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Introduction

Introduction Introduction

What is “energy efficient” construction? Many people picture a space-age
house, with a wall of south-facing glass. Others think about solar power
or heat. Still others think of superinsulation and high-tech windows.
Energy efficient construction can include these features, but it does not
need to.

Any home design can be energy efficient, and with careful planning addi-
tional construction costs can be minimal. Builders who use the “house as
a system” concept to plan and build their homes will have happier cus-
tomers, more referrals and fewer callbacks, which in the long run will
more than pay for any added costs. This guide serves as a starting point
to help designers and builders understand the system approach, with an
emphasis on meeting the requirements of the energy code and the New
Jersey ENERGY STAR Homes Program.

About this guide

The purpose of this guide is to provide an overview of energy efficient res-
idential new construction in the Northeast and mid-Atlantic states. The
focus of the text and drawings in the guide are on three main subjects:

* Compliance with the New Jersey residential energy subcode—
New Jersey has adopted a modified version of the 2006 International
Energy Conservation Code (IECC). Although there are some state-
specific differences, most of the code references in the guide can be
used generally for any nearby state with an IECC- or MEC-based ener-
gy code.

* New Jersey ENERGY STAR Homes Program—New Jersey’s Clean
Energy Program™ has established standards for qualification based
upon the Environmental Protection Agency’s national benchmark for
energy efficient new construction. This guide serves as a summary of
the key components of a successful ENERGY STAR project.

* A systems approach to building—Understanding the way different
components and materials interact in a building can reduce moisture
problems, indoor air quality complaints, combustion safety problems,
ice dams, and other expensive callbacks. This guide provides an
overview of the key components of “house as a system” building, with
a focus on energy performance.
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Format

This guide is divided into sections that follow a typical construction
sequence. Each section has convenient tabs marked on the edge of the
page (e.g. foundation, framing, etc.). There are also special sections on the
energy code, on ENERGY STAR, and on the “house as a system” approach
to building.

The purpose of this guide is to provide an overview of the important
issues related to building an energy efficient new home, and also to serve
as a handy field reference that designers, builders and trades people can
use at every step of the construction process. Each chapter has the follow-
ing features in common:

* Energy code—The opening section of the chapter outlines what
parts of the energy code you must pay attention to during that stage
in the construction process. References are made to the code docu-
ment itself so you can find the actual code language that relates to
your situation.

With the exception of Chapter 2 (which is devoted entirely to the
New Jersey energy subcode), energy code requirements are highlight-
ed in blue.

Non-energy code requirements that are cited in the New Jersey ver-
sion of the International Energy Conservation Code (IECC) (referred
to as the New Jersey energy subcode) are both highlighted in blue and
outlined in a blue box.

Other (non-energy) code requirements that may be related to an ener-
gy concern are outlined by a blue box. Most of these requirements are
drawn from the International Residential Code (IRC) for One- and
Two-Family Dwellings, which serves as the basis for the New Jersey
edition of the IRC. (see Appendix for ordering information).

ENERGY STAR—Further suggestions are made about what steps you
may take to help ensure ENERGY STAR guidelines are met at every
step. Included are some suggestions about how costs in one area may
be traded off against reduced costs in another area. Note that the
ENERGY STAR compliance related information presented in this guide
is based on the performance or Home Energy Rating System (HERS)
based approach, as opposed to the prescriptive or “BOP” approach
(see page 13), in addition to requirements set forth by the EPA, the

™

New Jersey energy subcode and New Jersey’s Clean Energy Program™.

Going further—This guide is intended to be a concise reference; there
are numerous situations which are beyond its scope. There are many
references listed in the Appendix for further reading. One of these
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resources stands out as exemplary, thorough, and easy to understand -

the Energy and Environmental Building Association (EEBA) Builder’s Introduction
Guide to Mixed-Humid Climates. The EEBA Builder’s Guide, referenced as

such throughout this book, is an ideal resource for further reading and

more detail drawings. See the Appendix for ordering information.

* Detail drawings—Most of the drawings in this guide are found at the
end of each chapter. The drawings have shaded notes that refer to code
requirements. In all drawings, the dotted line (in color) indicates the
location of the primary air barrier.

Remember that this is book is only intended as a guide. Make sure any new
details are included in your plans, and reviewed and approved by your
local building official prior to construction. If instances occur where local
code and regulatory requirements and the recommendations in this guide
are not in agreement, the authority having jurisdiction should be consult-
ed, and/or the local code and regulatory requirements should prevail. Be
aware that the local code official may ask for engineering or other confir-
mation of the integrity of some of the design examples in this guide.
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The New Jersey ENERGY
STAR Homes Program

Participating in the New Jersey ENERGY STAR Homes program helps
builders:

e Save energy

* Improve Quality Assurance

* Increase customer satisfaction

* Increase sales

* Reduce callbacks

* Differentiate themselves in the market

* Construct better performing homes

* Obtain assistance with code documentation

This guide contains valuable information to help you build more efficient,
healthier, and more durable homes while helping you to gain recognition
as a better builder. By incorporating the guidance contained in this book
into your construction practices and meeting all program requirements,
your customer’s energy bills will be lower, you will experience fewer call-
backs, and you will gain differentiation in the market as a builder of
homes that are certified to be more energy efficient. As an added bonus,
significant incentives are available for eligible homes.

The New Jersey ENERGY STAR Homes program, under New Jersey’s
Clean Energy Program™, is sponsored by the New Jersey Board of Public

ENERGY
STAR
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Utilities (NJ BPU). Participation is open to all builders of residential new
construction or gut rehab projects, for all units meeting specific eligibility
criteria.

For more information, call New Jersey’s Clean Energy Program™ at 866-
NJ SMART (866-657-6278) or visit www.njcleanenergy.com. Also see
www.njenergystarhomes.com and www.energystar.gov to learn more about
the state and nationwide ENERGY STAR Homes programs.

The New Jersey ENERGY STAR Homes program is subject to continued regulatory approval
by the NJ BPU, and the NJ BPU reserves the right to change, modify, or cancel the program

or program offerings without notice. It is the program participant’s responsibility to ensure
that the program materials they are using represent the most current standards and terms.

Eligible Structures

This program is only for new construction and complete gut rehabs.
Homes that have not been enrolled and inspected prior to occupancy will
be considered existing construction and are not eligible to participate.
Multifamily and mixed use (residential/commercial) buildings can qualify
if more than 50% of the projected total energy usage can be attributed to
the residential units and each unit has its own gas or electric heating sys-
tem and/or central air conditioning system. Energy analysis and any avail-
able incentives are determined by building type (see below). Be sure you
know which categories apply to your project:

Building Classification Types

* Single Family—A structure containing one or two single family
dwelling units. The dwelling unit(s) must have a roof, foundation,
exposure on at least three sides, and a separate entrance for each unit.
Includes most single homes, twins and duplexes.

* Multiple Single Family—A structure containing three or more
dwelling units. Each unit has a separate entrance. Includes most town-
homes and garden apartments.

* Multiple Family—A structure containing three or more dwelling
units that share a common entrance. Includes most apartment buildings.

Note: The program has the discretion to determine the building type as
necessary. The EPA ENERGY STAR Homes program is for 1-3 story build-
ings. Buildings over three floors require approval on a case-by-case basis;
upgrades and compliance may be determined using an EPA approved
methodology based on ASHRAE standard 90.1 (rather than the Home
Energy Rating System). Building type and certification method will be
determined at the time of enrollment.
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New Jersey ENERGY STAR Homes Program
Requirements at-a-Glance
At a minimum, all certified homes in New Jersey include the following:

* Whole house thermal efficiency—The building must be verified by
program staff to achieve efficiency levels defined by the United States
Environmental Protection Agency (US EPA), including compliance with
the EPA Thermal Bypass Inspection Checklist (see page 14).

* Energy efficient lighting—Check www.njenergystarhomes.com for
New Jersey specific requirements for incorporating ENERGY STAR
lighting.

* Mechanical ventilation system—Buildings must include an auto-
matically controlled ENERGY STAR qualified exhaust fan, heat recov-
ery ventilator, or HVAC integrated whole-house ventilation system
(see pages 20, 101).

* High efficiency central heating and cooling systems—ENERGY
STAR qualified systems are required in most instances. Central air
conditioning systems and heat pumps must be properly sized per
ACCA Manual | (see pages 18, 93).

* Air-tight ductwork—All joints and seams in ductwork must be
sealed with mastic compound (no tapes). Building cavities may not be
used as ducts (i.e., panned joist returns are prohibited); the entire
system must be fully ducted (supplies and returns).

* Insulation verified—Insulation is inspected prior to drywall and
assessed a grade level based on installation quality. This assessment is
a key factor in determining compliance with the whole house thermal
efficiency requirement, described above.

Typical Features

A typical ENERGY STAR Home in New Jersey also includes most of the
following energy features (see Table 1.1). Please note that this list is not a
prescriptive list of minimum features. We encourage you to work with a
Program Technical Representative to develop a package of energy features
that will work best for you and your project. A prescriptive “Builder
Option Package” developed by EPA for New Jersey’s climate is available as
an alternative compliance path for project enrollments after January 1,
2008, but requires higher levels of performance in some areas (such as
lower duct leakage). New Jersey specific program requirements apply
regardless of which method is used to determine upgrades.

ENERGY
STAR
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Typical Features of a New Jersey ENERGY STAR Home

Building Component/
Performance Element
Insulation

Typical Minimum Specifications
Complies with EPA Thermal Bypass Checklist

Basement/foundation walls

R-11 from footing to top of wall

Slab floor

R-11 under slab and around entire edge

Garage floors, overhangs

R-30 with full and permanent contact to subfloor

Walls, rim/band joists

R-19

Flat ceilings

R-38

Cathedral ceilings

R-30

Windows and skylights

U-factor of < 0.35 and a SHGC of < 0.39 (ENERGY
STAR qualified); < 18%of wall area

HVAC Properly sized (ACCA Manual J), ENERGY STAR
qualified, with programable thermostat(s)
Air Conditioning 14 SEER/12 EER, proper airflow and charge

Fossil fueled heating systems

Sealed combustion; 90 AFUE or higher for fur-
naces; 85 AFUE or higher for boilers

Heat Pumps

2.8 COP/13 EER or higher for ground source heat
pumps; 8.5 HSPF/14 SEER or higher for air source
heat pumps

Ductwork

Fully ducted supplies and returns, insulated and
thoroughly sealed with mastic; located in condi-
tioned space; program tested leakage < 6% CFA
(conditioned floor area).

Ventilation

ASHRAE standard 62.2 compliant, ENERGY STAR
qualified and automatically controlled

Hot water heating

All pipes insulated

For all homes that are
heated with a boiler

“Indirect-fired” storage tank system

For all other homes

Power-vented, sealed combustion stand-alone
hot water heater with an Energy Factor (EF) of
0.62 or higher OR an on-demand water heater

with an EF of 0.80 or higher.

Air Sealing (building envelope)

Air sealing and draft blocking to comply with EPA
Thermal Bypass Checklist; program tested air
leakage not more than 1 CFM per square foot
(approx. 0.35 air changes per hour or less)

Lighting and Appliances

ENERGY STAR qualified

Understanding the Home Energy Rating System

Home Energy Rating System (HERS) ratings are used to compare the ener-
gy efficiency of a planned or completed home to a baseline energy-code
compliant home. This comparison results in what is referred to as a rating
“index,” which can be used as a simple measure of energy efficiency. An
index of 100 indicates a home that just meets the 2006 IECC energy code
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(which serves as the basis of the current New Jersey energy subcode).
Each point on the rating index indicates a 1% difference in energy con-
sumption. A lower index means less energy use. The EPA uses this
index as one of the parameters for certifying ENERGY STAR Homes. In
New Jersey, the maximum allowable rating index for an ENERGY STAR
Home is 85. In general, a home with an index of 85 points or less is at
least 15% more efficient than a 2006 IECC code-compliant home.

This nationally recognized HERS system is based on tests, procedures,
and software that have been standardized and approved by the National
Home Mortgage Industry, the Residential Energy Services Network
(RESNET), and the National Association of State Energy Officials
(NASEO).

The ENERGY STAR certification standard is based on a combination of
prescriptive and performance requirements. Blueprints, specifications and
load calculations for each home are initially reviewed for compliance, and
a preliminary energy rating is performed. If it is determined that the proj-
ect will not meet program standards as proposed, a Program Technical
Representative will work with you to establish one or more achievable
upgrade packages. The upgrade package(s) will list all upgrades (such as
insulation R-values, window thermal properties, air leakage specifications,
lighting, appliances, and mechanical equipment efficiencies) projected to
be the most cost effective upgrades necessary to bring all of the homes in
your project into program compliance.

A pre-drywall inspection will be performed on each home in order to
grade the quality of insulation installation, inspect air sealing and rough
mechanical installation, and confirm compliance with the EPA Thermal
Bypass Checklist. Upon completion of the home, final inspections and
testing are performed to verify overall program compliance based on “as-
built” conditions. Performance testing includes the use of diagnostic
equipment to measure whole-house air leakage, duct leakage and system
airflow.

10 Steps for Participation and Successful
Completion

In order to receive full credit for program certification, participating
homes or multifamily buildings must comply with all New Jersey ENER-
GY STAR Homes program requirements as outlined in this chapter. A list
of your responsibilities is followed by an explanation of each step. If you
need clarification, please contact your Program Account Manager or
Technical Representative.

ENERGY
STAR
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1.
2.

Submit proposed plans and specifications for initial review.

Receive and review your initial energy rating analysis and proposed
upgrades.

