
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3. Duct System

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

DOE Challenge Home National Program Requirements Footnotes

Footnote 13: Exceptions to locating 100% of forced-air ducts in home’s thermal and air barrier boundary are:

a.
b.
c.

e.
f
g.

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

Ducts are located in an unvented attic, regardless of whether this space is conditioned with a supply register
Ducts are located in a vented attic with all of the following characteristics: minimum R-8 duct insulation with an
additional minimum 1.5 of closed-cell spray foam insulation encapsulating the ducts; total duct leakage <3 CFM25
per 100 fi2 of conditioned floor area; and ductwork buried under at least 2" of blown-in insulation

Jump ducts which do not directly deliver conditioned air from the HVAC unit may be located in attics if all joints,
including boot-to-drywall, are fully air sealed with mastic or foam, and the jump duct is fully buried under the attic
insulation.

Ducts are located within an unvented crawl space

Ducts are located in a basement which is within the home’s thermal boundary

Ductless HVAC system is used

ODuct Test to Outside Exemption from ENERGY STAR Version 3

ENERGY STAR Version 3: HVAC System Quality Installation Rater
Checklist Footnotes

Footnote A: For homes that have < 1,200 sq. fi. of conditioned floor area, measured duct leakage to outdoors shall be <5
CFM?25 per 100 sq. ft. of conditioned floor area. Testing of duct leakage to the outside can be waived if all ducts & air handling
equipment are located within the home’s air and thermal barriers AND envelope leakage has been tested to be less than or equal
to half of the Prescriptive Path infiltration limit for the Climate Zone where the home is to be built. Alternatively, testing of duct
leakage to the outside can be waived if total duct leakage is <4 CFM25 per 100 sq. ft. of conditioned floor area, or <5 CFM25
per 100 sq. ft. of conditioned floor area for homes that have less than 1,200 sq. ft. of conditioned floor area.

89



U.S. DEPARTMENT OF Energy Efﬁciency &

EN ERGY Renewable Energy

4. Water Efficiency

o Hot Water delivery systems shall meet efficient design requirements

DOE Challenge Home National Program Requirements Footnotes

Footnote 14: Hot water delivery systems shall meet efficiency requirements found in Section 3.3
of the EPA WaterSense Single-Family New Home Specification. Under the DOE Challenge
Home program, the approved verifier may also confirm compliance with these requirements.
These requirements are stated below:

Hot Water Delivery System — To minimize water wasted while waiting for hot water, the hot
water distribution system shall store no more than 0.5 gallons (1.9 liters) of water in any
piping/manifold between the hot water source and any hot water fixture. In the case of occupant-
controlled or occupancy sensor-based recirculation systems, the 0.5 gallon (1.9 liter) storage
limit shall be measured from the point where the branch feeding the fixture branches off the
recirculation loop, to the fixture itself. To verify that the system stores no more than 0.5 gallons
(1.9 liters), verifiers shall calculate the stored volume using the piping or tubing inside diameter
and the length of the piping/tubing.

To account for the additional water that must be removed from the system before hot water can
be delivered, no more than 0.6 gallons (2.3 liters) of water shall be collected from the hot water
fixture before hot water is delivered. Recirculation systems must be based on an occupant-
controlled switch or an occupancy sensor. Recirculation systems that are activated based solely
on a timer and/or temperature sensor do not meet this requirement. To verify that the system
meets the 0.6 gallon (2.3 liter) limit, verifiers shall first initiate operation of occupant-controlled
or occupancy sensor-based recirculation systems, if present, and let such systems run for at least
40 seconds. Next, a bucket or flow measuring bag (pre-marked for 0.6 gallons) shall be placed
under the hot water fixture. The hot water shall be turned on completely, a digital thermometer
placed in the stream of water just where it meets the water being collected, and the starting
temperature recorded. Once the water reaches the pre-marked line (approximately 24 seconds
for a lavatory faucet), the water shall be turned off and the ending temperature reading at the
same location recorded. The temperature must increase by 10 °F. Only the fixture with the
greatest stored volume between the fixture and the hot water source (or recirculation loop) needs
to be tested.

The figure below shows approximate volumes of water in different piping systems. Please refer
to the EPA WaterSense New Home Specification — Guide for Efficient Hot Water Delivery

Systems in the appendix for design assistance.
Internal Volume of Various Water Distribution Tubing’

Qunces of Water Per Foot Length of Hot Water Tubing

Nominal | Copper | Copper | Copper | CPVC CTS CPVC PEX-AI-PEX | PE-AL- PEX
Size M L K SDR 11 SCH 40 ASTM F PE CcTs
(Inches) 1281 SDR 9
Ve 1.06 0.97 0.84 N/A 1.17 0.63 0.63 0.64
e 1.69 1.6 1.45 1.25 1.89 1.31 1.3 1.18
Y 343 3.22 2.90 2.67 3.38 3.39 3.39 2.35
1 5.81 5.49 517 443 | 553 5.56 | 5.56 3.91
1% 8.70 8.36 8.09 6.61 | 966 8.49 | 849 5.81 |
1% 12.18 11.83 11.45 922 | 13.20 13.88 | 13.88 8.09 |
2 21.08 20.58 20.04 1579 | 21.88 21.48 | 21.48 13.86 |

Conversions: 1.0 gallon (3.8 liters) = 128.0 ounces
1.0 ounce = 0.00781 gallons (0.0296 liters)
0.5 gallons (1.9 liters) = 64.0 ounces
0.6 gallons (2.3 liters) = 76.8 ounces
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5. Lighting and Appliances

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

More information on ENERGY STAR qualified appliances can be found at:
http://www.energystar.gov/index.cfm?c=products.pr find es products

0 80% of lighting fixtures are ENERGY STAR qualified or ENERGY STAR
lamps (bulbs) in minimum 80% of sockets

More information on ENERGY STAR qualified appliances can be found at:
http://www.energystar.gov/index.cfm?c=lighting.pr lighting landing

o All installed bathroom ventilation and ceiling fans are ENERGY STAR
qualified

More information on ENERGY STAR qualified bathroom fans can be found at:
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_cod
e=VF

More information on ENERGY STAR qualified ceiling fans can be found at:
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_cod
e=CF
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6. Indoor Air Quality

o EPA Indoor airPLUS Verification Checklist and Construction
Specifications

Refer to the following page for the full EPA Indoor airPLUS Verification Checklist. Section 1 is
not required unless the builder is specifically seeking the airPLUS label, which is not mandatory
for the DOE Challenge Home Program.

