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Building Envelope Requirements — Key Envelope Compliance Terms Page 3-1

4.3. 3- Building Envelope Requirements

This chapter describes the requirements that affect the design of the building envelope for
residential buildings. The building’s design and choices made for individual components
can significantly impact the energy demand needed to meet heating and cooling loads to
maintain the building’s desired inside comfort temperature. Heating and Cooling load
calculations are used to determine the mechanical system design needed for space
heating and cooling. The principal components of heating loads are infiltration and
conduction losses through building envelope components, including walls, roofs, floors,
slabs, windows and doors. Cooling loads, on the other hand, are dominated by solar gains
through windows and skylights.

3.1 Organization

This chapter is organized by building system or building envelope component, and
includes the following subject areas:

Section 3-:2-What's3.2 What's New for 20432016

o Highlights-efsignificant-cChanges for 20163 include more flexibility for prescriptive
compliance and changing the minimum mandatory insulation level to R-22 for

roof/ceiling.affecting-the-building-envelope-Compliance-Optiohs
e Provisions allowing the Energy Commission to approve new products, methods,
and procedures for compliance

Section 3.3 Compliance Options

e A summary of the general requirements affecting compliance with the 20163
Building Energy Efficiency Standards

Section 3.4 Key Envelope Compliance Terms
e Terms used most often related to the building envelope for compliance purposes
Section 3.5 Fenestration

¢ Detailed explanation of the mandatory requirements, and prescriptive and
performance compliance approaches for fenestration

Section 3.6 Envelope Features

o Detailed explanation of the mandatory requirements, and prescriptive and
performance compliance approaches for the building envelope

Section 3.7 Advanced Assembly Systems

e Discussion of design techniques that when used in more innovative ways can
improve building energy efficiency and receive compliance energy credit

Section 3.8 Compliance and Enforcement

e Discussion of issues to aid compliance and enforcement for elements of the
building envelope

Section 3.9 Glossary/References

e Key terms and reference information most often used for the building envelope
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32—What's New for 206432016
3.2
The 2043-2016 Building Energy Efficiency Standards for residential buildings include increased

efficiencies for several envelope measures, and there are improvements that have been made to
better aid the designer, builder, and building official.

. . ) . - g . . -
2—Mandatory minimum_roof/ceiling construction -insulation level_must be at least R-22

(maximum U-factor of 0.043).s-instaled-between-2x6-inch-and-greaterwal-framing,

2. Increased flexibility for prescriptive compliance.

——Increased the prescriptive roof assembly requirements to include insulation installed
either above or below the roof deck. Verified ducts in conditioned space will also
satisfy this requirement.

3.3 Compliance Options

Public Resources Code, Section 25402.1 (b) requires the California Energy Commission to
establish a formal process for certification of compliance options of new products, materials,
designs or procedures that can improve building efficiency levels established by the Building

| Energy Efficiency Standards. 810-109 efthe-Standards allows for the introduction of new
calculation methods and measures which cannot be properly accounted for in the current
approved compliance approaches. This process for approval of new products, materials,
procedures, and calculation methods is called compliance options and helps to improve
building efficiency levels set by the Energy Standards.

The Energy Commission encourages the use of energy-saving techniques and designs for
| showing compliance with the Sstandards. The compliance options process allows the
Energy Commission to review and gather public input regarding the merits of new
compliance techniques, products, materials, designs, or procedures to demonstrate
compliance for newly constructed buildings, additions, and alterations to existing buildings.
Approved compliance options are generally carried for use with the newer energy code
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when revisions are made to the Energy Sstandards, and information regarding their use and |
eligibility and/or installation criteria are incorporated in compliance and reference manuals.

When the Energy Commission approves a new compliance option it is listed in the Special
Cases section of the Energy Commission’s website based on the adoption year of the
Energy sStandards:

http://www.energy.ca.gov/title24/2008standards/special_case appliance/

3.3.1 Mandatory Features and Devices

[ §150.0 |

Mandatory reqguirements are necessary to support the long-term goal of zero net energy
buildings. When compliance is being demonstrated with either the prescriptive or
performance compliance paths, there are mandatory measures that must be installed.
Minimum mandatory measures must be met regardless of the method of compliance being
used. For example, a building may comply using performance computer modeling software
with enly-a U-factor of U-0.41-065 insulation in a wood-framed attic roof, but a U-factor of at

least U-0.0431 must be installed.-because-that-is-the-mandatory-minimum:
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3.3.2 Prescriptive Compliance Approach

| Energy Standards Table 150.1-A |

——The prescriptive reguirements-approach are-is the simplest way to comply with the
building envelope requirements, but generally offers little-limited flexibility; however, the
2016 revisions have added increased flexibility for prescriptive compliance. If each and
every prescriptive requirement is met, the building envelope complies with the Energy
standardsStandards. The prescriptive envelope requirements are prescribed in §150.1
which includes §Table 150.1-A.

A.

AB. The prescriptive compliance approach consists of meeting specific requirements
for each envelope component, plus meeting all minimum mandatory requirements, such
as mandatory levels of insulation. Prescriptive requirements apply to:

1. fenestration
1.2 roofs and ceilings, including exterior roofing products

2:3. exterior walls
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3.3.3Performance Compliance Approach |

[ §150.1 |

A. The prescribed mandatory measures and prescriptive requirements affect the design and |
operation of the building. Mandatory measures, prescriptive requirements and operational
schedules establish a minimum performance level which can be exceeded by other design
measures and construction practices resulting in greater energy savings.

A-B. The performance approach is a more sophisticated compliance method and it offers
greater design flexibility than the prescriptive approach. The performance approach may be
used for any unique design element(s) that the user of a compliance modeling software
believes ean-ecould contribute to the building’s overall energy use.

B-C. The performance approach allows for more energy tradeoffs between building features,
such as increasing HVAC equipment efficiency in order to allow more fenestration area.
See Section 3.8 and Chapter 9-8 for a more complete discussion of the performance
approach.

3.4 Key Envelope Compliance Terms

Elements of the building envelope significantly contribute to its energy efficiency. Several
features are important to note when a method is chosen to demonstrate compliance.
Components of the building envelope include walls, floors, the roof and/or ceiling, and
fenestration. Details for compliance of fenestration are addressed in Section 3.5 below.;
Fenestration. Envelope and other building components are listed in §100.1 of the 2016
Energy Standards and the Reference Appendices (RA).

CA. Envelope requirements vary by envelope component and are a function of their

type of construction, their orientation and the space conditions on either side of the
envelope surface. Additional envelope component definitions are:-asfollows:

B:1. An-eExterior partition or wall is an envelope component (roof, wall, floor,

window etc.) that separates conditioned space from ambient (outdoor)
conditions.

E-2. A-dDemising partition or wall is an envelope component that separates |

conditioned space from an unconditioned space.

E-B. A<€Conditioned space is either directly conditioned or indirectly conditioned (see
Seetion-8100.1 for full definition). An indirectly conditioned space has less thermal
resistance to a directly conditioned space than to the outside. An unconditioned
space is enclosed space within a building that is not directly conditioned, or indirectly
conditioned.

G-C. ApPlenum is a space below an insulated roof and above an uninsulated ceiling. It |
is an indirectly conditioned space as there is less thermal resistance to the directly
conditioned space below than to the ambient air outside. Byt comparison, an attic
is a space below an uninsulated roof and-havingthat has insulation on the attic floor,
and is an unconditioned space because there is less thermal resistance to the
outside than across the insulated ceiling to the conditioned space below. A plenum
can also be the space between the underside of a raised floor and the erawl-space |
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greundslab or grade below, and is sometimes used as an air supply for the building
when the exterior foundation is sealed to the outside. A plenum can also be the
space between the underside of an insulated ceiling and demising patrtitions or walls
separating the attic from the conditioned space below.

H:D. Sloping surfaces are considered either a wall or a roof, depending on the slope
(see Figure 3-1). If the surface has a slope of less than 60° from horizontal, it is
considered a roof; a slope of 60° or more is a wall. This definition extends to
fenestration products, including windows in walls and any skylight—typesskylight
types in roofs.

E. Floors and roof/ceilings do not differentiate between demising and exterior. Thus an
exterior roof/ceiling "is an exterior-pastition, or-a demising_-elementpartition, that
has a slope less than 60 degrees from horizontal,_and that has conditioned space
below,” ambient conditions or unconditioned space above. =

Note: this does and-thatis not include an exterior door or skylight.”

LF. Roof deck is the surface of an exterior roof that is directly above the roof
trussesrafter and below exterior roofing materials.

G. Similarly, an “exterior floor/soffit is a horizontal exterior partitionrelement, or a
horizontal demising pattitiorelement, under conditioned space” and above an
unconditioned space or abeve-ambient (outdoor) conditions.

H. A~Vapor retarder or barrier is a special covering over framing and insulation or
covering the ground of a crawl space that protects the assembly components from
possible damage due to moisture condensation. During cold weather, the inside of
the house is warm and moist (from breathing, showers, etc.) and the outside is cold
and dry. Moisture moves from moist to drier conditions and from warm to cold. When
the moisture (in vapor form) reaches a point in a wall or roof assembly that has a
temperature below the dew point, it will condense into liquid water. Water build up
can cause structural damage, create mold that may contribute to indoor air quality
problems and can cause the insulation to lose its effectiveness.

J‘. S:

K—Fenestration—er+Windows are considered part of thean exterior wall because the
slope is typically over 60°. Where the slope of fenestration is less than 60°, the glazing
indicated as a window is considered a skylight.
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Window

More
than
60 degrees

J

Figure 3-1 — Slope of a Wall or Window (Roof or Skylight slope is less than 60°)

Source: California Energy Commission

Window

More
than
60 degrees

BJ. .oofing Products (Cool Roof)
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Roofing products with a high solar reflectance and thermal emittance are referred to as
“cool roofs.” These roofing types absorb less solar heat and give off more heat to their
surroundings than traditional roofing material. These roofs are cooler and thus help
reduce air conditioning loads by reflecting and emitting energy from the sun. Roof
radiative properties are rated and listed by the Cool Roof Rating Council (CRRC)
(http/www.coolroofs.org/).

In general, light-colored high reflectance surfaces reflect solar energy (visible light,
invisible infrared and ultraviolet radiation) and stay cooler than darker surfaces that
absorb the sun’s energy and become heatedhet.

The Energy sStandards specify radiative properties that represent minimum “cool roof
performance” qualities foref roofing products:

1. Solar reflectance—the fraction of solar energy that is reflected by the roof surface

2. Thermal emittance—the fraction of thermal energy that is emitted from the roof
surface

Both solar reflectance and thermal emittance are measured from 0 to 1; the higher the
value, the "cooler” the roof. There are numerous roofing materials in a wide range of
colors that have relatively- geedadequate cool roof properties. Excess heat can increase
athe building’s air conditioning load, resulting in increased air conditioning energy
needed for maintaining occupant comfort. High-emitting roof surfaces reject absorbed
heat quickly (upward and out of the building) than darker-roof surfaces with low-emitting
properties.

The Energy Standards prescribe cool roof radiative properties for low-sloped and steep-
sloped roofs (8150.1(c)11). A low-sloped roof is defined as a surface with a pitch less
than or equal to 2:12 (9.5 degrees from the horizon), while a steep-sloped roof is a
surface with a pitch greater than 2:12 (9.5 degrees from the horizon). Because solar
heat gain is based on the sun’s angle of incidence on a surface, low-sloped roofs
receive more solar radiation than steep-sloped roofs in the summer when the sun is
high in the sky.

Example 3-1
Question

| am a salesperson and represent some roofing products, and many of them are on the EPA’s
Energy Star list for cool roofing materials. Is this sufficient to meet Energy Standards?

Answer

No. Energy Star has different requirements for reflectance and NO requirements for emittance.

Per Seection810-113-ofthe-Energy-Building-Regulations, the Cool Roof Rating Council

(bttpAwww.coolroofs.orq) is the only entity currently recognized by the Energy Commission to
determine what qualifies as a cool roof.
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Example 3-2

Question How does a product get CRRC cool roof certification?
Answer

Any party wishing to have a product or products certified by CRRC should contact CRRC to get
started call toll-free (866) 465-2523 from inside the US or (510) 485-7176, or email
info@coolroofs.org. CRRC staff will walk interested parties through the procedures._-Working with
CRRC stalff is strongly recommended. In addition, CRRC publishes the procedures in "CRRC-1
Program Manual," available for free on
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hitpA/www.coolroofs.org or by calling CRRC. Hewever—working-with-CRRC-staffis-strongly
recommended-:

Example 3-3

Question

| understand reflectance, but what is emittance?
Answer

Even a material that reflects the sun’s energy will still absorb some of that energy as heat; there
are no perfectly reflecting materials being used for roofing. That absorbed heat undergoes a
physical change (an increase in wavelengthferreaders-whe-rememberphysies)) and is given off
— emitted — to the environment in varying amounts_depending on the-by-various materials and
surface types. This emittance is given a unit-less value between 0 and 1, and this value
represents a comparison (ratio) between what a given material or surface emits and what a
perfect blackbody emitter {againrecalphysies}-would emit at the same temperature.

A higher emittance value means more energy is released from the material or surface; scientists
refer to this emitted energy as thermal radiation (as compared to the energy from the sun, solar
radiation, with shorter wavelength). Emittance is a measure of the relative efficiency with which a
material, surface, or body can cool itself by radiation. Lower-emitting materials become relatively
hotter for not being able to get rid of the energy, which is heat. Roof materials with low emittance
therefore hold onto more solar energy as heat, get hotter than high-emittance roofs, and with help
from the laws of physics, offer greater opportunity for that held heat to be given off downward into
the building through conduction. More heat in the building increases the need for air conditioning
for comfort. A cool roof system that reflects solar radiation (has high reflectance) and emits
thermal radiation well (has high emittance) will result in a cooler roof and a cooler building with
lower air-conditioning costs.

E-K. Air Leakage

Infiltration is the unintentional replacement of conditioned air with unconditioned air
through leaks or cracks in the building envelope. It is a major component of heating and
cooling loads. Aieakagelnfiltration can occur through holes and cracks in the building
envelope and around doors and fenestration framing areas. Ventilation, on the other
hand, is the intentional replacement of conditioned air with unconditioned air through
open windows and skylights or mechanical ventilationsystems.

Reducing air-teakageinfiltration in the building envelope can result in significant energy
savings, especially in climates with more severe winter and summer conditions. It also
can result in improved building-occupant comfort, reduced moisture intrusion, and fewer
air pollutants.

EL. Advanced Assemblies

Common strategies for exceeding the minimum energy performance level set by the
20163 Energy Standards include the use of better components such as: higher
insulation levels, more efficient fenestration, reducing the building’s ait

leakageinfiltration, usingradiant-barriers;-use of-“eeol” roofing products, better framing
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techniques_(such as the use of raised-heel trusses that accommodate more insulation)
{raised-heeltruss)-and reduced thermal bridging across framing members, or greater
use of non-framed assemblies or panelized systems (such as SIPs and ICFs), and more
efficient heating, cooling and water heating equipment. The Energy Commission
encourages the use of energy--savings techniques for showing compliance with the
Energy sStandards. Innovative designs and practices are discussed in the~Advanced
Assembly-System™Ssection_3.6.3.4.

G-M. Advanced Building Design

AThe building’s design, its floor plan and site design layout, impact energy use. A
passive solar desigred-building uses elements of the building to-help_-heat and coo|
itself, as-oppesedin-contrast-to-relying on mechanical systems to provide the building's

thermal energy needs. Passive solar strategies encompass several advanced high
performance envelope techniques, such as:

1. Carefully choosing the size, type and placement of fenestration and shading.
2. Providing and controlling fresh air ventilation during the day ander night.

3. Having internal and external thermal mass components that help store useful
heat and cooling energy.

Having highly insulated envelope assemblies.

Using radiative-energyhigh performing roofing materials (cool roofs) and radiant
barriers,

6. Having very low air leakage.

Some measures ircluded-designed as part of an Advanced Assembly System may
require specific installation procedures, or field verification and diagnostic testing to
ensure their proper performance. Field verification and diagnostic testing is a way to
ensure that the energy efficiency features thatis-used in compliance calculations is
actually-realized as an energy benefit by-to the homeowner.

3.5 Fenestration

Fenestration Pproducts such as a wWindows, glazed doors, dynamic glazing, window films, and
skylights have a significant impact on energy u-2ese in a home. Fenestration accounts for a large
impact on heating and cooling loads of residential and high-rise residential space conditioning
loads.; Tthe size, orientation, and types of fenestration products can dramatically affect the overall |
energy performance of a house. Glazing type, orientation, shading and shading devices not only
play a major role in the building’s energy use, but can affect the load operation of the HVAC

system and the comfort of occupants.

3.5.1 Fenestration Types

When choosing a_window (new or replacement)-windew, it_i's always best to look for a National
Fenestration Rating Council (NFRC) rated label sticker on the window. The Energy Performance
Ratings label is designed to help consumers identify a rating, erwhich is a measurement scale
thatis-reflective of a window's energy performance. This will help the consumer, or designer, te
compare the energy efficiency of window and glazed door products, per-of different brands and
manufacturers-as-wel.
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The following NFRC label stickerprovides information about the energy performance rating by
listing identifiers_such as: +-U-factors, Solar Heat Gain Coefficient (SHGC), Visible Transmittance
(VT), and Air Leakage (AL) which helps prowde accurate information for the consumer or
designer-: :

A. U-factor measures the rate of heat loss 1
through a product. FhereforetheThe lower @M& \\//Vvorlc? S B?:st
the U-factor, the lower the amount of heat Eﬁ Indow LO.
loss. In cold climates where heating bills Millennium 2000*
are a concern, choosing products with Nl eetin Doub g A or e LowE
lower U-factors will reduce the amount of Product Type: Vertical Slider
T 1
heat that escapes from inside the house. ENERGY PERFORMANCE RATINGS
B. The Solar Heat Gain Coefficient (SHGC) U-Factor (U.S./I-P) Solar Heat Gain Coefficient
measures the percentage of heat in radiant
heat that passes through a fenestration 0 ° 30 0. 30
product. The Fherefore-the-lower the
SHGC, the less-lower the amount of solar ADDITIONAL PERFORMANCE RATINGS
heat gain. In hot climates where air Visible Transmittance Air Leakage (U.S/I-P)
conditioning bills are a concern, choosing 0 51
products with a lower SHGC will reduce the o e
amo_unt Of heat that comes in from the Manufacturer stipulates that these ratings mrwfqrm mappllicahle NFRCproceduresfnrdeltermimng whole
outside. DR Heckck s ATRE s et iy WL o et i by o
- . product for any specific use. Consult manufacturer's literature for other product performance information.
C. Visible Transmittance (VT) measures the wenwnfrc.org

percent ameunt of light that comes through
a fenestration product. The higher the VT rating, the more light is allowed through a window or
glazed door. Skylight's_allows significantly allews-more lightirg-and-can-be-as-efficientas
vertical-windows,

D. Air Leakage (AL) is a measurement of heat loss and gain by infiltration through cracks in the
window assembly-and-itaffects-the, which can affect occupant’s comfort. The lower the AL,
the less-lower the amount of air that will pass through cracks in the window assembly.

There are three primary categories of fenestration:
A. WINDOWS

A window is a vertical fenestration ineluding-skylightsproduct that is an assembled unit
consisting of a frame and sash component holding one or more pieces of glazing. New
advances in framing material such as composites, fiberglass and vinyl help improve the
energy efficiency of-all fenestration products. New technology has advanced the glass
industry to include reflective coatings such as silver, gold, bronze, low-e, low-€?, or low-e®
which can be applied to clear and tinted glass.

B. GLAZED DOORS

Glazed door is an exterior door having a glazed area of 50% or more of the area of the door.
These doors are typically installed in exterior walls that separate conditioned space from
exterior ambient or unconditioned space. When the door has less than 50% glazing
material, it is no longer considered a glazed door, but just a conventional door. But
whatever the glazed area, it will still have to be counted toward the overall glazed area of
the conditioned space in any calculations.

C. SKYLIGHTS/Tubular Daylight Devices
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Skylights and Tubular Daylight, Devices (TDD) are an exceptional source of daylight and
passive solar heating, illuminating rooms with direct and indirect sunlight. In addition, when
used appropriately, daylighting can increase the quality of light in a room and reduce
dependence upon electrical lighting. On the other hand, skylights and TDDs don't typically
have the same thermal properties as vertical fenestration, and can be prone to greater heat
loss in winter and solar heat gain during the summer. When a windew designer optimizes
the whole envelope glazing arrangement for daylight and thermal control, significant heating
and cooling energy savings can be realized, especially when skylights and TDDs are as
effieient-as any vertical windows used.

The following is a list of sub-categories of fenestration:;

1. Manufactured Fenestration is a fenestration product constructed of materials which
are factory cut or otherwise factory formed with the specific intention of being used to
fabricate a fenestration product. Knocked down or partially assembled products may
be sold as a fenestration product when provided with temporary and permanent
labels as described in Seetion-810-111; or as a site-built fenestration product when
not provided with temporary and permanent labels as described in Seetien-810-111.

2. Awindow-isconsidered-Field-fabricated is when the windows are assembled
fabricated at the building site from the-various-elements that are not sold together as
a fenestration product (i.e., separate glazing, framing and weather stripping
elements). Field-fabricated does not include site-assembled frame components that
were manufactured elsewhere with the intention of being assembled on site (such as
knocked down products, sunspace kits, and curtain walls).

3. Site-built Fenestration is designed to be field-glazed or field--assembled units,
using specific factory--cut or otherwise factory--formed framing, and glazing units that
are manufactured with the intention of being assembled at the construction site.
These include store front systems, curtain walls, or large track sliding glass walls,

and atrium roof systems.

4. Dynamic Glazing is a glazing system that has the ability to reversibly change its
performance properties, including U-factor, Solar Heat Gain Coefficient (SHGC), and
Visible Transmittance (VT) between well-defined end points. These may include, but
are not limited to chromogenic glazing systems and integrated shading systems.
Dynamic Glazing systems may include internally--mounted or externally--mounted
shading devices that attach to the window framing/glazing, and-that may or may not
be removable; (but only if they are part of the original window, door or skylight
assembly and the assembly is labeled as such).

5. Windows Films Windew-Films-were originally developed in the early 1950’s, and
are mostly made of polyester substrate that is durable, tough and highly flexible. It
absorbs little moisture and has both high aridity and low temperature resistances.
Polyester film offers_high -erystal-clarity and can be pre-treated to accept different
types of coatings for energy control and long term performance. Window films are
made with a special scratch resistant coating on one side and with a mounting
adhesive layer on the other side. The adhesive is normally applied to the interior
surface (room side) of the glass, unless it is a film specifically designed for the
exterior window surface.

5
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3.5.2 Relevant Sections in the Energy Standards for Fenestration
A.

B.

810-111 (Administrative Standards) establishes the rules for rating and labeling
fenestration products and establishes the NFRC as the supervising authority.
8110.6(a)l sets air leakage requirements for all manufactured windows, doors and
skylights whether they are used in residential or nonresidential buildings.

§110.6(a)2 through 4 requires that the U-factor, Ssolar Hheat Ggain Ceoefficient
(SHGC), and visible transmittance (VT)- for manufactured fenestration products be
determined using NFRC procedures or use default values.

8110.6(a)5 requires that manufactured fenestration products have both a temporary and
permanent label. The temporary label shall show the U-factor, SHGC and the VT and
verify that the window complies with the air leakage requirements.

8110.6(b) field-fabricated fenestration that do not have an NFRC rating shall use the
CEC default U-factors, SHGC and optional VT values.

8110.7 requires that openings around windows, skylights and doors be caulked,
gasketed, weatherstripped or otherwise sealed to limit air leakage.

§150.0(q) requires a mandatory U-factor of 0.58 or a maximum weighted average U-
factor of 0.58 for windows and skylights separating conditioned space from
unconditioned space or the outdoors. An exception allows the greater of 10 ft* or 0.5% of
the conditioned floor area to exceed 0.58 U-factor.