3. Commit to program requirements and construction upgrades by sign-

9.
10.

ing the “Upgrade Package” and “Builder Acknowledgement” forms
for the project.

. Inform your subcontractors of their responsibilities.
. Call the program scheduling department to schedule a pre-construc-

tion meeting with your Program Account Manager and Technical
Representative, site personnel and subcontractors.

. Schedule pre-drywall inspections.
. Schedule final inspections.
. Receive certification based on a final assessment of energy perform-

ance and program compliance.
Receive available incentives.
Promote and sell your New Jersey ENERGY STAR certified home(s)!

Program Participation in Detail

The following is a step-by-step guide to your participation in the New
Jersey ENERGY STAR Homes program.

1.

Complete and submit project documents. The following docu-
ments should be submitted as early as possible in the design phase:

* A fully completed New Jersey ENERGY STAR Homes Specification
Submittal Form

* Architectural blueprints and site plans
* Mechanical HVAC plans
* Manual ] cooling load calculations

* Construction schedule, including the dates for groundbreaking and
the projected build-out rate (if applicable)

. Review your initial energy rating analysis and upgrades.

Shortly after your submittal, you will receive a detailed report of your
initial energy rating analysis and a proposed upgrade package with
recommendations for achieving the ENERGY STAR level of perform-
ance and other program requirements.

. Commit to program requirements and construction upgrades

by signing the enrollment forms for the project. In some cases,
there may be a number of potential upgrade combinations for you to
choose from in order to reach the program standard. In other
cases, options may be more limited. You will need to sign your
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acknowledgement of program requirements and agree to incorporate
a specific package of upgrades into your project.

* Sign your proposed upgrade package. _

* Sign the Builder Acknowledgement form.
* Complete and submit the EPA ENERGY STAR Partnership Agreement g?:: GY
(available online at www.energystar.gov).

* Return all documents, including your projected construction
schedule.

4. Inform your subcontractors of their responsibilities. Ideally, you
will have begun your participation early enough to write the program
requirements and construction upgrades applicable to your project
into your specifications and contracts with suppliers and trade sub-
contractors. Be sure to provide your contractors with the forms and
information they will need to support your participation, including:

* The EPA Thermal Bypass Checklist and Guide for insulation, air
sealing, framing and other contractors working on the thermal
boundary;

* Manual ] (or equivalent) sizing and quality installation verification
requirements for HVAC contractors;

* Mechanical ventilation and high efficiency lighting requirements for
electrical suppliers and installers.

* A copy of the New Jersey ENERGY STAR Homes Field Guide, which
shows recommended construction practices.

5. The pre-construction meeting should occur at the building site,
after framing and prior to rough HVAC mechanical installation in the
first home of a project. To provide the best opportunity for program
compliance, this meeting should include at least the builder, site
supervisor, HVAC contractor, framing and insulation contractors. At
this meeting, an Account Manager and Technical Representative will
review the roles of your site personnel and contractors in meeting
program requirements and the agreed upgrades for your project. The
pre-construction meeting is required for the first home built in each
project and for all custom built homes. Additional meetings will be
conducted when requested by the builder, in the event of a change in
personnel, or when deemed necessary due to non-compliance issues.
Allow approximately one hour for this meeting.

A\ Please allow three business days when calling to schedule any
site meeting or inspection. To avoid delays in your construction
schedule, please have a representative available on site at the time of
inspection to correct any deficiencies as they are discovered. In the
event that this is not practical, a re-inspection may be required to

n
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verify correction of failed items. Be aware that re-inspections may
impact your program costs or incentives.

m 6. The pre-drywall site visit is used to inspect building components that

are related to energy performance and the energy rating. This includes
ENERGY insulation, windows, HVAC systems, framing techniques, and general
STAR air sealing. Compliance with the Thermal Bypass Inspection Checklist
will also be confirmed at this time. A home that does not comply with
the checklist cannot be ENERGY STAR certified. A copy of the inspec-

tion report listing any items requiring correction will be provided.

A\ For additional information on air leakage control and the Thermal
Bypass Checklist (beyond what is provided in this guide), please
review the Thermal Bypass Checklist Guide, available at
www.energystar.gov. Click on “New Homes”, “For Residential
Building Professionals” and then the new guidelines reminder.

7. Final inspection and testing to inspect and test the overall per-
formance of the completed home with respect to program criteria
includes:

* Visual inspection of HVAC equipment, HVAC distribution sys-
tems, domestic water heating, insulation, lighting, appliances, and
other energy rating-related components not installed or inspected
at the time of the pre-drywall inspection.

* Air and duct leakage tests. The air leakage test (blower door
test) measures the air exchange between the inside and outside of
the home’s air barrier. The duct leakage test measures the air leak-
age of the duct system to outside. An airflow test measures total
system airflow for central air conditioning.

A\ Before scheduling a final inspection, please ensure that:
* electric service has been connected and interior outlets are active.
¢ all door and window hardware has been installed.
* plumbing traps are filled or sealed.
* there is no other activity scheduled; the unit will be completely iso-
lated for up to an hour.
NOTE: Revised load calculations are required if the installed sys-
tem sizing has been modified since originally submitted.

8. Certification: The original energy rating(s) for your home(s) will be
updated to include all of the information and performance data col-
lected during the construction and inspection processes. Eligibility
for program certification is based on:

* passing all required inspections, including the EPA Thermal Bypass
Checklist;

12
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* meeting energy rating, performance, and prescriptive thresholds
established by the EPA and the New Jersey ENERGY STAR Homes
program;

* submission of program compliant verification of HVAC sizing;

meeting all requirements for installation of specific equipment;
such as program compliant lighting and mechanical ventilation;

* receipt of any payments assessed for additional re-inspections.

In the case of missing information, you will receive a letter specifying
those items required for certification.

9. Receive available incentives: Once a home is certified, any avail-
able program incentives will be calculated and a check will be issued
to the party identified on the Builder Acknowledgement form.

A Allow approximately 8-10 weeks following your receipt of the
Program Certificate for the check to arrive. Note that you may be
required to provide a certificate of New Jersey State Tax Clearance
prior to approval of incentive payments. Check with your NJ ENER-
GY STAR Homes Account Manager for more information.

10. Promote and sell your New Jersey ENERGY STAR certified
home(s). Talk to your Program Account Manager about how the pro-
gram can help you more effectively market your ENERGY STAR certi-
fied homes. Training for sales staff and creative support for advertis-
ing and promotions (e.g., the EPA “ENERGY STAR Homes Sales
Toolkit”) are available through the program at no cost!

Technical Requirements in Detail

In New Jersey, the national ENERGY STAR standard is supplemented by
program-specific requirements. All requirements, both national and state-
wide, are summarized in this section.

ENERGY STAR Homes Standards

The EPA offers two compliance paths that can be used to achieve ENER-
GY STAR certification: performance-based, using the Home Energy Rating
System (HERS, see below) and prescriptive, using a climate specific
Builder Option Package (BOP). Both approaches require submission and
review of plans and specifications as well as verification inspection and
testing. Note that the BOP requires higher levels of performance in some
areas (i.e., lower duct leakage). Speak with your New Jersey ENERGY
STAR Homes Account Manager or Technical Representative if you are
interested in this approach for new projects after January 1, 2008.

ENERGY
STAR
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Performance-based qualification (HERS)

The primary feature of this compliance option is a requirement for a minimum
level of energy efficiency (a maximum rating index of 85). The maximum HERS
index is supplemented by the following list of mandatory requirements.

EPA ENERGY STAR Requirements

Thermal Boundary Completed Thermal Bypass Inspection Checklist
Ductwork and Leakage =< 6 cfm to outside conditioned
air handler cabinet space /100 sq. ft.
Central Air Conditioning Properly sized
ENERGY STAR products Include at least one ENERGY STAR qualified
product category:
* Heating or cooling equipment OR
* Windows OR

* Five or more ENERGY STAR qualified light fixtures,
appliances, ceiling fans equipped with lighting
fixtures, and/or ventilation fans

Whole house energy usage  HERS index: 85 or lower

This compliance method allows builders to “trade off” aspects of a home’s
efficiency features to achieve a target without needing to meet every ele-
ment of a rigid minimum standard, thereby adding flexibility to the design
process. Accordingly, strengths in one part of a home’s design (e.g., high
efficiency mechanical systems) may be used to offset relative weaknesses
(e.g., average insulation levels) in another part of the design.

Thermal Bypass Checklist

The EPA has adopted a list of mandatory, energy efficient building prac-
tices that must be incorporated into the design and construction of all
ENERGY STAR homes. This list, known as the Thermal Bypass Checklist,
was developed to ensure the continuity and effective performance of a
building’s thermal enclosure. It addresses a wide range of practices that
includes—but is not limited to—properly enclosing insulation, protecting
insulation from wind washing, filling in voids and sealing chases in the
insulated attic plane, and identifying and sealing other bypasses that are
commonly hidden in the building frame. All items on the checklist must
be verified as having been completed before a house can be ENERGY
STAR certified.
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EPA Thermal Bypass Checklist Details as lllustrated in This Field Guide

Detail Illustration Comments
Air barrier/thermal 6.8 Checklist #1 _
barrier alignment

Cantilevered floor 6.11 Checklist #3 ENERGY
Insulated floor 6.12 Checklist #3 STAR
above garage

Dropped ceiling/soffit 6.13 Checklist #5

Attic knee wall 6.15 Checklist #2

Attic eaves; Attic knee wall,  6.16 Checklist #1 #2, #5

Atticaccess panel

Attic eaves; Attic knee wall 6.17 Checklist #1, #2

Air barrier/thermal 6.18 Checklist #1

barrier alignment

Piping penetration 124 Checklist #4

Chimney/flue chase 125 Checklist #4

Air barrier/thermal 126 Checklist #1, #2

barrier alignment;

Fireplace wall

Air barrier/thermal 127 Checklist #1, #4

barrier alignment;
Piping shaft penetration.

Shower/tub at exterior wall 12.8 Checklist #2
Recessed lighting 129 Checklist #5
Attic drop-down stair 12.10 Checklist #5
Staircase framing Not shown Checklist #2: Air barrier is fully

aligned with insulated framing; any
gaps are fully sealed with caulk or
foam

Porch roof Not shown Checklist #2: Air barrier is installed
at the intersection of porch roof and
exterior wall

Whole-house fan penetration Not shown Checklist #5: An insulated fan cover
is gasketed or sealed to the opening

Common walls between Not shown Checklist #6: Air barrier installed to
dwelling units seal gap between common wall and
structural framing

New Jersey-specific Technical Requirements

Insulation

Insulation R-values specified are nominal values for insulation only (not
including drywall, sheathing, etc.). In assigning insulation R-values to
your project(s), the lowest of the following values will be used:

15
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* The manufacturer’s listed value
* The value reported by the American Society of Heating, Refrigerating

m and Air-Conditioning Engineers (ASHRAE)

* The value reported by an accredited testing laboratory.
ENERGY

STAR The quality of the insulation installation will also be inspected at the time
of the pre-drywall site visit. R-values are adjusted from listed R-values,
based on the quality of the installation. The insulation installation
quality will affect the energy rating index.

The following is a list of requirements that apply generally to all insulated
assemblies:

* Insulation must be installed in all exterior building areas and accord-
ing to guidelines and specifications established by the insulation man-
ufacturer and the Insulation Contractors Association of America
(ICAA).

* Batt insulation must be fully lofted to the specified thickness and
completely fill any cavity in which it is placed without any voids, gaps,
air spaces, folds, or wrinkles.

* Insulation placement and condition must be consistent and uniform
throughout all similar building components (e.g., all wall bays must
be insulated to the specified level with no areas left uninsulated).

* Insulation must be protected from air movement and moisture, from
both inside and outside the structure.

* Insulation must be installed around and under piping, wiring, etc. in
a manner that minimizes reduction of R-value through compression.

* The flanges of faced insulation must be stapled to the building frame
in a manner that minimizes compression of insulation material.

* Loose fill insulation must be installed to a uniform depth and com-
pletely fill any cavity in which it is blown to a sufficient density to
ensure that no future settling or voids occur.

* A certificate verifying the product, bags, density, coverage area, and
installed R-value must be provided for all loose fill insulation applica-
tions.

NOTE: Please provide program staff with a copy of the insulation
certificate provided by your insulation contractor.

The following requirements are specific to wall and rim/band insulation:
¢ All walls (including attic walls) must be fully insulated and enclosed
with an air barrier on all six sides.

* Wall insulation should be tight to all six sides of wall cavities, so as to
eliminate convection within the cavity. Install top and/or bottom
plates in locations where they are not present.

16
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¢ Install insulation behind plumbing pipes and HVAC duct risers in
exterior walls and garage partitions. Insulation should also be set
behind and trimmed around electrical outlets, boxes, and wiring.

All wall insulation shall be applied in a manner that protects the insu-
lation from moisture.

Insulated basement framed walls that are spaced off foundation walls
must be blocked and air sealed at the top of the wall and around all
openings (such as windows and doors).

Install a minimum R-3 thermal break on the exterior side of all metal
framed assemblies. Without a thermal break, a wall with metal studs will
perform at an overall R-value significantly less than the product’s rated value.
Contact your Program Technical Representative for additional information.

The following requirements are specific to ceiling insulation:

* Insulation must cover the entire attic plane, including the top plates
of all exterior walls.

* A channel that allows for the free passage of air between the insula-
tion and the roof sheathing must be included in all ventilated attics
(including ceiling-roof combinations such as cathedral ceilings).