The full EPA Indoor airPLUS Verification Checklist and Construction Specifications can be
found at: http://www.epa.gov/iaplusO1/construction_specifications.html

DOE Challenge Home National Program Requirements Footnotes

Footnote 8: For homes achieving PHIUS+ certification, DOE will allow compliance with the
2012 IRC kitchen ventilation airflow rates (M1507.4) 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.

MIS07.4 Local exhaust rates. Local exhaust systems shall be
designed to have the capacity to exhaust the minimum air flow rate
determined in accordance with Table MIS07.4.

TABLE M1507.4
MINIMUM REQUIRED LOCAL EXHAUST RATES FOR
ONE- AND TWO-FAMILY DWELLINGS

AREA TO BE EXHAUSTED EXHAUST RATES

100 cfm intermittent or 25 cfm contin-
uous

Kitchens

Mechanical exhaust capacity of 50 c¢fm

Bathrooms-Toilet Rooms |. " ;
9 intermittent or 20 ¢fm continuous

For SI: 1 cubic foot per minute = 0.0004719 ms.

Footnote 16: The following exception applies to the mandatory requirement to meet the EPA
Indoor airPLUS Verification Checklist and Construction Specifications: Compliance with the
ENERGY STAR for Homes V3 Water Management System Builder Checklist shall be equivalent
to compliance with the EPA Indoor airPLUS Verification Checklist “Moisture Control”
provisions (Provisions 1.1 through 1.13). Homes utilizing this exception will not qualify for the
Indoor airPLUS label. Builders seeking the Indoor airPLUS label must achieve full compliance
with the Indoor airPLUS Verification Checklist.
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SEPA
e Verification Checklist

Indoor airPLUS Version 1 (Rev.

01)

Home Address: City: Stabe: Zip:

Rexuiremants (Refer to full Indeor aifPLUS. Construc tion Specifications for details)

it
H

Mate:

The Rev. 01 checklist has been modified o rellect anly the addiBoral Indoor aifPLUS

lrdln&tmwll secbon numbers Bal maust be mel after compleling the ENERGY
STAR clweklists. ENERGY STAR -

remars & prerequisile for Indoee sirPLUS certification,

o Thismal Cncloswe Syshom Rater Clacklial oomplted. D D
o
E g Water Managamen Svatem Buibder Chachklist compleod n n
Qg HYAD Systemn Quialily lasdallalion Conleaclaf Ohockdi=l comploled n D
E AL System Cuality Imedallstion Hater Checklist completed n n
? E § i
hé‘ﬂiﬁttu :E i EPA Radon Zone 1, check valee adoo imstalled D n u u
antra
met with g il O OO0
ES Water| 3 N
Mngmt |z s
Builder [% |7 = O
Checklist P r
. insulifled wnlli pipo wiap _E L
i 21 | Appeoved sadon-deatend Teatuie installed @ Radon Zone | Bomes n n n n
Corrosion-proaf rodenthad scroems installed a8 &l openings. that cannot ba fulbe soslod
g 3z {Eseplinn: dryei venls) N n E D
Eiuipmen] sedeched ba keep relalive bumisity < 60% in “Waten-Hiamsd™ climaies woeplin: o
[ O a0
[l swstems profectod from comstraction debris AND m building camtios used as mir supplies
g 42 of refurns n E n
o T air-hsndling equipment of ductwork instaBed (0 garage AND conlinaows sir barre in
; 43 ardjacomt assemblias n n
Central forced-ale HVAL system{s have minimum MEEY 8 filler AND no czome generators in
1‘1 ||<ﬁ1-|‘ n n n
&1 | Emissions stamdards met for fuel-uening and space heating appliances (Exceplion: see spocl n n n_
i E £ | (i alarms instafind in sach sleeping zons (r.g., commuon halleay) accoeding fo WEPA 520 n D u
L e L ! | =
g 3 53 | Mubiitamily buildings: Smoking restriclinns implemented AND ETS transfer pathwms minimizesd, n n n n_
3 Atteched garagres: Door chreer irealbid on all conpecling doors AND 70 cdm exhaird lan
5'* indallod in parage n n u
x Lerthed Imy-tormaldohyde compoerts wond matenals AND stuctural phramod AND 58 PS5 oe
2 I Con e st ’ O O O
g E_E Cortilicsd Jow VOC o 00 NOC inbarsor paints sl finishos asesd n n n
B3 § Carpel, carpot aflwesies CH| Grosn Label Ples AND canpst cusbéon CHT Groen Lalssl. n n n u
. .1 | HVAL systom and dischwork werified to be dey and clean ARD new filter installesd n n n
é ?.2 Home verlalabed beloe orcupemy g g u g_
7.3 | Comploted checklisl and ofler reguined documentalion i ensichind Bor By n n n n
Rater Mame: Hater Pre-Drywall Inspeciion Date: Rater Inltials:
Rater Mame: Rater Final Inspection Dade: Rater Initials:
Bullger Employes: Bublder Ingpection Date: Bullder Infiaks:
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7. Renewable Ready

Footnote 17 below states all the conditions that must be met for the
renewable checklists to be applicable.
Footnote 17: The Renewable Energy Ready Home (RERH) checklists only apply under all of the following conditions:

a.

b.

C.

If a solar photovoltaic or solar hot water system is already included with the home, then compliance with the solar
photovoltaic or solar hot water RERH checklist, respectively, is not required.

Location, based on zip code, has at least 5 kWh/m’/day average daily solar radiation based on annual solar insolation
using this online tool: http.//gisatnrel.nrel.gov/PVWatts Viewer/index.html

Location does not have significant natural shading (e.g., trees, tall buildings) on the south-facing roof-

Home as designed has adequate firee roof area within +/- 45° of true south as noted in the table below. Note that in
some cases a house may have insufficient roof area for the Solar Electric RERH checklist, but it may still have the
minimum roof area for the Solar Thermal RERH checklist, and would therefore have to comply with the Solar Thermal
RERH checklist. In other cases, the home may only have adequate south facing roof for the Solar Electric or Solar
Thermal RERH checklist, but not both. In that case, the builder can decide which one of those two checklists to apply.

Conditioned Floor Area of | Minimum Roof Area for Minimum Roof Area for
House (ft2) Solar Electric RERH Solar Thermal RERH
Checklist (ft2) Checklist (ft2)
<2000 110 40
<4000 220 60
<6000 330 80
>6000 440 100

o EPA Renewable Energy Ready Home Solar Electric Checklist and
Specifications

The Solar Electric Checklist is on page 12, and the full Specifications
document (with DOE Challenge Home comments included) is included as
an appendix.