§150.1(c)3 and 4 meet the prescriptive requirements for fenestration and shading in low-
rise residential buildings. These include requirements for maximum glazing area,
maximum U-factor, and for some climate zones, a maximum SHGC, requirement.
§150.1(c)3A, in addition to be-the basic fenestration allowance of 20% of conditioned
floor area (CFA), Exception 1 allows each dwelling unit to have up to 3 ft? of glazing
installed in doors and up to 3 ft? of tubular daylighting device with dual-pane diffusers to
have an assumed U-factor and SHGC equivalent to the Package requirements.
§150.1(c)3A, in addition to be, basic fenestration allowance of 20% of CFA, Exception 2
allows up to 16 ft* of the skylights to have up to 0.55 U-factor and up to 0.30 SHGC in
each dwelling.
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K.

§150.1(c)3A Exception 3 allows automatically controlled chromogenic glazing (a type of
dynamic glazing) to assume the lowest U-factor and SHGC when connected to
automaticaly controls that modulate the amount of heat flow into space in multiple steps
in response to solar intensity-ghromogenic glazing shall be considered separately from
other fenestration, and must be not be weight averaged with other fenestration.
8150.1(c)3A Exception 4 specifies that if a residential dwelling unit contains a
combination of manufactured and site-built fenestration; only the site-built fenestration
can be determined by using Nenresidential-Reference-Appendix NAG; however, all
fenestration and including site-built can also default to 8FABLES-Tables 110.6-A or B.
8150.1(c)3B establishes a-preseriptive-limit that the prescriptive maximum total
fenestration area shall not exceed the percentage of eenditioned-floorarea{CFA}
indicated in SFABLE-Table 150.1-A. Total fenestration includes skylights and west-
facing glazing.

8150.1(c)3C states that when west-facing glazing is limited by Package A, west-facing
includes skylights tilted in any direction when the pitch is less than 1:12.

8150.2(a) sets the prescriptive fenestration area requirements for residential additions
as well as other prescriptive requirements for new wirdews, Performance compliance
options (existing plus addition) are also available.

§150.2(b) establishes the prescriptive requirements for replacement wineews in existing
residences. Performance compliance options (existing plus alteration) are also available.

3.5.3 Mandatory Measures, Features and Devices

3.5.3.1

| Applicable Sections— §110.6(a)1; §110.7 |

Air Leakage-

A-  -Manufactured fenestration products, including exterior doors, must be tested and
certified to leak no more than 0.3 cubic feet per minute (cfm) per ft? of the windew area.

This mandatory measure applies to all manufactured windews, that are rewldy installed in
newly-constructed residential; (including high-rise)residential, or newly-installed in
existing buildings. To determine leakage, the standard test procedure requires
manufacturers to use is either NFRC 400 or ASTM E283 at a pressure differential of 75
Pascal (or 1.57 pounds/ft?).

B-A. Site-built Products. There are no specific air leakage requirements for site-built

fenestration products but the Energy Standards require limiting air leakage through-by
means of weatherstripping and caulking.

"Note: In the case when unrated NFRC site-built fenestration is used in a residential
application, there is an alternative procedure to calculate the default thermal efficiencies
U-factor and SHGC values of such products. Using this alternative may not result in
meeting the prescriptive values as listed in 8§Table 150.1-A. However, it may be used in
the Performance Approach. The alternative calculation can be found in the-Reference

Nonresidential-Appendices NAG."

B. Field-fabricated Products. No air leakage testing is required for field-fabricated

fenestration products; however, the Energy Standards still require limiting air leakage

threugh-by means of weatherstripping and caulking.
G

B.C.  Exterior Doors. Exterior doors must meet the following requirements:
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1. Manufactured exterior doors must be certified as meeting an air leakage rate of
0.3 cfm/ftz of door area at a pressure differential of 75 Pascal, which is the same
as windows.

2. Field-fabricated eExterior doors must comply with the requirements of §110.7, as
described byin “Jeints-and Other Openings;;” e.g., they must be caulked and
weatherstripped-ifield-fabricated.

3. Any door whose surface area has greater than 50%-percent glass is considered
as a glazed door and must comply with the Mandatery-mandatory and applicable
Prescriptive and Performance requirements of §150.0, §150.1, and §150.2.

4. Any door whose surface area has Alternatively-ifless than_or equal to 50%
perecent of glass, the area may be exempt in accordance with one of the
exceptions of §150.0, §150.1, and §150.2.

5.3.5.3.2 U-factor and SHGC Rating Mandatory Requirements

Applicable-Sections: §110.6(a)2 and §110.6(a)3; FABLE-Table 110.6-A and FABLE-Table
110.6-B

Requiring that U-factor and SHGC be calculated using a-standardize procedure, ensures that
the thermal performance or efficiency data for fenestration products, is are-accurate, and
that the data provided by different manufacturers within each fenestration type (windows,
doors, skylights, TDDs) can be easily compared to others within that type and can be
independently verified.

For manufactured fenestration products, the mandatory requirements are that the U-factor
and Solar Heat Gain Coefficient (SHGC) be rated by NFRC and be listed in NFRC’s
Certified Product Directory (CPD). The test procedure for U-factor is NFRC 100, and for
SHGC is NFRC 200-anrd NFRG-200; NRC-202 or-ASTM-ES72 for translucent panels, gnd
NFRC-203 for tubular dayllghtlng devices skylights (TDDs)—aHel—feFeeﬁam—type—ef—eﬂqer
sloplights.

At the time of field inspection, the field inspector verifies the fenestration U-factor and SHGC
values meets the energy compliance values by checking the NFRC label sticker-on the
wHALOW,
WAlternatively—when manufacturers do not rate the thermal efficiencies by NFRC
procedures, the Energy Commission default values must be used and documented on a

temporary default label. See Figure 3-2, Sample Default Label-Figure-3-2.

Note: If no labels are available on site for verification, the field inspector should not
alloweease any further installation of fenestration until proof of efficiency (label) is produced
on-site-orfiled-in-thefield-office. In cases when proof is not met,-then the field inspector can
eceaseshould not allow- construction until the architect/-specifierdesigner or builder can
produce such labels.

The Energy Commissions default U-factors are listed in FABLE-Table 110.6-A of the Energy
Standards, and the default SHGC values are listed in FABLE-Table 110.6-B_of the Energy
Standards (also in Appendix B of this compliance manual).

Note: While there is no minimum VT value requirement for residential compliance, the value
may be shown on the temporary label for information only. A listing of NFRC certified ratings
is available at http-#www-NERGC erghttp://www.nfrc.org/.

Energy Commission {CEC)-default values in SFABLE-Table 110.6-A _and 8FABLE-Table
110.6-B in the Energy Standards lists the worst pessible-performing values_-that can be
assumed when fenestration is not rated by NFRC. For example, a single-pane, operable,
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metal-framed fenestration product has a U-factor of 1.28. To get credit for high performance
window features such as low-e (low-emissivity) coatings and thermal break frames, the
window manufacturer must have the window tested, labeled, and certified according to
NFRC procedures.

A. Site-built Fenestration Products. For special cases in low-rise residential construction_in
which;- site-built products are_installed, the site-built products shall be treated the same as
manufactured products: proof of U-factor and SHGC values must come from NFRC
ratings or from Standardsthe default FABLE-Table 110.6-A and FABLE-Table 110.6-B_of
the Energy Standards, or alternatively use of Reference-Nenresidential-Appendix NA-6 if

the area of the site-built is less than 250 ft*.

Note: When enly-unrated site-built fenestration is used in a residential application, there is
an alternative procedure to calculate the default U-factor and SHGC values. Fhough-When
wusing area-weighted averaging, this-the alternative may not result in meeting the
prescriptive values as required by 8Table 150.1-A. The alternative calculation can be

found in-the-Reference-Nonresidential-Appendices NAG, or it may require-theebe

necessary to use of the performance approach to meet energy compliance.

B. Field-fabricated Products 8110.6(b). Field-fabricated fenestration must always use the
Energy Commission default U-factors from StandardsFABLE-Table 110.6-A and SHGC
values from_TABLEable 110.6-B_of the Energy Standards. There is no minimum
requirement for VT, butenlyas it is used for informational purposes.

ForaAcceptable methods of determining U-factor and SHGC are shown in Table 3-1A and
Table 3-1B respectively.

Table 3-1A — Acceptable Methods for Determining U-factor

Fenestration Category
Site-Built
U-factor Fenestration Field-
Determination Manufactured | Manufactured (Vertical& Fabricated Glass
Method Windows Skylights Skylight) Fenestration Block
NFRC’s Component
Modeling Approach v v v N/A N/A
(CMA)*
NFRC-100 v v v N/A N/A
Standards Default v v v v v
Table 110.6-A - - - - -
NA6? N/A N/A v N/A N/A
1. The NFRC Residential CMA method is an option that may be available-during-the 2013-¢cyele-ofin the
Energy Standards.
2. The Alternative Default U-factors from Nonresidential Reference Nonresidential Appendix NA6 may only
be used for site-built vertical and skylights having less than 1,000ft.

Table 3-1B — Methods for Determining Solar Heat Gain Coefficients
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Fenestration Category

Site-Built
SHGC ) Fenestration Field-
Determination Manufactured | Manufactured (Vertical& Fabricated Glass

Method Windows Skylights Skylight) Fenestration Block
NFRC'’s Component
Modeling Approach v v v N/A N/A
(CMA)*
NFRC-200 v v v N/A N/A
Standards Default
Table 110.6-B Y Y Y Y Y
NA6” N/A N/A v N/A N/A

The NFRC Residential CMA method is an option that may be available during-the 2013-cyele-ofin the Energy

Standards.

The Alternative Default U-factors from Nonresidential Reference Nonresidential Appendix NA6 may only be

used for site-built vertical and skylights having less than 1,000f°.

20136 Residential Compliance Manual

320142015Date



Building Envelope Requirements — Fenestration Page 3-19
Table 3-1A — Acceptable Methods for Determining U-facter
Fenestration-Category
: .
U-factor Fenestration ;
NERC's Component
Medeling-Approach ¥ <~ ~“ NIA
(CMAY
NFRG-100 ~“ <~ < N/A
Standards-Default
¥~ ¥~ ¥~ ¥
Table 11064 A A A A
NAG* NAA NIA s NA
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Table 3-1B — Methods for Determining Solar Heat Gain Coefficients
— Fenestration Category

3.5.3.3 Labeling Mandatory Requirements
| Applicable Sections: §10-111(a); §110.6(a)5 |

A. Default Temporary Label

The manufacturer can alse-choose to use Energy Commission {€EC)-default values from
FABLE-Table 110.6-A for U-factors and_-TABLEable 110.6-B for SHGC _of the Energy
Standards. If default values are used, the manufacturer must attach a temporary label
meeting the following specific requirements (permanent etching labels are not required). The
pPRroduct shall meet the air infiltration requirements of 8110.6(a)1, -U-factor criteria of
8110.6(a)2, and SHGC criteria of §110.6(a)3 in the Building Energy Efficiency Standards for
Residential and Nonresidential Buildings.

Although there is no exact format for the default temporary label, it must be clearly visible

| and large enough for the enforcement agency field inspectors to read easily;-and it must
include all information required by the standardsEnergy Standards. The minimum suggested
label size is 4 in. x 4 in. and the label must have the following words at the bottom of the label
as noted in Figure 3-2;
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“Product meets the air infiltration requirements of §110.6(a)1, U-factor criteria of
§110.6(a)2, SHGC criteria of §110.6(a)3 and VT criteria of §110.6(a)4 of the 20163
California Building Energy Efficiency Standards for Residential and Nonresidential

Buildings.”

The manufacturer ensures the U-factor and SHGC default values should be labeled large
enough to be readablevisible from 4-four (4) feet away. The manufacturer ensures the

appropriate checkboxes are checked and indicated on default label.

20136 California Energy Commission Default Label
XYZ Manufacturing Co.

O Doors O Double-Pane
Key Features: -
O Skylight O Glass Block
Frame Type Product Type: Product Glazing Type:
O Metal O Operable O Clear
O Non-Metal 0O Fixed O Tinted

O Greenhouse/Garden

O Metal, Thermal Break - O Single-Pane
Window
O Air space 7/16 in. or
greater
O with built-incurb | 2mmemeeee- To calculate VT see NA6
O Meets Thermal-Break
Default Criteria
California Energy California Energy California Energy
Commission Commission Commission
Default U-factor = Default SHGC = Calculated VT =

Product meets the air infiltration requirements of 8110.6(a)1, U-factor criteria of
8110.6(a)2, SHGC criteria of 8110.6(a)3 and VT criteria of §110.6(a)4 of the 20163
Building Enerqy Efficiency Standards for Residential and Nonresidential Buildings.

Lforni - o] bel
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B-Doors H-Double-Pane
B-Skylight B-Glass Block
B-Metal B-Operable BClear
B-Nen-Metal B-Fixed B Tinted
B-Greenhouse/Garden .
MetalThermalt Break e e B-Single-Pane
= v =

Figuree-3-2 — Sample of Default Temporary Label
Source: California Energy Commission

—Certified Temporary and Permanent Labels
B.

| Applicable-Sestion: §10-111 |
A:1l. Certified Manufactured Fenestration Products

The Energy Standards require that manufactured fenestration have both temporary and
permanent labels. The temporary label shows the U-factor and SHGC;-en for each rated
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windew_unit. The label must also show that the windew-meets the air infiltration criteria. The |
temporary label must not be removed before inspection by the enforcement agency.

——The permanent label must, at a minimum, identify the certifying organization and have an ID
number or code to allow tracking back to the original information on file with the certifying
organization, NFRC. The permanent label alse-can also be inscribed on the spacer, etched
on the glass, engraved on the frame, or otherwise located so as not to affect aesthetics.

[ F

Field-Fabricated Fenestration A label is not required for field-fabricated fenestration
products, but the CEC-Energy-Commission-default values in FABLE-Table 110.6-A and
FABLE-Table 110.6-B of the Energy Standards frem-the-Standards-must be used and
documented on the Fenestration Certificate NRCC-ENV-05-E {fermery-FS-1) form.

B-

Example 3-4
Question

My new home will have a combination of window types, including fixed, operable, wood, metal,
etc., some of which are field-fabricated. What are the options for showing compliance with the
Standards?

Answer
First, all windows must meet the mandatory requirements of 8110.6 and 8110.7 unless exempted.

For field-fabricated windows, you must select U-factors and SHGC values from the default tables
(TABLEable 110.6-A and TABLEable 110.6-B-of the Energy Standards from-the Standards).
Windows that are not field-fabricated must be labeled with ar NFRC certified or default
efficiencies. If the U-factors or SHGC values do not comply with the prescriptive requirements, the
performance method must be used. To simplify data entry into the compliance software, you may
choose the U-factor from TABLEable 110.6-A of the Energy Standards that is the highest of any
of the windows planned to be installed, and use this for all windows for compliance purposes.
However, you must use the appropriate SHGC from §TABLEable 110.6-B for each individual
window type being installed.
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Answer

First, all windows must meet the mandatory requirements of 8110.6 and §110.7 unless exempted-

For field-fabricated windows, you must select U-factors and SHGC values from the default tables
(TABLE 110.6-A and TABLE 110.6-B from the Standards). Windows that are not field-fabricated
must be labeled with an NFRC certified or default efficiencies. If the U-factors or SHGC values do
not comply with the prescriptive requirements, the performance method must be used. To simplify
data entry into the compliance software, you may choose the U-factor from TABLE 110.6-A that is
the highest of any of the windows planned to be installed, and use this for all windows for
compliance purposes. However, you must use the appropriate SHGC from TABLE 110.6-B for
each individual window type being installed:

Example 3-5
Question

When windows are labeled with a default value, are there any special requirements that apply to
the label?

Answer

First—allAll windows must meet the mandatory requirements by 8110.6 and 8110.7 unless
exempted.

There are two criteria that apply to fenestration products labeled with default values.

First, the Administrative Regulations (810-111) require that the words “CEC Default U-factor” and
“CEC Default SHGC” appear on the temporary label in front of or before the U-factor or SHGC
(i.e., not in a footnote).

Second, the U-factor and SHGC for the specific product must be listed. If multiple values are
listed on the label, the manufacturer must identify, in a permanent manner, the appropriate value
for the labeled product. Marking the correct value may be done in the following ways only:

1. Circle the correct U-factor and SHGC (permanent ink);
2. Black out all values except the correct U-factor and SHGC (permanent ink); or

3. Make a hole punch next to the appropriate values.

Example 3-6
Question

What U-factor do | use for an operable metal framed, glass block? What solar heat gain
coefficient do | use for clear glass block? Does it need a label?

Can | use the default clear glass SHGC values for tinted glass block?
Answer

For glass block, use the U-factor and SHGC values from StandardsTABLE-Table 110.6-A- and
FABLE-Table 110.6-B_of the Energy Standards for the frame type in which the glass blocks are
installed. The worst-case scenario would be metal-framed glass. The U-factor for metal framed
glass block is from FABLE-Table110.6-A is 0.87. The SHGC depends on whether the glass block
has a metal or non-metal frame, and is operable or fixed or clear or tinted. For this example, the
glass block is operable and clear, therefore the SHGC is 0.70. Glass block is considered a field-
fabricated product and therefore does not need a label.
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Yes, the default tables for glass block do not include tinted glass.
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Example 3-7
Question

Is there a default U-factor for the glass in sunrooms?
Answer

Yes. For the horizontal or sloped portions of the sunroom glazing, use the U-factor for skylights. For the
vertical portions, use the U-factors for fixed windows, operable windows, or doors, as appropriate. As a
simpleifyying alternative, the manufacturer may label the entire sunroom with the highest U-factor of any of
the individual fenestration types within the assembly.

Example 3-8
Question

How are various door types treated in compliance documentation for U-factor and SHGC? How can |
determine a U-factor and SHGC for doors when less thane 50% of the door area is glass?

Answer

All doors with glass area greater than 50% of the door area, which includes French doors, are defined as
fenestration products and are covered by the NFRC Rating and Certification Program. The U-factor SHGC
for doors with glass area greater than 50% may be determined in one of two ways:

1. Use the NFRC rated and labeled values.

2. Refer to -StandardsTFABLE-Table 110.6-B_of the Enerqgy Standards, the values are based upon glazing
and framing type.

3. In special cases where site-built fenestration is being installed in a residential application, the site-built
windows can use an alternative method to calculate the U-factor and the SHGC by using the
manufacturer’s center-of-glass values (COG). The COG values are calculated in accordance with

Nonresidential Reference-Appendix NA6. Note the maximum allowed of site-built fenestration is less than
1,000 ft*,

Doors with less than 50% glass areas are treated as a door with fenestration installed within the door. The
glass area is calculated as the sum of the glass areas plus two inches on all sides (to account for framing).
For prescriptive or performance approaches, use one of the following options for U-factor and SHGC of the
glass:

» The NFRC label if one is available, or
* The default values from_-Stardards-TABLESables 110.6-A and 110.6-B_of the Energy Standards

The opaque part of the door is ignored in the prescriptive approach. If the performance approach is used a
default SHGC value of 0.50 must be assumed for the opaque portion of the door. Alternatively, if NFRC
values for U-factor and SHGC for the entire door are available, the door may be considered a fenestration
product.

Example 3-9
Question

As a manufacturer of fenestration products, | place a temporary label with the air infiltration rates on my
products. Can you clarify which products must be tested and certified?

Answer

Each product line must be tested and certified for air infiltration rates. Features such as weather seal, frame
design, operator type, and direction of operation all affect air leakage. Every product must have a temporary
label certifying that the air infiltration requirements are met. This temporary label may be combined with the

temporary U- factor, SHGC and VT label.
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Example 3-10

Question

Is a custom window “field-fabricated” for purposes of meeting air infiltration requirements?
Answer

No. Most custom windows are manufactured and delivered to the site either completely assembled or
“knocked down,” which means they are a manufactured product. A window is considered field-fabricated
when the windows are assembled at the building site from the various elements that are not sold together
as a fenestration product (i.e., glazing, framing and weatherstripping). Field-fabricated does not include site-
assembled frame components that were manufactured elsewhere with the intention of being assembled on
site (such as knocked down products, sunspace kits, and curtain walls).

Example 3-11

Question

What constitutes a “double-pane” window?
Answer

Double-pane (or dual-pane) glazing is made of two panes of glass (or other glazing material) separated by
space (generally 1/4" [6 mm] to 3/4" [18 mm]) filled with air or other gas. Two panes of glazing laminated
together do not constitute double-pane glazing.

Example 3-12
Question

To get daylight into a room in my new house, | plan on installing a tubular skylghtand will be using the
performance approach for compliance purposes. The skylight has a clear plastic dome exterior to the roof,
a single pane Y-inch (6 mm)-thick acrylic diffuser mounted at the ceiling, and a metal tube connecting the
two. How do | determine the U-factor and SHGC that | will need to determine if | can comply with the
Energy Standards, if U; is 1.20 and SHGC_. is 0.85?

Answer

Tubular daylighting device (TDD) skylights are an effective means for bringing natural light into interior
spaces, as are traditional skylights.

There are three methods available for determining the thermal efficiencies for TDDs:
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The first is to use the default U-factor from StandardsTFABLE-Table 110.6-A_of the Energy Standards. This
tubular skyhightywould be considered a metal frame, fixed, single-pane skylight resulting in a U-factor of
1.19, which must appear on a label preceded by the words “CEC Default U-factor.” (A tubular daylighting
device skylightwould have to have two panes of glazing with an air space of less than 2 inches (50 mm)
between them at the plane of the ceiling insulation for it to be considered double-pane.);

The second method is to determine the U-factor from-the-Reference-Nonresidential- Appendix NAG,
Equation NA6-1. The U-factor for this tubular daylighting device skylight would be based on metal with no

curb (Table NA6-5). The U-factor for this skylight, using Equation NA6-1, is 1.25, where U, = (0.195 +
(0.882 x 1.20)). This must appear on a label stated as “CEC Default U-factor 1.25.”;

The third and best method, applicable if the skylight has been tested and certified pursuant to NFRC
procedures, requires a label that states: “Manufacturer stipulates that this rating was determined in
accordance with applicable NFRC procedures NFRC 100,"; followed by the U-factor.

There also are three methods available for determining SHGC. The first is to use the default table SHGC in
Standards-TABLEable 110.6-B_of the Energy Standards. This tubular skylight would be considered a metal
frame, fixed, clear, single-pane skylight resulting in an SHGC of 0.83, which must appear on a label stated
as “CEC Default SHGC 0.83.”

The second method also determines the SHGC from-the-Reference-Nonresidential Appendix NAG,
Equation NA6-2. The SHGC for this skylight using Equation NA6-2 is 0.81, where

SHGC; ={(= (0.08 + (0.86 x 0.85)). This must appear on a label stated as “CEC Default SHGC 0.81."

The third method, applicable if the skylight has been tested and certified pursuant to NFRC procedures,
requires a label that states, “Manufacturer stipulates that this rating was determined in accordance with
applicable NFRC procedures.”

Example 3-13
Question

How would the U-factor and the SHGC be determined if the tubular daylighting device in the example above
has a dual pane diffuser (instead of single pane) mounted at the ceiling?

Answer

The procedure would be exactly the same as the example above, except that the double pane U-factor and
SHGC values from -Standards-TABLEables 110.6-A and 8FABLE-110.6-B_of the Energy Standards would
be used instead of single pane values. Note that up to 3 ft° of tubular daylighting device is assumed to have
the U-factor and SHGC required by Package A for prescriptive performance compliance (Exception 1 to
§150.1(c)3A).