* Unventilated roof systems must be insulated with either spray foam or
rigid, board foam that is sealed at the seams. The foam must be
installed in such a way that the roof structure is protected from mois-
ture. Contact a Program Technical Representative for more informa-
tion.

* Install all loose fill insulation in attics to a depth and density that will
minimize future settling. Settled insulation thickness—and not initial
installed depths—will be used to determine R-value. Attic eave baffles
must be installed to prevent windwashing of this insulation.

See Chapter 12 to learn more about insulation code requirements, recom-
mended practices, details, etc.

Windows and Skylights

U-factor and Solar Heat Gain Coefficient (SHGC) ratings for windows,
skylights (and glazed doors) are for the entire unit, including glass, edge
spacers, frame, etc. National Fenestration Rating Council (NFRC) certifi-
cation is the primary resource for all window and skylight ratings. If NFRC
ratings are not available, provide the manufacturer’s calculations (prefer-
ably in electronic format using Windows ™-based software). Where NFRC
stickers are present, they should remain attached to the win-
dows/skylights until at least the pre-drywall inspection. If they are
removed prior to the pre-drywall inspection, written documentation of all
U-factors and SHGC must be provided at the time of inspection.

ENERGY
STAR
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See Chapter 7 to learn more about code requirements, recommended
practices, details, etc. for windows.

Doors

An exterior grade, insulated and weatherstripped door must be installed
at all exterior entrances, including basement bulkhead entrances and attic
kneewalls. Doors to basements that are both unheated and uninsulated at
the foundation walls must also be weatherstripped.

See Chapter 7 to learn more about code requirements, recommended
practices, details, etc. for doors.

Heating Systems
The following is a list of requirements that apply to heating systems.

* To qualify for incentives, heating equipment must be ENERGY STAR
qualified and have an efficiency rating that is at least as high as the
minimums provided in Table 1.2. For new projects enrolling after
January 1, 2008, all heating and cooling equipment must be ENER-
GY STAR qualified to be eligible for program certification. If no ENER-
GY STAR qualified equipment is available for a specific equipment
configuration, the highest available alternative must be used (and doc-
umented for approval).

Minimum Efficiency Standards for Heating System Incentives

Equipment Minimum Efficiency

Gas Boiler 85 AFUE (Annual Fuel Utilization Efficiency)

Gas Furnace 90 AFUE (Annual Fuel Utilization Efficiency)

Air Source Heat Pump 8.5 HSPF (Heating Seasonal Performance Factor )
Ground Source Heat Pump 2.8 COP (Coefficient of Performance)

* Efficiency and capacity ratings are based on certified listings in the Air
Conditioning and Refrigeration Institute (ARI) Unitary Directory of
Certified Products, and/or the Gas Appliance Manufacturers
Association’s (GAMA) Consumers’ Directory of Certified Efficiency Ratings.

* The components of air source heat pump system (i.e., the indoor and
outdoor coils) must be matched and listed by ARI for efficiency and
capacity ratings.

* Ground source heat pump systems must be designed and installed
according to the manufacturer’s instructions/specifications and the
standards put forth by the International Ground Source Heat Pump
Association (IGSHPA). When designing and installing an open loop
system, it is particularly important to pay close attention to pumping
power. Excessive pumping power will lead to reduced efficiency.
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See Chapter 8 to learn more about code requirements, recommended
practices, details, etc. for heating systems.

Cooling Systems
The following requirements apply to cooling systems.

* Central air conditioning equipment must be installed according to the
manufacturer’s instructions/specifications. The components of cen-
tral air conditioning systems (i.e., indoor and outdoor coils) must be
matched and listed by ARI for efficiency and capacity ratings. Airflow
across the indoor coil must be verified by measurement to be within
10% of the manufacturer’s specifications. The system must be
“charged” with the proper amount of refrigerant.

¢ All cooling systems must be properly sized (see below for more detail
relating to this requirement).

* To qualify for incentives, cooling equipment must be ENERGY STAR
qualified. For new projects enrolling after January 1, 2008, all heating
and cooling equipment must be ENERGY STAR qualified to be eligi-
ble for program certification. If no ENERGY STAR qualified equip-
ment is available for a specific equipment configuration, the highest
available alternative must be used (and documented for approval).

* Efficiency and capacity ratings are based on certified listings in the Air
Conditioning and Refrigeration Institute (ARI) Unitary Directory of
Certified Products.

Electric central air conditioning equipment must be documented to be no
greater than 115% (up to 1/2 ton or 6000 Btu/hr over) of the calculated
Air Conditioner Contractors of America (ACCA) Residential Load
Calculation Manual ], 7th Edition (or equivalent) cooling load. Calculation
parameters are provided below. Electric central cooling equipment that
does not meet the sizing criteria will render the dwelling unit ineligible for
program participation (and associated incentives) unless it is the smallest
qualifying equipment available for the load.

* Equipment must be sized using 97.5% outdoor design temperatures.
See Table 1.3 for the outdoor design dry bulb temperatures refer-
enced by ACCA Manual ] for New Jersey. Contractors should use the
closest and most appropriate of these outdoor design temperatures
(based on the location of the equipment installation) in their sizing
calculations.

ENERGY
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Outdoor Design Temperatures for New Jersey
(from ACCA Manual J)

Location Outdoor Design Temperature
Atlantic City 89°F
Long Branch 90° F
Newark 91°F
N. Brunswick 89°F
Paterson 91°F
Phillipsbury 89°F
Trenton 88°F
Vineland 89°F

* The indoor design temperature must be no lower than 75° F; indoor
relative humidity must be set at either 50% or 55%.

* Cooling loads are particularly sensitive to window type, area, and ori-
entation. The specified window U-factor and Solar Heat Gain
Coefficient (SHGC) must be used in the load calculations. Use
dimensions of rough openings to calculate window areas.

* The infiltration rate must be set to “best.”

* ACCA Appendix A-5 must be used for homes that have more than
three (3) recessed lighting fixtures.

A\ 10ad calculations should be submitted as early in your project sched-
ule as possible (preferably at the time of enrollment) so that program
staff can assist you in clarifying sizing requirements, if necessary. This
includes copies of the computer program printout or calculation
forms—including all assumptions and inputs used in the calculations.

See Chapter 8 to learn more about code requirements, recommended
practices, details, etc. for cooling systems.

Mechanical Ventilation

A mechanical ventilation “system” brings fresh air into the home for the
purpose of improving indoor air quality. Mechanical ventilation systems
run either continuously or intermittently with automatic controls (e.g., a
24-hour timer). All homes are required to have automatically controlled
mechanical ventilation that is ducted to the outside and capable of deliv-
ering fresh air in accordance with ASHRAE Standard 62.2-2004 (i.e., the
minimum ventilation rate is determined by the following formula: CFM =
(0.01 x CFA) + (7.5 x OCC), where CFA = Conditioned Floor Area and
OCC = number of occupants = number of bedrooms + 1) . The follow-
ing types of systems are acceptable:

* ENERGY STAR qualified exhaust fan systems, including ceiling, wall
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mounted, or remotely installed in-line fans;

* HVAC integrated systems, only if the air handler has a fan that is run
by an electronically controlled or brushless DC motor (“ECM”);

* HRV (Heat Recovery Ventilation) or ERV (Energy Recovery
Ventilation) systems.

A\ 1n order to remain eligible for program participation and all applicable
incentives, documentation of actual ventilation components purchased
and installed must be provided to program staff prior to certification.

See Chapter 9 to learn more about code requirements, recommended
practices, details, etc. for mechanical ventilation systems.

Ductwork
The following requirments apply to air distribution systems:

e All air distribution systems must be fully ducted (i.e., use of panned
joists or wall cavities for supply or return air is prohibited).

* All seams and joints on both supply and return duct systems must be
adequately sealed with mastic compound meeting UL-181 specifica-
tions. This sealing requirement also applies to all supply and return duct
boots, stackheads, and boxes where they meet drywall or the subfloor.

* The use of any tape as a sealant is prohibited, unless it is used
to seal an access to a component of the mechanical system.

Controls
Programmable thermostats should be installed in all ENERGY STAR
homes. An ENERGY STAR labeled thermostat will meet all of the follow-
ing specifications:
* The capacity to automatically set-up or set-back the house tempera-
ture to control each heating and cooling zone.

* At least two set-up/set-back periods per day, and at least two different
daily programs per week.

* Adaptive recovery to control heat pump systems with electric auxiliary
heat. Adaptive recovery thermostats ramp up to the setpoint temper-
ature in response to the outdoor temperature and, in so doing, mini-
mize or eliminate use of supplemental electric resistance heaters.

Lighting & Appliances

Check current requirements at www.njenergystarhomes.com for installa-
tion of ENERGY STAR qualified light fixtures. Credit will be given only for
fixtures installed in high-use locations (excludes closets, garages, unfinished
basements, or other locations where lights are typically on for less than two
hours per day). The efficiency of lights and appliances can impact the energy
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rating index; program participants are encouraged to use ENERGY STAR
qualified light fixtures, compact fluorescent light bulbs (CFLs), and appli-
ances wherever possible over and above program requirements.

A\ Documentation of actual lighting and appliance components pur-

chased and installed must be provided to program staff prior to certi-
fication. Manufacturer, make, and model of ENERGY STAR qualified
lights and appliances are available through your Program Account
Manager or Technical Representative, or by visiting the EPA ENERGY
STAR website at www.energystar.gov.

Guidelines for Specific Construction Issues

Health and Safety Guidelines

To promote the general health and safety of the occupants of dwellings
constructed to the New Jersey ENERGY STAR Homes program standards,
the following guidelines are recommended for the construction of your
dwelling units:

All materials, systems, and appliances should be installed in accor-
dance with manufacturer specifications and instructions.

Residential dwellings that are enrolled in the New Jersey ENERGY
STAR Homes program must meet or exceed all applicable New Jersey
building codes.

When considering code requirements, remember that homes built to
program standards (including air infiltration reduction measures) will
have an air infiltration rate “known to be less than 0.40 air changes
per hour (ACH).” This low level of air infiltration will result in more
stringent combustion air requirements.

Install direct vent or power vented heating and water heating systems, or
provide outside combustion air for any Category I or Category II vented
systems (combustion appliances that operate with a non-positive vent
static pressure) installed within the pressure boundary of the house.
Direct vent appliances are connected and installed so that all air for com-
bustion is derived from the outside atmosphere and all flue gases are dis-
charged to the outside atmosphere. Power vented appliances operate
with a positive vent static pressure and utilize a mechanical fan to
remove combustion gasses from the appliance to the outside atmosphere.

Select solid fuel fireplaces and stoves that meet the US EPA emissions
standards, and install glass doors on all fireplaces.

If the required mechanical ventilation system installed cannot also
function as the local exhaust fan for an individual bathroom, a sup-
plemental fan is highly recommended. Appropriately sized and vent-
ed kitchen fans or range hoods are also recommended.
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* Carbon monoxide detectors should be installed in any dwelling unit
that contains combustion equipment or is attached to a garage.

* Moisture problems must be mitigated. If moisture-related conditions
(e.g. mold, mildew, standing water, etc.) are observed by a represen-
tative or agent of the program anywhere within the dwelling’s systems
or structure, you may be asked to provide evidence of successful mit-
igation prior to final certification and incentive payment by the pro-
gram.

A\ At their sole discretion, program staff reserve the right to withhold
certification and incentives at any time based on unmitigated health,
safety, or durability considerations. Program requirements do not pre-
empt or supersede New Jersey building codes, and program staff do
not determine whether applicable health, safety, and building codes
have been met.

Complete Gut Rehabilitation/Restoration Guidelines

The following guidelines will help ensure that all gut rehab/restoration
projects meet the New Jersey ENERGY STAR Homes program perform-
ance standards:

* Due to the possible impact on design/program participation, it is the
program participant’s responsibility to identify and address all build-
ing code, zoning, and/or historical preservation compliance issues as
early in the construction process as possible.

Complete all demolition/removal work through to the exterior shell of
the structure so that all surfaces of all external building cavities are
exposed and visible. An assessment of possible energy impacts of exist-
ing conditions and a determination of appropriate program compliance
recommendations will be conducted at the pre-construction inspection,
which is mandatory prior to any rehab/restoration construction work

* New doors and windows will almost always be required in order to
meet performance standards.

Install a solid core door leading to unheated space (such as a base-
ment or garage), with appropriate weather-stripping devices in place.
* Masonry or concrete components that exhibit signs of excessive wear
and/or deterioration may require the application of an approved seal-
er or continuous cementitious parge coat.
Air sealing and demonstrating compliance with the EPA Thermal Bypass
ChecKklist can be particularly challenging when performing a gut rehabili-
tation or restoration. Pay particular attention to eliminating all air passage-
ways to the exterior, attic, and basement, and between dwelling units.
Recommendations include, but are not limited to:
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* Where plank sheathing is used, consider the use of spray foam insulation.

e Cover planking with rigid or flexible sheet sheathing products such as
plywood or plastic house wrap.

Where balloon framing is present, install sealed draft stops between
the basement and the first floor, the attic and the top floor and any
intermediate floors.

Install solid draft stops between top plates and the inside of brick
exterior walls at all locations adjacent to attic spaces.

Air seal and insulate all ceilings above unheated basements and all
exposed ductwork in unheated space. Alternatively, the basement
walls may be fully sealed and insulated.

Seal all penetrations (HVAC, plumbing, electrical, etc.) to unheated
space through both top and bottom plates.