Footnote 18: For those building sites where the EPA Renewable Energy Ready Home Solar
Electric Checklist does apply, the following exceptions are permitted:

a.

b.

A permanent roof anchor fall safety system (Provision 2.2) is recommended, but not
required.

The shading study (Provision 1.4) and the solar site analysis (Provision 1.5) are not
required.

Blocking is permitted to be used as an alternative to the 4’ x 4’ wood panel area called
for in Provision 3.1. The area designated for the future panel to mount PV components
shall be clearly noted in the system documentation.

As an alternative to installing a 70 Amp double-pole breaker in the electrical service
panel for use by the future PV system (Provision 3.4), a labeled slot for a double-pole
breaker in the electrical service may be provided.

As an alternative to providing architectural drawings of a future solar PV system
(Provisions 3.5 and 4.1), builders may provide home buyers with the following
information: list of renewable-ready features, available free roof area within +/- 45° of
true south, location of panel or blocking for future mounting of PV components, location
of riser, location of breaker or slot for future breaker in electrical service panel, code-
compliant documentation of maximum allowable dead load and live load ratings of the
roof, copy of RERH Solar PV Checklist, and copy of RERH Specification Guide.
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o EPA Renewable Energy Ready Home Solar Thermal Checklist and
Specifications

The Solar Thermal Checklist is on page 13, and the full Specifications
document (with DOE Challenge Home comments included) is included as
an appendix.

Footnote 19: For those building sites where the EPA Renewable Energy Ready Home Solar
Water Heating Checklist does apply, the following exceptions are permitted.:

a.

b.

A permanent roof anchor fall safety system (Provision 2.3) is recommended, but not
required.

The shading study (Provision 1.4) and the solar site analysis (Provision 1.5) are not
required.

Blocking is permitted to be used as an alternative to the 3’ x 2’ wood panel area called
for in Provision 3.2. The area designated for the future panel to mount solar HW
components shall be clearly noted in the system documentation.

Homes equipped with an ENERGY STAR qualified whole home gas tankless water heater
or an ENERGY STAR qualified heat pump water heater are exempt from Provisions 3.1,
3.2,3.3, 34.

As an alternative to providing architectural drawings of a future solar HW system
(Provisions 3.6 and 4.1), builders may provide home buyers with the following
information: list of renewable-ready features, available free roof area within +/- 45° of
true south, location of panel or blocking for future mounting of solar hot water system
components, location of riser, code-compliant documentation of maximum allowable
dead load and live load ratings of the roof, copy of RERH Solar Hot Water Checklist, and
copy of RERH Specification Guide.
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Renewable Energy Ready Home Solar Photovoltaic Checklist

Hame Lacatam | Ligy BEIE

RERH Checklist Builder

|See Renewable Energy Raady Home (RERH| specilicationsa for detalls) Verified

1 Buinllng.-‘ﬂrm',r Site Assessment

Dz gretm & proposed aeray locationand square Toalage on aichi tar sl diagram w1, i [ |

12 | Identify anentanon fanmathy af | Iopased

| O
-|'.1-,' aton OBy EEs :‘
tagress, .
14 | Conduct & shading shady dotumenting impacts on pioposed armay |ocaton % adpustad annual shading impact
i o i e NOT REQUIRED
If wsing rznthly values a3 wanfied through tha solar path aseassmaents, chick hare 1
1.5 | Assess o propased array location sup

Har tesoics patential of mora than 1% =cent of the optimal spdar rezouca patantial

g RERH SSAT rasults: contings with NOT REQUIRED
H IJ ks b dies Aot mest ke mosmmrended solar resouice potental per the FERH SSAT resilts; this locatian is fa1 & good
e i i 3y systemn and shoukd ot be ma Fltrl-'ﬁﬂ i Energy -.--.l-.

2 Etm:mlml and Safmr Eonsu‘.iuratlms. Sular Fhutnwlmcs

Prowde cade-targdwnt dacumstiahon of (he manmum alowable desd |oad snd ive ioad man e {the apss W X I iecammended J
dl'::u.':l“u diesd losd rating can support an sddibonsl 6 [Bsray fi Tor futue soksl sestem

_'. I. 1all pemanent oof achos lall "...HP,- syt M & for rood prickh = 3 1.4 HE":DMMENDED

3 Hmawahla Energy Fﬁnadz.r Home Infrastructure: Solar Photovoltaics
A |eestadl sl laoel 5 4 ¢ 4 phpwood panel area fon mouning an mverter and balance of system components BLOCKING CAN BE USED

32 | Irestadl & 17 motal conduit fior tha D were run fiom the designated amray locaton to tha dessgnated mesrtern losaton 3 |
|eap and labal bothends) |
B3 | lenindl & 17 meta ..|-l_|||'I'|_|'|||_'.-_l'.:|_|'|1l;-_' mvartal location W electical e panal [can and label both and :' :l |

34 | Iratall and 1'.- \‘U\lr dial pole oo |u|r1l.e mniha & I-f"rI IEVICE ang In-fl.rrrrw'v“I -,I?'ullhfl']':- e pang i NOT REQUIRED

35 | Provide architectural drawing and tiser diagram of FERH solar PV systen compoeents, NOT REQUIRED, LIST IS ACCEPTABLE
4 Homeowner Education !
4.1 | Provide 1o the homeowner a copy of 1 Il.1.| list ar d all 1 '-ﬁ iy |.|.~1-J.1.|.nn~-,| .-.'JL'-'I.T.-L I:L-.~|. l.*rl.l.'d DI-,I e '|.r dim ) |
. '.||-I-\.1|l,l||'_.ll-'-|l.-'-|l oot v LSS 5 . I
. -.'---. -\.|':.|".1.LF\IEQI"L|U~RI||-\JI siclions| . | Li | l
- Aychitectural drawings detaling proposed airay lacation and squate foo NOT REQUIRED, LIST15 F\GCEPTABLE
Electrical ds ur.luu,uu*'u"l disgram af  FIERH PV I Companent & that defal the dedicated location for The mouning of the a
talarce componans

Shadeng study with pereent manthly of adjested snnual shading impacis) NDT 3 ECI'U IRED

|-'r:.1:.-.r:::'='|"-1'l repoid gersacatedd by 1he onfine RERH SEAT indicating that the propesed s meets o mimmum salas resouice 0 |
poiEnha of /5 parcent ptimal

Lode-comy hcll documentatan af the macimum allowab |- =i} I_rL i J||.":- >_ad ratings ol the ood [ ] |