——Fenestration U-factor

3.5.34
| Applicable Sestion: §150.0(q) |

For fenestration products, With-the 20132016 update-the-mandatory-maximum-U-facteris
setby-8§150.0(¢)-states that tthe mandatory maximum U-factor is 0.58. This is based on the
worst case scenario for a double-pane, vinyl framed fenestration product including

skylights.ferfenestration-including-skylights-to-be-at maximum-YU-factorof 0:-58: While-there-is
an-allowanceforareArea-weighted averaging; can be used to allow flexibility for the
placement of a fenestration product with a U-factor greater than 0.58. -this-willHimit-the use-of
single-pane-products—Up to 10 ft? or 0.5% of conditioned floor area (whichever is greater) is
exempt from the maximum U-factor requirement.
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Table 3-3-2 — Maximum U-factors, SHGC and Fenestration Area by Climate Zone in Packages A

Climate Zone 13,5 2,4,6-16
Maximum U-factor 0.32 0.32
Maximum SHGC NR 0.25
Maximum Fenestration Area 20% 20%
Maximum West-Facing Fenestration NR 5%

Mo Requirement
[ SHGC=025

Sowce: California Energy Commission

Figure 3-4-3 — Package A, -SHGC Criteria by Climate Zone

3.5.4 Prescriptive Requirements
| Applicable Section: §150.1(c)3
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Prescriptive requirements described in this chapter typically refer to Package A or §Table
150.1-A ef-the-Standards: The maximum U-factor required by prescriptive Package A for
all climate zones is 0.32 and the maximum Solar Heat Gain Coefficient (SHGC) is 0.25;
andHserlower for dwellings in climate zones 2, 4, and 6-16. Homes constructed in climate
zones 1, 3, and 5 have no maximum-SHGC requirements. The requirements apply to
fenestration products without consideration of insect screens or interior shading devices.
With some exceptions, some fenestration products may exceed the prescriptive
requirement as long as the U-factor and SHGC of windows, glazed doors and skylights
can be area-weight averaged together to meet the prescriptive requirement using the WS-
| 2R form in Appendix A of this manual,

3.5.5 Fenestration Prescriptive Exceptions
| Applicable Section: §150.1(c)3A through §150.1(c)3C |

A. Doors and Tubular Daylighting Device
In each dwelling unit, up to 3 ft? of the glazing area installed in doors and up to 3 ft? of
tubular daylighting devices area with dual-pane diffusers at the ceiling are exempt from the
prescriptive U-factor and SHGC requirements, where area is included in the maximum of
20%-perecent fenestration area. However, the U-factor shall not exceed a maximum is
0.58. See §150.0(q) and Exception 1 of §150.1(c)3A.
A

B. Skylights
Each new dwelling unit may have up to 16 ft* of skylight areq, the grea is included in the

| maximum of 20%-percent fenestration area anrd-meets-amaximum-0-55-U-facterand-a

maximum-SHGC-6f0-30. See Exception 2 of §150.1(c)3A.

Aside from the specific exceptions to the Fenestration Prescriptive requirements, U-factors
and SHGCs for skylights can be significantly higher than they are for windows so long as
their area weight-averaged U-factor and SHGC do not exceed the 8-55-U-factorane-Hshet
greaterthan-the-0-30-SHGG whenlarge-amounts-ofindividual skylights are used for
prescriptive compliance. Alternatively, the performance approach should be used for
meeting energy compliance.

C. Dynamic Glazing
If a dwelling unit includes a type of dynamic glazing that is electric-chromatic, chromogenic
type or integrated shading device, and the glazing is automatically controlled, use the
lowest U-factor and lowest SHGC to determine compliance with prescriptive Package A
fenestration requirements. Since this type of product has compliance ratings whichthat
varies, it cannot be weight averaged with-ether non-chromogenic products as per
Exception 3 of 8150.1(c)3A.
c

D. Site-Built Fenestration
When jesidential dwelling unit contains combination of manufactured and site-built
fenestratlon only the site-built fenestration values can be determined by using
NenresidentialReference-Appendix NAG; however, all fenestration and including site-built
can default to 8FABLES Tables 110.6-A or B.
B

E. Windew, Maximum Area
The prescriptive requirements limit total glass area to a maximum of 20%-pereent of the
conditioned floor area in all climate zones;; however, there are exceptions to the
prescriptive requirements for alterations in 8150.2(b)1A which allow additional glass area
beyond the 20%-pereent limitation, including west-facing glass.
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F. Greenhouse Windows/Garden Windows
Compared to other fenestration products, the NFRC-rated U-factor for greenhouse
windows are comparatively high. 8150.0(q) includes an exception from the U-factor
requirement for dual-glazed greenhouse or garden windows that total up to 30 ft2 of
fenestration area.
E:

| Mo Requirement

] Maximum West Facing = §%

Source: Califormia Energy Commission

Figure 3-5-4 — Package A, Prescriptive West-Facing Window Area Limits by Climate Zone

3.5.6 Fenestration Shading Types

FA. Shading
While a low emissivity (low-e) coating on the glass is one of the most common ways to
reduce solar gain in combination with insulated window frame, there are other options to
help increase shading:
1. Use of permanent installed exterior shade screens;
2. Louvers on the outside of the window are typically used on windows facing
south. See Table 3-4 for different types of Exterior Shades and Solar Heat Gain

Coefficients;

3—Properly sized overhang - See-Fixed-Permanent-Shading-Devices
dDiscussed later in Section 3.5.8.4.this-chapterbelow-
3.

G-B. Dynamic Glazing:
Dynamic Glazing products are either Integrated Shading Systems or Electro-Chromatic
type devices and are considered a fenestration product. Integrated shading systems
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include blinds positioned between glass panes that can be opened and closed manually
or using automatic controls. The labels for interral shading systems will reflect the
| endpoints of the product’s performance for U-factor and SHGC. See Figure 3-6%6.

!

Figure 3-6-5— Example of Dynamic Glazing Type - Integrated Shading System
Source: NFRC Dynamic Glazing Products Fact Sheet

Its unique rating “Variable Arrow” identifier helps consumers/speeifiers understand the
“dynamics” of the product and allows comparison with other similar dynamic fenestration
products. The following_is a label reference:s-are;

1. The Variable Arrow — If the fenestration product can operate at intermediate states, a

dual directional arrow, (<), with the word “Variable” will appear on the label. Some

| dynamic glazings isare able to adjust to intermediate states allowing for a performance
level between the endpoints. The low value rating is displayed to the left (in the
cClosed or darker position) and the high value rating is displayed to the right (in the
0Open or lighter position). This lets the consumer know at a glance the best and worst
case performance of the product and what-the default or de-energized performance
level.
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World's Best
Window Co.
Millennium 2000*

National Fenestration Vinyl-Clad Wood Frame
__ Rating Council®_ Double Glazing * Dynamic Glazing * Argon Fill - Low E
[ CERTIFIED | Product Type: Vertical Slider
ENERGY PERFORMANCE RATINGS
U-Factor (U.S/I-P) Solar Heat Gain Coefficient

0.30-0.40 0.10-0.50

Off/Closed On/Open Off/Closed On/Open
ADDITIONAL PERFORMANCE RATINGS
Air Leakage (U.S./I-P)

— 0.2

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for defermining whole

product performance. NFRC ratings are determined for a fixed set of environmental conditions and a

specific product size. NFRC does not recommend any product and does not warrant the suitability of any

product for any specific use. Consult manufacturer's literature for other product performance information.
www.nfrc.org

1
World's Best
.
Window Co.
Millennium 2000+
National Fenestration Vinyl-Clad Wood Frame
__Rating Counil® _ Double Glazing + Dynamic Glazing * Argon Fill - Low E
[ CERTIFIED | Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS

U-Factor (U.S/I-P)

0.30+0.40

Off/Closed On/Open

Solar Heat Gain Coefficient

0.10-0.50

Off/Closed On/Open

ADDITIONAL PERFORMANCE RATINGS

Visible Transmittance

0.03-0.65

Off/Closed On/Open

Air Leakage (U.S./I-P)

0.2

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for determining whole

product performance. NFRC ratings are determined for a fixed set of environmental conditions and a

specific product size. NFRC does not recommend any product and does not warrant the suitability of any

product for any specific use. Consult manufacturer’s literature for other product performance information.
www.nirc.org

Figure 3-76 — Dynamic Glazing NFRC Label Stickers
Source: NFRC Dynamic Glazing Products Fact Sheet

H-C. Chromatic Glazing

One type of dynamic glazing product uses a c€hromatic type of glass that has the ability
to change its performance properties, allowing the occupant to control manually-or

adtomatically-their environment_manually or automatically by tinting or darkening a
can change their performance

automatically inrespoense-te-with the use of an automatic control or environmental

window with the flip of a switch. Some

signals. These high-performance windews, provide a variety of benefits; including reduced
energy costs due to controlled daylighting and unwanted heat gain or heat loss. While still
a relatively new technology, they are expected to grow substantially in the coming years.

A view of c€hromatic glazing in the open (off) and closed (on) position is shown in Figure

3-8-7 below.

Figure 3-8-7— Chromatic Glazing
Source: Sage Electrochromics
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| 3-5-13.5.7 Dynamic Glazing DeviceYANMIC-GEAZING-COMPHANCE
A. Integral Shading Device
To use the high performance values the following must be met:
‘ 1. Must have a-an NFRC Certified Label sticker; or

2. When no NFRC is available, then the default values from §Tables 110.6-A and
110.6-B must be used.

B. Chromogenic Glazing
1. Must have a-an NFRC Certified Label sticker; and
2. Automatic controls must be installed to receive best rated performance value.

3. If there is no NFRC label but with automatic controls, then default to §Table 150.1-
A maximum U-factor of 0.32 and mMaximum SHGC of 0.25; or

4. If there is with an NFRC label, but no automatic controls, then default to §Table
150.1-A maximum U-factor of 0.32 and mMaximum SHGC of 0.25; or

5. If there is no NFRC and no automatic controls, then the default values from
Tables 110.6-A and 110.6-B of the Energy Standards must be used.

C. Window Films

Window films are pPolyester film that offer ernystat-high-clarity and can be pre-treated to
accept different types of coatings. There are three basic categories of window films:

1. Clear (Non-Reflective)sfilms are used as safety or security film to reduce
ultraviolet (UV) light which contributes greatly to fading; however, they are not
normally used for solar control or energy savings.

2. Tinted or Dyed (Non-Reflective);and- films reduce both heat and light
transmission, mostly through increased absorbptance, and can be used in
applications where the desired primary benefit is glare control with energy savings

secondary.

3. Metalized (Reflective) film, which can be metalized through vacuum coating,
sputtering, or reactive deposition or reactive deposition and may be clear or
colored. These are the preferred film in most energy savings applications, since
they reduce transmission primarily through reflectance and are manufactured to
selectively reflect heat more than visible light through various combinations of
metals.

4. Performance Window Film Compliance:

w

To receive window film credit, the following must be met:

The Performance Approach must be used to meet energy compliance;

¢ NFRC Window Film Energy Performance Label is required for each
different film applied; otherwise the default Tables 110.6-A and 110.6-B of
the Energy Standards values must be used;

e Window films must have at least a ten-year warranty.

3-
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See Figure 3-9-8 below. NFRC Attachment Ratings Label which helps to identify the energy
performance of Window Films.

4 NFRC
Mail \TTACHMENT

Rating Councl®

RATINGS

XYZ Applied Film Company * Deluxe Green Film
CPD#000-X-1 (Interior)

This rating uses reference product energy performance - actual product performance may vary.

[/ ENERGY PERFORMANCE RATINGS \
Solar Heat Visible
Reference Product U-Factor |Gain Coefficient Transmittance
. W/0 With WIO With WiO With
Type Glazing Film [ Film | Film Film | Film Film

Single Glazed Clear 1.09 1.01 | 0.71 0.40 0.74 0.57

Residential
Double Glazed Clear | 0.66 0.67 | 0.63 0.44 0.67 0.52

Single Glazed Clear 1.02 0.93 | 0.72 0.43 0.78 0.60

_ Non- | single Glazed Gray | 1.02 | 0.93 | 0.51 0.35 | 0.39 0.31
Residential

Double Glazed Clear | 0.60 0.53 | 0.62 0.47 0.69 0.54 /

Double Glazed Gray [ 0.60 | 0.53 | 0.41 0.32 0.35 0,27/

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for
determining whole product performance. NFRC ratings are determined for a fixed
set of environmental conditions and a specific product size. NFRC does not
recommend any product and does not warrant the suitability of any
product for any specific use. Consult manufacturer’s literature
for other product performance information.
www.nfrc.org

Figure 3-9-8 — Window Film Energy Performance Label
Source: NFRC Applied Film Products Fact Sheet
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E.D.Glazed Doors

[ §110.6 |
lowi | | I ith alass:

Any door that is more than one-half glass is considered a glazed door and must comply
with the mandatory measures and other requirements applicable to a fenestration product.
Up to 3 ft? of glass in a door is exempt from the U-factor and SHGC requirements (or can
be considered equivalent to the Package A values). The U-factor and SHGC shall be
based on either the NFRC values for the entire door including glass area, or use default
values in 8Table 110.6-A for the U-factor and §Table 110.6-B for the SGHC. If the door is
made up of less than 50%-pereent, the opaque part of the door is ignored in the
prescriptive approach, but in the performance method it is assumed a default U-factor of
0.50. The glass area of the door is calculated as the sum of all glass surfaces plus 2
inches on all sides of the glass to account for a frame.

3.5:23.5.8 _Compliance Alternatives

While the prescriptive requirements and mandatory measures establish a minimum level
of building energy performance,-the opportunities to exceed the requirements of the
standards-Energy Standards are considerable. Some of these compliance options are
discussed in this section while others are included in the Performance Compliance section
(Chapter 8). Options that are recognized for credit through the performance method are
called compliance options. Most require using the performance approach, but a few
exterior shading devices and south facing overhangs may be used to comply when

usingwith the prescriptive reguirementsapproach.

A-3.5.8.1Fenestration Area

Beginning with the 2005 update to the Standards, no credit is offered through the
performance approach for reducing fenestration area below the maximum allowed 20%
pereent of the conditioned floor area (CFA).

Data shows that the average window area in single family homes is about 17.3%-percent
of the CFA. In multifamily buildings, the average window area is about 14.5%-percent of
the CFAconditioned-floorarea. While-these-are-averages;-the-variations-are-considerable
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The Energy Commission made fenestration area less than or equal to 20%-pereent a
neutral variable in the performance approach with the 2005 update, and there is no
change in this regard in the 20163 update. The Energy Commission recognizes that area
and orientation can have a big impact on energy use, but because these are so variable in
buildings, the_Energy Commission does not want the energy efficiency of other building
components to be eroded in buildings that have relatively small fenestration areas. While
there is no credit for fenestration area less than 20%-pereent of CFA, there is a penalty for
buildings that have a window area that exceeds 20%-percent of CFA. Such buildings are
permitted only with the performance approach, where the standard design has a
fenestration area equal to the proposed design, up to 20%-percent of CFAthe-conditioned
floer-area, and the glass area in the standard design is uniformly distributed among
cardinal orientations. The proposed design has the exact proposed glass area and
orientation.

B-3.5.8.2 Orientation

Window and skylight orientation has a huge impact on both energy use and peak electric
demand. Orientation is a compliance option that is recognized in the performance
approach, since the standard design has windows uniformly distributed on the north,
south, east, and west sides of the building.

G:3.5.8.3 Improved Fenestration Performance

With the 20163 update, the weighted average U-factor remains at has-beenreduced-te
0.32 in all climate zones as indicated in Package A. This means there is only a minorless
credit available for installing high performance fenestration that could be traded off or be
used to avoid other measures, such as duct sealing and verification. However, choosing
high performance fenestration whieh-that performs better than the prescriptive
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requirements_level can still earn significantseme credit through the performance method. |
In air conditioning climates, choosing a window with an SHGC lower than 0.25 will reduce
the cooling loads compared to the standard design.

The magnitude of the impact will vary by climate zone; in mild coastal climates the benefit
from reducing fenestration U-factor will be smaller than in cold, mountain climates. |
Several factors affect window performance. For fenestration with NFRC ratings, the
following performance features are accounted for in the U-factor and SHGC ratings:

1. Frame materials, design, and configuration (including cross-sectional characteristics).
Fenestration is usually framed in wood, aluminum, vinyl, or composites of these.
Frame materials such as wood and vinyl are better insulators than metal. Some
aluminum-framed units have thermal breaks that reduce the conductive heat transfer
through the framing element as compared with similar units havingthat-have no such |
conductive thermal barriers.

2. Number of panes of glazing, coatings, and fill gases. Double-glazing with coatings or;
dynamic glazing with controls; offers opportunities for improving performance beyond
the dimension of the air space between panes. For example, special materials that
reduce emissivity of the surfaces facing the air space, including low-e or other coatings
and chromogenic glazing, improve the thermal performance of fenestration products.
Fill gases other than dry air such as, carbon dioxide, argon, or krypton and
chromogenic glazing— also improve thermal performance.

B-3.5.8.4 Fixed permanentPermanent Shading Devices

Shading of windows is also an important compliance option. Overhangs or sidefins that

are attached to the building or shading from the building itself, are compliance options for |
which credit is offered through the performance approach. However, no credit is offered

for shading from trees, adjacent buildings, or terrain.

Windows that face south can be effectively shaded by overhangs positioned above the
window. The ideal overhang is one that provides shade during the months when the
building is likely to be in an air conditioning mode and allows direct solar gains in the
heating months. This can be achieved because during the summer the sun is high as it
passes over the south side, while in the winter it is low, enabling solar radiation to pass
beneath the overhang. Due to the potential effectiveness of south-facing overhangs, a
prescriptive compliance option is offered. See thefellowing-sSection £-3.5.8.6 for detalils. ‘

Shading is much more difficult on the east and west sides of the house. When the sun
strikes these fagades it is fairly low in the sky, making overhangs ineffective. Vertical fins
can be effective, but they degrade the quality of the view from the window and limit the
natural light that can enter. In cooling climates, the best approach is to minimize windows
that face east and west. Landscaping features can be considered to increase comfort but
cannot be used for compliance credit. |

E.3.5.8,5 Reserved
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F-3.5.8.6  Exterior Shading Devices

The prescriptive requirementsStandards require fenestration products with an SHGC of 0.25
or lower in climate zones 2, 4 and 6 through 16. However, a fenestration product with an
SHGC greater than 0.25 may be used with the prescriptive requirements if a qualifying
exterior shading device is used. Exterior shading devices and their SHGC values are shown
in Table 3-43. These include woven sunscreens as well as perforated metal sunscreens. As
shown in the table, these devices transmit between 13%-pereent and 30%percent of the sun
that strikes them.

When exterior overhangs are used, the SHGC requirements of prescriptive
Package- A may be met if the calculated combination of the overhang and fenestration
SHGC efficiency is equal or lower than 0.25.
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For compliance credit, exterior shading devices must be permanently attached as opposed to
clips, hooks, latches, snaps, or ties. Exterior shading devices on windows or skylights that
are prohibited by life-safety codes from being permanently attached for emergency egress
reasons are exempt from this requirement. Compliance with-\WS-03RCF1R-ENV-03- form is
used to calculate the combined SHGC of windows and exterior shading devices. When
exterior shades are required for compliance, they must also be listed on the CF1R form and
documented on the plans.

The SHGC of the window in combination with an exterior device is given by the following:
Equation 3-1:

All operable windows and skylights are assumed to have an insect screen and this is the
default condition against which other window/exterior shading device combinations are
compared. The standard case is a window with an SHGC of 0.25 and an insect screen with
an SHGC of 0.76. For this default case, the SHGC of the window is the SHGC,,, and the
SHGC of the exterior sunscreen is SHGCnax. Working through the math on the WS-
O3RCF1R-ENV-03 form, SHGC omnined IS 0.25. This means that any combination of window
SHGC and exterior SHGC that results in a SHGC ompined Of 0.25 or less complies with the
prescriptive requirements.

Most of the shading devices (other than the default insect screen) have an SHGC of 0.30 or
lower. Combining this with the SHGC of any wirdew, may result in a combined SHGC which

| is equal to or lower than the prescriptive criterion of 0.25. This method of combining the
SHGC of the windew with the SHGC of the exterior shading device is also used with the
whole building performance approach.

Compliance CF1R-ENV-03 WS-03Rform is used to calculate the combined SHGC of
windews, and exterior sunscreen type shading devices. When exterior shades are required
for compliance, they must be listed on the CF1R form and be documented on the plans.

Table 3-4-3 — Exterior Shades and Solar Heat Gain Coefficients

| ! The equation can be found in the 20163 Residential Compliance Manual and it is included in WS-3R in
Appendix A.
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Exterior Shading Device SHGC*
Standard Bug (insect) Screen (default for windows) 0.76
Exterior Sunscreens with Weave 53 x 16/inch 0.30
Louvered Sunscreens w/Louvers as wide as Window Openings 0.27
Low Sun Angle Louvered Sunscreen 0.13
Verticgl Rpller Shad.es or retractable/Drop Arm./ 0.13
Combination/Marquisolette and Operable Awnings

Roll Down Blinds or Slats 0.13
None (for skylights only) 1.00

* Reference glass values assume single pane clear glass and metal framing 1/8" inch double
strength (DSS) glass. Use WS-3R Worksheet for calculation.

G-3.5.8.7 —Interior Shading

There is no credit for interior aftermarket shading devices, although they can be effective in
reducing solar gains and should be considered by homeowners. The Energy Commission
considers these added interior shades in the category of home furnishings and not a feature
of the house that is provided by the builder or fenestration manufacturer. Draperies, interior
blinds, interior shades, and other interior devices are not credited toward energy compliance;
however, a default standard shade is still considered in performance calculations so that
estimates of energy use are more realistic, and tradeoffs against other measures are more
equitable.

H:3.5.8.8 —Bay Windows

Bay windows are a special compliance case. Bay windows may either have a unit NFRC
rating (i.e., the rating covers both the window and all opaque areas of the bay window), an
NFRC rating for the window only, or no NRFC rating. Non-rated bay windows may or may not
have factory-installed insulation.

For bay windows that come with an NFRC rating for the entire unit, compliance is determined
based on the rough opening area of the entire unit, applying the NFRC U-factor and SHGC. If
the unit U-factor and SHGC do not meet the package requirements or area-weighted
average, the project must show compliance using the performance approach.

Bay windows with no rating for the entire unit (where there are multiple windows that make
up the bay) and with factory-installed or field-installed insulation must comply accounting for
the performance characteristics of each component separately. Opaque portions of bay
windows including roofs and floors must be insulated to meet the wall insulation requirements
of Package A for prescriptive compliance. The opaque portion must either meet the minimum
insulation requirements of Package A for the applicable climate zone or be included in a
weighted average U-factor calculation of an overall opague assembly that does meet the
Package A requirements. For the windows, the U-factor and SHGC values may be
determined either from an NFRC rating or by using default values in 8Tables 110.6-A and
110.6-B_of the Energy Standards. If the window U-factor and SHGC meet the package
requirements, the bay window complies prescriptively (if overall building fenestration area
meets prescriptive compliance requirements). If the bay window does not meet package
requirements, the project must show compliance under the performance approach.

20136 Residential Compliance Manual J-20142015Date




Page 3-44 Building Envelope Requirements — Fenestration

+£3.5.8.9  Natural Ventilation through Fenestration

Operable windoews can be a source of ventilation air useful for improving indoor air quality by
dilution of indoor air contaminants and moisture and “free” cooling. During periods when the
outdoor temperature is lower than the desired indoor temperature and the indoor temperature
is uncomfortably warm from solar gains through wirdews, or from heat generated inside the
house, wirdews, may be opened for some or all of the cooling. Natural ventilation can reduce
the need to run the air conditioner. Not only does natural ventilation save energy, but it can
also provide better air quality inside the home.

When building envelopes are sealed to reduce infiltration, air exchange with the outside air is
reduced which increases the need for a mechanical means of bringing in outside air.

Energy Commission sponsored research in California homes has shown that a significant
number of home occupants do not regularly open their windows for

Starting with the 2008 update, it is mandatory to meet the requirements of ASHRAE
Standard 62.2 which include mechanical ventilation and minimum open-able window area
requirements. This mandatory measure is discussed in greater detail in Section 3.6.1.17 and
3.6.1.18.