Modular Construction Guidelines

Dwellings that consist either partially or entirely of factory-constructed com-
ponents intended for assembly onto a permanent structural foundation are
eligible for participation in the program. The following procedures apply:

* The initial specifications submittal and rating process are the same as
for all construction types. However, in-plant verification of the
Thermal Bypass Checklist is required. Contact information for the
modular manufacturer must be provided at the time plans and speci-
fications are submitted so program staff can: 1) establish the existence
of an in-plant verifier; and 2) obtain a copy of the completed Thermal
Bypass ChecKklist.

In lieu of performing the initial inspection after insulation and prior
to dry-wall, an inspection must be performed within one week (5
working days) after the setting of the structure (complete assembly on
the permanent foundation). Although insulation and drywall are
already in place, this inspection focuses on the air sealing issues and
installation processes specific to this type of construction.

For dwellings that have both factory-constructed and site-constructed
components, an initial inspection must be completed after insulation
and prior to drywall for the site-constructed sections.

As for all construction types, each unit must have been enrolled and
inspected prior to occupancy in order to remain eligible for certification.
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This Guide Is Not the Code

The current residential energy code for New Jersey is a modified version of
the 2006 International Energy Conservation Code (IECC), referred to as
the New Jersey energy subcode. A New Jersey Edition of the IECC-2006,
which incorporates all of the New Jersey amendments, is available from the
International Code Council at www.iccsafe.org. Note that this Field Guide
portrays these energy code requirements as completely and accurately as
possible at the date of publication. However, building codes are subject to
interpretation, as well as periodic changes. If you have any questions about
the details of the code language, refer to the actual language in the current
version of the code (see Appendix for ordering information). Wherever
possible, references are made to the specific section number from the code
so you can look it up. If questions of interpretation arise, contact the codes
and standards division of the New Jersey Department of Community Affairs
(see Appendix for contact information).

Applicability (IECC 101.4)

The 2006 IECC New Jersey Edition applies to all types of construction,
both residential (Chapter 4) and commercial (Chapter 5, which references
the 2004 ASHRAE Standard 90.1). The focus of this Field Guide is on low-
rise (three stories high or less) residential new construction (detached one-
and two-family dwellings and low rise multifamily buildings, including
townhouses).

General Requirements

The following is a summary of the general requirements of the code
(referred to in the code as mandatory provisions). You must follow all of
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the requirements that are applicable to your building project, regardless of
the method that is chosen to demonstrate energy code compliance.

* Air leakage (IECC 402.4)—Leaks must be sealed between condi-
tioned space and outdoors, and between conditioned space and
unconditioned space. The code specifies locations that must be sealed,
and gives examples of ways to seal them. Many examples of acceptable
air sealing are found in Chapters 6 and 11, with code requirements
highlighted in blue.

* Moisture control (IECC 402.5)—Unless ventilation is provided to
allow moisture to escape, a vapor retarder with a perm rating of 1.0 or
less (tested in accordance with Procedure A of ASTM E 96) is required
on the winter warm side of insulated walls, floors and ceilings.
(Exception: a vapor retarder is not required in locations where there
are 5,499 Heating Degree Days (HDD) or fewer (see Table 2.1).

* Mechanical systems (IECC Section 403)—This section has require-
ments for controls, duct construction, duct insulation, pipe insulation,
mechanical ventilation and equipment sizing. See Chapters 8 and 9 for
specific requirements.

Compliance with these sections is mandatory, regardless of the code compli-
ance path.

Compliance Analysis

Before you start building, you need to prepare a design that ensures you
will comply with the code. In fact, you must do this before you can get a
building permit. This is no different from any other part of the code, such
as egress requirements, structural loads, etc. There are several methods
that can be used to demonstrate energy code compliance; compliance can
be demonstrated:

e prescriptively, by selecting a package of insulation R-values and glazing
U-factors from tables that are included in the code;

* by performing manual U-factor calculations on a component-by-com-
ponent basis, and showing that values are less than code-specified
maximums;

* using REScheck software;

* by participating in the New Jersey ENERGY STAR Homes program;

* using the simulated performance alternative (formerly referred to as
“Systems Analysis”; see IECC Section 404).

Regardless of the method that is used, the list of specifications associated
with demonstrating compliance should include the insulation R-values for all
floors, walls, and ceilings and the U-factors for all windows, doors, and sky-
lights. Note that the notes in the illustrations related to code details
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do not mention R-values. That is because the R-values are deter-
mined by your compliance analysis. Most of the code-related notes apply
to the general requirements (summarized on the previous page).

Prescriptive Compliance (IECC Section 402)

This method allows you to look up R-values and U-factors from tables. The
prescriptive specifications from these tables provide minimum perform-
ance values for components of the thermal boundary, based on (1) the cli- Energy
mate zone of the location where you are intending to build and (2) the win- Code
dow area of the house (expressed as a percentage of gross wall area). There

are several different packages to choose from. These prescriptive packages

can be downloaded from the internet by visiting the “Energy Codes”

section at www.nj.gov/dca/codes (specifically “Bulletin 07-2”).

The primary advantage of using the prescriptive compliance method is that
it is comprised of a simple list of performance standards that does not
require energy modeling or calculations (other than window-to-wall ratio)
to determine whether a home is energy code-compliant. On the other
hand, there is very little flexibility associated with this compliance method
and in general, the level of stringency associated with the specifications is
higher than what it might be using the other compliance methods. There
are additional considerations for buildings that include steel-framed assem-
blies and/or mass walls. See IECC 402.2.3 and 402.2.4 for details.

Total UA Compliance (IECC 402.1.4)

The total UA for a house is the sum of the values that are produced when
the U-factors (U) for all of the individual components of the thermal
boundary are multiplied by the areas (A) of those components. If calcula-
tions can be used to demonstrate a level of energy efficiency that is at least
as high as it would be if prescriptive specifications were used (i.e., if the
calculated UA is less than or equal to what it would have been otherwise),
then the building shall be deemed energy code-compliant. U-factors must
be calculated on a component-by-component basis and compared to the
maximum U-factors listed in IECC Table 402.1.3. Note that this table has
been modified for New Jersey; the table that is included in the non-state-
specific version of the 2006 TECC should be disregarded.

Compliance using REScheck Software

The simplest way to perform UA tradeoffs—and to demonstrate compli-
ance in general—is to use REScheck, an easy-to-use software program that
facilitates the compliance process. Using REScheck:

* Allows significant flexibility for determining compliance specifica-
tions for most situations.
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* Allows the designer to trade off better performance in one area, like
higher R-values of insulation, to offset poorer performance in another,
like higher U-factor windows. It also allows trading off higher efficien-
cy heating equipment to offset a less efficient building shell.

* Requires that you calculate square foot areas for all insulated com-
m ponents of the building such as walls, floors, ceilings, windows, and doors.
Energy * Is the most fqrgiving in the sense that it will be the easiest way to

Code pass the compliance test for most houses.

The software is available for free at: www.energycodes.gov. Click on
REScheck under “Free Software Downloads.” Instructions are also available
with the software, and context-sensitive help menus are built in.

Some things to remember with REScheck:

* Always start by making sure the appropriate location and code
have been selected. The 2003 IECC (NOT the 2006 IECC) should
be selected under “Code” in the menu bar at the top of the screen. The
location (or municipality) that is selected should be based on the cli-
mate zone where you intend to build. See Table 2.1 (below) for the
appropriate location.

* Use gross wall areas, including all windows and doors. REScheck sub-
tracts window and door area automatically.

* Remember to include band joist areas—except band joists of insulated
floors—in the net wall area.

* Use window frame size or rough opening for window area, not the
glass or sash size.

* Input the actual heating and cooling equipment efficiencies if you are
using equipment that is rated above the code minimum.

* The total UA shown on the compliance report (“Your UA”) must
be at least two percent less than the maximum UA for the home
to be deemed compliant.

New Jersey Climate Zones

Heating Counties REScheck
Degree Days Municipality
4,500-4,999 Atlantic, Burlington, Camden, Audubon, NJ

Cape May, Cumberland,
Gloucester, Salem

5,000-5,499 Essex, Hudson, Mercer, Lakewood, NJ
Middlesex, Monmouth,
Ocean, Union

5,500-5,999 Bergen, Hunterdon, Morris, Maplewood, NJ
Passaic, Somerset

6,000-6,499 Sussex, Warren Hackettstown, NJ
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ENERGY STAR Compliance

Compliance with the energy code can also be demonstrated by participating
in the New Jersey ENERGY STAR Homes program. A copy of the Builder
Acknowledgement Form should be submitted along with your permit applica-
tion. Confirmation of a Final Inspection “pass” status and/or final certifica-
tion may be required when applying for the Certificate of Occupancy. See
Chapter 1 to learn more about participating in this program.

Performance-based Compliance (IECC Section 404)

This compliance method is based on a simulated energy performance analy-
sis. Compliance is shown to be demonstrated when the projected, annual
energy cost associated with the proposed home is less than or equal to the
annual energy cost associated with a theoretical reference home (which is
referred to in the code as the “standard reference design”). The parameters
for the detailed calculations that must accompany this analysis are spelled
out in IECC Tables 404.5.2(1) and 405.5.2(2). The approach is very similar
to the one used to generate a Home Energy Rating System (HERS) index
(described on page 13.)

The primary advantage of this method of demonstrating energy code com-
pliance is that it allows builders to “trade off” different aspects of a home's
efficiency features to achieve the required level of efficiency (energy cost)
without meeting the rigid minimums that are the basis of the prescriptive
compliance method. And unlike prescriptive compliance, the tradeoffs are
not limited to UA equivalencies. The performance-based energy analysis
takes into account a much wider range of efficiency features, including-but
not limited to-insulation levels, window U-factors, orientation, mechanical
efficiencies, air infiltration, and service water heating. Although theoretical-
ly you could use these tradeoffs to eliminate the need to insulate one or
more building components or portions thereof, this approach is not recom-
mended. It will result in an unbalanced investment, by requiring overcom-
pensation somewhere else, and an increased potential for comfort or mois-
ture problems due to cold surfaces.

Plan Review and Field Inspections

Building inspectors will be looking to see that the house meets the gener-
al requirements summarized earlier in this chapter, as well as the specifica-
tions that you submitted when you applied for the building permit.
Insulation R-values and equipment efficiencies in the house must equal or
exceed the specifications from the compliance analysis, and you must fol-
low all general requirements, in order to pass code inspection. Window,
door, and skylight U-factors must be equal to or less than the U-factors
from the analysis. Note these issues:

Energy
Code
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* Insulation must be installed properly (see pages 131-134), and with R-
value markings visible.

* The requirements for verifying window performance are on page 85.
NERC rating labels should remain attached to all windows until they

m are checked by a building code official.

Sunrooms
Energy ) ' « ) )

Code A sunroom is defined as “a one story structure attached to a dwelling with
a glazing area in excess of 40 percent of the gross area of the structure's
exterior walls and roof”. If a sunroom addition is open to the existing struc-
ture, it must satisfy the same requirements that would apply to a newly
built home or addition. If the sunroom is thermally isolated (i.e., it is sep-
arated from the conditioned space or the main building or structure by a
sealed, insulated wall, door and/or window) and conditioned, then:

* The sunroom must have either a separate HVAC system, or be served
by an HVAC zone that is separate from the rest of the building or struc-
ture.

¢ The minimum ceiling insulation R-value shall be R-19 in locations that
have 5,499 Heating Degree Days (HDD) or less and R-24 in locations
that have 5,500 HDD or more (see Table 2.1 for New Jersey climate
zones). The minimum wall R-value shall be R-13.

* The maximum window U-factor shall be 0.50 and the maximum sky-
light U-factor shall be 0.75.

* Any new walls, doors, and/or windows separating the existing struc-
ture from the sunroom must meet the associated requirements for the
main body of the house.

A thermally isolated sunroom that is not heated does not need to comply
with the energy code.
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House as a System

Moisture related failures, indoor air quality problems, combustion back-
drafting, sooty “ghost” stains on walls and carpets, mold and mildew in
homes—callbacks of these types have increased dramatically in recent
years. They are often blamed on houses that are “over-insulated” or “too
tight.” Although these problems were unusual in the days when houses
were leaky and uninsulated, they are not caused by these factors alone. In
fact, it is rare to find a failure of this sort which is caused by any single fac-
tor. These problems are usually the result of the different components of
the house interacting, as a system, in ways that were not foreseen by the
builder or designer.

Over the last century, the introduction of new materials such as plywood
sheathing and housewraps has changed the way houses are built. Houses
are tighter, and there are many more pollutants found inside, generated by
the occupants and by the building materials themselves. As energy costs
have risen, insulation has become a necessity. The advent of central heat-
ing systems with automatic controls has contributed to increased con-
sumer demand for comfort in their homes, and heating systems have
become more efficient. In addition to advances in building construction,
consumer lifestyle changes have altered homeowners’ expectations.
People want houses that are larger and more complex, with more features
than ever before. All of these things have an effect on each other, and on
the operation of the house system.

It is becoming widely recognized that many of the failures and warranty
callbacks in new houses are a result of mis-applying new technologies or
materials—not because they were installed “wrong,” but because nobody
predicted the effect that a change in one area might have on some other
part of the the house. Often, the complexities of a building make it diffi-
cult to find the source of a problem, even after it occurs. Consider the fol-
lowing example (a true story):

House as
a System
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Building Failure Case Study

A homeowner calls in a building science specialist to help with a moisture
problem during the heating season. The house has condensation and
mold in the attic and living space. The specialist arrives at the property,
and an interview of the client shows that this is an ongoing problem; in
fact, it has gotten worse. The customer had previously consulted with sev-
eral contractors and the local utility company, and was informed that the
solution to the moisture in his attic was to add ventilation. When he
asked how much ventilation to add, he was told, “You can’t over-ventilate
an attic.” He was also warned that soffit vents would do him no good if
they were blocked by insulation. So he installed extra soffit ventilation and
pulled the insulation back from the eaves to allow free air flow. Since the
hip roof did not have much ridge area, the homeowner installed two tur-
bine vents to satisfy the need for upper ventilation.