47 | Record electric utlity ssrace providers contact indormation |
E|-| fric whbiby g .'|||-| oidens rame - and Web addass

E Buil:ler Bﬂst H‘a::tlm tﬁ_ptmal Elaments}

0.1 | Develop a detaited landscapa p

E7

Lanowith @ cler penphasis oo dgw-growiih wegaiation - | 3
Placa ool penatiations sbave or parth of the prapesed aieay to event casteng shadows on the amay locatian - | |
Buildar Comglation Dizte | Buildar Gompany Nama

[ Builder Emg

= "'J:l‘m— | Builder emphoves Signatye

Inteeated in Solar Incanitives Plogses vist: WS dsineuss |.] "Iul

Renewable Energy Ready Home
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Renewable Energy Ready Home Solar Water Heating Checklist

Heame Lacanan

| City St

1 Building/Array Site Assessment

1.1 | Dasignate o proposed array iocatian and sgaears footege an anchrectural diagram ______ a0, 1t [
1.2 | Idenbity credlatan [anmuth] of ropoted atrdy location _ deqieas 3
1.3 dank: +,. nchination of proposad arky locatepe '.‘iFI]I-"p'- |_|
canduct a shading study documanting impacts on propased acray location: % adusted annual shadifg impact
14 NOT REQUIRED
1 uzing manthly walues as verifed thiough the solar path assessments, chack here
Asseds || proposad ariay localioh supparls & solar resouce potental af mone than 76 parcaent of the optimal salar iesounce potantial
fioe the samme locaion using he anfine RERH Sofa: Sie Assassment Tool (S54T)
15 || e 0 Theiz hene st the mirsmum seommended solae resosice potental ger e FERM SSAT Resoly; contnoe with Secaon 2 below. NOT REQUIRED

Mo O Thes array location doss not meet the ecammended solar r@scarce polential par the RERH S5AT Results, this locaban & not a
ol hoat for & fiuture solsr eneigy orstem and should pat be mada renavwable anatgy raady

tructural and Safety Considerations: Solar Water Heating

Frovide coda-compliant documantation of tha magmum dllawatde deed load and bva loed ratings of the exishing iof: dead load rating

1 shoukd support an additional & Ihsfag. f1, foo fuhee sofar system 4
2 | Frowde coda-compliant documsantational the mazrmum alEnrabde fioor bad rahng for Tioraga tants irsialled on noncanciete fooa |_|
23 | mstall permarent root anchar fall aafety system [MA for roef pitch < 312 RECOMMEMNDED
3 Renewable Energy Ready Hon[Homes with tankless or heat pump water heaters are exempt from 3.1 - 3.4]
11 | Dadoate and label a 3" 5 3 & ['arma in the utility rom adpoent s the existing water heatar for a solar hol watks tank [ 1 | |
f ey D il sanc o i bt Aark S Tha BALaRa I | 1
;_-'_t-:!]:u.z:;:f;tﬁ;:?c;:‘;.f;l:-mm paral araa adjacent 1o the solar hot wates 1ank for the halance BLOCKING CAN BE USED
33 | natall anelecincal outlet within & of the designated wal s18a (32 3
T natall a sobar Bypass viha an e cold watee foad of 12ewates heater leap and ;t-'.I-EIF;fJ_- a
_,-fn- ingle :"l-!'.l-?'. [rem utilily toom 8 1he aiha space heltwy dasaghated aray J:l"|!-"il-l [cap and |-1L_E"TE-I:|| af l:'.- 2 )
36 | Pronde aecbaiectusal diawang and plubing neer chagram of AERH SWH systat com ponests NOT REQUIRED, LIST IS ACCEPTABLE
4 Homeowner Education

41

Frovicke 1o the homesseer & coiy al this che ket and 51 the SUPROrt dataments sled below o b= B oricked 1o futuie sl desioner]

Loipw o 1he Renawsabia Encegy Rasdy Home Spacifics tion guida

o

- Fully omgleted REAH checkls [all ssctions)

- Plumbineg nses disaram of BERH solar waler hasting syeism e mporents and thair locations

Shardieg shudy wath parcent monihly or adjiated arnual shading mpscts

g

- Archisaonral drawings detsiling proposed '-;_'.1-!- location and squars footage NC_}T R_E_QL:IIREIL:I,!:{STW SA(}EEF‘T{AELE

semenl lecon] qenerslec by the arilene AERH SZAT indacating that the progos e 2ite maets & mincmum solar iesouns
ral ol 75 percent af aptimal

Coda-compliant documentation of the magimum allowabia dead bad ard five load rabngs of the roof

- Lodecampliant doowmen tation of the magimum allowable foos load rating for glorag e 1=k installed on non-ooncrete Moo

ojC| O OO

5 Builder Best Practices (Optional Elements)

51 | Devalop a dataled landscapa plan with a taaremphass on low-growth vegaiation a a
52 | Mace iool paretratong gbove of rorth of the piopoeed sy 1 pievent casting shadows on the anay 3 N |
Buildar Complation Date Builder Company Mame

Builder Employee Signat

SINEEES IS, B

Renewable Enengy Roody Home 5
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C. DOE Challenge Home National Program Requirements
(Revision 03)

DOE Challenge Home

oy .. MNational Program Requirements (Rev. 03)
ﬁ“‘“‘dﬁ% April 17, 2013

To qualify aga DOE Challenye Hame, 3 home shall meet the minimum reguirements specified below, be verfied and
field-tested in accordance with HERS Standards by an approved verifier, and meet all applicable codes. Builders may
meet the requirements of either the Performance Fath or the Frescriptve path to qualify a home ; Single family detached
and attached dwelling units, and dwalling units in mukifamily buildings wath 3 stories or fewer ahnve-grade” are eligible
for qualification

DOE Challenge Home Prescriptive Path

The prezcriptive path provides a single sat of measures that can be vsed to construct a DOE Challenge Home labzled
hame. Bodeling is not required, but no tradeoffs are allowed  Follow these steps to uee the prescrpive path:

1. Assess eligibildy by using the number of bedroams m the home to be built to detarmine the conditioned floor area
(CFA) of the Benchmark Home, Exhibit 3. if the CFA of the home to be built exceeds this value, the perfarmance
path shall be wsed.

2. Ifthe prescriptive path is efigible for use based on the prior step, build the home using the mandatory
raquiraments for all labeled homes, Exhibit 1, and all requirements of the DO0E Challenge Home Target Home,
Exhibit 2. The rigor of the specifications in Exhibit 2 shall be met orexceeded.