3:3.5.8.10 Construction Practice/Compliance and Enforcement

The compliance and enforcement process; should ensure that the fenestration efficiency
values, areas, orientation, etc. be indicated on the CF1R form and are also specified on the
building plans. In addition, the sameg efficiency values of the actual installed fenestration
products meet or exceed the efficiency values on the CF1R form. For more information, see
Compliance and Enforcement on fenestration in eChapter 2 of this manual.
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3.6 Envelope Features

This section of the building envelope chapter addresses the requirements for
the building shell, excluding fenestration. Components of the building shell
include walls, floors, and roofs and/or ceilings. Fenestration, ard-windows
and doors are addressed in Section 3.5—Fenestration.

3.6.1 Mandatory Requirements
[ §110.7, §110.8, §150.0 |

Weatherstrip or installed-continuously-on

seal to prevent the-exterorof- the building
\mafts

- <X |

Caulk or Seal

ﬂ Caulk or Seal
; L1
0

J }a:_-‘ Caulk or Seal
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20132016

A3.6.1.1 Joints and Other Openings
[ 81107 |

Air leakage through joints, penetrations, cracks, holes and openings around windows,
doors, walls, roofs and floors can result in higher energy use for home heating and
cooling than necessary. The following openings in the building envelope shall be
caulked, gasketed, weatherstripped or otherwise sealed:

G-1.  Exterior joints around window and door frames, including doors between
the house and garage, between interior HVAC closets and conditioned space,
between attic access and conditioned space, between wall sole plates and the
floor, exterior panels and all siding materials;

H:2.  Openings for plumbing, electricity, and gas lines in exterior walls, ceilings
and floors;

+:3. Openings in the attic floor (such as where ceiling panels meet interior walls,
and exterior walls, and masonry fireplaces);

J4.0penings around exhaust ducts such as those for clothes dryers;

K-5. Weatherstripping is required for all field-fabricated operable windows and
doors (other windows and doors must meet infiltration requirements and be
laboratory tested). This includes doors between the garage and the house,
between interior HYAC closets and conditioned space, and between the attic
access and conditioned space (8110.6(b)); and

6. All other such openings in the building envelope.

Alternative techniques may be used to meet the mandatory caulking and sealing
requirements for exterior walls. These include, but are not limited to:
51. Stucco

6:2. Caulking and taping all joints between wall components (e.q., between slats
in wood slat walls

3. Building wraps
8-4. Rigid wall insulation installed continuously on the exterior of the building
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Weatherstrip or
seal to prevent
drafts

(@

Caulk or Seal
H Caulk or Seal
1]
1

LJ Caulk or Seal

Figure 3-239 — Caulking and Weatherstripping
Source: California Energy Commission

Construction Practice/Compliance and Enforcement
3
38—

The compliance and enforcement process should ensure that all potential sources of
infiltration and exfiltration in the building envelope, joints and openings are caulked,
gasketed, or otherwise sealed. For more information on Compliance and Enforcement
foren joints and openings, see Chapter 2.

A-3.6.1.2 Certification of Insulation Materials

[ §110.8(a) |

Manufacturers must-irst certify that insulating materials comply with California Quality
Standards for Insulating Materials (CCR, Title 24, Part 12, Chapters 12-13), which ensure
that insulation sold or installed in the Sstate performs according to stated R-values and |
meets minimum quality, health, and safety standards. Builders and enforcement agencies
shall use the Department of Consumer Affairs Directory of Certified Insulation Material to
verify the certification of the insulating material. If an insulating product is not listed in the |
current-mestrecent edition of the directory, contact the Department of Consumer Affairs,
Bureau of Home Furnishing and Thermal Insulation Program, at (916) 999-2041 or by E-
mail: HomeProducts@dca.ca.gov.

B-3.6.1.3 Urea Formaldehyde Foam Insulation |

[ §110.8(b) |

The mandatory measures restrict the use of urea formaldehyde foam insulation. The
restrictions are intended to limit human exposure to formaldehyde, which is a volatile
organic chemical known to be harmful to humans.

If foam insulation is used that has urea formaldehyde, it must be installed on the exterior
side of the wall (not in the cavity of framed walls), and a continuous vapor retarder must
be placed in the wall construction to isolate the insulation from the interior of the space.
The vapor retarder must be 4-mil (0.1 mm) thick polyethylene or equivalent.
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C.3.6.1.4 Flame Spread Rating of Insulation

[ 8110.8(c) |

The California Quality Standards for Insulating Materials requires that exposed facings on
insulation material be fire resistant and be tested and certified not to exceed a flame
spread of 25 and a smoke development rating of 450. Insulation facings must be in
contact with the finished assembly surface or they are considered exposed applications
and cannot be installed.

Flame spread ratings and smoke density ratings are shown on the insulation or packaging
material or may be obtained from the manufacturer.

E:3.6.1.5 Insulation Requirements for Heated Slab Floors

[ 5110.8(g) |

Heated slab-on-grade floors must be insulated according to the requirements in §Table
110.8-A and Table 3.4 below.-efthe-Sstandards: The top of the insulation must be
protected with a rigid materialptate to prevent intrusion of insects into the building
foundation.

A common location for the slab insulation is on the perimeter of the foundation_(See Figure
3-10).- Insulation that extends downward to the top of the footing is acceptable. -
Otherwise, the insulation must extend downward from the level of the top of the slab,
down 16 inches (40 cm) or to the frost line, whichever is greater-.

For below-grade slabs, vertical insulation shall be extended from the top of the foundation
wall to the bottom of the foundation (or the top of the footing) or to the frost line, whichever
is greater.

Another option is to install the insulation between the heated slab and foundation wall. In

| this case, insulation must extend downwards to the top of the footing and then extend
horizontally inwards a distance of 4 ft towards the center of the slab. R-5 vertical insulation
is required in all climates except climate zone 16, which requires R-10 of vertical insulation
and R-7 horizontal insulation.
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Figure 3-14-10 — Perimeter slab insulation
Source: California Energy Commission
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Table 3-5-4 — Slab Insulation Requirements for Heated Slab Floors

Insulation Insulation Installation Requirements Climate | Insulation
Location Orientation q Zone R-Value

From the level of the top of the slab, down
16 inches or to the frost line, whichever is 1-15 5
greater. Insulation may stop at the top of
the footing where this is less than the

Outside edge
of heated slab,

either inside or | Vertical required depth. For below grade slabs,
outside the vertical insulation shall be extended from
foundation wall the top of the foundation wall to the bottom 16 10
of the foundation (or the top of the footing)
or to the frost line, whichever is greater.
Vertical insulation from top of slab at inside 1-15 5
edge of outside wall down to the top of the
Between hori i lati Hori tal i |ati
heated slab | Vertical and orizontal insulation. Horizontal insulation
and outside | Horizontal from the outside edge of the vertical 10 vertical
foundation wall insulation extending 4 feet toward the 16 and 7
center of the slab in a direction normal to horizontal

the outside of the building in plan view.

F£3.6.1.6  Wet Insulation Systems
[ §110.8(h) |

Wet insulation systems are roofing systems where the insulation is installed above the
roof’s waterproof membrane. Water can penetrate this insulation material and have an
effect on the energy performance of the roofing assembly in wet and cool climates. In
climate zones 1 and 16, the insulating R-value of continuous insulation materials installed
above the roof’s waterproof membrane must be multiplied by 0.8 and using the result value
inbefore choosing the table column in Reference Joint Appendix JA4, for determining
assembly U-factor_(when using the Joint Appendix JA4 table to comply). See the footnotes
for Tables 4.2.1 through 4.2.7 in the Reference Joint Appendix JA4.

G:3.6.1.7 Roofing Products Solar Reflectance & Thermal Emittance

[ §110.8(i) |

Roofing products shall be tested-and-labeledrated by the Cool Roof Rating Council
(CRRC)_and labeled appropriately by the roofing manufacturer for both solar reflectance
and thermal emittance. The CRRC certification includes solar reflectance and thermal
emittance. There are two-three kinds of solar reflectance:

1. Initial solar reflectance
2. 3-year aged solar reflectance

2:3. Accelerated aged solar reflectance

All requirements of the Energy Standards are based on the 3-year aged reflectance.
However, if the aged value for the reflectance is not available in the CRRC’s Rated
Product Directory, then the aged value shall be derived from the CRRC initial-aged value
equation (using the initial value for solar reflectance) or an accelerated process. Until the
appropriate aged rated value for the reflectance is posted in the directory, tFhe equation
below ean-becan be used to calculated the aged+ratedaged rated solar reflectanceunti
he e e-for-the reflectance-is-posted-in-the directory- or a new
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| -
Equation 3-2: Aged Reflectance acuiatea=(0.2+ B[pinitiai — 0.2])
Where:
piniiat = INitial Reflectance listed in the CRRC Rated Product Directory
B = soiling resistance which is listed in Table 3-65
Table 3-6-5— Values Of Soiling Resistance 8 By Product Type

PRODUCT TYPE B
Field-applied coating 0.65
Other 0.70

‘ The Energy Standards do not distinguish between initial and aged thermal emittance,
meaning that either value can be used to demonstrate compliance with the Energy
Standards. If a manufacturer fails to obtain CRRC certificate for their roofing products, the
following default aged solar reflectance and thermal emittance values must be used for
compliance:

1. For asphalt shingles, 0.08/0.75

‘ 2. For all other roofing products, 0.10/0.75
2-

Initial Weathered
Solar Reflectance 0.00 Pending
Thermal Emittance 0.00  Pending

Rated Product ID Number

COOL ROOF Licensed Seller ID Number
RATING COUNCIL )

Classification Production Line

Cool Roof Rating Couneil ratings are determined for a fized set of conditions, and may not be appropriate
for determuming seasonal energy performance. The actual effect of solar reflectance and thermal emittance
on building performance may vary.

Manufacturer of product stipulates that these ratings were determuned in accordance with the applicable
Coel Roof Rating Council procedures.

Figure 3-15-11 — Sample CRRC Product label and information

Source: Cool Roof Rating Council

A. Field Applied Liquid Coatings

There are a number of liguid products, including elastomeric coatings and white acrylic
coatings that qualify for Field Applied Liquid Coatings. The Energy Standards specify
minimum performance and durability requirements for field-applied liguid coatings. Please
note that these requirements do not apply to industrial coatings that are factory-applied,
such as metal roof panels. The requirements address elongation, tensile strength,
permeance, and accelerated weathering. The requirements depend on the type of coating
and are described in greater detail below. Liquid roof coatings applied to low-sloped roofs
in the field as the top surface of a roof covering shall comply with the following mandatory
requirements and descriptions.

a. Aluminum-Pigmented Asphalt Roof Coatings
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Aluminum-pigmented coatings are silver-colored coatings that are commonly applied to
modified bitumen and other roofing products. The coating has aluminum pigments that
float to the top surface of the coating while it is setting, providing a shiny and reflective
surface. Because of the shiny surface and the physical properties of aluminum, these
coatings have a thermal emittance below 0.75, which is the minimum rating for
prescriptive compliance.

This class of field-applied liguid coatings shall be applied across the entire surface of the
roof and meet the dry mil thickness or coverage recommended by the coating
manufacturer, taking into consideration the substrate on which the coating will be applied
to. Also, the aluminum-pigmented asphalt roof coatings shall be manufactured in
accordance with ASTM D28242. Standard sSpecification is also required for Aluminum-
Pigmented Asphalt Roof Coatings, Nonfibered, Asbestos Fibered, and Fibered without
Asbestos that are suitable for application to rooflnq or masonry surfaces by brush or

Asahalt—used—as—a—llreteetwe—eeanﬂq—ﬁep%eﬁﬂq and mstalled in accordance W|th ASTM
D3805, Standard Guide for Application of Aluminum-Pigmented Asphalt Roof Coatings.

b. Cement-Based Roof Coatings

This class of coatings consists of a layer of cement and has been used for a number of
years in the central valley of California and in other regions. These coatings may be
applied to almost any type of roofing product.

Cement-based coatings shall be applied across the entire roof surface to meet the dry mil
thickness or coverage recommended by the manufacturer. Also, cement-based coatings
shall be manufactured to contain no less than 20% Portland cGement and meet the
requirements of ASTM D822, ASTM C1583 and ASTM D5870.

c. Other Field-Applied Liguid Coatings

Other field-applied liquid coatings include elastomeric and acrylic-based coatings. These
coatings must be applied across the entire surface of the roof surface to meet the dry mil
thickness or coverage recommended by the coating manufacturer, taking into
consideration the substrate on which the coating will be applied. The field-applied liquid
coatings must be tested to meet a number of performance and durability requirements as
specified in §Table 110.8-C ofthe Standards or the minimum performance requirements
of ASTM C836, D3468-D6083, or D6694, whichever are appropriate to the coating
material.
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% A. This specification covers asphalt-based, aluminum roof coatings suitable for application to roofing or masonry surfaces
by brush or spray.

B. The values stated in Sl units are to be regarded as the standard. The values in parentheses are for information only.

C. The following precautionary caveat pertains only to the test method portion, Section 8, of this specification: This standard
does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user of this
standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to
use.
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P.3.6.1.8 Radiant Barriers

[ §110.8() |

The radiant barrier is a reflective material that reduces radiant heat transfer caused by
solar heat gain in the roof. Radiant barriers are installed below the roof deck in the attic
and reduce radiant heat to air distribution ducts and insulation located below the radiant
barrier. To qualify, a radiant barrier must have an emittance of 0.05 or less. The product
must be tested according to ASTM C-1371-98-10 or ASTM E408-7113(201362) and must
be certified by the California Bureau of Electronic and Appliance Repair, Home
Furnishings and Thermal Insulation and listed in their Consumer Guide and Directory of
Certified Insulation material, at-hitp:/fwww-bhiti-ca-geviindustry/tinsulation.shtmi-
http://www.bhfti.ca.gov/industry/tinsulation.shtml.
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Flue
damper
with
control

Combustion
air from
outside

Glass or
metal doors
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_— Type IC Rated Fixture
e with certified & tested
e 2.0 CFM max air movement

=119

Gasket between fixture
and gypsum board
or sealant around opening

_— Type IC Rated Fixture
e with certified & tested
e 2.0 CFM max air movement

_(T9

Gasket between fixture
and gypsum board
or sealant around opening
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Source: California Energy Commission

: cal Keat :

3.6.1.9 Ceiling and AtticRafter Roof Insulation

§110.8(d), §110-8(e)§150.0(a),-§150-0(b) These sections-are-also
Wood framed roof/ceiling construction assemblies must have at least R-22 insulation or a
maximum U-factor of 0.043 based on 2416 inch on center wood framed rafter roofs, as
determined from the-Reference JointAppendix-JA4. Some areas of the roof/ceiling can be
less than the mandatory minimum U-factor as long as other areas exceed the requirement
and the weighted average U-factor for the overall ceiling/roof is 0.043 or less.

Metal-framed and roof/ceiling constructions other than wood framed must have a U-factor
of 0.043 or less in order to comply with the mandatory measures. If the insulation is not
penetrated by framing, such as rigid insulation laid over a structural deck, then the rigid
insulation can actually have a rated R-value of less than R-22 so long as the total
roof/ceiling assembly U-factor is not greater than U-0.043.

A=3.6.1.10 Loose Fill Insulation
| §150.0(b) LoeseFillnsulation |

Best Practice:

20136 |
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| insulation must be blown in evenly, and insulation levels must be documented on the
Certificate of Installation (CF2R). The insulation level can be verified by checking that the
depth of insulation conforms to the manufacturer’s coverage chart for achieving the
required R-value. The insulation must also meet the manufacturer’s specified minimum
weight per ft2 for the corresponding R-value. When installing loose fill insulation, the
following quidelines should be followed:

1. For wood trusses that provide a flat ceiling and a sloped roof, the slope of the roof
should be 4:12 or greater in order to provide adequate access for installing the
insulation. Insulation thickness near the edge of the attic will be reduced with all
standard trusses, but this is acceptable as long as the average thickness is
adeguate to meet the minimum insulation requirement.

2. If the ceiling is sloped (for instance, with scissor trusses), loose fill insulation can
be used as long as the slope of the ceiling is no more than 4:12. If the ceiling slope
is greater than 4:12, loose fill should be used only if the insulation manufacturer will
certify the installation for the slope of the ceiling.

3. At the apex of the truss, a clearance of at least 30 inch should be provided to
facilitate installation and inspection.

B-3.6.1.11

[ §150.0(c) WallInsulation |

The mandatory measures have two requirements depending on frame size:

1. 2x4 inch wood-framed walls above grade shall have at least R-13 insulation
installed in the cavities between framing members, or a U-factor that cannot
exceed U-0.102. Insulation may be of greater insulating value in certain areas of
the wall and of lesser insulating value in other areas of the wall provided that the
area-weighted U-factor does not exceed 0.102 to show equivalence to an R-13
wall.

2. 2x6.inch or greater wood-framed walls above grade shall have at least R-19
insulation installed in the cavities between framing members or a U-factor not
exceeding 0.074. Insulation may be of greater insulating value in certain areas of
the wall and of lesser insulating value in other areas of the wall provided that the
area-weighted U-factor does not exceed 0.074 to show equivalence to an R-19
wall.
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There are several cases where the mandatory measures for wall insulation do not apply or

apply in a special way. Fhese-include-thefollowingFor best practice, the following should
be implementedfellowed:

1. The mandatory measures apply to framed foundation walls of heated basements
or heated crawl spaces that are located above grade, but not to the portion that is
located below grade.

2—For additions to existing buildings, existing wood-framed walls that are already
insulated with R-11 insulation need not comply with the mandatory R-13 wall
insulation.

2.

3. Rim joists between floors of a multi-story building are deemed to comply with these
mandatory measures if they have R-13 insulation installed on the inside of the rim
joist and are properly installed between intersecting joist members.

Demising partitions and knee walls are not required to meet the prescriptive requirements
of 8150.1(c)1B. Demising partitions and knee walls are required to meet the mandatory
minimum insulation requirement as set in §150.0(c)1 and §150.0(c)1, requiringes that
insulation not less than R-13 be installed between-a 2x4 framing, or a U-factor which shall
not exceed U-0.102. 8150.0(c)2 requires insulation not less than R-19 be installed in
framing of 2x6 inch or greater, or a U-factor equal to or less than 0.074.

C-3.6.1.12 Raised-floor Insulation
| §150.0(d) |

Wood-framed floors must have at least R-19 insulation installed between framing
members, or the construction must have a U-factor of 0.049 or less. The equivalent U-
factor is based on R-19 insulation in a 2x6, {16 inch on center wood-framed floor without a
crawl space. The R-19 insulation value and U-factor of U-0.049 are for the floor assembly
alone and do not assume the effects of a crawlspace or buffer zone beneath the floor. If
comparing to a crawlspace assembly, the equivalent U-factor is 0.037, which includes the
effect of the crawlspace.

Other types of raised floors, except for concrete raised floors (concrete raised floors do not
have a mandatory requirement, but do have a prescriptive requirement) must also meet
the maximum U-factor. In all cases, some areas of the floor can have a U-factor less than
the requirement as long as other areas have a U-factor that exceeds the requirement and
the area-weighted average U-factor is less than that described above.

Raised slab floors with radiant heat (heated slab floors) must meet special insulation
requirements that are described in Chapter 4 of this manual.

When a controlled ventilated crawlspace or an unvented crawlspace is used, raised-floor
insulation is not required.
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P-3.6.1.13 Fireplaces, Decorative Gas Appliances and Gas Logs

[ §150.0(e) |

The Energy Standards have mandatory requirements to limit infiltration associated with
fireplaces, decorative gas appliances, and gas logs. Fireplace efficiency can be greatly
improved through proper air control.; Reduced infiltration is also a benefit when the
fireplace is not operating (the majority of the time for most homes).

Installation of factory-built or masonry fireplaces (see Figure 3-162) must include the
following:

21, Closable metal or glass dBoors covering the entire opening of the firebox
that can be closed when the fire is burning,

3:2. A combustion air intake that is at least 6 square inches to draw air from
outdoors and equipped with a readily accessible, operable and tight-fitting damper
or combustion air control device (Exception: An outside combustion air intake is
not required if the fireplace is installed over a concrete slab and the fireplace is not
located on an exterior wall),

4.3. A flue damper with a readily accessible control. (Exception: When a gas
log, log lighter or decorative gas appliance is installed in a fireplace, the flue
damper shall be blocked open if required by the manufacturer's installation
instructions or the California Mechanical Code).

Continuous burning pilot lights are prohibited for fireplaces as well as for decorative gas
appliances and gas logs. In addition, indoor air may not be used for cooling a firebox
jacket when that indoor air is vented to the outside of the building.

When a gas log, log lighter or decorative gas appliance is installed in a fireplace, the flue
damper must be blocked open if required by the manufacturer's installation instructions or
the California Mechanical Code.
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Figure 3-162 — Fireplace Installation
Source: California Energy Commission

Example 3-14
Question

Are closable glass or metal doors required for decorative gas appliances?

Answer

Yes. Decorative gas appliances are required to have closable glass or metal doors covering the entire
opening of the firebox.

Example 3-15
Question

If | want to have a gas log or some other device in the fireplace of my home, can | have a standing pilot
light? Can | block open the damper?

Answer

The Energy Standards disallow standing pilot lights. The flue damper may be blocked open if required by
either the manufacturer's installation instructions or the California Mechanical Code.

Example 3-16
Question

8150.0(e)2 states that no fireplace, decorative gas appliance or gas log can be installed if it has a

continuously burning pilot light. The California Mechanical Code requires all gas appliances installed in
California to have a manually operated shut-off valve, accessible to the inhabited space. Does this shut-off
valve meet the intent of this section?
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Answer

Not if the pilot light must be manually extinguished when the appliance is off. A unit that meets the intent of
this section will have a pilot light that cannot stay on when the unit is off.

Example 3-17
Question

A building plan specifies a freestanding gas heater that is decorative; however, the equipment is vented and
is rated as a room heater. Is it acceptable that this appliance have a pilot light?

Answer

Yes. Since this equipment is rated as a room heater, it can have a continuous burning pilot light.

Example 3-18
Question
Do decorative gas appliances need glass or metal doors?

Answer

Yes, the door requirement applies to masonry or factory-built fireplaces only. If a decorative gas appliance
is installed inside a fireplace, the fireplace needs doors. Consult with the manufacturer of the decorative gas
appliance regarding combustion air requirements.

E3.6.1.14 Slab Insulation
| §150.0(f) §118(a) |

Mandatory measures require that the insulation material must be suitable for the application,
with a water absorption rate no greater than 0.3%-when tested in accordance with ASTM C272
Test Method A, 24-Hour-Immersion, and a vapor permeance no greater than 2.0 perm/inch
when tested in accordance with ASTM E96. An example of an insulating material that meets
these specifications is smooth-skin extruded polystyrene.

The insulation must also be protected from physical and UV degradation by either installing a
water-resistant protection board, extending sheet metal flashing below grade, choosing an
insulation product that has a hard durable surface on one side, or by other suitable means.

A3.6.1.15 Vapor Retarder
| §150.0(q) and Reference Residential-Appendix RA4.5.12 |

Vapor retarder class is a measure of the ability of a material or assembly to limit the amount of
moisture thate passes through the material or assembly. Vapor retarder classes are defined in
Section 202 of the CBC. Testing for vapor retarder class is defined using the desiccant
method of ASTM E96.

4.1, Class I: 0.1 perm or less
5.2. Class Il: 0.1 <perm < 1.0 perm
6:3. Class Ill: 1.0 <perm <10 perm

In climate zones 14 and 16, a continuous Class | or Class Il vapor retarder, lapped or joint
sealed, must be installed on the conditioned space side of all insulation in all exterior walls, on
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the floors of vented attics, on the roof decks of vented attics with above or below deck air-
permeable insulation, and in unvented attics with air-permeable insulation.

Buildings with unvented crawl spaces in climates zones 1-16 must have a Class | or Class I
vapor retarder covering the earth floor to protect against moisture condensation.

If a building has a controlled ventilation crawl space a Class | or Class |l vapor retarder must
be placed over the earth floor of the crawl space to reduce moisture entry and protect
insulation from condensation in accordance with RA4.5.12.