On inspecting the house, the specialist finds the following:

* The roof sheathing is damp and spotted with mold.

* The roof has continuous soffit vents and two turbine vents.

* The fiberglass batts in the attic have been pulled away from the eaves
approximately 18".

* There is black mold growing on the second floor ceilings in rectangu-
lar patterns around the house perimeter.

* The relative humidity in the living space is measured to be higher than
normal for winter conditions.

* The bathroom exhaust fans are vented outdoors, but have a very low
air flow rate and are rarely used.

* A blower door test confirms that the building is fairly tight, but there
is still communication between the attic and the living space, by
means of top plates and an open plumbing chase.

* The clothes dryer in the basement has a vent to outside, but the hose
is disconnected.

* There is a piece of plywood in the basement loosely covering a sump,
which leads to a small stream running underneath the building.

It is clear to the specialist what has happened. First, the turbine vents
drew air not only through the soffit vents as intended, but also drew more
air than ever from the house into the attic. With the high levels of humid-
ity in the living space, combined with the fact that leaks into the attic had
never been sealed, the turbines were moving moisture into the attic even
more quickly than before. Second, in his effort to open up the soffit vents,
the homeowner removed the insulation. This created a cold surface all
around the perimeter of his upstairs ceiling for moisture to condense, and
mold to grow on. No one thought to look in the basement when diagnos-
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ing the problem, but this is where the source of the moisture was lurking
all the time.

The specialist wrote up a repair punch list as follows:

* Cover the sump in the basement with a gasketed cover to discourage
the water from evaporating into the house.

* Re-connect the dryer hose.

e Seal leaks into the attic, to minimize the path for moisture to reach
the attic.

* Replace the turbine vents with standard roof vents.
* Re-insulate the perimeter of the attic.

* Install baffles to allow free air movement through soffit vents and to
direct the air over, rather than through, the insulation.

* In at least one bathroom, install a continuous running, low-level exhaust
fan vented to the outside, to ensure the proper ventilation rate.
When the building was inspected the following year, the moisture was
gone and the occupants were healthier and more comfortable.

Why did this building fail? The answer lies in the the fact that nobody
evaluated how one aspect of the building’s construction might affect
another part of the building. Additionally, nobody evaluated the effects of
occupant behavior on the performance of the building. When the founda-
tion was built, it was noted that the underground water might cause
flooding problems, so the decision was made to include a sump. When
the framing, exterior shell, and interior finish were installed, each contrac-
tor took enough care that the building ended up with a relatively air-tight
shell. But the builder did not realize that by doing these two things suc-
cessfully, they had created a highway for moisture to pass through the
interior wall cavities directly from basement to attic. Bathroom fans were
installed and properly vented outside, but nobody predicted that the
occupants wouldn’t use them.

Why was the moisture problem mis-diagnosed? This is primarily because
the contractors making the assessment took too narrow a view when eval-
uating the house. If a problem occurs in the attic, it is easy to assume that
you will find the answer by looking in the attic. However, the house sys-
tem is complex enough that this is often not the case.

The House as a System

When one component of the building fails, or is even out of tune, it can
set off a chain reaction with unexpected results. To successfully avoid
these kinds of failures, it is necessary to take a systems approach to the
design and construction of buildings. Every trade may do its job proper-
ly, but if nobody is paying attention to the issues of moisture sources and

House as
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ventilation, a house can end up with serious mold and mildew problems.
Every aspect of a home may meet the required codes, but there can still
be carbon monoxide spillage into the living space. The construction
supervisor may do a fine job of managing all the subcontractors, but if no
one considers the interactions of the individual parts of the building, or
thinks about how the building will perform when occupied, all this hard
work may be inadequate.

It is easy to look at the house as a collection of components: foundation,
frame, mechanical services, drywall, trim, fixtures and finishes. But there
is more to a building than this. Figure 3.1 shows a schematic of the house
system with some of its interactions.

The first step to understanding the house system is to realize that the
building structure itself, and the mechanical systems in it, interact with
each other and with the people in the building. People turn thermostats
up and down, they move switches and valves, they build walls, cut holes,
and leave windows and doors open or closed. Both the building and the
mechanical systems also interact with the immediate environment around
the house: how cold or hot is it, which direction is the sun shining from,
how much wind or rain. These environmental factors change the building
directly, causing parts of it to get hot or cold, or to get wet, and to dry out;
and they also affect how comfortable people are inside, causing them to
act in different ways relative to the building.

It is not necessary to make a study of every interaction that can happen
in a building based on this concept. However, it is important for someone
to take responsibility for the house as a whole system, and to think about
common ways that the components in a house interact under everyday
situations. It is imperative that house designers and general contractors
learn the basics of the house as a system if they want to avoid these prob-
lems.

Fortunately, there has been much research in recent years and a growing
body of field experience based on new construction, testing, weatheriza-
tion and remediation work. Ice dams, indoor air quality problems, radon,
nail pops in drywall, freezing pipes, combustion safety and backdrafting
problems can all be reduced by understanding the basics of moisture and
air movement. These effects can be understood on a level sufficient to
avoid the most common problems, as long as someone is thinking past
the individual parts and looking at the whole.

Going Further

This guide attempts to include details that are consistent with good build-
ing science as well as applicable codes. However, it is beyond the scope of
this guide to address the subjects of moisture and air movement in much
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detail. Many of the sources listed in the Appendix contain excellent infor-
mation on building science and house system interactions. The EEBA
Builder’s Guide has more detailed information on building failures, along
with their causes and solutions.

FIGURE 3.1
The House as a System
Building
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Planning

This chapter gives designers, general contractors, and builders guidance
on what energy-related issues are best resolved before breaking ground.
Whether the house is designed by an architect with help from engineers,
or by an owner-builder, good planning pays off with systems that work
well together.

The Thermal Boundary

The thermal boundary is the collection of insulated and sealed floors,
walls, and ceilings in the building that separate conditioned spaces from
both unconditioned spaces and the outside (see Figures 4.1 and 4.2). A
well-detailed boundary is one of the most critical aspects of a high per-
formance home, affecting not only its energy efficiency, but also its dura-
bility and occupant comfort. Unfortunately, decisions relating to the
placement and detailing of the thermal boundary are often made on the
fly. Frequently (and regrettably) the concept of a thermal boundary is not
even considered as part of the design and construction of a home; insula-
tion is installed where the insulation subcontractor thinks it should be
installed and there is little, if any, conscious effort devoted to air sealing.

A thermal boundary should be integrated with the design of all homes.
Deliberate decisions about its placement and the materials that will be used to
create the boundary are an important part of this process. There are two pri-
mary components to the thermal boundary: The first (insulation) resists con-
ductive heat transfer. The second (air barrier) resists air flow. You should ensure
that these two components are aligned with one another and installed contin-
uously around the entire volume of conditioned space. In a set of drawings,
one or more sections can be used to effectively convey this information.

Unfortunately, there is sometimes a disconnect between what is laid out
in a set of plans and what is actually constructed in the field. For the ther-
mal boundary, this disconnect can be remedied by complementing
plans/specifications with the following guidelines:

Planning
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* Make sure the general contractor and all subcontractors understand
the design associated with the thermal boundary, and the importance
of seeing the design through to completion.

* Facilitate implementation by having the necessary materials on site
before they are required. Drywall and insulation, for example, may be
required before a shower-tub assembly is installed (see Figure 11.8).

* Require all subcontractors to seal any penetrations they make through
the thermal boundary. Provide them with the materials they may
need, or alternatively:

* Assign someone (typically on the builder’s crew) the responsibility of

m making sure that the integrity of the thermal boundary is maintained
through every stage in construction.
Planning e Perform a final air sealing check before insulation is installed.

Design Elements

The following is a rough outline of the construction process, paralleling
the sequence of upcoming chapters. In each section, considerations that
are unique to the planning phase are addressed. Some of the considera-
tions relate to energy code compliance and some of them relate to ENER-
GY STAR compliance. Many relate to both.

Foundation

The treatment of a foundation wall depends on whether or not it enclos-
es a conditioned space.

* If the foundation encloses a conditioned space, the foundation walls
must be insulated. There is a right way (see Figures 5.4-5.6, 5.11) and
a wrong way (see Figure 5.3) to insulate foundation walls; this portion
of the home should be designed accordingly.

e If the foundation does not enclose a conditioned space, the insulation
must run across the floor above the basement or crawlspace instead
(see Figure 5.7).

* Basement wall insulation may be omitted from walls 50% or more
below grade when high efficiency heating equipment is used through-
out the home. See page 52 and IECC 101.5.3 (in the NJ-specific ver-
sion of the IECC) for details.

There is a growing consensus among many in the energy efficient building
industry that it is preferable to condition basements and crawlspaces. Planning
for a conditioned basement or crawlspace offers the following advantages:

* It is easier to install continuous, uninterrupted air and insulation bar-
riers along foundation walls than it is to install them as part of the floor
assembly (which is obstructed by framing, pipes, wires, ducts, etc.)
The foundation wall is often the better air barrier to begin with.
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* It is easier to control the temperature, humidity, and comfort levels in
a space that is enclosed by insulation and an air barrier.

* Mechanical and distribution systems are often installed in the base-
ment or crawlspace, and they perform better in conditioned spaces.

* Many homeowners will eventually finish and use the basement space.
If they install insulation poorly or are not informed about potential
moisture issues, they are much more likely to create moisture and
mold problems for themselves later on.

On the other hand, a conditioned basement or crawlspace may:

* Cost more to build. Even without factoring in slab insulation, the area
of foundation walls is often greater than the area of the floor they
enclose. Insulation that is exposed to the living space also needs to be
protected from fire (by installing a code-approved barrier such as 12"
gypsum board).

* Create a hidden pathway for insect entry (see page 55) and require
protection of above-grade surfaces (if the insulation is installed on the
exterior surface of the foundation, see Figures 5.6 and 5.10).

* Increase the need to focus on moisture control. It is especially impor-
tant to build elements of moisture control into the design of a build-
ing that will include a conditioned basement (see pages 52, 54-55
and Figures 5.1-5.2).

Framing

In enclosed building cavities (e.g., walls and cathedral ceilings), the
amount of insulation that can be added is limited by the framing depth.
If the framing depth is not sufficient to accommodate the minimum
amount of insulation required (by energy code or ENERGY STAR), the fol-
lowing options should be considered:

* Specify an insulation product that has a higher R-value per inch (see
Table 4.13). High density fiberglass batts, for example, can be used to
increase R-values where space is limited; they are also much easier to
work with and install correctly. Some rigid board and spray foams can
provide R-values as high as 6 per inch!

* Plan for a continuous layer of (rigid foam) insulation that is applied
over the framing. Using continuous insulation is the best way to
improve the effective R-value of an insulated assembly (see Figure
12.2). A 2x4 wall with 2" of rigid insulation, for example, will outper-
form a 2x6 wall with cavity insulation without affecting the depth of
window and door openings.

* Use deeper framing. This is usually the least cost-effective option.

Planning
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* Use a different compliance method and/or compensate for R-value
limitation by improving performance in other areas (e.g. higher heat-
ing system efficiency, lower window U-factor, etc.)

Energy savings associated with framing can also be achieved by using
details that (1) require less wood and leave more room for insulation (see
Figures 6.9-6.10), and (2) include provisions for air sealing (see Figures
6.1,6.2, 6.8 and 6.11-6.17).

Windows

Window type, quantity, orientation, and shading all play a significant role
in determining the energy use of a home. Energy use can be minimized by
orienting a home in such a way that most of the windows face south.
South-facing windows capture heat from the winter sun but do not con-
tribute as significantly (and undesirably) to heat gain in the summer when
the sun is much higher in the sky. By contrast, east- and west-facing win-
dows account for more heat gain in the summer than winter. It is prefer-
able, therefore, to orient the long axis of a building east-west if possible.
On the south side of the home, overhangs can be provided to allow for
solar gain in the winter and to provide shade in the summer. On the east
and west sides of the home, mature trees can provide shade. Regardless of
orientation, high performance windows with low U-factors should be
specified (see page 87 and Figure 7.1). In New Jersey, the need for heat-
ing and cooling can be reduced significantly by making smart choices with
respect to window type, orientation, and shading.

Despite recent advances in window technologies, windows should still be
viewed as weak spots in the thermal boundary (i.e., they allow for rapid
transmission of heat from one side of the wall to the other). Performance-
based compliance with energy code and ENERGY STAR standards is quite
sensitive to the size and number of windows in a house. The more win-
dow area, the more difficult it will be to demonstrate compliance. This
often results in having to push the efficiency of other building compo-
nents to higher levels.

Mechanical Systems

Placement is one of the most important considerations with respect to
designing a mechanical system. A designer usually has little control of the
quality of mechanical installations, but they can influence their place-
ment. Heating and cooling equipment, including the distribution system
(ductwork or hot water pipes), should be located within the thermal
boundary. Duct leaks that occur outside the thermal boundary can cause
thermal, comfort, moisture, and backdrafting problems. Resist the temp-
tation to use the wide open space of an unconditioned attic to “house”
mechanical and distribution systems. Interior 2x6 walls, soffits, and floor




trusses can all be used to facilitate the installation of mechanical systems
within conditioned spaces. Consider planning for the space requirements
for the mechanical systems and specifying them on the plans.