3. Werify that all requirements have been met using an approved verifier *

Allhome cerified through the Prescriptive Path shall be submitied te DOE (e mail doechalienashom e firewoorp adnersiic com)

DOE Challenge Home Perfermance Path

‘Wil all mandatary requirements for labelked homes in Exhibit 1 shall be met, the performance path provides flaxsbility to
zelect @ custom combinaton of measures that meet performance level of the DOE Challenge Home HERS Target Home
(Exhibit 2], Modeling is required, but measures can be optimized for each particular home or bulder. Fallow the steps
below to uss tha performance path with RESMET -accredited Home Energy Rating Software programs:

1. The HERS Index of the DOE Challenge Home Target Home is determined, The DOE Challange Home Target
Home iz igentical 1o the home that will be built, except that it iz configured with the energy efficiency features of
the DOE Challenge Home Target Home as defined in Exhibits 1 and 2. Note, any stale energy code reguiraments
thai exceed those specified on Exhibit 2 1ake precedence for purposes of determining the DOE Challenge Home
Tamet Home" The HERS Index of the Target Home is aufomatically calculated in sccordance with the RESNMET
Mortgage Industry National Home Energy Rating Standards

2. Agze modification factor is next calculated using the fallowing egquation:
Size Moditication Factor = JEFR pu,m e e * TPy T se sl © 27y but not to exceed 1.0

Where:

CFR syserman mons = COndMIceed FloorAnea of the Benc hrrark Home, using Exhibi 3
CFA more wbe poe = Conditioned Floar Area of the Home 1o be Bult

Sincethe Size Modficalion Factor cannol excegd 1.0, It onky modiies thie HERS Indé sCore for homes targer than e CFA of
the Benc hmark Home.

3. The HERS Index of the DOE Challenge Home Target Home is caiculated nes’™;
Challenge Home HER 5 Target = HER S Index of Challenge Home Target Fome x Size Modification Factor

4. Complete HERS software calculations Tor preferred sel of energy measures and venfy resulting HERS Index
Scora at or balow DOE Chalengs Homa Target Home HERS Index Score modified, as raquired , for housa size.

& Construct the home using measures that result in a HERS Index a1 or belw the DOE Challenge Home HERS
Target, calculated above, and the mandatory reguirements for all labeled homes, Exhibit 1

B, erify thal all requiremants have been meat using an approved verifier

Allhomes certified through the Perfarmance Path shall be submated to DOE by submitting the complance verification
reportto doechallen ge homednewpartpartnerslic. com.

Effective for Homes Revised April L7, 2013 Fagelof B
Perrnitted Starting 6,/17,/2013
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DOE Challenge Home

(2 e National Program Requirements (Rev. 03)

HOME April 17, 2013

Exhibit 1: DOE Challenge Hom e Mandatery Requirements for All Labeled Homes

Area of Improvement Mandatory Regquirements

1. ENERGY STAR for

v 1.8
Homes Baseline Cerified under ENERGY STAR Gualified Homes Yersion 3
5 Bl Fenestration shal meel or exceed latest ENERGY STAR requirements '®
3 P Celing, wall floor, and slab insulstion shall meet or eceed 2012 ECS levek™
Duct System Ducts located within the home's thermal and air barrier boundary

4. Water Efficiency Hotwater delivery systerns shall mest effcient design requirsments'™

Allinsalled refrigerators, dishwashers, and clothes washers are ENERGY STAR gualifed

4. Lighting & B0% of lighting felures are ENERGY STAR guallfied or ENERGY STAR lamps {bulbs)
fppliances" ririmum 80% of sockets
Al installed bathroorm ventitation and celding rfans are ENERGY STAR qualified

oo|o|o|jogayj o

6. Indoor Air Quality EPA Indoor airPLUS Verfication Checklist and Construction Specifications 31°

EPA Renewable Energy Ready Home Solar Electric Checklist and Specifications'
EPA Renewsble Energy Ready Home Solar Thermal Checldist and Specifications™

Ooojojo

7. Renewable Ready'™

Exhibit 2: DOE Challenge Home Target Home 52

HVAC Eguipment’’
Hot Climates Mized Climates Cold Climates
(2012 |ECC Zones 1,1 @ (2012 IECC Zones 3, (2012 IECC Zones
4 except Maring) 4 Marine 56,79
AFLIE B0% 80% 94%
SEER 18 15 13
HSPF 82 g 1
Geothermal Heat Pump ENERGY STAR EER and COP Criteria
ASHRAE 62.2 Whole-House 1.4 cfmhdy, 1.4 ofimhdy, 1.2 ofmhdy,
Wechsanical ¥ enfilation System no heat echangs no heat exchangs heat exchange with 60% SRE
Insulation and Infiltration
* |nsulation levels shall meet the 2012 IECTC and achieve Grade 1 installation, per RESNET standands.
= Infiltration® (4 CHS0): JinCl's1-2 | 25inCZ's34 | 2inCZ's57 | 15inCZa
Windowes™
Hot Climates Mlized Climates Cold Climates
(2012 |ECC Zores 1 2) (2012 IECC Zones 3, (2012 IECC Zones
4 ecapt Marine) 4 Marine 5,6,7.8)
EHGC 0.25 0.27 ary
-V alue 04 03 027
Homes qualifying through the Prescriptive Path with a total window-to-floor area greatar than 15% shall have adjusted
U-values or SHGCs *

Effective for Homes Rewised April 17, 2013 Page 2 of &
Permitted Starting 6/17/2013
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DOE Challenge Home

A National Program Requirements (Rev. 03)

HOME April 17, 2013

Waler Heater

EMERGY STAR minimurr for heating ol water healers use EF = 060
Thennostat™

+ Programmable thermostat (except for Zones with radiant heat)

Lighting & Appliances

+ Forpurposes of calcuiating the DOE Challenge Home Target Home HERS Index, homes shall be modeled with an ENERGY
STAR disrwrashear, ENERGY STAR refigerator, ENERGY STAR cailing fans, and EMERGY STAR lamps (bulbs) in 20% of
sockets or 80% of ighting fixtures are ENERGY STAR Qualfied,

Exhibit 3: Benchmark Home Size™

Bedrooms in Home to be Built i] 1 = | 4 A B 3
Conditioned Floor Area s ek s 1,000 | 1000 | 1,600 | 2200 | 2800 | 3,400 ( 4000 | 4600
Footnotes:

Y In the event that a Rafer is not able to determine whether an item is consistent with the intent of provision, (e.g., an
alternative method of meeting a checklist requirament has been proposed), then the Rater shall consult their Provider. If
the Provider alzo cannot mal-ca this dﬂlarmmatmn then the Rater or Provider shall report the issue to DOE prior to project
completion at: dogc = narsilc.com and will typically receive an initial re sponse within 5 business
days. If DOE hellaves 1h9 ::urrenl pruqmm guma—lmes are sufficiently clear to determine whather the intent has been met,
then this guidance will be provided to the Panner and enforced beginning with the house in question. Howaver, if DOE
believes the program guidelines require revisions to make the intent dear, then this guidance will be provided o the
Partner but only enforced for homes permitted after a specified transition period after the release of the revised guidelines,
typically B0 days in length, This process will allow DOE to make formal policy decisions as Partner questions arise and to
dizszeminate these policy decsions through the penodic release of revised program documents to ensure consisient
application of the program guidelines

2 Adwelling unit, 35 defined by the 2012 IECC, is a single unil that provides complete independent living faciities for one
of mare persons, including permanent provisions for living, sleeping, eating, cooking, and santabon,

. Any above-grade slory with 20% or more occupiable space, including commercial space, shall be counted towards the
total number of stories for the purpose of determining eligibility 1o participate i the program. The definiion of an "above-
grade story’ is one for which maore than half of the gross surface area of the exterior walls is above-grade. All below-grade
stones, regardless of fype, shall not be included when evaluating eligibility. Per ASHRAE 62 2-2010, occupiable space is
any enclosed space inside the pressure boundary and intended for human activities or continual human occupancy,
including, but not limited to, areas used for living, sleeping, dining, and cooking, toillets, closets, halls, storage and ufility
argas, and laundry areas.

* The term 'Rater’ refers to the person completing the third-party inspe ctions required for qualification. This pary may be
a certified Home Eneray Rater, Rating Field Inspector, BOF Inspectar, or an equivalent designation as determined by a
Warffication Oversight Organization such as RESNET.

5 State energy code specfications that exceed the DOE Challenge Home Mational Program Requiremenis always fake
precedence and shall be used instead of DOE Challenge Home specificafions to determine DOE Challenge Home
compliance, In sates where the residential provisions of the 2012 Intemational Energy Consewvation Code (IECC) have
been adopted, the Tamet Home specifications (Exhibit 23 will be updated to reflect the specifications of the 2005 IECC
Effective for Homes Rewised April 17, 2013 Page 3 of &
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within B manths of the 2015 IECC publication date. DOE will maintain a list of state-specific compliance requirements and
timelines on the DOE Challenge Home website,

® On-site power genaration may not ba used to qualify a home for the DOE Challenge Home Target Home raguire ments,
but can be used to achieve additional HERS Index Score reductions needed for homes larger than the Benchmark Home.

" Consistent with the ENERGY STAR for Homes 3 allowancs for sampling, the Thermal Enclosure System Hater
Checklist and the HWAC Svatem Quality Installation Rater Checklist shall be permitted to be completed for a batch of
homes using a RESMET-approved sampling protocol. The Indoor airlPLUS Yerfication Checklist may also be completed
ugzing a RESMET -approved sampling protocal. Sampling shall not be permitted to complete the HVAC Systemn Cualty
Installation Contractor Checklist.

With resped o Provision 2.2 within the ENERGY STAR Qualfied Homes, Wersion 3 (REVIE) Thermal Enclasure System
Rater Checklist where ceiling, wall, or floor assembly insulation is installed “blind® betweesn layers of sheathing and
therefore cannot be visually inspected, such assemblies are deemed equwvalent to a RESNET - defined Grade 1 insfallation
if the assembly insulation level iz st least 50% greater than the specified value for the DOE Challenge Home Target
Home, based on nominal R-value.

; For homes achieving PHIU S+ certification, DOE will allow compliance with the 2012 IRC kitchen ventilation airflow rates
(M 1507 4] as an akemative o those specified within ASHRAE 62 2 This atemative willremain in effect while DOE
works to develop an ASHRAE 62 2-compliant solution optimized for very low-load homes

: Budlding envelope assemblies, including esterior walls and unvented attic assemblies (where used), shall comply wath
the relevant vapor retarder provisions of the 2012 International Residential Code

"0 \indows shall meet the ENERGY STAR Window Product Criteria which are in foree at the time of the final raling
inspedion, See waw energystar aowiwindaws for current ENERGY STAR Window Product Criteria Where triple glazed
window assemblies with thermal breaksfspacers between the panes are used, such windows are deemed 1o meet this
requirement even in the absence of an ENERGY STAR cedification

" Fenestration shall meet the applicable ENERGY ST AR Window Product Criteria for U and SHGC, with the fallowing
exceplions:
a.  An ares-weighted average of fenastration products shall be permitted to satisly the L-factor requirements,
b An area-weighted average of fenestration products 2 50% glazed shall be permitted ta satisfy the SHGC
regurements,
c. 15 square feet of glazed fenestration per dwelling unit shall be exempt from the U-factor and SHGC requirements,
and shall be excluded from area-weighted averages caloulated using &) and b)), above;
d. One side-hinged opague door assembly up to 24 sguare feet in area shall be exampt from the U-factor
raguirements and shall ba excludad from area-weighted averages calculated using a) and b)), abova;
a.. Faenestration utilized as part of a passive solar design shall be sxempt from the U-factor and SHGC requirements,
and shall be excluded from area-weighted averages calculaled wsing a) and b), above, Exempl windows shall be
facing within 45 degrees of true South and directly coupled to thermal storage mass that has a heat capacity = 20
btu 7 1%%F and provided in & ratio of at least 3 sa A, per sq, 1. of South facing fenestration, Generally, thermal
mass materials will be at least 2 in. thick.