There are many product types having tested vapor retarder performance. Some common
examples are:

4.1, Foil and other facings on gypsum board can provide moisture resistance
and product literature should always be checked to ensure conformance to ASTM
E96.

5.2. The kraft paper used as facing on thermal batt insulation material is

typically a Class |l vapor retarder. Faced-batts may or may not have flanges for
fastening to assembly framing. Fastening flanges may be face or inset stapled or
not stapled at all as the flanges provide no moisture control. Face stapling of
flanged thermal batts helps ensure the insulation material is installed fully and
properly within the framed cavity. Flangeless batts are also common and require
no fastening as these materials maintain their installation integrity through friction-
fitting within the cavity of framed assemblies. In all cases, the insulation must be
installed properly.

6:3. Many interior painted surfaces may also qualify for meeting the vapor
retarder requirement if the paint product has been tested to show its compliance as
a vapor retarder. The effectiveness of vapor retarder paint is dependent on the
installed thickness, in mils. These products often require more than one layer to
achieve their tested perm rating and care must be shown by the installer of the
paint and for inspection by the building official.

For all types of vapor barriers, care should be taken to seal penetrations such as electric
outlets on exterior walls.
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Source: California Energy Commission

Figure 3-13 — Typical Kraft Faced Vapor Retarder Facing

Source: California Energy Commission

. ical Kraf I I ,

3.6.1.16 Recessed Luminaires in Ceilings
| §150.0(k)81C
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Luminaires recessed in insulated ceilings can create thermal bridging through the insulation.
Not only does this degrade the performance of the ceiling assembly, but it can also permit
condensation on a cold surface of the luminaire if exposed to moist air, as in a bathroom.

For these reasons, luminaires recessed in insulated ceilings must meet three requirements:

1. They must be listed as defined in the Article 100 of the California Electric Code for zero
clearance insulation contact (IC) by Underwriters Laboratories or other testing/rating
laboratories recognized by the International Conference of Building Officials. This enables
insulation to be in direct contact with the luminaire.

2. The luminaire must have a label certified as per 8150.0(k)1Cii8B for air tight (AT)
construction. Air tight construction means that leakage through the luminaire will not
exceed 2.0 cfm when exposed to a 75 Pa pressure difference, when tested in accordance
with ASTM E283.

3. The luminaire must be sealed with a gasket or caulk between the housing and ceiling.

Refer to the Lighting chapter (Chapter 6) of this compliance manual for more information
regarding the applicable requirements for recessed luminaires.

_~— Type IC Rated Fixture
e with certified & tested
e 2.0 CFM max air movement

SSman

Gasket between fixture
and gypsum board
or sealant around opening

Figure 3-143-13-13-15-15-13-1178 — IC-Rated Luminaire (Light Fixture)

Source: California Energy Commission

A3.6.1.17 Ventilation for Indoor Air Quality

| §150.0(0) |

All buildings shall meet the requirements of ASHRAE Standard 62.2, Ventilation and
Acceptable Indoor Air Quality in Low-Residential Buildings. The whole-building ventilation
airflow shaII be provided to meet the requwements of ASHRAE 62.2. Window-operations-are
ion- Use of a continuously
operatlnq central fan mteqrated W|th a forced -air system air handler cannot be used to meet the
whole-building ventilation airflow requirement.

B.3.6.1.18 Ventilation Openings

ASHRAE Standard 62.2 requires ventilation openings in habitable spaces, toilets and utility
rooms. Spaces that meet the exhaust requirements are exempted from meeting the whole-
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building ventilation air flow requirement; there-fore, an exhaust system can be substituted for

a ventilation opening (see Section 4.6.6.6).

Field verification and diagnostic testing is required to confirm proper ventilation airflow

following the procedures specified in the RA3.7.

Example 3-19 — Ventilation Opening Louvers

Question

There are fixed wooden louvers over a window in a bedroom. The louvers have slats that are 1/8 inch thick,

and they are spaced 1 inch apart. What is the reduction in square inches of openable area?

Answer

Assuming a window of 4 x 5 feet with 1 inch spacing between 1 inch louvers. Each louver has a space of 1

inch measured perpendicular to the slats (the correct way). The reduction is the slat thickness divided by

the spacing, or 1/8 inch. The opening area is the original opening area (2880in°) x ((Lin — 1/8in)/1in) =

2520in°.

3.6.2 Prescriptive ReguirementsApproach

3.6.2.1 Roof/Attic

The 2016 Standards are designed to offer flexibility to the builders and designers of

residential new construction in terms of achieving the intended enerqy efficiency targets.

As such, the 2016 Standards offer several options for achieving one of two design

objectives related to improving energy performance of homes built with ventilated attics in

climate zones 4, 8-16 as shown in:

Attic Design

Ventilated Attics

Presciptive
Options

Insulation
Location

Duct Location

Ducts in Conditioned
Space (DCS)

\
Ceiling Insulation }_

Conditioned Space

High Performance

Ventilated Attic
(HPVA)

Above Roof Deck +
Ceiling Insulation

Ventilated Attic,
Crawlspaces

b

Below Roof Deck +
Ceiling Insulation

Ventilated Attic,
Crawlspaces

Duct Leakage

5% Total Duct
Leakage + Verified
<15 cfm to Outside

5% Total Duct
Leakage

I

5% Total Duct
Leakage

R —

Figure 3-3-1915 — Ventilated Attic Prescriptive Compliance Choices

High Performance Ventilated Attic (HPVA) implements measures that minimize

temperature difference between the attic space and the conditioned air being transported

through ductwork in the attic. The package consists of insulation either below the roof

deck or insulation above the roof deck in addition to insulation at the ceiling, R-8 ducts,

and 5% total duct leakage of the nominal air handler airflow.
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Ducts in Conditioned Space (DCS), locates ducts and air handlers in the building’s thermal

and air barrier envelope. The Ducts in Conditioned Space option requires field verification

in order to meet the prescriptive requirement.

Note: Athatall the prescriptive requirements for HPVA or DCS are based on the
assumption that the home is built with the following construction practices:

1.
2.
3.
4.

5.

The attic is ventilated with appropriate free vent areaa-as-d_as described in Section
3.6.2.1(E)eseribed-in-section-3:6-2. 1A Reference source not found-3-9

The roof is constructed with standard wood rafters and trusses

The outermost layer of the roof construction is either tiles or shingles

The air handler and ducts are in the ventilated attic for HPVA and are in

conditioned space for DCS

The air barrier is located at the ceiling (excludesnet a “cathedral” attieroof/ceiling

systems)}

If a building design does not meet all of these specifications, it must comply through the
performance approach.

Example 3-20

Question

If 5% of a roof will be a cathedral ceiling, can it still comply under the prescriptive requirements?

Answer

-No. The entire attic must be a ventilated space with the building air barrier located at the ceiling with standard
wood rafter trusses to comply with the prescriptive requirements. This project must comply through the
performance approach.

Example 3-21
Question

Does a sealed (unventilated) attic with insulation at the roof deck comply under the prescriptive requirements?

Answer

No. The entire attic must be a ventilated space with the building air barrier located at the ceiling with standard

wood rafter trusses to comply with the prescriptive requirements. This project must comply through the

performance approach.

A. Roof/Ceiling Insulation

In this section we describe the requirements and approaches necessary to meet the

requirements for the High Performance Ventilated Attic (HPVA) as they relate to roof/ceiling

insulation. HYAC aspects of the HPVA including duct insulation and duct leakage are

described in Section 4. Requirements and approaches to meet the Ducts in Conditioned

Space (DCS) are also described in Section 4 of this manual.

8150.1(c).1 requires different values of roof/ceiling insulation depending on whether the HPVA

(option A or B) or DCS (option C) is chosen as described in Figure 3-16 Prescriptive

Requirements for Roof/ Ceiling Insulation (8150.1(c).1)

16 and Figure 3-Figure-3-317:. Note that the standard design in the performance approach

is based on Option B, as detailed in * of Figure 3-17, installed with a tile roof.
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Strategy How to Comply

High Performance Ventilated Attics

Option A | Vented attic with continuous insulation applied | 8Table 150.1-A Roof
above the roof deck. (Figure 3-18). Assembly Option A

Ceiling insulation required separately above
finished attic ceiling.

Option B | Vented attic with unfaced-batt or spray in 8Table 150.1-A Roof
cellulose/fiberglass secured with netting. Assembly Option B
(Figure 3-18xx).

Ceiling insulation required separately above
finished attic ceiling.

Ducts in Conditioned Space

Option C | Vented attic with no insulation at roof deck. 8Table 150.1-A Roof
Ceiling insulation required separately above Assembly Option C

finished attic ceiling. Form: CE2R-MCH-20b

Ducts and air handler equipment in
conditioned space that is NOT a sealed attic.

Figure 3-2163-23-2 Prescriptive Requirements for Roof/ Ceiling Insulation (8150.1(c).1)

Option A (CZ 4, 8-16) Option B* (CZ 4, 8-16) Option C (CZ 4, 8-16)
. [0 Vented attic O Vented attic

g \égn(t:i?:;gie) or R8 (no [0 R213 (air space) or R15 0 R30 or R38 ceiling

air space) continuous (no air space) batt or insulation (climate zone

above deck rigid foam sprayin specific) .

board insulation cellulose/fiberglass pelow 0 R6orR8 glgcts (climate
O R38 ceiling insulation roof deck secured with zone specific)
O Radiant Barrier netting O Radiant Barrier
O RS duct insulation [0 R38 ceiling insulation 0 Verified ducts in

[0 R8 duct insulation conditioned space
0,

[0 5% total duct leakage 5% total duct leakage

! Standard Design used to set the energy budget for the Performance Approach.
Figure 3-3173-33-35-3: Checklists for Prescriptive Requirements for HPVA/DCS
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Asphalt shingles —

Roofing paper —,

Roof sheathing —, =

- ekt A e ey
Vont bafta Hop g
Vent space _
\ \ |

Vent batfle —,
Vent space —,

Rigid insulation Attic Asphaf shingles
\ / insulation 3
Roof sheathing —, S Reofing paper -

\ Foat shoathing
|

Solil vent
Clacding _ul - Intericr gypsum board

“ Interior gypsum board -

i e - Caity insulaion

- Cavity insulation

Building paper
P Sheathing |L

Sheathing

Source: Building Science Corporation

Both Options A and B require insulation above the roof rafters or below the roof deck
between the roof rafters at different values depending on whether or not there is an air gap
present between the roofing materials and the roof deck. For roof constructions with an air
gap present, which is standard for concrete or clay tile, R6 insulation is required above the
roof rafters or R13 below the roof deck placed between the rafters._If there is no air gap
present between the roofing and roof deck, R8 insulation is required above the roof rafter
or R18 below the roof deck placed between the rafters.

The R--values for insulation installed above the roof rafters are lower than the R-values for
insulation installed below the roof deck due to the added benefit of reduced thermal
bridging when continuous insulation is applied to the roof deck. Further, when an air space
is present between the roofing and the roof deck, the impact of insulation is greater than
when there is no air space.

Standard residential -roof construction practices in California for concrete/clay tiles is to
have an air gap between the tiles and roof deck, and for asphalt shingles is to place the
roofing material directly on top of the roof deck without an air gap. It is however possible
for builders to construct different construction assemblies than these standard assemblies
such as providing air gaps between the asphalt shingles and roof deck (through
construction technigues explained later in this document).

The prescriptive requirement for roof deck insulation can also be met by placing ducts in
conditioned space and getting HERS verification (Option C). The requirements to comply
with Option C are explained in Chapter 4 of this manual.
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Is this strateqy new for you?

Design Considerations and Best Practices:

Commit to a compliance strateqy early in the building design process

Have a kick-off meeting with builder, subcontractor, designer, enerqy

consultant, and HERS rater to set expectations and express the value of

the design.
Communicate strategy and schedule to subcontractors and other team

members early.
May require coordinating an additional building inspection for above deck

insulation prior to installation of final roofing materials.
Include insulation specifications according to the CF1R on the building

plans.
Roofer will install above roof deck insulation, whereas insulation contractor

will install insulation below roof deck (ideally at the same time as ceiling

insulation)-

All relevant subcontractors must be aware of where air barrier is located

and be conscious of where they make penetrations, especially if designing
for verified ducts in conditioned space.

Construction Practice/Compliance and Enforcement
1. Above Roof BeckRafter Insulation (Option A):

In a vented attic, rigid board insulation can be installed -above the roof rafters to add value

to the thermal integrity of the roof system. As described above, the prescriptive insulation

value depends on whether an air gap is present above the rigid insulation or not. Above

rafter insulation can be implemented with either asphalt shingles or clay/concrete tiles.

Check manufacturer’s specifications for proper nail schedules (fastening patterns); this will

change depending on the roof pitch, truss spacing, and roofing material. When above

rafter insulation is installed, a radiant barrier must also be installed in the required climate

Zones.
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Waterproof  Eyebrow Vent
Membrane -

Above Roof
Deck Insulation

{ \ & . % .. ‘ "{ :h;‘.“
Figure 3-3019 — Above Roof Deck Insulation
Source: California Energy Commission

Roofing with Asphalt Shingles, - Best Practices:

When installing asphalt shingles with roof deck insulation, it is best practice to
implement a ventilation method between the roofing product and the top
sheathing or insulation, as shown in Figure 3-X19 and Figure 3-%20, to prevent
the roofing material from experiencing high temperatures and reducing effective
product life. Spacers can be inserted either above or below a second roof
sheathing to provide both roof deck ventilation and a nailable base for asphalt
shingles, as seen in Figure 3-Figure 321. Manufacturers offer prefabricated
insulation products with spacers and top sheathing. Check manufacturers’ and
trade association websites for a list of products available that provide an air
space and nailable base.
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shezthing/

Ty
=y
air space &Q,F Spacers root deck
— -l;idF::—:rnIn'.»uI:—:ti:n
/ Bottom side root

O5B or Plywood

Ventilated Air

Figure 3-6213-63-105-65-53-55324. Asphalt shingles and spacers installed with above deck

insulation

{Source: PIMA Tech Bulletin #106}

Roofing with Concrete/Clay Tiles, - Best Practices:

With tile roofs, there is traditionally an air gap between the tile and the roof
deck due to the shape of the tiles and the way tiles are installed over purlins.
When adding insulation above roof deck, there are two options to addressing
the air gap. If the air gap is desired, one option is to install rigid insulation over
the roof deck and a second roof sheating layer added above the rigid insulation
along with a vapor retarder above that to host the purlins above with the tiles
rest. This is shown in Figure 3-22.
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Tile roof —,

Purling —,
Roofing paper (Class Il )
vapor retarder)

Roof sheathing —,
Vent baffle
Vent space

— Attic
',./ insulation

YV Y'Y ;(f/ NENETN
|

I -

—

Drip

Source: Building Science Corporation}

If the air gap is not desired, there are insulation products available that can fit directly
takeunder aconcrete/clay tile without the need for purlins, as shown in the figure below.

Fig. 1a

tile without an air gap

{Source: Wedge-It}
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rample 3-22

roject plans to install R8 rigid foam insulation above the roof deck using two R4 foam boards. Can this

E
Question
A
m

ethod be used to meet the prescriptive requirements? If so, are there best practices for installing the two

ayers of insulation?

A

nswer

Yes, installing two R4 rigid foam board layers meets the R8 prescriptive requirement (remember that R8 is

reguired when there is no air gap between insulation and roofing materials, but R6 is required if there is air

gap). To prevent water infiltration, it is best practice to stagger the horizontal and vertical joints of the two layers

and take care to properly seal each joint. See Ffigure-below3-%

Shingles

Rocfing paper

Rigid insulation

Mail base for shingles (plywood or QSE)
screwed through rigid insulation
to suasd-deekiag.or timber raftars

w ;
z

— = - Wood decking

- Timber rafter or exposed joist

Source: Building Science Corporation

(@ample 3-23
estion

roject plans to install R6 rigid foam insulation above the roof deck with roofing material placed directly over

P insulation, does this meet the prescriptive requirements? Are there best practices for installing the

sulation?
nswer

D, this construction does not comply with the prescriptive requirements. R6 insulation can only be used above

SZ |2 5P | o

e roof deck when there is an air gap between the insulation and the finishing roofing material. Using spacers

(0]f

battens (purlins) are two strategies to create this air gap. Products exist that combine insulation, spacers,

ar

d an additional sheathing for nailing asphalt shingles, check with insulation manufacturers for available

pr

pducts. Refer to the Best Practices above in the Above Roof Deck Insulation section. Alternatively, R8

in

sulation can be installed if no air gap is desired.

Addressing Attic Ventilation with Above Deck Insulation

Proper attic ventilation occurs at two points at the roof: the soffit (or eave) vents and the ridge
vents. Ridge venting must be maintained when installing above deck insulation as shown in
Figure 3--3-30x297?.

Addressing Fire Performance of Roof Assemblies with Above Deck Insulation
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Example 3-2420
Question

Does a roof assembly using above deck insulation meet Class A/B/C fire rating specifications, as determined by
California Building Code, Chapter 15?

Answer

Application of above deck insulation affects the fire rating classification of roof covering products. Roof covering
products are currently rated to class A/B/C based on the ASTM E108 [NFPA 256, UL790] test. Class A/B/C
ratings are done with specific roof assemblies, and ratings are only valid when the installation is the same as
the assembly as rated. Under current building code requirement, tile roof products installed directly over the
roof deck or over purlins are automatically rated Class A. Chapter 15 in the California Building Code (and
International Building Code section 1505 for Fire Classification) specify that certain roofing materials are Class
A without having to test to ASTEM E108. These materials include slate, clay, concrete roof tile, an exposed
concrete roof deck, and ferrous and copper shingles; however, asphalt shingles are not covered under this

cateqgory.

Insulation products on the other hand are subject to a different fire test from roof covering products. California
Building Code (and International Building Code section 2603 for Foam Plastic Insulation) require foam plastic
insulation to be tested to demonstrate a flame spreads index of not more than 75 and a smoke-developed index
of not more than 450 according to ASTM E84 [UL723]. The requirements are applicable to roof insulation
products, including XPS/ polyiso/ polyurethane above-deck insulation and SPF below-deck insulation products.

In order to ensure that roof assemblies with insulation meet the proper fire rating classification, roof product
manufacturers and insulation manufacturers must test and develop assemblies that meet the CBC testing

specifications.
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2. Below Deck Insulation (Option B):

In a vented attic, air-permeable or air-impermeable insulation (i.e. batt, spray foam, loose
fill cellulose or fiberglass) eanshould be placed directly below the roof deck between the
truss members and secured in place to provide a thermal barrier for the attic space. This is
especially useful when ducts and equipment are present. Insulation must be flushin direct
contact with the roof deck and a plastic membrane or netting can be used to secure
insulation.

Proper attic ventilation must always be maintained to prevent the potential for moisture to
condense.-In climate zones 14 and 16, a Class | or Class I}l vapor retarder must also be
used to manage moisture®, as stated in California Residential Code Section R806.2. See
Figure 3-Figure 9Figure 84 — Figure 3-27 for depictions of insulation options and
maintaining proper ventilation. More information on best practices to maintain proper attic
ventilation is discussed below.

Best Practice:

Attic vapor retarders are not necessary in most climates when using blown-in
insulation or unfaced batts if sufficient attic ventilation is maintained**. Although not
required, the use of vapor retarders can provide additional security against moisture
and humidity levels

Rafter

Waterproof Asphalt Paper Insulation

Membrane

Inside

GYpSHmOSBOS

B or Plywood

Figure 3-294 — Below Roof Deck Insulation
Source: California Energy Commission

* Insulation Contractors Association of America. (2004). Technical Bulletin No. 6 Use of Vapor
Retarders.
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Netted cellulose or netted fiberglass
or adhesively-sprayed fiberglass

\_ Fiberglass batts (kraft-faced can be used
in CZ 14 and 16 or in conjunction with a
separate vanor retarder)

(Source: Building Science Corporation)

When insulation is installed below the roof deck, a radiant barrier is not required. because

itis-nottechnically feasible to-install- these two productsin-combination:

Addressing Attic Ventilation with Below Deck Insulation

Air Movement

‘ Insulation
i Baffles

Movement

Figure 22223-26 Insulation Air Baffles
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When installing insulation below the roof deck, vent baffles and insulation stoppers can be used to

maintain proper ventilation space, as shown in Figure 3-27Figure 627. Proper flow of air through

the space helps remove moisture and prevents any associated issues.

Roofing paper (Class Il
vapor retarder)

Roof sheathing-
\

Drip g
edge ¥

Vent baffie

Vent space

Tile roof —,

Purlins \

<

N

o

Netted cellulose; netted fiberglass;

unfaced fiberglass batts: kraft-laced

fiberglass batts; foil-faced fiberglass \

batts; adhesively-sprayed fiberglass \ - e
e

Insulation
stop

Fascia

Soffit —
Soffit vent

Cladding
Building paper

Sheathing -

118
i

Interior gypsum board

Cavity insulation

Figure 31: Vented Attic — Tile Roof — Air Permeable Insulation On Underside of Roof Deck - Can be

stopper

{Source: Building Science Corporation

Best Practice:

Maintaining attic ventilation and moisture management using:

e VVent baffles and insulation stoppers. See Figure 3-X

e VVapor retarder below the roof deck to further assist in moisture management.

(Although this is only required in Climate Zones 14 and 16).

Example 3-2521

Question

A [new construction project in climate zone 12 was designed to meet the prescriptive requirements for roof deck

and ceiling insulation, but due to miscommunication amongst the team, was built without the roof deck

ingulation. R-49 ceiling insulation was installed instead. Does this project still comply?

Answer

20136 Residential Compliance Manual

320142015Date



Building Envelope Requirements — Envelope Features Page 3-85

This project no longer meets the prescriptive requirements, and must follow the Performance Approach. For
future projects, clearly communicating the project expectations to all team members early in the construction
process is key to succeeding at this design strateqy. Having a project initiation meeting with all subcontractors
and team members is a best practice, at least for the first few projects until the entire team is aware of the

design needs.

How to comply with residential envelope requirements using
Option C: Verified Ducts in Conditioned Space.

Option C allows a project to place and verify that ducts are located in condition space
instead of installing insulation at the roof deck. This istrue-forprescriptively applies to
climate zones 4, 8-16. If complying with this path, ceiling and duct insulation must be
installed at the values specified in Table 150.1-A for Option C, and a radiant barrier is
also required in some climate zones. Simply locating ducts in conditioned space
does not qualify for this requirement; a HERS rater must test and verify the system.

Design strategies that can be used to prescriptively comply with Option C
include dropped ceilings (dropped soffit), plenum or scissor truss to create a
conditioned plenum box, and open-web floor truss. The key is that the ducts and
equipment are placed within the building’s air barrier. See Section 4.4.2 for detailed
information on DCS strategies.

Design strategies that cannot be used to prescriptively comply with Option C
includeare placing ducts and equipment in sealed (unvented) attics or in conditioned
crawlspace. However, these methods are effective under the Performance Approach.
See Section 3.6.3 for more information on advanced assemblies.

20136 Residential Compliance Manual J-20142015Date



Page 3-86 Building Envelope Requirements — Envelope Features

3. Duct and Air Handlers Located in Conditioned Space (Option C):

Option C allows a project to place and verify that ducts are located in conditioned space
instead of installing insulation at the roof deck. This prescriptively applies to climate zones 4,
8-16. If complying with this path, ceiling and duct insulation must be installed at the values
specified in 8Table 150.1-A for Option C, and a radiant barrier is also required in some
climate zones. Simply locating ducts in conditioned space does not qualify for this
requirement; a HERS rater must test and verify the system

Design strateqgies that can be used to prescriptively comply with Option C include
dropped ceilings (dropped soffit), plenum or scissor truss to create a conditioned plenum box,
and open-web floor truss. The key is that the ducts and equipment are placed within the
building’s air barrier. See Section 4.4.2 for detailed information on DCS strategies.