Heating and cooling systems tend to be substantially oversized in conven-
tionally built houses. If the HVAC installer uses the same rules of thumb
to size equipment for an efficient house, they will be even more oversized.
Oversized equipment costs more to install and to operate. You can save
money on a project by sizing the heating and cooling systems properly
(both equipment and distribution systems). These savings can help pay
for the upgrades to the building shell. Note that oversized air condition-
ing equipment will disqualify the home from participation in the NJ
ENERGY STAR Homes program.

To promote efficiency and to eliminate the risk for backdrafting, sealed
combustion heating systems and hot water heaters should be specified
(see page 96). There are additional cost savings if a chimney can be elim-
inated as a result. Note that combustion flue gas venting options vary
according to fuel type. (See Table 4.1 on page 44.)

A distribution system must also be determined during the planning phase.
Again, there are numerous options and related considerations. (See Table
4.2 on page 45.)

Ventilation

An energy efficient home is an airtight home; an airtight home needs ade-
quate, controlled ventilation. This line of thought is often expressed as
“Build tight; ventilate right” (see pages 101-103). Ventilating “right” may
lead you to adopt different strategies in different homes. Use the answers
to the following questions to help you decide what will work best for the
project you are working on:

* How big is the house? Large houses, especially those with high ceil-
ings, have a greater volume of air to dilute pollutants. Small houses,
especially those with several bedrooms, often require the most aggres-
sive ventilation strategies.

* How many people will live in the house? More people will require
more fresh air.

* What is the layout of the house? Relatively open, compact houses can
be ventilated more effectively from a single point. Sprawling houses
and two-story homes benefit more from distributed ventilation.

* How important is fresh air to the owners? Everyone needs fresh air,
but some people value it more highly than others. If the owners need
or expect very good indoor air quality, you should obviously plan for
a system that will provide the desired result.

Planning
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The installation of a background mechanical ventilation system is required
when participating in the New Jersey ENERGY STAR Homes Program.
Review the systems that are discussed in Chapter 9 and plan on incorporat-
ing one of them into your HVAC design.

Plumbing and Electrical

Pipes and wires that run through insulated assemblies create leakage path-
ways and insulation voids that compromise thermal performance. Just as with
mechanical systems, plumbing and electrical components should be installed
within conditioned space, and associated penetrations through the thermal
boundary should be minimized and sealed. Consider planning for the space
requirements of these building elements and specifying them on the plans.

Additional energy (and water) savings can be achieved by laying out the
plumbing components in a sensible manner (e.g., installing a hot water tank
in close proximity to the kitchen/bathrooms). See Chapter 10 for an
overview of related recommendations.

Lighting and Appliances

Recessed lights in insulated ceilings must be rated for Insulation Contact
(“IC” rated), and must be airtight as outlined in IECC 402.4.3. Units with a
label that references ASTM standard E 283, MEC, IECC, or Washington
State's energy code are acceptable. This requirement can also be satistied by
installing sealed, airtight boxes over recessed lights. For ENERGY STAR
requirements, see table on page 110. For more information about energy effi-
cient lighting, visit www.energystar.gov, click on “New Homes,” and go to
Advanced Lighting Package on the right-hand sidebar.

Air Sealing

Air sealing is one of the most important aspects of energy efficient con-
struction. Homes that are not consciously air sealed at key stages during
construction rarely perform well. Adopt a proactive approach to air seal-
ing. Important guidelines for adopting such an approach are outlined in
the “Thermal Boundary” section of this chapter (see page 37).

In general, simple shapes are the easiest to seal. Many new homes are
expansive and have designs that feature complex geometries. In these
homes, pay extra attention to identifying and treating attic bypasses, fram-
ing transitions, and other potentially significant sources of air leakage (see
Chapter 11). Also consider locating the thermal boundary where there is
the greatest likelihood of achieving a continuously air sealed barrier (e.g.,
the roof instead of the ceiling; see Figures 6.15-6.17).




Insulation

Specily insulation products that are easy to install correctly, and that are appro-
priate for the unique characteristics of the assembly to be insulated (see Table
4.3). Rigid or spray foam, for example, are better choices for insulating founda-
tion walls than fiberglass or cellulose (see Figures 5.3-5.6). Spray foams may be
more appropriate for complex cathedral ceilings. Loose fill or blown-in insula-
tion is more appropriate in flat attics. Some types of insulation, such as dense-
packed or damp-spray cellulose, or spray foams, fill cavities completely, help to
reduce air leakage, and add more R-value in the same sized framing cavity. Rigid
foam applied to the exterior walls and/or ceilings not only adds R-value, but
also reduces the thermal “bridge” of the framing, can form a good air barrier if
the seams are sealed, and provides condensation resistance. Think about spec-
ifying some of these materials to improve the performance of the building.

Plan for Success

Good planning is important for good buildings, but good planning does
not guarantee good buildings. Many building plans are drawn with exem-
plary construction details, and those details are ignored, botched,
replaced, or omitted by “value engineering,” before or during the con-
struction process. Subcontractors often complete their jobs without con-
sulting plans and without giving any consideration to how their work
might affect other subcontractors. Similarly, general contractors who are
not committed to the “house as a system” approach to building may not
see the project through in a seamless, integrated fashion. No matter how
it is defined, success will be unlikely in these cases.

Careful planning must be complemented by effective communication,
teamwork, and testing. The designers on the front end of a project (archi-
tects, engineers) must work with the builder and subcontractors at the
back end, and vice versa. A home energy rater or other energy consultant,
acting as an independent third party, can also help to verify home per-
formance (by performing visual inspections and testing) and can offer
guidance from the design phase through to project completion.

Planning
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Heating fuel characteristics

Fuel Type

Home
Heating Oil

Venting Options

* Best vented through
a chimney

* Direct vent available, but
requires careful design
and installation

* Combustion air kits
available for some
equipment

Other Considerations

* Inexpensive fuel; high heat content

* Low-output equipment not as
common; hard to find right-sized
equipment for low-energy homes

* Fuel must be kept warm

* Flue gases should not be allowed
to condense in heat exchanger or
vent

* Equipment must be cleaned peri-
odically

Liquid Propane

e Can be chimney or
direct vented

 Sealed combustion appli-
ances common

» Usually the most expensive fuel;
lower heat content per gallon
than oil

* Modulating burners can vary heat
output

* Higher efficiencies and reduced
maintenance (most natural gas
equipment is available in an LP
version)

o Suitable for small, tight, energy
efficient buildings

Natural Gas

» Can be chimney or direct
vented

 Sealed combustion
appliances common

* Wide range of equipment avail-
able; suitable for most homes.

* Modulating burners can vary heat
output

Wood/Biomass

* Best vented through a
chimney

e Direct vent available in
electric pellet stoves

* Combustion air kits available

for some new stoves

* Cord wood less expensive than
oil; pellets cost about the same as
oil

* Relatively low efficiency




Distribution system options

Distribution Type  Considerations

Ducts (forced air) ¢ Usually the least expensive option, but the most prone to instal-
lation defects (poor sealing and/or insulation) which can dramat-
ically reduce system efficiency

» Often paired with a furnace and/or air conditioning system.
Boiler can also be used as heat source by installing hydro-air
handler

¢ Long duct runs and/or poorly installed (undersized, poorly
sealed, kinked, pinched, excessive turns, improperly balanced)
Iductls can seriously reduce heat delivery and occupant comfort
evels

* Ducts can be used to facilitate distribution of fresh air (by inte-

grating a mechanical ventilation system)
 Air handler can account for significant amount of electrical 4
energy use; choose ECM motor to save electricity (see page 104)
Hot water « Can only be paired with boiler or hot water heater Planning
baseboard * Must be sized according to the heat/cool loads, water tempera-

ture, and rated output.
« Easier to divide distribution system into several zones

Hot water radiator ~ » Same consideration as above
» Saves space compared to baseboards or ducts

Radiant floor * Most expensive distribution system, but typically associated with

highest comfort levels

e Should be paired with condensing boiler for maximum efficiency

¢ Radiant tubes can be embedded in concrete slabs (including thin,
lightweight concrete slabs that can be applied to framed, wood
floors) or can be secured to the floor from below.

* Typically a poor match for a passive-solar heated slab floor; may
not be a good investment in a very energy-efficient home

No distribution » Can adequately heat small, energy efficient homes that have
(space heater) a relatively open floor plan.
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FIGURE 4.1
Typical cape with unconditioned basement

Access doors that are Cold attic means ducts and
part of insulated kneewalls pipes must be insulated
must be insulated and

sealed. /A\
Za N

1st Floor

Planning

Basement

\

[T \ L1
Wall between cold Insulated floor
basement and over basement
warm sun room is
insulated

This is a schematic of a cape style house with an unconditioned basement
and unheated kneewall areas.
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FIGURE 4.2
Cape with conditioned basement and insulated rafters

No need to insulate or Warm attic means

weatherstrip access door ducts_and pipes don't
need insulation

2nd Floor

Planning

1st Floor

Garage

Band joist

insulated
Basement

\

Basement wall
Wall between Code does not always insulated
warm basement require insulation under
and cold crawl slab, but it is recommended

space is insulated for condensation control

This schematic shows the same cape style house with a heated basement
and kneewall areas. Note that the two choices are independent of each
other, it is possible to have heated kneewall attics with an unheated base-
ment, or the reverse.

49



Planning

50




Foundation

Foundation

Foundation Moisture

Aside from structural concerns, the most important consideration for
foundation design is moisture. No client wants a wet basement. No client
wants a damp basement. No client wants mold in their basement. If a dry
basement is your objective, the first priority should be protecting it from
bulk water by directing water down and away from the entire house at
every possible point of entry (see Figure 5.1). Top-down foundation
drainage should be complemented by the following (see Figure 5.2):

* A continuous capillary break that separates the basement slab and
foundation walls from the ground.

* A continuous air and insulation barrier (to reduce the risk for conden-
sation).

You can’t go back to add these later (for a reasonable cost) so the time to
do it is when you build the foundation. This applies to full foundations,
to crawlspaces, and to slab-on-grade construction. Even with these pre-
cautions, the foundation walls may still be damp at times. You can’t guar-
antee that mold won’t grow. You can, however, minimize the potential for
conditions that foster mold growth, and maximize the potential for walls
to dry when they do get wet. To satisfy the requirement for a vapor
retarder on the interior (warm in winter) side of insulated foundation
walls, it is best to opt for products with perm ratings closer to 1 (e.g.,
polystyrene foam), and to avoid stronger vapor barriers (e.g., polyethylene
sheeting or foil-faced products) which limit the potential for drying. The
figures in this chapter show several possibilities for relatively forgiving,
mold-resistant, insulated basement wall assemblies. If the proper drainage
and capillary breaks are not present, and if care is not taken to avoid the
pitfalls illustrated in Figure 5.3, it is better not to build a conditioned
basement so that the foundation walls do not need insulating.

Foundation
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Energy Code Requirements

All basement spaces must be defined as “conditioned” or “uncondi-
tioned.” See Figures 4.1, 4.2 and page 54.

Conditioned Basements /\
In a conditioned basement, you must:

* Insulate the foundation walls on the

inside or the outside of the wall. The —] N

required R-value depends on the results
of your compliance analysis.

* Insulation must extend from the top of the wall to the basement floor
(IECC 402.2.6).

m * Insulate the band joist of the floor framing above the basement.
e Seal air leaks in the foundation walls and slab floor, as well as the sill
Foundation / band joist area.

* If the foundation is insulated with rigid foam on the exterior, the insu-
lation must be protected with a rigid, opaque and weather-resistant
barrier that extends at least 6" below grade (IECC 102.2.1).

* Basement wall insulation may be omitted when high efficiency heat-
ing equipment is used. See IECC 101.5.3 (the NJ-specific version of
the IECC) for details.

Important note: When you are doing compliance analysis on a condi-
tioned basement, you must look at each basement wall separately and
determine, wall by wall, whether the wall is 50% or more above grade or
more than 50% below grade. Walls that are 50% or more above grade,
must be added in with above grade walls in your calculations, and insu-
lated to the same R-value. Walls that are 50% or more above grade are con-
sidered above grade walls and must be treated as such; walls that are more
than 50% below grade are treated as “basement walls.”

Unconditioned Basements /\
In an unconditioned basement, you must:
* Seal air leaks in the floor system
between the basement and the first
floor, such as wiring and plumbing pen-

etrations, and weatherstripping on the basement door. Include the
basement door in your calculations.

* Insulate the floor above the basement. The required R-value depends
on the results of your compliance analysis.

* Insulate the stairwell and the stairwell walls between the basement and
conditioned first floor.
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Slab-on-grade

Slab perimeter (edge) insulation must be installed where the slab is part of
the conditioned space of the house and is at or within 12" of grade (see
Figure 5.7). This includes a slab-on-grade house or addition, the walkout
portion of a heated basement, or a breezeway that shares a slab with the
garage.

The R-value to use depends on the results of your compliance analysis. If
the slab edge insulation is on the exterior, the insulation must be protect-
ed with a rigid, opaque and weather-resistant barrier that extends at least
6" below grade (IECC 102.2.1).

Slab perimeter insulation must run all the way to the top of the slab. It
may go down, or down and across, for a total of distance of either 24" or
48", depending on the climate zone of the location where you intend to
build and the method that is used to determine compliance. See Figures
5.8-5.9 for examples.