"2 |nsulation levels in a home shall meet or exceed the companent insulation requirements in the 2012 Intemational
Eneray Conzervation Code (IECC) - Table R402.1.1 The following exceplions apply.

a. Steebframe ceilngs, walls, and floors shall meet the insulation requirements of the 2012 |IECC - Table 402286,
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b

For ceilings with aftic spaces, R-30 shall satisfy the requirement for R-38 and R-38 shall satisfy the requirement
for R-49 wherever the full height of uncompressed insulation at the lower R-value extends over the wall top plate
at the eaves This exemplion shall not apply if the altlemative calculations in d) are used,

For ceilings without sttc spaces, R-30 shall satisfy the requirement for any required value above R-30 if the
design of the roof / ceiling assembly does not provide sufficient space for the required insulation value. This
exemption shall be imited to 500 sq.ft. or 20% of the total insulated ceiling area, whichever is less. This
exermption shallnot apply f the alternative calculations in d) are used;

An alternatve eguivalent U-factor or total UA calculation may also be used to demonstrate compliance, as
followrs: An assembly with a U-factor equal or less than specified in 2012 IECC Table 402.1.3 complies. A total
building thermal envelope UA that is less than or equal to the total LA resulting from the U-factors in Table
402.1.3 alzo complies. The insulation levels of fenestration, ceilings, walls, floors, and slabs can be traded off
using the LA approach under both the Prescrptve and the Pedormance Path. Also, note that while ceiling and
slab insulation can be included in trade-off calculations, items 4.1 through 4 3 of the ENERGY STAR for Homes
W3 Thermal Enclosure System Rater Checklist shall be met regardless of the UAtradeoffs calculated. The LLA,
calculation shall be done using a method consistent with the ASHRAE Handbook of Fundamentals and shall
include the thermal bndging effects of framing matenals. The calculation for a steal-frame ervelope assembly
ghall use the ASHRAE zone method or a method providing equivalent results, and not a saries-parallel path
calculation method

13 Exceptions to locating 100% of forced-air ducts in home’s thermal and air barrier boundary are;

a,
h.
(R

B,

f.

3.

Up to 10° of total duct length is permitted to be outside of the home's thermal and air barner boundary.

Dructs are located in an unvented atic, regardless of whether this space is conditioned with a supply registar
Ducts are located in a vented attic with all of the following characteristics: minmum R-3 duct insulation with an
additional minimurm 1.5 of closed-cell spray foam nsulation encapsulating the ducts; total duct leakage = 3
CFMZ5 per 100 0t of conditioned floor area; and ductwork buried under at least 2" of blown-in insulation

Jurnp ducts which do not direclly deliver conditioned air from the HVAC unit may be located in attics if all joints,
including boot-to-drywall, are fully air sealed with mastc or foam, and the jump duct is fully buried under the atfic
insulation.

Ducts are located within an unvented crawd space

Ducts are located in a basemeant which i within the home's thermal boundary

Ductlass HVAC system is used

M ot watar delivary systems shall meet efficiency requirements found in Section 3.3 of the EPAWaterSense Single-
Family Mew Home Specification. Undarthe DOE Challenge Home program, the approved verifier may also canfirm
complance with these requirements. These requiraments are stated below:

Hot Water Delvary Systam = Ta minimize water wasted while watting for hot watar, the hot water distibution
system shall store no more than 0.5 gallons (1.9 liters) of water in any piping/manifold between the hot water
source and any hotwater fiture. In the case of occupant-controlled or eccupancy sensor-based recirculation
systems, the 0.5 gallon (1 5 liter) storage limit shall be measured from the pointwhere the branch feeding the
firture branches off the recirculation loop, to the fizture tself. To verfy that the system stores no more than 0.5
gallons (19 kers), verifiers shall calculate the stored wolume using the piping or tubing nside diameter and the
length of the pipingfubing.

To account for the additional water that must be removed from the system before hot water can be delivered, no
maore than 0.6 gallons (2.3 liters) of water shall ba collected from the hot water fisture before haot water is
delivered Recirculation systems must be based on an occupant-confrolled switch or an occupancy sensor.
Redrculation systems that are activated based solely on a timer and/or temperature sensor do not meet this
reguirement. To verify that the system meets the 0 B galon (2.3 [ten) limit, varfiers shall first iniiate operation of
pccupant-canfralled or occupancy sensor-hased recirculation systems, if present, and let such systems run for &t
least 40 seconds. Mext, a bucket or flow measuring bag (pre-marked for 06 gallons) shall be placed under the hot
water fisture, The hot water shall be fumed on completely, a digital thermometer placed in the stream of water
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Just where it meets the water being collected, and the starting temperature recorded. Once the water reaches the
pre-marked line (approximately 24 seconds for a lavatory faucet) the water shall be turned off and the ending
femperature reading 3t the same location recorded. The temperature must increase by 10 *F. Only the fiture
with the greatest stored volume betwesn the fixture and the hot water source (or recirculation loop) needs fo be
tested.

"5 Further efficiency and savings can be achieved by instaling ENERGY STAR qualified products in addition to thase
required

" The following exception applies to the mandatory requirement to meet the EPA Indoor airPLU S Verification Che cklist
and Construction Spacifications: Compliance with the ENERGY STAR for Homes VW3 Yater Managament Systam Builder
Checklist shall be equivalent to compliance with the EPA Indoor arPLUS Yerification Checklist "hMoisture Contral®
provcisions (Provisions 1.1 through 1.13). Homes ubiizing this exception will not qualify for the Indoar airfPLUS label
Builders seeking the Indoor 2irPLUS label must achieve full compliance with the Indoor 2ilPLUS Yenfication Checklist

7 The Renewable Energy Ready Home (RERH) checklists only apply under all of the folewing conditions:

a,

(]

If a solar photovoltaic or solar hot water system is already included with the home, then compliance with the solar
photovoltaic or solar hotwater RERH checklist, respectively, is not required.

Location, based on zip code, has at least S kKWWh/m sday average daily solar radiation based on annual solar
insolation wsing this online taolk ; i ;

Location does not have significant natural shading (e.g., trees, tall buildings) on the south-facing roof.

Home as designed has adequate free roof area within +- 45" of true south as noted in the table balow. Mote that
in some cases a house may have insufficient roof area for the Solar Electric RERH checklist, but it may stll have
the minimum roof araa for the Solar Thermal RERH checklist, and would therefore have to comply with the Saolar
Thermal RERH checklist. In other cases the home may only have adeguate south facing roof for the Solar
Electric or Solar Thermal RERH checkist, but not both, In that case, the builder can decide which one of those
twn checklists to apply

En;aiﬁma ﬂmr Irm EI mml‘l‘l.lm EE II’EBII]T HI’III’I‘I’II‘H EHE EE IE
House (i) Sola Electric RERH Solar Therma RERH
Checklist (i°) Checklist (7t")
= 200 110 40
< 4000 200 GO
= GO0 EE] [
=5000 440 100

8 Eor those building sites where the EFA Renswable Energy Ready Home Solar Electric Checklist does apply, the
following excephions are permitted:

a. A permanent roof anchor fall safety system (Provision 2.2 is recommended, but not required

b. The shading study (Provision 1.4) and the solar site analysis (Provision 1.5) are not requirad.

c. Blocking is permitted to be used as an alternative to the 4' x 4' wood panel ares called for in Provision 3.1. The
area designated for the future panel to mount P components shali be clearly noted in the system documentation.

d. A5 an allernative to installing a 70 Amp double-pole breaker in the electical service panal for use by the future PY
system (Frovision 3.4}, a labeled slot for a double-pole breaker in the electrical sevice may be provided.

e, Asan alternstive to providing architectural drawings of a future solar PV syslem (Provisions 3.5 and 4.1), builders
may provide home buyers with the following information: list of renewable-ready features, avalable free roof area
within +- 45" of frue south, location of panel or blocking for future mountng of PY compeonents, location of riser,
location of breaker or siot for future breaker in electrical service panel. code-compliant documentation of
maximum allowable dead load and |ive load ratings of the roof, copy of RERH Solar PV Checklist, and copy of
RERH Speacification Guide.