Design strategies that cannot be used to prescriptively comply with Option C are
placing ducts and equipment in sealed (unvented) attics or in conditioned crawlspace.
However, these methods are effective under the Performance Approach. See Section 3.6.3
for more information on advanced assemblies.
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B. Ceiling Insulation=

Insulation coverage should extend far enough to the outside walls to cover the bottom
chord of the truss. However, insulation should not block eave vents in attics because the
flow of air through the attic space helps remove moisture that can build up in the attic and
condense on the underside of the roof -(See Figure x3-287?-). This can cause structural
damage and reduce the insulation’s effectiveness.

Ceiling insulation may be tapered near the eave, but it must be applied at a rate to cover
the entire ceiling at the specified level. An elevated truss is not required but may be
desirable. See the-Advanced-Assembly section-Section 3.6.3.1(C) for details.

A-C. Radiant Barriers

| §150.1(c)2 |

The prescriptive requirements call for a radiant barrier in climate zones 2 through 15,
except when below deck insulation is installed. The radiant barrier is a reflective material
that reduces radiant heat transfer caused by solar heat gain in the roof. Radiant barriers
reduce the radiant gain to air distribution ducts and insulation located below the radiant
barrier, typically within the attic space. In the performance approach, radiant barriers are
modeled as separate adjustments to the heating U-factor and the cooling U-factor. The
duct efficiency is also affected by the presence of a radiant barrier when using the
performance approach.

Radiant Barrier Construction Practice

The most common way of meeting the radiant barrier requirement is to use roof sheathing
that has a radiant barrier bonded to it by the manufacturer. Some oriented strand board
(OSB) products have a factory-applied radiant barrier. The sheathing is installed with the
radiant barrier (shiny side) facing down toward the attic space. Alternatively, a radiant
barrier material that meets the same ASTM test and moisture perforation requirements
that apply to factory-laminated foil can be field-laminated. Field lamination must use a
secure mechanical means of holding the foil type material to the bottom of the roof
decking such as staples or nails that do not penetrate all the way through the roof deck
material. Roofs with gable ends must have a radiant barrier installed on them to meet the
radiant barrier requirement.

Other acceptable methods are to drape a foil type radiant barrier over the top of the top
chords before the sheathing is installed, stapling the radiant barrier between the top
chords after the sheathing is installed, and stapling the radiant barrier to the underside of
the truss/rafters (top chord). For these installation methods, the foil must be installed with
spacing requirements as described in Residential Reference Appendices RA4.2.1.
Installation of radiant barriers is somewhat more challenging in the case of closed rafter
spaces, particularly when roof sheathing is installed that does not include a laminated foil
type radiant barrier. Radiant barrier foil material may be field-laminated after the
sheathing has been installed by “laminating” the foil as described above to the roof
sheathing between framing members. This construction type is described in the
Residential Reference Appendices RA4.2.1.1. See below for drawings of radiant barrier
installation methods.
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Method 3: Radiant Barier Attached to Method 4: Radiant Bamier Attached to
Bottom of Truss/Rafter Underside of Roof Deck

| Figure 3-19-28 — Methods of Installation for Radiant Barriers
Source: California Energy Commission

| B-D. Roofing Products (Cool Roof)
[§150.1(c)11 |

Cool roofs of steep and low-sloped roofs are required in some climate zones. A low-slope

roof is defined as a surface with a pitch less than or equal to 2:12 (9.5 degrees from the

horizontal or less) while a steep-slope roof is a surface with a pitch greater than 2:12

(more than 9.5 degrees from the horizontal). The prescriptive requirement is based on an
‘ aged solar reflectance and thermal emittance tested value from the Cool Roof Rating

Council (CRRC).

An alternative to the aged solar reflectance and thermal emittance is to use the Solar
Reflectance Index (SRI) to show compliance. A calculator has been produced to calculate

| the SRI by designating the sSolar rReflectance and Fthermal emittance of the desired
roofing material. The calculator can be found at

| httpHwww-energy-ca-govititle 24201 3standardshttp://www.energy.ca.gov/title24/2013stan
dards. To calculate the SRI, the 3-year aged value of the roofing product must be used.
By using the SRI calculator a cool roof may comply with an emittance lower than 0.85, as
long as the aged reflectance is higher and vice versa.
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The residential roofing product requirement in the prescriptive package is as follows::

1. For steep-sloped applications in climate zones 10-15, the three year aged solar
reflectance requirement of 0.20 and a (three year aged or initial) thermal emittance
requirement of 0.75, or a minimum solar reflectance index (SRI) of 16.

2. For low-sloped roofing applications, in climate zones 13 and 15, there is a minimum
aged solar reflectance of 0.63 and thermal emittance of 0.75, or a minimum SRI of 75.

There are two exceptions to meeting the roofing products requirements in the prescriptive
package:

1. The roof area with building integrated photovoltaic panels and building integrated solar
thermal panels are exempt from the minimum requirements for aged solar reflectance and
thermal emittance or SRI Exception 1 to §150.1(c)11B.

2. Roof constructions that have thermal mass over the roof membrane with a weight of at
least 25 Ib/ft2 are exempt from the minimum requirements for aged solar reflectance and
thermal emittance or SRI under Exception 2 to §150.1(c)11B.

Construction Practice/Compliance and Enforcement

The compliance and enforcement process should ensure that the cool roof efficiency
values (solar reflectance and thermal emittance values) modeled on the CF1R form are
specified on the building plans, and that those same values of the actual installed cool roof
product meet or exceed the efficiency values on the CF1R form. For more information on
Compliance and Enforcement on cool roof, see Cehapter 2 of this manual.

Example 3-260

Question

A computer method analysis shows that a new house requires R-19 ceiling insulation to comply using the
performance approach, but the minimum mandatory insulation level for ceiling insulation is erhR-30R-22.
Which insulation level should be used?

Answer

approach-The mandatory insulation requirement is an area weighted average. Therefore, some

areas can have
lower insulation, such as R-19, but other areas will need to have higher levels of insulation so that the area
weighted average is at least R-22.

Example 3-27%

Question

A small addition to an existing house appears to comply using only R-15 ceiling insulation with the performance
approach. Does this insulation level comply with the Standards?

Answer

No. R-15 would not be sufficient because the required minimum ceiling insulation level established by the
mandatory measures is R-3822. However, R-15 could be used in limited areas, as follows:

1. 16-inches on center framing with attic with the weighted average U-factor for the entire ceiling/roof less than
0.032.

2. 24-inches on center framing with attic with the weighted average U-factor for the entire ceiling/roof less than
0.031
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3. 16-inches on center rafter without attic with the weighted average U-factor for the entire ceiling/roof less than
0.051.
4. 24-inches on center rafter without attic with the weighted average U-factor for the entire ceiling/roof less than
o.P49.

A-E. Attic Ventilation

Where ceiling insulation is installed next to eave or soffit vents, a rigid baffle should be
installed at the top plate to direct ventilation air up and over the ceiling insulation (See
Figure 3-3129). The baffle should extend beyond the height of the ceiling insulation and
should have sufficient clearance between the baffle and roof deck at the top. There are a
number of acceptable methods for maintaining ventilation air, including pre-formed baffles
made of either cardboard or plastic. In some cases, plywood baffles are used.

Source: California Energy Commission

Figure 3-3129 — Baffles at the Eave in Attics
Source: California Energy Commission

The California Building Code (CBC) requires a minimum vent area to be provided in roofs with
attics, including enclosed rafter roofs creating cathedral or vaulted ceilings. Check with the local
building jurisdiction to determine which of the two CBC ventilation requirements are to be
followed:

1. CBC, Title 24, Part 2, Vol. 1, Section 1203.2 requires that the net free ventilating area
shall not be less than 1/300 of the area of the space ventilated.

2. CBC, Title 24, Part 2, Vol. 2.5, Section R806.2 requires that the net free ventilating area
shall not be less than 1/150 of the area of the space ventilated. This ratio may be reduced
to 1/300 if a ceiling vapor retarder is installed.

NOTE: In either situation, a minimum of 50% of the vents must be located in the upper portion of
the space being ventilated at least 3 feet above eave or cornice vents.
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Ventilated openings are covered with corrosion resistant wire cloth screening or similar
mesh material. When part of the vent area is blocked by meshes or louvers, the resulting
“net free area” of the vent must be considered when meeting ventilation requirements.

Many jurisdictions in California are covered by Wildland Urban Interface (WUI) requlations
where specific measures for construction materials must be used to improve fire
resistance for the building. These regulations require special vents that are expressly
tested to resist the intrusion of flame and burning embers. Check with the building
department to ensure compliance with local codes.

Ceiling insulation
(R-19 minimum)

Continuous ridge >
Eave baffle ventilation
Insulation wind baffle ~ ,‘ﬁ\o“
2-in. minimum space ®

Water protection —— Attic ventilation
membrane (ice \
dam protection \
where required) \

TITTITITT

Continuous
soffit vent
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Source: California Energy Commission

Figdre 3 32: B'Falll_es at the Fave in-Alies

G:3.6.2.2Walls
B-A. Wall Insulation
1. Framed Walls

[ §150.1(c)1B |

The Package A prescriptive requirements (8Standards-Table 150.1-A) call for a U-factor
of 0.865-051 in- climate zones_1-5 and 8-15, and a U-factor of 0.065 in climate zones 6
and 7.

wood-framed-walls{The designer may choose any wall construction from Reference
Joint Appendix JA4 (Tables 4.3.1 and 4.3.4) that has a U-factor equal to or less than
0.051 or 0.065, depending on the climate zone). U-factors can also be calculated by
building the construction assembly in Commission approved compliance software
including the inside finish, sheathing, cavity insulation, and exterior finish. =

JA4 Table 4.3.4 shows that a 2x6 wood framed wall at 16” on center can achieve a U-
factor of 0.051 with R-19 {dew-density)-batt insulation in the cavity and R-5 exterior
insulation.

_Some examples of various wood-framed wall assemblies, their construction, and their
U-values are provided in Figure 3-%30.

Stud Cavity . Cavity Insulation Type Exterlo'r U-Factor
Insulation Insulation
2x4 R15 High density batt R4 0.065
2x6 R21 Loose-fill cellulose or high density batt R4 0.051
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2x6 R19 Low density batt R5 0.051
2x4 R15 High density batt R8 0.050
2X6 R31 Closed cell spray foam (ccSPF) R2 0.050
2Xx6 R23 High density batt or mineral wool R4 0.049
R31 Closed-cell-spray-foam-{cecSPFH) R2 0.050

Figure 3-%30. Wood-Framed Wall Assemblies and U-Factors, Assuming Gypsum Board Interior

Metal-framed assemblies will also require rigid insulation in order to meet the maximum
U--factor criteria. U-factors for metal-framed walls are given in Reference Joint Appendix
JA4 Table 4.3.4, and can also-ean be calculated in compliance software.

Demising partitions and knee walls are not required to meet the prescriptive Package A

requirements-e£-8150-1{e}1B. Demising partitions and knee walls areregquired-shall te

meet the mandatory minimum wall insulation requirements as-set+a-from 8150.0(c)1 and

2-8150.0(c)1 requires that-a minimum of R-13 cavity insulation netless-than-R-13-be

installed-between-in a-2x4 wood framing, or a U-factor which-shall-ret-exceed-less than
or equal to U-0.102. 8150.0(c)2 requires insulation-notless-than-a minimum of R-19

cavity insulation for be-installed-inframing-of-2x6 inch or greater wood framing, or a U-
factor less than or equal to erlessthan-0.074.
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Figure 3-2331 — Wood-Framed Wall with Stucco Siding WallConstructionD-Detail

Source: California Energy Commission

2. Mass Walls

8150.1(c) These sections are also shown in Appendix B of
this document.

20136 Residential Compliance Manual J-20142015Date



Page 3-94 Building Envelope Requirements — Envelope Features

The prescriptive requirements have separate criteria for mass walls with interior
insulation and mass walls with exterior insulation. “Interior” denotes that insulation is
installed on the interior surface of the mass wall and “exterior” denotes insulation is
installed on the exterior surface of the mass wall._ Placement of insulation on mass walls
does affect the thermal mass properties of a building. The affecteffect of thermal mass
helps temper the fluctuation of heating and cooling loads throughout the year in the
building.

3a. Concrete Mass and Furred Walls

To determine the total R-value of a mass wall, the U-factor from Reference Joint
Appendix JA4 Table 4.3.5, 4.3.6 or other masonry tables is added to an insulation layer
selected from Reference Joint Appendix JA4 Table 4.3.14. When the prescriptive
requirements are used, the insulation must be installed integral with or on the exterior or
interior of the mass wall.

Figure 3-2321 — MasonryBriek Wall with Furring Details
Source: California Energy Commission

The walls addressed in the Properties of Solid Unit Masonry and Solid Concrete Walls
tables in the Reference Joint Appendix JA4 tables are rarely used in residential
construction, but are common in some types of nonresidential construction. For residential
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construction, the Prescriptive CF1R, CF1R-ADD and CF1R-ALT can calculate complex
wall systems to include furred strip-walls.

A four step process is required to calculate the effective U-factor of a furred wall;

1.
2.

Select one of the concrete or masonry walls tables and select a U-factor; and

Select the appropriate Effective R-value for Interior or Exterior Insulation Layers in Table
4.3.14; and

Fill out the CF1R Insulation Values for Opaque Surface table columns. To achieve the
Proposed Assembly U-factor or R-value column, first the Furring Strips Construction Table for
Mass Walls Only table needs to be filled out; and

4. Calculate the Final Assembly R-value and carry the value back to the Insulation
Values for Opaque Surface Details table. Compare the R-value, it must be equal
to or greater than the mass standard R-value from Energy Standards Prescriptive
FABLE Table 150.1-A_of the Energy Standards.

The U-factor of furred concrete or masonry walls could also be determined by building the

construction assembly in Commission approved compliance software.
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Figure 3-22-33— Wood-Framed Wall with Brick VeneerBrick-\Wall Construction Details
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Construction Practice/Compliance and Enforcement

The compliance and enforcement process should ensure that the insulation R-value for walls
(cavity and/or continuous) on the CF1R form is specified on the building plans and that the same
value for the actual installed wall insulation meets or exceeds the R-value on the CF1R form. For
more information on Compliance and Enforcement on wall insulation, see Chapter 2 of this
manual.

Because it is difficult to inspect wall insulation behind tub/shower enclosures after the enclosures
are installed, insulation of these wall sections should be inspected during the framing inspection.

Batt and loose fill insulation should fill the wall cavity evenly. If Kraft or foil-faced insulation is
used, it should be installed per manufacturer recommendations to minimize air leakage and avoid
sagging of the insulation.

Wall insulation should extend into the perimeter floor joist (rim joist) cavities along the same plane
as the wall.

_If a vapor retarder is required, it must be installed on the conditioned space side of the framing.
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Example 3-282
Question

Do new residential buildings or additions consisting of block walls (for example, converting a garage into
living space) have to comply with the R-13 minimum wall insulation requirement? If not, what insulation R-
value do they need?

Answer

2x4 Framed-framed walls must meet the R-13 wood framed cavity insulation requirement or the U-factor |
associated with it. There is no mandatory minimum insulation requirement for mass walls. However, there

are minimum insulation requirements in Package A for both framed and mass walls that must be met under
Prescriptive compliance. |

Example 3-293 |
Question

For a new wall, }if 2-inches of medium density closed cell spray polyurethane foam (ccSPF) is used in
combination with R-13 batt insulation in the cavity of a 2x6 wood framed wall with 16” on center spacing,
without continuous insulation added, what is the total U-factor for the wall assembly? Does this assembly
meet prescriptive compliance Package A requirements_in climate zones 6 and 7? How about other Climate
Zones?

Answer

The assembly does meet Package A requirements in climate zones 6 and 7. Medium density ccSPF is
given a default value of R-5.8 per inch, as per JA Table 4.1.7. When 2 inches of ccSPF is added to R-13
batt insulation, the total cavity insulation is rounded to R-25. The assembly U-factor was calculated to be
0.065 using Commission approved compliance software:
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Construction Data l

Currently Active Construction: |Exterior Wall Cons j

Construction Name: |ExteriUrWaII Cons

Can Assign To: |Ex‘teri0r Walls j

Construction Type: |Wood Framed Wall j

Construction Layers (inside to outside)

Cavity Path Frame Path
Inside Finish: |Gypsum Board j |Gypsum Board j
Sheathing / Insulation: | no sheathing/insul. - j | no sheathing/insul. - j
Cavity / Frame: |R 26 ~| |»6@18in.0C |
Sheathing / Insulation: | no sheathing/insul. - j | no sheathing/insul. - j
Exterior Finish: | select finish - j | select finish - j

™ Non-Standard Spray Foam in Cavity

[ Specify Non-std Framing Factor

Winter Design U-value: 0.065 Btu/h-t2-°F (meets max code 0.065 U-value (0.065))

Figure 3-2x—CBECC-Res Software Wall Assembly Construction showing U-0.065 Assembly

Source: California Energy Commission

ABD-CAPHON

The assembly does meet the minimum mandatory wall insulation U-factor requirement of 0.074, as well as
the prescriptive Package A U-factor requirement of 0.065 in climate zones 6 and 7.

However, the assembly does not meet the prescriptive compliance Package A U-factor requirement of
0.051 in climate zones 1-5 and 8-16. -To meet the Package A requirement for those climate zones, other
wall assemblies may be used, such as those in Figure 3-X30, and/or Advanced Wall System (AWS)
techniques may be used to reduce the framing factor—orcentinuous-insulation-may be added {see-section
3:6-:3-2). Alternatively, the project could be shown to comply with Title 24 using the Performance Approach,
which allows enerqgy efficiency trade-offs with other building components.

Example 3-3024
Question

A new single family house will have six-inch of 2x6-framed walls with R-19 cavity insulation and R-5
continuous rigid insulation on the outside. Can this building comply with Title 24 using either the prescriptive
or performance approach?

Answer

If the house has wood framing, the assembly U-factor would be U-0.051 as per JA4 Table 4.3.1. This U-
factor prescriptively complies with the Package A U-factor requirements in all climate zones, and the
building would not need to use the performance approach. If the house has metal framing, the assembly U-
factor would be U-0.084 as per JA4 Table 4.3.4. This U-factor exceeds the maximum U-factor allowed in
the prescriptive Package A, and also exceeds the mandatory maximum (U-0.074). Thus, the building would
not be able to comply even by using the performance method.
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3.6.2.3 Floor/Slab
GC:A. Floor Insulation

1. Raised-floor

[ §150.1(c)1C |

Package A prescriptive requirements call for R-19 or maximum U-factor of 0.037 insulation
in raised floors in all climates.

The requirement may be satisfied by installing the specified amount of insulation in a
wood-framed floor or by meeting an equivalent U-factor. U-factors for raised-floors are
listed in Reference Joint Appendix JA4. Concrete floors separating multifamily habitable
space from a parking garage are also considered a raised-floor. For this class of
construction, R-4 insulation is required for climate zones 12 and 15, and R-8 is required
for climate zones 1, 2, 11, 13, 14, and 16. No insulation is required in other climate zones
with a concrete raised floor.

Table 3-7#5 — Raised Floor Constructions Used as Basis for Equivalent U-factor Compliance

Insulation R- Reference Joint Appendix JA4 Construction and Table Equivalent U-
value Crawlspace? Cell Entry factor
R-19 No 4.4.2 A4 0.049
R-19 Yes 4.4.1 A4 0.037

Construction Practice/Compliance and Enforcement

Floor insulation should be installed in direct contact with the subfloor so that there is no air
space between the insulation and the floor. Support is needed to prevent the insulation
from falling, sagging, or deteriorating.

Options for support include netting stapled to the underside of floor joists, insulation
hangers running perpendicular to the joists, or other suitable means. Insulation hangers
should be spaced at 18 inch or less prior to rolling out the insulation_(See Figure 3-34). -
Insulation hangers are heavy wires up to 48 inch long with pointed ends, which provide
positive wood penetration. Netting or mesh should be nailed or stapled to the underside of
the joists. Floor insulation should not cover foundation vents.
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Wood Frame
Raised Floor: R-19
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Figure 3-24-34 — Raised Floor Insulation

Source: California Energy Commission

2B. Slab Insulation

[ §150.1(c)1D

Prescriptive 8Table 150.1-A, Package A, requires slab insulation only in climate zone 16.
In this case, a minimum of R-7 must be installed. The insulation must be installed to a
minimum depth of 16 in. or to the bottom of the footing, whichever is less. The depth is
measured from the top of the insulation, as near the top-of-slab as practical, to the bottom
edge of the insulation (see_Figure 3-235-).

Perimeter insulation is not required along the slab edge between conditioned space and
the concrete slab of an attached unconditioned enclosed space such as a garage, covered
porch, or covered patio. Neither would it be practical or necessary to insulate concrete
steps attached to the outside slab edge.

In situations where the slab is below grade and slab edge insulation is being applied to a
basement or retaining wall, the top of the slab edge insulation should be placed as near to
ground level as possible and extended down at least 16 inches. In situations where the
slab is above grade and slab edge insulation is being applied, the top of the slab edge
insulation should be placed at the top of the slab.

Construction Practice/Compliance and Enforcement

Slab-edge insulation should be protected from physical damage and ultraviolet light
exposure because deterioration from moisture, pest infestation, ultraviolet light and other
factors can significantly reduce the effectiveness of the insulation.
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Inside Insulation Outside

Framing
\l/ Insulation

Framing
Slab on Slab on Grade \l/

i < Insulation
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< Foundation

Insulation Framing
Insulation Slab on Grade \l/ \l/

Framing

Slab on Grade

Grade \l/ \%

Foundatio =

< Foundation

Beneath Slab Radiant Floor Insulation

Figure 3-25-35 — Allowed Slab Edge Insulation Placement

When slab-edge insulation is required by the prescriptive or performance requirements, then minimum depth is 16 inch
or to the top of the footing, whichever is less.
Source: California Energy Commission

Example 3-3124
Question

What are the slab edge insulation requirements for a hydronic-heating system with the hot water pipes in
the slab?

Answer

The requirements for insulation of heated slabs can be found in §110.8(g) of the Standards and are
described in Chapter 4 of this manual. The material and installation specifications are as follows:

. Insulation values as shown in Table 110.8-A of the Energy Standards
. Protection from physical damage and ultra-violet light deterioration

. Water absorption rate no greater than 0.3% (ASTM-C272)

. Water vapor permeance no greater than 2.0 perm/inch (ASTM-E96)
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3.6.3 Performance OptionsApproach

Some residential designs may not wish to use or do not meet the requirements for
prescriptive options A, B, and C described above in Section 3.6.2. The performance
approach offers increased flexibility as well as compliance credits for certain assemblies,
usually requiring HERS verification. The designs described below are examples of
residential envelope strategies that can be implemented under the Performance
Approach. The proposed design used under the Performance Approach is compared to
the standard design, which is determined by the Prescriptive Requirements.

3.6.3.1 Roof Assembly

The construction technigues described below are assemblies that can be used in
residential construction to help meet or perform better than-exceed minimum prescriptive
reguirements; patticulardly-when using the performance compliance approach. This
section describes typical constructions for unvented (sealed) attics, attic ventilation,
insulated tiles, and raised heel trusses (also called “enerqgy trusses”).

B-A. _Unvented_(Sealed) Attic Assemblies

Attic ventilation is the traditional way of controlling temperature and moisture in an
attic. In an unvented attic (conditioned attic) assembly insulation is applied directly at
the roofline of the building, either above or below the structural roof sheathing. The
roof system becomes part of the insulated building enclosure. For this case, the
thermal boundary of the building results in an unconditioned attic space between the
ceiling gypboard and the insulated roof above.

The provisions of CBC, Title 24, Part 2, Vol. 2.5, Section R806.4 describes conditions
for insulation placed at the roof of the building as opposed to on top of the horizontal
ceiling. Unvented attic assemblies are allowed provided that:

Al Air-impermeable insulation is used below and in direct contact with the
underside of the roof sheathing, or

B.2. Air-permeable insulation is used below and in direct contact with the
underside of the roof sheathing and rigid board or sheet insulation of at least R-4
is used above the roof sheathing, or

G3. Air-impermeable insulation is used below and in direct contact with the
underside of the roof sheathing and an additional layer of air-permeable insulation
is installed directly under the air-impermeable insulation.