Crawlspace

Historically, many building codes have required passive vents in exterior
walls and minimal vapor barrier protection for crawlspace floors. While this
strategy may have helped to reduce moisture loads at times, it also intro-
duced moisture in the summer when outdoor air is more humid than the
cool crawlspace. Building science has shown that ventilating crawlspaces
often does more harm than good, and codes are starting to catch up with
the more sensible approach of building a tight crawlspace with good
drainage and vapor control. In fact, national model energy codes are begin-
ning to include exceptions that allow for unvented crawlspaces that are
either vented to the interior, conditioned, or provide air to the return side
of a heat and/or air conditioning system (IRC R408.3 and IECC 402.2.8).

Ideally, a crawlspace should be constructed like a short basement, including;
* Adequate footing drainage
* Thorough, durable and continuous vapor barrier

e A continuous air and insulation barrier

If the crawlspace has a dirt floor, it must be covered with a continuous
vapor barrier and all seams must be sealed with a good quality tape (e.g.,
3M contractor’s tape or Tyvek tape) or acoustical sealant. The vapor barri-
er must also be attached to the exterior walls, and all penetrations (includ-
ing piers) must be sealed.

If a concrete slab is installed, rigid foam can be used in place of polyethylene.

The walls of an unventilated crawlspace must be insulated to a level that
is determined by the results of your compliance analysis. As with any

Foundation
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basement, it’s important to keep inside air away from the foundation wall
to prevent condensation (Figure 5.11).

If the crawlspace is unheated, the thermal boundary must run across the
floor of the house. Treat the floor over a vented crawlspace as you would
a floor over an unconditioned basement: air seal and insulate to the level
indicated by the compliance analysis. Also consider enclosing the insula-
tion with rigid insulation that is fastened to the underside of the floor
joists.

NJ ENERGY STAR Homes

To meet the ENERGY STAR performance guidelines, you may need to put
slightly more insulation in your basement walls (or the floor over the base-
ment) than you would to meet the code. Other recommendations:

e Install at least 4" of uniform sized, washed stone underneath the slab
floor. This acts as a capillary break to help prevent absorption of
ground moisture. It also makes it easy to add a sub-slab ventilation
system for radon mitigation, if radon is found after construction (see
page 146).

* Insulate basement slabs, even in unheated basements. 1" of rigid
polystyrene foam under the slab will keep it warmer in summer and
reduce the chance of condensation which can wet the slab and lead
to mold and mildew. This will also improve comfort and reduce mois-
ture problems if the basement is finished off later.

* Do not install carpeting on below-grade slab floors unless the slab is
insulated under its entire area, and the foundation is well drained.
Moisture from condensation on an uninsulated slab, or drawn up by
capillary action can lead to hidden mold and mildew problems in car-
pets.

* Always insulate under the entire surface of radiant heated slabs, even
when the code does not require it. Most radiant equipment manufac-
turers specify insulation under the slab; if you are heating the slab, the
insulation will reduce heat loss and improve comfort. Because of the
high temperature of radiant heated slabs, a minimum of R-15 rigid insu-
lation is suggested even though manufacturers may recommend less.

* Try to avoid crawlspaces. Where you do build over a crawlspace, be
certain that the vapor retarder on the crawlspace floor is completely
sealed at all seams and penetrations, and sealed to the wall.

Conditioned or Unconditioned?

The choice of whether to insulate the basement is yours, unless you have
an intentional heat supply. There are several reasons for and against con-
structing a conditioned basement space:
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People often want to use basements. Even if they are not finished
space, people often use basements for laundry, projects, storage or
other uses. They really don’t want the basement to be a very cold
space in winter. If they do finish off the space later, it will be easier if
the basement is already insulated.

It’s easier to air seal the foundation walls. Floors are usually far leaki-
er than foundation walls, and are also harder to seal.

There’s no need to insulate HVAC ducts or pipes in a conditioned
basement, which can save money.

Warm basements are less likely to have condensation and related
mold and mildew problems than cold basements.

Insulating foundation walls has potential pitfalls. Exterior insulation
may provide pathways for insects, must be protected, and tied in
somehow with the wall above. Interior insulation cools foundation
walls, and if drainage and insulation details are not built carefully
there is substantial risk of condensation and mold growth.

Insulating walls often costs more than insulating the floor over a base-
ment.

Going Further
Other issues to think carefully about when planning foundation details
include:

Concrete movement and cracking can result in callbacks, air leaks
and water entry in foundations. The EEBA Builder’s Guide includes a
discussion of concrete movement and control joints—which can
reduce or eliminate these problems—as well as other foundation
issues.

Moisture, drainage and capillary breaks—Foundations are built
in the ground. Depending on where you build, the ground is either
sometimes wet or always wet. All foundations should be built with
good drainage and moisture protection.

Insect entry—Termites and carpenter ants can tunnel through rigid
foam insulation. If the foam insulation is between the ground and the
wood frame of the house, they can use it as a way to get to the wood
without being seen. For this reason some model codes have prohibit-
ed the use of foam insulation above grade in termite-prone areas.
While the Northeastern and mid-Atlantic states are not generally con-
sidered to be termite-prone, termite protection still warrants consid-
eration.

Termites don’t eat foam board, but they will eat wood, causing struc-
tural damage. Carpenter ants don’t eat either one, but they will nest

Foundation
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in both and over long periods can cause structural damage.

There may be ways to effectively block insect entry from foam board to
adjoining wood framing (or above grade foam sheathing); however, the
details for such a system must be implemented very carefully. The
energy code (and common sense) requires insulation in heated base-
ments to the top of the foundation wall; after all, most heat loss occurs
where the foundation wall is exposed above grade. You can’t cut exte-
rior foam board off at grade, so it may be better to insulate conditioned
basements on the inside of foundation walls than to attempt an insect
barrier between exterior foam and the wood framing,

* Alternative foundation systems such as insulated concrete forms

(ICFs) or precast concrete walls can speed up the construction
process (especially in the winter) and provide a pre-insulated, airtight
assembly. They can be very cost-effective when compared to a poured
concrete wall with a built-up insulated stud wall.




FIGURE 5.1
Top-down foundation drainage

Significant
roof overhang

\
bl !
bl
an e
l l ’ Gutters divert rainwater _
‘ l away from foundation
bt

Sloped grade Foundation

promotes
drainage

High footing  Large waterload ~ Water level Perimeter drain

drain allows  on foundation sets upper limit
footing to wall for groundwater

soak in water
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FIGURE 5.2
Foundation moisture control

All full and crawlspace foundations should incorporate these details.

Backfill tonped Polyethylene sill seal acts as
with clay spopil capillary break between
sloped away' / concrete and wood sill.

|

from foundation

for drainage ;I / JT
—4 !

Conventional dampproofing (dotted line)

serves as a capillary break

Bank-run gravel or other free-draining backfill;
|— or use a drainage mat against the foundation wall

A\

Surround stone around the perimeter drain with
filter fabric before backfilling (solid blue line)

Sub-slab vapor barrier/capillary break
(e.g., rigid insulation or polyethylene).
Rigid insulation recommended because
it will also reduce risk of condensation.

4
7
@ Perforated drain pipe at footing @ Dampproofing or cement-based
level, drains downhill to daylight or waterproofing applied to top of
to sump pit inside basement footing as capillary break between

footing and wall (dark line)

Alternate Strategy—+#3 and #4—more effective, where allowed by local codes.

Note: the footing drain can only be installed below the footing level if the footing is
completely supported by uniform sized washed stone, which is noncompressible. When
in doubt about the bearing capacity of the underlying soil, consult a soils engineer.

€ Drain pipe installed below footing () 4-6" washed, uniform sized stone
level (and beyond load bearing range (1/2" = 11/2") under footing provides
of stone, as indicated by dotted line) capillary break and drainage.

to carry water away from footing

A\ CAUTION: The stone surrounding the perimeter drain and under the
slab and/or under footing must be uniform in size and washed (with no fine
grains), to prevent settling or undermining.

TIP: One inch of rigid foam insulation under the slab will reduce the poten-
tial for condensation in the summer. Even if the foundation walls do not
enclose conditioned space, condensation on the slab can contribute to mois-
ture problems in the home.
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FIGURE 5.3
Foundation insulation pitfalls

Framing held off foundation wall
commonly results in insulation
discontinuity and path for air leakage

//\+
4

1

\ Unsealed gap allows moisture-laden air to pass
through to cold side of insulated assembly,

likely resulting in condensation, mold growth

and other moisture-related effects

Strong vapor barrier such as polyethylene

traps moisture inside and behind wall

No capillary break to protect
slab from ground water

Lack of insulation results in cooler
slab surface temperature/increased
risk for condensation

[ ]

A\ CAUTION: Even with careful detailing, a cavity-insulated frame wall is
a poor choice for insulating foundation walls. All or most of the insulation
should be continuous and sealed directly to the foundation (see Figures

5.4-5.0).

Foundation
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FIGURE 5.4
Conditioned basement with interior rigid foam

Foam insulation blocking between joists,
caulked or sealed on all four sides

1'-3" extruded polystyrene foam
insulation tight against foundation wall.
R-value determined by compliance
analysis

Horizontal or vertical 1x3 furring or

RH-— similar, nailed into concrete with powder-
| actuated fasteners. No untreated wood
| within 3" of slab floor.

Foundation

E Note: Insulation and drywall must be
fastened in place mechanically—stability
cannot depend on adhesives alone.

Approved fire barrier covering the
foam insulation

1:-—-—-—-—-—/ Extruded polystyrene insulation under slab

o " and at slab edge to control condensation

A\ CAUTION: Al vertical and horizontal joints in the insulation must be
carefully sealed to prevent humid air from reaching the cool foundation
wall, where it can condense.

TIP: Glass-faced gypsum board or cement “tile-backer” board is much less
vulnerable to moisture than paper-faced drywall. It can be finished with
veneer (skim-coat) plaster. Use vinyl or fiber-cement components for base-
board trim.

Foundation drainage and capillary break details not shown for clarity—
refer to Figure 5.2.
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FIGURE 5.5

Conditioned basement with interior stud wall

A\ CAUTION: All vertical and horizontal joints in the rigid insulation
must be carefully sealed to prevent humid air from reaching the cool foun-

Foundation

Foam insulation blocking between joists,
caulked or sealed on all four sides

1'-2" extruded polystyrene foam
insulation tight against foundation wall.
R-value determined by compliance
analysis

Insulated 2x4 (or 2x3) stud wall, wood
or steel studs, pressure treated still plate

In locations that have 5,499 HDD or less

(see Table 2.1), the IECC requires a vapor
barrier on the warm-in-winter side of the
insulation. To improve the foundation wall
drying capacity, a vapor retarder with a perm
rating closer to 1.0 (e.g. vapor barrier paint)
should be used. Rigid insulation should
comprise 40% or more of the total R-value to
avoid condensation in winter.

Extruded polystyrene insulation under slab
and at slab edge to control condensation

dation wall, where it can condense.

TIP: Glass-faced gypsum board or cement “tile-backer” board is much less
vulnerable to moisture than paper-faced drywall. It can be finished with
veneer (skim-coat) plaster. Use vinyl or fiber-cement components for base-

board trim.

Foundation drainage and capillary break details not shown for clarity—

refer to Figure 5.2.
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FIGURE 5.6
Basement with exterior rigid foam

Plan for interface between
foundation insulation and
wall above, including
flashing, ultraviolet exposure -
and insect barriers T +

-4
Protection board or coating on \

above-grade exposure

Seal and insulate rim joist

Sill gasket
T Airbarrier
m Foundation wall warm,
Insulation extends from top _—— condensation unlikely

to bottom of wall. R-value
determined by compliance
analysis

Foundation

Rigid insulation
helps reduce

] 1: the potential for
~— condensation
and acts as a

capillary break

A\ CAUTION: Exterior foam insulation may provide a pathway for ter-
mites and carpenter ants to reach framing. See page 55.

Foundation drainage and capillary break details not shown for clarity—
refer to Figure 5.2.
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FIGURE 5.7
Unconditioned basement

i Air

I ,barrier
vV

]

[

__9

Seal all penetrations to conditioned space

Sill gasket

@ Floor insulation minimum R-value determined
by compliance analysis

@ Include a bond break at the edge of an Foundation
uninsulated slab to help reduce cracking

OI Insulate ducts to R-8 and seal all seams with mastic I

@ Insulate heating pipes

\lr - Rigid insulation helps reduce the potential
for condensation and acts as a capillary break

TIP: One inch of rigid foam insulation under the slab will reduce the poten-
tial for condensation in the summer. Even if the foundation walls do not
enclose conditioned space, condensation on the slab can contribute to
moisture problems in the home.

If conditioned space is adjacent to an unconditioned space (e.g., in a par-
tially finished basement), then the wall between these two spaces must be
insulated according to results of the compliance analysis.

Foundation drainage and capillary break details not shown for clarity—refer
to Figure 5.2.
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FIGURE 5.8
Slab edge insulation, walkout basement

Grade line

Retaining
wall

Slab insulation stops

at retaining wall
Slab insulation stops at point

. Frame wall .

Slab perimeter W where top of slab is 1 foot

insulation below finished grade.

This is a view of a basement with a frame wall on one side, showing the
placement of slab perimeter insulation.

FIGURE 5.9
Slab on grade with interior insulation

Slab edge must be thermally
insulated with perimeter insulation.
Insulation may be left exposed
(left), set under sill (right), or cut

at a 45° angle (inset above left).