Effective for Homes Rewised April 17, 2013 Page 6 of &

Permitted Starting 6/17/2013

103



U.5. DEPARTMENT OF Energy Efﬁ0|ency &

EN ERGY Renewable Energy

DOE Challenge Home
et National Program Requirements (Rev. 03)

i:*'IOME April 17, 2013

" For those building steswhere the EPA Renewable Energy Ready Home Solar Water Heating Checklist does apply, the
following exceptions are permitted:

a.. & permanent roof anchor fall safety system (Provision 2.3) is recommended, but not required

b.. The shading study (Pravision 1.4) and the golar site analysis (Provigion 1.5] are not required.

¢, Blocking is permitted 1o be used as an allernative to the 3' & 2’ wood panel area called for in Provision 3.2. The
area designated for the future panel to mount selar HYY compenents shall be clearly noted in the system
documentation

d. Homes equipped with an ENERGY STAR gualfied whole home gas tankless water heater or an EMERGY STAR
qualified heat pump water heater are exempt from Provisions 31,32, 33,3 4.

& Ag an alternative to providing architectural drawinos of a future solar HW system (Frovisions 36 and 4.1},
builders may provide home buyers with the following mformation: list of renewabla-ready features, available frae
roof area within +- 457 of true south, kcation of panel or blocking for future mounting of solar hot water system
compeonents, location of riser, code-com pliant documentation of maximum allowable dead load and live load
ratngs of the roof, copy of RERH Solar Hot Water Checklist, and copy of RERH Specification Guide.

' The following Map is shown to depict dimate zone boundaries. [tis for illustrative purposes only and i based on the
2012 IECC.

2012 IECC Climate Zone Map
o

Miaist (&) —————— b

! Hvac Systamn Type for the Target Home shall be the sama as the Rated Home | with the following exceptions. The
Target Home shall be configured with an air-source heat pump in Cimate Zones 1-6 when the Rated Home is modeled
with @ ground-source heat pump, electric strip or baseboard heat; and the Target Home shall be configured with ground-
source heat purmp in Climate Zones 7 & B when the Rated Home is modelad with an air- source or ground- source he at
purmp, electric strip or baseboard heat. Applcable efficiency levels shall be selected from Exhibit 2.

2 DOE racomm ends, but does not require, that cooling systeme in hotfhumid climates utilize controls for immediate
blower shutoff after condensar shutoff, to prevent re-evaporation of moisture off the wat coil.

3 air source heat pumps with electrc resistance backup cannot be used in homes qualfied in Climate Zones 7 4.8 using
the Prescriptive Path.
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2% Envelope leakage shall be determined by an approved verifier using 2 RESNET-approved testng protocol.

2.';ﬁw.li decorative glass and skylight window areas count toward the total window area o above-grade conditioned floor

area (WFA) ratio.

% poE slrongly encourages all DOE Challenge Home parners to consider usng R-5 windows in cald climates in
antlmpamn aftham I:Lan::ﬂmmg the 31:319 of-the- ariwmduw choica in the near futu re. Visit the DOE wab site
! ¥ I iy : azef) for more details and sources of these windows,

# For homes using Exhibit 2 for Frescriptive compliance with the DOE Challenge Home, the following e xceptions to the
U-alue and SHGC requirements m Exhibit 2 apply
a. An area-weighted average of fenestration products shall be parmitted to satisfy the U-factor requirements;
b. Anarea-weighted average of fenestration products = 50% glazed shall be permitted to sabisfy the SHGC
requirem ents,
c. 15 square Teet of glazed fenedration per dwelling unt shall be exempt from the U-factar and SHGC requiremants,
and shall be excluded from area-waighted averages calculated using &) and b), above,
d. One side-hinged opaque door assembly up to 24 square feet in ares shall be exempt from the U-factor
requrements and shall be excluded from area-weighted averages caloulated using a) and b), above;
e Fenestration utiized as part of a passwve solar design shall be exampt from the U-factor and SHGC requirements,
and shall be excluded from area-weighted averages calculated using &) and b, above. Exempl windows shall be
facing wi}hin 45 degrees of true South and directly coupled to thermal storage mass that has a heat capacity > 20
btu /7% °F and provided in 3 ratio of at least 3 sq. ft, per sg. fi. of South facing fenestration. Generally, thermal
miass materals will be at least 2 i thick,

% For Prescriptive Path: Ml decorative glazs and skyhght window areas count Ioward the total wind ow area 1o above-
grade condiionad floor area (WFA) ratio. For homes using the Prescriptive Path that have a WEA ratio > 15%, the
following additional requirements apply:
a. In Climate fones 1,2, and 3, an improved window SHGC is required and is determined by
Improved SHGC = [0.15 / WFA] = [ENERGY STAR SHGC]
Where the ENERGY STAR SHGC is the maximum allowable SHGC in Exhibit 1, ENERGY STAR
Reference Design, for the Climate Zone where the home will be builf,
b, In Climate Zones 4,5 8,7, and B, an improved window L-alue is required and is determined by
Improved U-Value= .15 /WFA] x [ENERGY STAR U-Value]
Where the ENERGY STAR U-Value is the maximum allowable U-Value in Exhibit 1, ENERGY STAR Reference Design,
for the Climate Zone where the home wall be built.

i In homes with heat pumps, programmable thermostats shall have “Adaptive Recovery” technology (o prevent the
sxcesswe use of electric back-up heating,

= The average-size hame for a speafic number of bedrooms i termed "Benchmark Home" The conditioned floor area
for a Benchmark Home (CFA Benchmark Home) is determined by salecting the appropriate valie from Exhibt 3. For
homes with more than 8 badrooms, the CF A Benchmark Home shall be determined by multiplying B00 =q. . times the
total number of bedrooms and adding 400 sq. ft,

Example 10 Badmom Home: Benchmark Home = B00 sq. . x10) +400 sq. ft =6 400 sq. ft.
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