Check with the local building jurisdiction to determine their specific requirements for
unvented attic conditions.
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improvement of low air leakage for the rest of the building would achieve significant
energy savings and compliance energy credit. Additionally, this design eliminates the
need to seal or limit penetrations at the ceiling level, such as recessed cans, because
the air and thermal boundary is now located at the roof deck.

Figure 3-33-6— Unvented Attic Assembly
Source: California Energy Commission
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Ceiling insulati
(R-19 minimum)

Continuous ridge — ’
Eave baffle ventilation
Insulation wind baffle (Aot
2-in. minimum space a

Water protection Attic ventilation
membrane (ice
dam protection
where required)

Continuous
soffit vent

Metal Baffles /

Wood Rafters

Insulation /

Source: California Energy Commission

Figire 3 32: B_Ealll_es atihe Eave in-/Atlies

B. -Insulated Roof Tiles

-Insulating roof tile (IRT) is another option for improving the thermal performance of the
roof assembly and lowering attic temperatures. IRT combines concrete/clay tiles with
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insulation as a packaged product. Most of the increase in R-value is due to the integration
of insulation into the roofing product itself; however, additional thermal performance can
be gained by combining IRT with rigid foam insulation inserts (Figure 3-37). These tiles
are lighter than typical roof tiles and have better thermal performance than traditional tiles
due to the insulation core.

Additionally, IRT can reduce radiant losses and maintain warmer roof deck temperatures,
thereby reducing the potential for condensation. Using one of the options below provides
additional R-value when conventional (ceiling) insulation is also installed. All four
configurations (A-D) can be installed without any significant changes to conventional roof
or attic design (such as changes to fascia dimensions, etc.), and IRT can be used in both
vented and unvented attic configurations.

Figure 3-37 Insulated concrete tile

Source: Green Hybrid Roofing

e

(A) (B)
Figure 3-38 Insulated Roof Tile (IRT) (A) attached directly to roof deck and (B) attached to batten

Source: Green Hybrid Roofing
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(C) (D)

Figure 3-39 Insulated Roof Tile (IRT) (C) attached directly to roof deck with wedged foam filling air
space and (D) attached to battens with wedged foam filling air space

Source: Green Hybrid Roofing

Some IRTs are ASTM rated for Class A fire rating (ASTM E108) and have CRRC
certification for cool roof tiles in several colors. Depending on the configuration selected
from the four options (A-D) in Figure 3-38 and Figure 3-39, a U-factor between 0.18 and
0.10 can be achieved, with option D performing the best. It is best practice to check with
individual manufacturers about each tile's ratings and certifications.

Product manufacturers cite several advantages of the product due to its light-weight
construction and increased insulation properties — ease of installation, ability to install
similar to traditional roof tiles but at a much faster pace, less weight on the roof structure,
increased thermal resistance and improved thermal performance.

C. Raised Heel or Extension Truss (Energy Truss)

The use of an energy truss, usually referred to as a raised heel or extension truss, allows
full depth, uncompressed insulation at the ceiling to continue to the ceiling edge where the
roof and ceiling meet. For this strategy, the roof truss is assembled with an additional
vertical wood framed section at the point where the top and bottom truss chords meet. The
vertical section raises the top chord and provides increased space that can be filled with
insulation. See Figure 3-4040Figure 5-13 for details of a raised heel truss. Benefits of this
strateqy include:

e To Hhelps realize full benefit of ceiling insulation
e May-Pprovide more space for air handler and duct systems if located in the attic
F - I I rabrication.
The 2016 CBECC-Res compliance software allows for the modeling of raised heel trusses
and provides credit for the additional insulation at the edges.

Other methods to achieve the similar outcome include framing with a rafter on raised top
plate (Figure 3-40Figure-5-13x40) or utilizing spray foam or rigid foam at the edge.
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Figure 3-1214403-143-175-135-13- Raised Heel Truss (Energy Truss)

Source: Building America Solutions Center
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3.6.3.2  Wall Assembly

| See Energy Commission videos |
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TABLE R703.15.1
CLADDING MINIMUM FASTENING REQUIREMENTS FOR DIRECT ATTACHMENT
OVER FOAM PLASTIC SHEATHING TO SUPPORT CLADDING WEIGHT?

CLADDING CLADDING CLADDING MAXIMUM THICKNE{;.’E'?:&F;)FOAM SHEATHING*®
FASTENER FASTENER - - - -
THIE?)‘I-;JTGEI?ESAD TYPE AND VERTICAL 16" 0.c. Fastener Horizontal Spacing 24" o.c. Fastener Horizontal Spacing
SHEATHING MISI;.IIIZN:IEEM S!‘-‘AﬁING Cladding Weight: Cladding Weight:
(inches) 3pst 11 psf 25 psf 3 psf 1 psf 25 psf
6 2 1 DR 2 0.75 DR
013" 8 2 ] DR 2 05 DR
diameter nail
12 2 0.5 DR 2 DR DR
01200 6 3 L5 0.5 3 0.75 DR
Wood Framing diameter nail 8 3 ! DR 3 03 DR
(minimum 12 3 0.5 DR 2 DR DR
1'/,-inch 6 1 2 0.75 1 1 DR
penetration) 0.131" 3 1 15 05 1 0.75 DR
diameter nail _ i _
17 4 0.75 DR 2 0.5 DR
. 6 4 4 1.5 4 2 1
: 0.162 . 8 4 3 1 4 1.5 0.75
diameter nail
12 4 2 0.75 4 1 DR

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 0.0479 kPa, 1 pound per square inch = 6.895 kPa.

DR = Design required.

o.c. = On center.

a. Wood framing shall be Spruce-pine-fir or any wood species with a specific gravity of 0.42 or greater in accordance with AWC NDS.
b. Nail fasteners shall comply with ASTM F 1667, except nail length shall be permitted to exceed ASTM F 1667 standard lengths.

¢. Foam sheathing shall have a minimum compressive strength of 15 psi in accordance with ASTM C 578 or ASTM C 1289,

: : } -
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permeance-no-greaterthan 0-02 Lis-m* at 75-Pa pressure-differentialwhen
tested-in-accordance-to-ASTM-E21-7/8-0r- ASTM-E283-
. . led r barrier shall | S { 5 5 inches. in thicl ;

. ' reulati hall ) llod hicl I
tested-inaccordanceto-ASTM-E2178 or ASTM-E283-

IR 4 ‘% A it
HELTA D ] l

Source: California Energy Commission
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T e

Source: California Energy Commission
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” ”

The thermal aspects of ICFs are represented in the Reference Joint Appendix JA4, Table
4.3.13.
gA. Advanced Wall System (AWS)

Advanced Wall Systems (AWS), also known as Optimum Value Engineering (OVE),
refers to a set of framing techniques and practices that minimize the amount of wood
and labor necessary to build a structurally sound, safe and durable, energy efficient
building. AWS improves energy and resource efficiency while reducing first costs.

Reducing the amount of wood in wood framed exterior walls improves energy efficiency,
allowing more insulation to be installed, and has greater resource efficiency for the
materials being used. In addition, fewer framing studs reduces the effects of “thermal
bridging” and increases the amount of insulation in the wall, resulting in a more energy
efficient building envelope. The framing factor assumed for calculating the energy
performance of a wood framed 2x4 wall at 16”oc is 25%. When AWS is used, the |
framing factor is reduced to 17%, reflecting the improved energy performance of the wall
system.

While AWS represents a range of practices, it must be adequately inspected to ensure
framing contractors have adhered to all best practice construction throughout the
exterior envelope. Examples of construction practices for AWSs that sheuld-be-followed
and-that-can be used as a general guide for enforcement are provided below:

1. Use atof a minimum 2x6 at 24” on-center wall framing

2. Use precise engineering of headers on load-bearing walls

3. Install 2x4, 2x6, or I-joist headers on exterior non-load-bearing walls

4. Eliminate cripple studs at window and door openings less than 4 feet in width

5. Align window/door openings with standard stud spacing

6. The king stud, on at least one side of the window/door opening, must take the
place of an on-layout AWS stud

7. Use an insulated corner, either a two-stud corner or a California (3-stud) corners,

as in the examples provided in Figure 3-41 |

8. Nailing for interior gypsum board can be accomplished with drywall clips, 1x nailer
strip, recycled plastic nailing strip. Drywall clips reduce the potential for drywall
cracking

9. Ladder block where interior partitions intersect exterior walls, instead of 3-stud
channels

10. Eliminate unnecessary double floor joists underneath non-bearing walls

11. Use metal let-in T-bracing or other methods on non-shear walls to allow full
insulation

12. Include detailed framing plans and elevations on the construction permit plan set

13. Optimize house design for efficient material use (e.g. reducing header spans,
designing exterior surfaces in two foot modules, designing clear spans to eliminate
interior bearing walls)

14. Build with “insulated headers” (a “sandwich” of two solid or engineered lumber
components with a layer of foam insulation in the middle or on one or both sides of
the header). An example of a single-ply insulated header is provided in Figure 3-
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| X242. Insulated headers may also earn QIlI compliance credits by installing R-2
insulation in one of three ways:
a. Two-member header with insulation in between. The header and insulation
must fill the wall cavity. There are pre-fabricated products available that
meet this assembly. Example: a 2x4 wall with two 2x nominal headers, or a
2x6 wall with a 4x nominal header and a 2x nominal header. Insulation is
required to fill the wall cavity and must be installed between the headers.
b. Single-member header, less than the wall width, with insulation on the
interior face. The header and insulation must fill the wall cavity. Example: a
2x4 wall with a 3 1/8 inch wide header, or 2x6 wall with a 4x nominal
header. Insulation is required to fill the wall cavity and must be installed to
the interior face of the wall.
c. Single-member header, same width as wall. The header must fill the wall
cavity. Example: a 2x4 wall with a 4x nominal header or a 2x6 wall with a
6x nominal header. No additional insulation is required because the header
fills the cavity.
Wood structural panel box headers may also be used as load-bearing headers in
exterior wall construction, when built in accordance with 2015 CIRC Figure
R602.7.3 and Table R602.7.3.
15. Use engineered lumber. Examples include: “I"-joists, open web floor trusses; 2x
“raised heel” roof trusses, glulam beams, laminated veneer lumber (LVL), laminated
strand lumber (LSL), parallel strand lumber (PSL), oriented strand board (OSB)
| 16. Eliminate trimmers at window and door opening headers less than 4 fteet in width,
only when rated hangers are utilized and noted on the plans.
17. Use 2x4 or 2x3 interior non-load-bearing walls
18. Integrate framing design with HVAC system
‘ 19. Use “inset” shear wall panels

19

TWO-STUD CORNERS

THREE-STUD CORNERS
Corner stud

INSULATED THREE-STUD CORNER CONVENTIONAL CORNER
(CALIFORNIA CORNER)

i 2x ladder blocking at

24" o.c. ord Il cli
o.c. or drywall clips Isolated cavity

Qutside corner ol v A
Qutside corner (difficult to insulate) /| ™

2x lodder
blocking at 24" o.c.

or drywall clips
TWO-STUD CORNER TWO-STUD INSIDE CORNER
(WITH DRYWALL CLIPS) (FOR WALL PANELIZATION)
Qutside comer Sheathing installed \ INSULATED THREE-STUD CORNER  ALTERNATE INSULATED THREE-STUD
by wall panelizer | (INSIDE CORNER) CORNER (WITH DRYWALL CLIPS)
1 - oE]
| _—
R Use plywood or -\ \
OSB sheaothing for \ II Insid
siding attachment \ \ neice corner
] per siding A | A A A A
Drywall clip — manufacturer's i //' .
to hold drywall ES Report Srywc:‘||\ .cllplro hold
in place rywall in place
: Drywall
Drywall f — Al

Figure 3-X341 — Advanced Framing Corners
Source: APA Advanced Framing Guide
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FIGURE 7
ENGINEERED WOOD AND LUMBER HEADERS

2012 IRC Section R602.7.1 SINGLE-PLY HEADER
Top plate

Outside of wall Single-ply load-bearing headear

(flush outer face of header with outer
edge of studs)

Cavity insulation space
(to stud depth less single header thickness)

Header bottom plate
[to complete rough opening at header)

Jack stud or approved ! . o
framing connactor (2012 IRC For many one-story buildings,

Tables R502.5(1) & R502.5(2)) single studs at sides of rough openings
may be adequate.

Outside of wall See 2012 IRC Table R502.5(1).

LARGE OPENING SINGLE HEADERS
Top plate

Cavity insulation space

Jack studs as required

3-1/8" or 3-1/2 glulam
or multiple-ply SCL or lumber

APPROVED FRAMING
CONNECTOR OPTION
(SINGLE- OR DOUBLE-PLY HEADERS)

Cavity insulation space
Header hanger or equivalent

Single stud at sides of rough openings
[most openings up to 48" wide)

Figure 3-X2-42 — Headers Designs with Cavity Insulation Space |
Source: APA Advanced Framing Guide

Figure 3-36-43 below is a description of one AWS and the assembly characteristics that |
are used in the prescriptive and performance compliance approaches. This assembly

meets a U-factor of 0.051 with an exterior insulation of R-4, due to 24" stud spacing and
R-720-7 header assemblies. Note that the building official must ensure during planning,
check the accuracy of the parallel heat flow calculation; and during -the-framing, inspectier
that all elements of AWS have been met.
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N

X

Min. R10.7 header assembly

R19 compressed fiberglass baits

(equivalent to R18)

Min. 7/1& continuous woed
structural panel sheathing

Water resistive barrier

4————— R4 continuous insulation (1" EPS)

Single coat stucco system

Figure 3-36-43 — Wood Framed Wall, 2x6 @ 24" oc, AWF with 3-stud corners
Source: Califernia-Energy-CommissionAPA, The Engineered Wood Association

Table 3-21-6 — Assumptions

Assembly Type: Wall 2x6 @ 24" oc AWS R-Value
) Framing-Factor
E‘ Framing Material: Wood 17
Assembly Components Cavity (Ro) Frame (Ry) Header (Rn)
0 Frame Factor 78% 18% 4%
1 Outside air film 0.17 0.17 0.17
2 Building paper 0.06 0.06 0.06
3 #/8-inch-3-c0at3/8 inch single coat stucco 0.048 0.018 0.08
4 R4 continuous insulation (1" EPS) 4 4 4
32 iﬁﬁ{ﬁi;ﬂnﬁzg Z?rtz;nnljjogcs)ard sheathing (OSB) 0.4744 0.4744 o
46 | R-18 compressed fiberglass batts 21188.0 -- -
7 Header assembly — 3.5” wood 3.46
8 Header assembly — 1 inch of R4 foam 4
59 | 2x6 douglass fir framing @ R-1.086/inch -- 5.973 -
610 | % inch gypboard 0.45 0.45 0.45
#11 | Inside air film 0.68 0.68 0.68
Subtotal R-Values 23.01875 7:98311.848 13.335
U-Factors_(Frame % x 1/R) 0.0327 0.0152 0.0030
20136 Residential Compliance Manual J-20142015Date




Building Envelope Requirements — Advanced Assembly Systems Page 3-121

Assumptions: Values in Table 3-21-6 were calculated using the parallel heat flow
calculation method, documented in the 2009 ASHRAE Handbook of Fundamentals and
outlined in Joint Appendices JA4.1.2 and JA4.6. The construction assembly in Table 4.6.1 in
JA4.6 assumes an exterior air film of R-0.17, a #3/8 inch layer of stucco of R-0.208 (SC01),
building paper of R-0.06 (BP01), sheathing or continuous insulation layer if present, the
cavity insulation / framing layer, ¥z inch gypsum board of R-0.45 (GP01), and an interior air
film 0.68. The framing factor is assumed to be 25% for 16 inch stud spacing, 22%-for 24
inch spacing, and 17 percent for Advanced Wall System (AWS).

Actual cavity depth is 3.5 inch for 2x4, 5.5 inch for 2x6. TFhe thicknessof the stucco-is

B. Double and Staggered Wall Assemblies

Double wall and staggered wall systems were developed to better accommodate electrical
and plumbing systems, allow higher levels of insulation, and provide greater sound
attenuation. The advantages of these types of wall systems are-that:

1. Smaller dimensional lumber can be used

2. ltis eEasier to install installation properly

3. It Eeliminates thermal bridging through the framing
4. It Rreduces sound transmission through the wall

With double walls, insulation may be on one side of the wall or on both (higher R-values). It
is not uncommon to find double walls with insulation installed within the outside wall cavities,
leaving the inside wall sections open for wiring and plumbing purposes (See Figure 3-44).

With staggered walls, thermal batt insulation may be installed horizontally or vertically,
butting the sides of the insulation until the cavity across the entire wall section is completely
filled.
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Outside Outside
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Outside /
Outside sheathing
sheathing

Inside
Gypsu

Figure 3-3744 — Typical Double and Staggered Wall Systems
Source: California Energy Commission

C. Metal Framing

A change from wood framing to metal framing can significantly affect compliance. Metal
framed assemblies are often chosen where greater structural integrity is necessary, or in
climate conditions where greater durability is desired from the affectseffects of excessive
moisture exposure. Metal framed wall construction generally requires a continuous layer of
rigid insulation to meet the mandatory minimum wall insulation levels and/or the
prescriptive requirements since metal is more conductive than wood. In JA4, Tables 4.2.4
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and 4.2.5 have U-factors for metal-framed ceiling/roof constructions. Table 4.3.4 has U-
factors for metal-framed walls. Tables 4.4.4 and 4.4.5 have U-factors for metal-framed
floors.

To comply prescriptively, a non-wood framed assembly, such as a metal framed
assembly, must have an assembly U-factor that is equal to or less than the U-factor of the
wood framed assembly for that climate zone. Compliance credit is available through the
performance approach for metal framed assemblies that exceed the prescriptive
requirements of the equivalent wood framed assemblies.

3.6.3.3  Floor Assembly
A. Controlled Ventilation Crawlspace (CVC)

CVC Eligibility Criteria in 20136 Reference-AppendicesResidential
ix RA4.5.1

Buildings that have crawlspace foundations must meet mandatory and prescriptive
requirements for insulation of a raised floor separating the unconditioned crawlspace from
conditioned space above (8150.0(d) and §150.1(c)1C). An alternative to under floor
insulation is insulating the stem wall of the foundation crawlspace. Insulating the
crawlspace foundation can improve the thermal efficiency of the floor system by:

1. Reducing heat transfer into the unconditioned crawlspace,

2. Reducing moisture buildup in the crawlspace, and

3. Minimizing insulation exposed to adverse weather prior to enclosure of the building
shell

An energy credit can be taken in performance-compliance software for Controlled
Ventilation Crawlspace (CVC). This credit requires insulating the foundation stem wall, the
use of automatically controlled crawlspace vents, and vapor retarder covering the entire
ground soil area for moisture control on the crawlspace floor{see Section 3-3 /- \apor

Retarder).
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Figure 3-3845 3-13153-133-185-145-143-126— Controlled Ventilation Crawl Space

Source: California Energy Commission

All building designs should ensure that proper site engineering and drainage away from the

building is maintained, this includes landscaping technigues that emphasize sound water

management strategies:

1.

Drainage: Crawlspace buildings in particular are susceptible to moisture ponding

when good drainage and/or moisture removal designs are not employed.
Ground water and soils: Local ground water tables at maximum winter recharge

elevation should be below the lowest excavated elevation of the site foundation.
Sites that are well drained and that do not have surface water problems are
generally good candidates for this stem wall insulation strategy. However,
allowance for this alternative insulating technique is entirely at the building
officials'enforcement agency'’s discretion. The building permit applicant should be
prepared to provide supporting information that site drainage strategies (e.qg.,
perimeter drainage technigues) will prevent potential moisture concerns.

The following eligibility criteria in{see-Reference-AppendicesResidential Appendix

RA4.5.1) are required in order to use the CVC energy credit:

1.

Ventilation: All crawlspace vents must have automatic vent dampers. Automatic

vent dampers must be shown on the building plans and installed. Dampers shall be
temperature actuated to be fully closed at approximately 40°F and fully open at
approximately 70°F. Cross-ventilation consisting of the required vent area shall be
distributed between opposing foundation walls.

Insulation: The R-value of insulation placed on the foundation stem wall shall be

equal to or greater than the wall insulation above the raised floor. Stem wall
insulation shall run vertically along the stem wall and horizontally across the
crawlspace floor for a distance of 2 fteet (24 inches).

Direct Earth Contact—: Foam plastic insulation used for crawlspace insulation

having direct earth contact shall be a closed cell water resistant material and meet
the slab edge insulation requirements for water absorption and water vapor
transmission rate specified in the mandatory requirements (8110.8(g)1).

A Class | or Class Il vapor retarder rated as 1.0 perm or less must be placed over the earth

floor of the crawl space to reduce moisture entry and protect insulation from condensation
in accordance with ReferenceResidential-AppendixRA4.5.12. This requires essentially a

polyethylene type ground cover having a minimum 6 mil thickness (0.006 inch) or approved

equal.

The vapor retarder must be overlapped a minimum of 6 inches at joints and shall

extend over the top of footings and piers. All overlapping of joints shall be sealed with

tape, caulk or mastic.

Penetrations, tears and holes in the vapor barrier shall be sealed with tape, caulk or

mastic.
Edges of the vapor retarder shall be turned up a minimum of 4 inches at the stem

wall and securely fastened before insulation is installed.
In sloping crawlspace ground soil areas, the vapor retarder shall be securely held in

place, such as spiked with 5 inch gutter nails then have proper sealing of
penetration holes.
The vapor retarder shall be shown on the plans.

20136 Residential Compliance Manual J-20142015Date



Building Envelope Requirements — Advanced Assembly Systems Page 3-125

3-113.6.3.4 Advanced Assembly Systems

The Energy Commission encourages the use of energy saving techniques and designs for
showing compliance with the Sstandards. Many standard products with traditional |
construction practices can be used in ways that improve building efficiency beyond
requirements set by the Sstandards. In addition, innovative construction techniques and |
building products are being used more often by designers and builders who recognize the
value of energy efficient high performance buildings. When the performance compliance
method is used, an energy credit can be taken for design strategies that reduce building |
energy use below the standard design energy budget (compliance credit). Some

strategies may require third-party verification by a HERS rater, others do not.

3A2A. Insulation Installation in Framed Assemblies

Insulation is one of the least expensive measures to improve building enerqgy efficiency.

Insulation requires no maintenance, helps improve indoor comfort, and provides
excellent sound control. Adding extra insulation at a later time is much more expensive
than maX|m|zmq msulatlon levels at the beqmnlnq of constructlon General msulatlon
types are AN

Append%RAS—&dlscussed below .

Documentation of insulation R-values and assembly U-factors includes product data
sheets, manufacturer specifications and installation guidelines, insulation product and
assembly testing information, and U-factor calculations following the procedures
specified in Reference-AppendicesJoint-Appendix-JA4, through use of the EZ-Frame |
Assembly Calculator, or from results of approved performance compliance computer
software. The third-party HERS rater shall verify that all insulation has been installed
properly and is integral with the air barrier being used throughout the building.

: I i
There are fourfive basic types of insulation, or insulation "systems", installed in
residential buildings and their use varies based on the design and type of construction:

1. Batt and Blanket: Batt and blanket insulation is made of mineral fiber and mineral
wool -- either processed fiberglass, rock or slag wool; natural wool products—animal
wool or cotton based products; or cellulose materials. These products are used to
insulate below floors, above ceilings, below roofs, and within walls. They offer ease of
installation with R-values set by the manufacturer based on size and thickness. They
are available with facings, some as vapor retarders, and have flanges to aid in
installation to framed assemblies. They also are available as unfaced material and
can be easily friction-fitted into framed cavities.

Batt and blanket insulation allow easy inspection and installation errors can readily be
identified and remedied, including breeches in the air barrier system that allow air
leakage. Nevertheless, care should always be taken to install the insulation properly,
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filling the entire cavity, and butting ends or sides of the batt material to ensure
uniformity of the installation. Batt and blanket insulation material must be split to allow
for wiring, plumbing, and other penetrations within the framed cavity area.