—

Polyethylene Dampproofing

vapor barrier
wherever

slab surface

is not insulated

Dampproofing

Insulation is more likely |nsulation below slab must extend vertically or horizontally

to stay in place if it IS for a total distance of either 24" or 48", depending upon

supported by the footing climate zone of site and method used to determine
compliance. R-value is determined by compliance analysis.

Most of the foundation moisture control strategies shown in Figure 5.2
apply to slab on grade construction as well. Details not shown for clarity.




Foundation

FIGURE 5.10
Slab on grade with exterior insulation

Insulate full slab perimeter, including - -
walkout portions of heated basements R-value ofinsulation depends
—anywhere the top slab is above on compliance analysis

grade, or up to 1 foot below grade

Note: under-sfab insulation
Plan for interface between foundation reduces the potential for
insulation and wall insulation, including condensation in humid weather
flashing, ultraviolet exposure and
insect barriers

— Moisture
Protection board or coating on ] barrier
above-grade exposure

Dampproofing
Rigid insulation extends from /

top to bottom of slab, and then /1
vertically and/or horizontally —~—
for a minimum total distance of _—,
either 24" or 48", depending on .

climate zone of site and method Insulation should be securely .

used to determine compliance and permanently attached to foundation wall
The minimum R-value is

determined by compliance

analysis.

[

A\ CAUTION: Exterior foam insulation may provide a pathway for ter-
mites and carpenter ants to reach framing. See page 55.

Most of the foundation moisture control strategies shown in Figure 5.2
apply to slab on grade construction as well. Details not shown for clarity.

Foundation
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FIGURE 5.11
Conditioned, unvented crawl space with interior insulation

{  Airbarrier
l No air sealing required at floor penetrations

bd <7 !
Jd /o

/e No insulation required on
g ducts or pipes running
] /9 through crawl space

Q Basement

Sill gasket/

Foundation

o[__j

0 Foam insulation blocking between joists, —~—
caulked or sealed on all four sides

e Insulation must be in substantial
contact with wall, with no gaps
between pieces. It must extend to
the top of the wall.

@ A minimum 4-mil thick polyethylene
vapor retarder is required by most
codes. It is highly recommended to
install 6-mil or laminated poly, lapped
12" and taped at all seams, and

© Rigid insulation must extend from top mechanically fastened and sealed to
of slab down to the finished grade all walls, piers, columns, and service
level and then vertically and/or penetrations
horizontally for another 24", @ No air sealing or insulation needed

next to conditioned spaces

@ Extend vapor retarder 12" up walls
and columns, and attach with nailer
and adhesive

A\ CAUTION: All vertical and horizontal joints in the insulation must be
carefully sealed to prevent humid air from reaching the cool foundation
wall, where it can condense.

Foundation drainage and capillary break details not shown for clarity—
refer to Figure 5.2.
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Energy Code Requirements

The following is a summary of the energy code requirements which might
affect how a building is framed.

* R-values of insulation—The R-values determined from your com- _

pliance analysis can affect the dimensions of framing lumber you use.

For example, an R-19 wall would often be built with 2x6 wall studs. Framing
However, there is almost always an alternative. For example, an R-19

wall can also be built with 2x4 studs, R-13 insulation and 1.5" of

polystyrene foam board (R-6).

* Air sealing details—Most air sealing details can be carried out at
any point up until the insulation and drywall are installed. However,
many are much easier to implement during framing. Some of these
critical details include band joist/sill areas, housewrap details (if
housewrap is used as an air barrier), dropped soffit areas, draftstop
blocking between wall and roof or wall and floor assemblies, etc.
Detail drawings showing appropriate air sealing of these areas are
shown in Figures 6.1, 6.2, 6.8, and 6.11-6.18.

* Raised truss comstruction or equivalent roof framing (IECC
402.2.1). This type of construction gives you some credit in the code
compliance analysis, and also performs better. Examples of raised
truss equivalents are shown in Figures 11.5-11.8.

NJ ENERGY STAR Homes

ENERGY STAR Qualification: Framing

Component Compliance Highlights
Thermal Bypass Many checklist items must be addressed at the
Checklist framing stage (see Figures 6.8 and 6.11-6.18)

Other requirements may apply; see pages 15-22 for more details.
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In addition to having to pay more attention to the air sealing details, you
also may need slightly more insulation R-value in the walls or ceiling than
you would just to meet the code. As noted previously, this can affect the
dimensions of the lumber you use. However, there are some techniques
you can use to help pay for these upgrades without compromising the
structure of the building. Here are some suggestions:

* Use details that need less wood and leave more room for insulation at
exterior wall corners, partition wall intersections, headers, and the
like. See Figures 6.4-6.7. The EEBA Builder’s Guide has a section on
framing with detail drawings showing additional options.

Housewraps have been marketed for years as air barriers, but their pri-
mary purpose and benefit is as a drainage layer behind the exterior
cladding. No siding and flashing system is completely waterproof, so
a dependable drainage plane under sidings is needed as a secondary
line of defense. Appropriate counter-flashing details are critical, and a
vented rain screen can provide the best performance for keeping water
out of the building. Housewrap, properly installed and sealed with
tape, can contribute slightly to the air tightness of a building, but
does nothing to slow down air leakage in most large leaks, which are
located in basements and attics.

In addition, plastic housewraps may be incompatible with unprimed
cedar and redwood, and with cement stucco materials; and perforat-
ed plastic housewraps have been shown to leak water much more rap-
idly than unperforated plastics or felt paper. Felt paper or building
paper may be a good alternative as a drainage plane. The EEBA
Builder’s Guide has in-depth discussions about rain drainage planes
and air flow retarder systems.

* Try to discuss HVAC layouts with mechanical subcontractors before
framing. If you can adjust framing to allow space for ducts and pipes,
layouts can be more efficient and less costly, and less damage will be
done to the frame during installation. For example, if a long center
wall in a two-story house is framed with 2x6 studs, duct risers can be
easily installed for floor registers in the upper story. Be sure to align
floor framing with wall studs. At the very least, be sure that adequate
mechanical chases exist. This type of approach can save on duct
installation costs. The EEBA Builder’s Guide section on design has
more ideas related to HVAC integration.

Consider sealing air leaks in the exterior of the walls as well as the
interior. Two air barriers are better than one air barrier. Exterior air bar-
riers help keep cold out and help prevent wind-washing of the cavity
insulation, and they are easy to install (see the EEBA Builder’s Guide
section on air barriers).




Going Further

Use advanced framing techniques that allow you to use less wood in the
frame of the building, leaving more room for insulation and more room in
the budget (see Figures 6.9-6.10). You can choose to use some of these
techniques and not others; but you do have to think about how to apply
these details. For example, don’t use single top plates unless you “stack”
roof, wall and floor framing. Don’t use a single stud at the rough opening
unless you hold the header up with hangers rated for the load. When they
are applied properly, these techniques meet codes and work well. For
more detail on advanced framing (sometimes called “Optimum Value
Engineering”) see Cost Effective Home Building: A Design and Construction
Handbook by NAHB (contact information in Appendix).

Think about the ways in which framing affects the installation of an effec-
tive rain control system (roofing, siding, trim, flashing, etc.), and an effec-
tive water vapor control system (vapor retarders, roof ventilation, etc.). For
example, roof framing has a direct impact on the effectiveness of various
roof ventilation strategies. See the EEBA Builder’s Guide for more on rain
control, framing details for moisture control, insulation, sheathings and
vapor diffusion retarders.
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FIGURE 6.1
Sealing band joists during framing
Caulk exterior sheathing

to toe plate when
assembling wall framing

Caulk or use adhesive
between drywall and toe plate
(optional—airtight drywall)

i

I

I

Apply adhesive between
top of band joist and
bottom of subfloor Sill gasket
Caulk sill plate to
exterior sheathing
before nailing in place

Remember to caulk or tape vertical seams between
sheathing panels.

TIP: For better results, also use construction adhesive when setting the

band joist on the sill.

FIGURE 6.2
Sealing band joists after framing (alternate method)

Insert rigid foam blocks on
inside of insulation and flush
with plate

Caulk all four sides of foam and

éﬁ{l\ joints under floor joists
! Sill gasket

Sealing the band joist is easiest to do during framing, but if it is missed at

that time, this technique works well also.




FIGURE 6.3
Sealing and insulating band joists during framing

Fully insulate joist cavities running parallel to exterior

walls. Itis easier to air seal and insulate the cavities
Apply adhesive to top while they are still accessible (before the subfloor is laid)
of rim joist before
installing subfloor

Seal rim joist to
sill plate with
caulk or adhesive

Sill gasket

Insulate to the same R-value as the exterior wall in a
conditioned basement; the same R-value as the floor in an
unconditioned basement

TIP: If you use a blown-in or sprayed insulation such as foam, blown-in cel-
lulose or fiberglass, or a similar system, this area can usually be insulated
with the rest of the house.

Insulating the band joist after the floor sheathing is installed can be very dif-
ficult, depending on the joist layout. Care must be taken to keep insulation
dry when installed during framing.
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FIGURE 6.4
Insulated three-stud corners

Outside corner
_

Corner can be insulated
||_— from interior

%‘\As an alternate to the

second stud, use 1Xs,
plywood or drywall clips

To reduce drywall cracks, to support first sheet
nail onlythe second drywall
sheet to backing; allow the |~ Exterior sheathing
first sheet to float v
Inside corner
m A Corner can be insulated
from interior

Framing
Exterior sheathing

Conventionally framed corners are difficult to insulate and use more wood
than insulated three-stud corners. For more savings and reduced drywall

cracking, use clips for drywall backing at outside corners instead of the
third stud.

12



FIGURE 6.5
Insulated header in a 2x6 wall

Top plate

Sandwich rigid
insulation between 2x's

Plywood plate

TIP: Use a few standard header sizes that will work in several locations.
There is no need to size all headers equally.

As an alternative, insulated headers pre-manufactured from engineered
wood I-beams and rigid foam may be used. Follow manufacturer’s instruc-
tions regarding acceptable loading, span and support.
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FIGURE 6.6
Ladder blocking for interior partition walls

Horizontal blocking
for drywall installed at
24" o.c. or as needed Fit CaVity insulation
for nailers carefully around
horizontal blocking

/
\
{

Interior

partition end \
stud

i

Toenail interior
partition stud to top Be sure to provide
and bottom plates a nailer for baseboards

4

Framing -, ventional box channels for partition walls are difficult to insulate.

Ladder blocking (or vertical backing, Figure 6.7) use less wood, are easier
to insulate, and are easier for electricians as well. See Figure 11.3 for air seal-
ing details.

FIGURE 6.7

Drywall backing for interior partition walls

Nailer provided by 2x6 or
other wide stock

Easy access to install insulation | | %Z
- O
Interior partition end stud
NN
/ N

Vertical nailing stock can also be replaced by drywall clips to support dry-
wall.
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FIGURE 6.8
Cavity sealing example: chase on exterior wall

DD

=

—

(=

—

)

W
Al

W

With proper air sealing,
chase and floor cavity
contain “inside air”

NN

Sheet material forms air barrier
atinsulated wall (Thermal Bypass
Checklist and insulation Grade |
requirement). It is most easily
installed before chase is framed

f

Chase framed out
1 from exterior wall

YYA

O

Plumbing, wires, ductwork
L running through chase

!

Seal edges to make air
barrier continuous

O

N

|

(==
i/

]

—
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FIGURE 6.9
Conventional framing

Unnecessary header Double top plate

in non-bearing wall

—_—

=

Framing

2-stud partition intersection
uses extra lumber and is
hard to insulate

Multiple studs at rough openings

2x4 or 2x6 studs
16°0.c. Solid-wood header without insulation

3-stud corner with blocking uses
extra lumber and is hard to insulate

Standard framing techniques use unnecessary wood and leave less room for
insulation. Advanced framing techniques are tested and proven by the
National Association of Home Builders, and meet structural codes. For
more detail on advanced framing (sometimes called “Optimum Value
Engineering”) see Cost Effective Home Building: A Design and Construction
Handbook by NAHB (contact information in the Appendix).
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FIGURE 6.10
Advanced framing

Double top plate

No header in
non-bearing wall

1

~Z

7

Less framing at
partition walls

Eliminate unnecessary
cripple studs at windows

Insulated headers

2
Studs 24" on center Align at least one side of window
with siding, sheathing, opening with stud spacing where possible
and drywall that is rated
for 24" spans Insulated 2-or 3-stud corners

Advanced framing uses up to 25% less wood, increases overall insulation
R-values by 5 to 10%, and costs less to build. Most of these techniques can
be used even when framing at 16" on center. The advanced framing tech-
niques shown in this diagram are some of the simplest ones to incorporate
into the structure of a building. Many other techniques are not shown. For
more information about a wider variety of advanced framing opportunities,
see the associated resources listed in “Framing/Alternatives” section of the
Appendix.
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FIGURE 6.11
Exterior cantilever floor with interior air sealing

. Seal solid wood blocking or rigid insulation on
Seal all penetrations through all four sides (flexible foil-faced, bubble pack
the blocking and the subfloor insulation is an acceptable blocking material
where large penetrations have been made).
The blocking should sit on the inner edge of
the supporting plate.

Seal subfloor joints
with adhesive

ay ra
W T Sealed cantilever

m enclosure is a Thermal
Bypass Checklist

Framin Seal soffit and band joist well and insulation Grade |
9 enough to prevent windwashing requirement
=

A\ cauTioN: Blocking is often pushed out by subcontractors. Encourage
subs to make slightly oversized holes in blocking which are easier to seal
later, rather than removing the entire piece.
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FIGURE 6.12

Tuck-under garage
Seal solid wood blocking or rigid
insulation on all four sid