2. Blown or Sprayed Insulation: There are several commonly used types of insulation
that have a blown or sprayed installation process, including: cellulose, fiberglass, and
spray polyurethane foam (SPF). Blown or sprayed wall insulation can be an effective
way to deal with the irregularities of wall cavities, especially the spaces around pipes,
electric cables, junction boxes, and other equipment that is embedded in cavities. The
R-value of blown or sprayed wall insulation material is determined by the applicator at
the site. This differs from manufactured products such as fiberglass or mineral wool
batts whose R-value has been tested and arrives at the construction site in preformed
lengths with set R-value thicknesses.

| Blown or sprayed wall insulation must be thoroughly checked to einsure the R-value is
achieved. Line of sight down a wall section can deceivingly hide imperfections in the
installation leading to underachieving stated R-values. Depressions and voids within
the insulated cavity are areas lacking in their R-value performance. Where netting is
used, over-spraying can result in a higher installed density (higher R-value) but can be
troublesome for attaching gypsum board to wall framing. Where cavities have been
under-sprayed, there may be voids or “soft” areas under the netting. These areas are
often re-sprayed again, or the area is removed of its insulation material and a thermal
batt is installed in its place.

3. Loose-fill: Loose-fill insulation includes loose fibers or fiber pellets that are blown
into building cavities or attics using special equipment. Loose-fill insulations typically
are produced using mineral fiber, mineral or natural wool (animal or cotton based
products), or cellulose. They are installed in walls, floors, attics and below roofs using a
dry-pack process or a moist-spray technique, and may include a netting material.

Loose fill cellulose (shown in Figure 3-3446) is basically paper that has been treated for
flame- and insect-resistance. Loose fill cellulose is commonly used in attic applications.
For walls, the cellulose material is typically mixed with a water- and starch-based
binder. The binder causes the insulation to adhere to itself and stick to the surfaces of
the wall cavity. Excess insulation that extends past the wall cavity is scraped off with a
special tool and recycled into the insulation hopper with fresh material for further
installations. R-value is dependent on the installed density of the material at the
building site and the building official should ensure the installed density meets
manufacturer specifications. Cellulose insulation that dislodges from the cavity is often
sprayed again, or the area is removed of cellulose and a thermal batt is installed in its
place.

Loose fill fiberglass insulation is made up of small glass fibers. The product is similar to
loose fill fiberglass that is commonly used in attics, but for walls it can be installed
behind a netting fabric or mixed with a-waterwater based adhesive. The adhesive
causes the insulation to adhere to itself and stick to surfaces of the wall cavity. Excess
insulation that extends past the wall cavity is scraped off and recycled. R-value is
dependent on the installed density of the material at the building site and the building
official should ensure the installed density meets manufacturer specifications.
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Source: California Energy Commission

Figure 3-3446 — Cellulose Insulated Wall

4. Spray Polyurethane Foam (SPF): A two-part liquid foamed plastic (such as
polyurethane or modified urethane) material formed by the reaction of an isocyanurate
and a polyol that uses a blowing agent to develop a cellular structure when spray
applied onto a substrate. SPF insulation is a two-component reactive system mixed at
a spray gun or a single-component system that cures by exposure to humidity. The
liquid is sprayed through a nozzle into wall, roof/ceiling, and floor cavities. SPF
insulation can be formulated to have specific physical properties (i.e., density,
compressive strength, fire resistance and R-value).

SPF insulation is spray applied to fully adhere to the joist and other framing faces to
form a complete air seal within the construction cavities. SPF must be separated from
the interior of the building, even attic spaces, by an approved thermal barrier
consisting of 1/2-inch (12.7 mm) gypsum wallboard or equivalent thermal barrier
material (Section 316.4, CBC). There are two types of SPF insulation:

a. Low Density Open-Cell SPF (ocSPF) Insulation: A spray applied polyurethane
foam insulation having an open cellular structure resulting in an installed nominal
density of 0.4 to 1.5 pounds per cubic foot (pcf). ocSPF has been assigned a
default R-value of 3.6 per inch for compliance purposes. ocSPF insulation is
sprayed then expands to fill the framed cavity. Excess insulation is removed with a
special tool. The average thickness of the foam insulation must meet or exceed the
required R-value. Depressions in the foam insulation surface shall not be greater
than 1 inch of the required thickness provided these depressions do not exceed
10% of the surface area being insulated. ocSPF must fill the cavity of 2x4 framing.

b. Medium Density Closed-Cell SPF (ccSPF) Insulation: A spray applied
polyurethane foam insulation having a closed cellular structure resulting in an
installed nominal density of greater than 1.5 to less than 2.5 pounds per cubic foot
(pcf). ccSPF has been assigned a default R-value of 5.8 per inch for compliance
purposes. The average thickness of the foam insulation must meet or exceed the
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required R-value. Depressions in the foam insulation’s surface shall not be greater
than 1/2-inch of the required thickness at any given point of the surface area being
insulated. ccSPF is not required to fill the cavity.

SPF R-value is dependent on the installed thickness and the building official
should ensure the thickness and uniformity of the SPF material within each cavity
space of framed assemblies meets manufacturer specifications. Default R-values
assigned to SPF are shown in Table 3-107.

Table 3-207: Required Thickness of SPF Insulation to Achieve Default R-values

Thickness of SPF Insulation

Required thickness of ccSPF

h . 2.00 2.25 2.75 3.50 3.75 |1 4.00 | 450 | 5.25 | 6.75
Insulation (inches)

Required thickness of ocSPF Insulation (inches) 3.0 35 4.2 5.3 5.8 6.1 6.9 8.3 | 10.6

Alternatively, the total R-value may be calculated based on the thickness of
insulation multiplied by the "tested R-value per inch" as listed in the Table of R-
values or R-value Chart from the manufacturer's current ICC Evaluation Service
Report (ESR) that shows compliance with Acceptance Criteria for Spray-Applied
Foam Plastic Insulation--AC377. Overall assembly U-factors are determined by
selecting the assembly type, framing configuration, and cavity insulation rating

from the appropriate Reference-Joint-Appendix-JA4 table, other approved method
specified in Section-JA4 of-the-Reference-Appendices; or using the threugh-Energy

Commission approved compliance simulation software.

35. Rigid Insulation: Rigid board insulation sheathing is made from fiberglass,
expanded polystyrene (EPS) extruded polystyrene (XPS) polyrsocyanurate (ISO) or
polyurethane. E

reel%eevanurate—él%@)—lt varies in thrckness and some products can provrde up to R-
6 per inch of thickness.

This type of insulation is used for above roof decks, exterior walls, cathedral ceilings,
basement walls, as perimeter insulation at concrete slab edges, and to insulate special
framing situations such as window and door headers, and around metal seismic
bracing. Rigid board insulation may also be integral to exterior siding materials. Rigid
Rigid insulation can be used continuously across the-an envelope wall-surface to

eliminate thermal brrdqrnq at wa”—framrnq and also reduce air infiltration and
exfrltratron C

#amed—walts—te—aehreve—ttm—Paekaqe—A—watLU—taeters—The Department of Enerqy
Building America website contains regularly updated information on proper continuous
rigid insulation installation, including recommendations for button cap nails, furring
strips, flashing, and design of the drainage plane. ZAn image showing proper rigid
insulation installation is shown in Figure 3-2147.

_https/ibase-prankgovibuilding-components
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Figure 3-2147 — Properly Installed Rigid Insulation with Flashing

The 2015 California Residential Code (CRC) provides quidance on fastener

Source: 2015 International Residential Code

penetration depth, diameter, and spacing for exterior foam sheathing in Section

R703.11.2. CRC Table 703.15.1 , reproduced below in Figure 3-22481, shows the

fastener spacing for cladding attachment over foam sheathing to wood framing.

TABLE R703.15.1

CLADDING MINIMUM FASTENING REQUIREMENTS FOR DIRECT ATTACHMENT

OVER FOAM PLASTIC SHEATHING TO SUPPORT CLADDING WEIGHT®

MAXIMUM THICKNESS OF FOAM SHEATHING®

CLADDING CLADDING
Ekg?g,:“é‘; FASTENER | FASTENER _ _ (inches) i i
THROUGH FOAD TYPE AND VERTICAL 16" a.c. Fastener Horizontal Spacing 24" o.c. Fastener Horizontal Spacing
SHEATHING MISI:III‘_E‘:I;IEIM SPAﬁING Cladding Weight: Cladding Weight:
(inches) 3psf 11 psi 25 psf 3psf 11 psf 25 psf
6 2 1 DR 2 0.75 DR
oS 8 z I DR 2 05 DR
diameter nail
12 2 0.5 DR 2 DR DR
6 3 1.5 0.5 3 0.75 DR
0.120"
Wood Framing | diameter nail 8 3 ! DR 3 0.5 DR
(minimum 12 3 0.5 DR 2 DR DR
1Y -inch 6 1 2 0.75 1 1 DR
penetration) 0.131" 8 1 15 05 1 0.75 DR
diameter nail - : i
12 4 0.75 DR 2 0.5 DR
6 4 4 1.5 4 2 1
s 5 1 3 T 1 13 075
iameter nail
12 4 2 0.75 4 1 DR

For SI: 1 inch = 254 mm, | pound per square foot = (0.0479 kPa, 1 pound per square inch = 6.895 kPa.

DR = Design required.
o.c. = On center.

a. Wood framing shall be Spruce-pine-fir or any wood species with a specific gravity of 0.42 or greater in accordance with AWC NDS.
b. Nail fasteners shall comply with ASTM F 1667, except nail length shall be permitted to exceed ASTM F 1667 standard lengths.

c. Foam sheathing shall have a minimum compressive strength of 15 psi in accordance with ASTM C 578 or ASTM C 1289.

Figure 3-224841 —Fastening Requirements Over Foam Sheathing

Table-3-9—InsulationTypes

Source: 2015 International Residential Code
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TABLE R703.15.1
CLADDING MINIMUM FASTENING REQUIREMENTS FOR DIRECT ATTACHMENT
OVER FOAM PLASTIC SHEATHING TO SUPPORT CLADDING WEIGHT®

CLADDING CLADDING MAXIMUM THICKNESS OF FOAM SHEATHING®
CLADDING FASTENER | FASTENER (inches)
THI;S?JTGEHNIESAD TYPE AND VERTICAL 16" o.c. Fastener Horizontal Spacing 24" o.c. Fastener Horizontal Spacing
SHEATHING MISNIIZNélDJM SFA(}]ING Cladding Weight: Cladding Weight:
(inches) Ipsf 1 psf 25 psf 3Ipsf 11 psf 25 psf
. 6 2 1 DR 2 0.75 DR
013" 8 2 1 DR 2 05 DR
diameter nail
12 2 0.5 DR 2 DR DR
6 3 1.5 0.5 3 0.75 DR
0.120" —
Wood Framing | diameter nail 8 3 ! DR 3 05 DR
(minimum 12 3 0.5 DR 2 DR DR
1'/inch 6 1 2 0.75 [l DR
penetration) 0.131" 8 1 15 05 1 0.75 DR
diameter nail . : .
17 4 0.75 DR 2 0.5 DR
6 1 4 1.5 4 2 1
di 0.162 . 8 4 3 1 4 1.5 0.75
iameter nail
12 4 2 0.75 4 1 DR

For SI: 1 inch = 25.4 mm, 1 pound per square foot = 0.0479 kPa, 1 pound per square inch = 6.895 kPa.

DR = Design required.

o.c. = On center.

a. Wood framing shall be Spruce-pine-fir or any wood species with a specific gravity of 0.42 or greater in accordance with AWC NDS.
b. Nail fasteners shall comply with ASTM F 1667, except nail length shall be permitted to exceed ASTM F 1667 standard lengths.

c. Foam sheathing shall have a minimum compressive strength of 15 psi in accordance with ASTM C 578 or ASTM C 1289.
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Source: California Energy Commission

Figure 3-34—Cellulose lnsulated \Wall

B. Quality Insulation Installation (QII)

Energy Commission videos

Reference-Residential Appendix RA3.5

All insulation shall be installed properly throughout the entire building.-and-w When
compliance thiscredit is taken enfor Oll,-compliance-documentation a third-party HERS
rater is required to verify the integrity of the installed insulation. The installer shall provide
evidence with compliance documentation that all insulation specified on compliance
documentation is installed to meet specified R-values and assembly U-factors.

Many residential insulation installations have flaws that degrade thermal performance.
Four problems are generally responsible for this degradation:

1. There is an inadequate air barrier in the building envelope, or holes and gaps within
the air barrier system inhibit its ability to limit air leakage.

2. Insulation is not in contact with the air barrier creating air spaces that short-circuits
the insulation’s thermal control when the air barrier is not limiting air leakage
properly.

3. The insulation has voids or gaps resulting in portions of the construction assembly
that are not insulated and, therefore, has less thermal resistance than other
portions of the assembly.

4. The insulation is compressed, creating a gap near the air barrier and/or reducing
the thickness of the insulation.
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Poor installation
(No gaps)

Poor installation
(No gaps)

Source: California Energy Commission

Figure 3-26-49 — Examples of Poor Quality Insulation Installation

An energy credit for correctly installing an air barrier and insulation to eliminate or reduce
common problems associated with poor installation are provided in the Reference

Appendices;-Residential-Appendix-RA3.5. This compliance credit applies to framed and
non-framed assemblies. Residential construction may incorporate multiple frame types; for
example, using a combination of non-framed walls with a framed roof/ceiling. Likewise,
multiple insulation materials are often used. Framed assemblies include wood and steel
construction insulated with batts of mineral fiber, mineral and natural wool, and cellulose;
loose fill insulation of mineral fiber, mineral and natural wool, and cellulose, and light and
medium density spray polyurethane foam; and for rigid board insulation used on the
exterior or interior of framed and non-framed assemblies. Non-framed assemblies include
structural insulated panels, insulated concrete forms, and mass walls of masonry,
concrete and concrete sandwich panels, log walls, and straw bale.

This compliance credit can only be taken for the whole building—roof/ceilings, walls and
floors, and requires field verification by a third-party HERS rater. Further explanation is
provided below:
1. Compliance credit is not allowed for walls alone; or for roofs/ceilings but not walls
also.

2. Compliance credit is allowed for a building built on a slab floor, where the slab has
no requirement for insulation. However, if insulation is installed (i.e., slab edge
insulation for radiant floor heating) then the integrity of the slab edge insulation
must also be field verified in addition to the air barrier and insulation system for
walls and the roof/ceiling.

3. Combinations of insulation types (hybrid systems) are allowed.
4. An air barrier shall be installed for the entire envelope.

Compliance credit is allowed for additions to existing buildings where energy
compliance has been demonstrated for the “addition alone” (§150.2(a)2A).

!’-”

6. Compliance credit is not allowed for additions to existing buildings where the
“existing plus alteration plus addition” approach is used (8150.2(a)2B).

| 20136 Residential Compliance Manual 320142015Date



Building Envelope Requirements — Advanced Assembly Systems Page 3-137

6:7. Compliance credit is not allowed when using the PV Trade-off Package. |

Approved computer compliance modeling software automatically reduces the

effectiveness of insulation for compliance purposes. This reduction is accounted for in
developing the Energy Standards and prescribing the required prescriptive measures for |
each climate zone to establish the standard design energy budget in performance
compliance calculations. The effect of a poorly installed air barrier system and envelope
insulation results in higher wall heat loss and heat gain than standard R-value and U-

factor calculations would indicate. Similar increases in heat loss and heat gain are
experienced for roof/ceilings where construction and installation flaws are present.

B. Structural Bracing, Tie-Downs, Steel Structural Framing

| ReferenceResidentia-Appendix RA3.5.5.2.8 |

When metal bracing, tie-downs or steel structural framing is used to connect to wood
framing for structural or seismic purposes the QIl energy credit still can be taken if:

1. Metal bracing, tie-downs or steel structural framing is identified on the structural
plans, and

2. Insulation is installed in a manner that restricts the thermal bridging through the
structural framing assembly, and

3. Insulation fills the entire cavity and/or adheres to all sides and ends of structural
assembly that separates conditioned from unconditioned space.

Figure 3-27-50 — STRUCTURAL BRACING, TIE-DOWNS

Source: California Energy Commission

To take advantage of the QIl energy credit, -two primary installation criteria must be
adhered to and they both willmust be field verified by a HERS rater:

C. Air Barrier
| Reference Residential-AppendixRA3.5.2 |
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An air barrier shall be installed enclosing the entire building and when this credit is shown
to be taken on compliance documentation a third-party HERS rater is required to verify the
integrity of the air barrier system. The air barrier must be installed in a continuous manner
across all components of framed and non-framed envelope assemblies. The installer shall
provide evidence with compliance documentation that the air barrier system meets one or
more of the air barrier specifications shown in Table 3-8 below. More detailed explanation
is provided in Reference-Appendices;Residential Appendix-RA3.5. Documentation for the
air barrier includes product data sheets and manufacturer specifications and installation
guidelines. The third-party HERS rater shall verify that the air barrier has been installed
properly and is integral with the insulation being used throughout the building.

Table 3-8 — Continuous Air Barrier

Continuous
Air Barrier

A combination of interconnected materials and assemblies joined and sealed together to
provide a continuous barrier to air leakage through the building envelope separating
conditioned from unconditioned space, or adjoining conditioned spaces of different
occupancies or uses. An air barrier is required in all thermal envelope assemblies to limit air
movement between unconditioned/outside spaces and conditioned/inside spaces and must
meet one of the following:

1. Using individual materials that have an air permeance not exceeding 0. 004cfm/ft® under a
pressure differential of 0.3in. w.g. (1.57psf) (0.02 L/s. m? at 75 pa) when tested in accordance
with ASTM E2178; or

2. Using assemblies of materials and components that have an average air Ieakage not to
exceed 0.04 cfm/ft2 under a pressure differential of 0.3 in. w.g (1.57psf) (0.2 L/s. m? at 75 pa)
when tested in accordance with ASTM E2357, ASTM E1677, ASTM E1680 or ASTM E283; or

3. Testing the completed building and demonstratlng that the air leakage rate of the building
envelope does not exceed 0.40 cfm/ft® at a pressure differential of 0.3 in w.g. (1.57 psf) (2.0
L/s.m” at 75 pa) in accordance with ASTM E779 or an equivalent approved method.

Individual materials and assemblies of materials that can demonstrate compliance with the air
barrier testing requirements must be installed according to the manufacturer's instructions and
a HERS rater shall verify the integrity of the installation. Below are example materials
meeting the air permeance testing performance levels of 1 above. Manufacturers of these
and other product types must provide a specification or product data sheet showing
compliance to the ASTM testing requirements to be considered as an air barrier.

Plywood — minimum 3/8 inch

Oriented strand board — minimum. 3/8 inches

Extruded polystyrene insulation board — minimum. %z inch
Foil-back polyisocyanurate insulation board — minimum. %2 inch
Foil backed urethane foam insulation (1 inch)

-- Closed cell spray polyurethane foam (ccSPF) with a minimum density of 2.0 pef—andpcf and
a minimum thickness of 2.0 inches. Alternatively, ccSPF insulation shall be installed at a
thickness that meets an air permeance no greater than 0.02 L/s-m2 at 75 Pa pressure
differential when tested in accordance to ASTM E2178 or ASTM E283.

-- Open cell spray polyurethane_(0cSPF) foam with a minimum density of 0.4 to1.5 pcf and a
minimum—thickressminimum thickness of 5% inches. Alternatively, ocSPF insulation shall
be installed at a thickness that meets an air permeance no greater than 0.02 L/s-m2 at 75
Pa pressure differential when tested in accordance to ASTM E2178 or ASTM E283.

Exterior or interior gypsum board - minimum 1/2 inch

Cement board - minimum 1/2 inch

Built up roofing membrane

Modified bituminous roof membrane

Particleboard-minimum_1/2 inch

Fully adhered single-ply roof membrane

Portland cement/sand parge ,or gypsum plaster minimum 5/8 inch
Cast-in-place and precast concrete.
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e Fully grouted uninsulated and insulated concrete block masonry
e  Sheet steel or aluminum

&.D.-Reduced Building Air Leakage
| Reference-Appendices,-ResidentialAppendix RA3.8 |

An energy credit is allowed through the performance approach when the building’s rate of
envelope air leakage is less than the air leakage rate assumed for the standard design
building. A third-party HERS rater shall verify the air leakage rate shown on compliance
documentation through diagnostic testing of the building’s air leakage.

The air leakage testing process (i.e., blower door) involves closing all the windows and
doors, pressurizing the house with a special fan, usually positioned in a doorway (see Figure
3-2851), and measuring the leakage rate, measured in cubic feet per minute at a 50 Pa
pressure difference (CFM50). This measurement procedure is described in the Reference
Appendices;Residential Appendix-RA3.8. It is derived from the Residential Energy Services
Network's (RESNET) Mortgage Industry National Home Energy Rating Standards, Standard
800, which is based on ASTM E779 air tightness measurement protocols. This procedure
requires the use of software consistent with ASTM E779. This test method is intended to
produce a measure of the air tightness of a building envelope for determining the energy
credit allowance for reduced building air leakage. Further explanations are described below:

Al This procedure shall only be used to verify the building air leakage rate |
before the building construction permit is finalized when an energy credit for
reduced air leakage is being claimed on compliance documentation.

B-2. The Home Energy Rating System (HERS) rater shall measure the building |
air leakage rate to ensure measured air leakage is less than or equal to the
building air leakage rate stated on the Certificate of Compliance, and all other
required compliance documentation. HERS verified building air leakage shall be
documented on compliance forms.

3. _This is a whole building credit; therefore, no credit is allowed for the installation of |
individual envelope measures that may help in reducing the building’s air leakage
rate, such as for an exterior air retarding wrap, or for an air barrier material or
assembly meeting the requirements describe in Table 3-9-8 above.

w
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Source: California Energy Commission

Figure 3-2851 — Blower Door Testing

E. Structural Insulated Panels (SIPS)

| RA3.5.7 |

Structural Insulated Panels (SIPS) are a non-framed advanced construction system that
consists of rigid foam insulation (usually-expanded polystyrene}sandwiched between two
sheets of-OSB-orplywood board. The board can be sheet metal, plywood, cement or
oriented strand board (OSB) and the foam is either expanded polystyrene foam (EPS),
extruded polystyrene foam (XPS) or polyurethane foam. SIPs combine several
components of conventional building, such as studs and joists, insulation, vapor barrier
and air barrier. They can be used for many different applications, such as exterior walls,
roofs, floors, and foundation systems. Little or no structural framing penetrates the
insulation layer. Panels are typically manufactured at a factory and shipped to the job site
in assemblies that can be as large as 8 ft by 24 ft.

In the field, the SIPS panels are joined in one of three ways: (1) single or double 2x
splines, (2) I-joists, or (3) with OSB splines. The choice of these options affects thermal
performance and structural capacity. The 2x and I-joist spline types each fit in a recess of
the foam core, between the two layers of plywood or OSB. ReferenceJoint-AppendixJA4,
Table 4.2.3 contains U-factors for roof/ceiling assemblies, JA4 Table 4.3.2 has U-factors
for SIPS wall assemblies and JA4 Table 4.4.3 has U-factors for SIPS floor constructions.
U-factors used for compliance must be taken from these tables, through the EZ-Frame
assembly calculator, or by using approved performance compliance software.

20136 Residential Compliance Manual J-20342015Date



Building Envelope Requirements — Advanced Assembly Systems Page 3-141

Source: California Energy Commission

Figure 3-3552 — Methods of Joining SIPS Panels

F. Insulating Concrete Forms (ICF)

|  RA358 |

Insulating Concrete Forms (ICFs) is a system of formwork for concrete that stays in place as
permanent building insulation is used for cast-in-place, reinforced above and below-grade
concrete walls, floors, and roofs. ICFs are interlocking modular units that can be dry-stacked
(without mortar) and filled with concrete as a single concrete masonry unit (CMU). ICFs lock
together externally and have internal metal or plastic ties to hold the outer layer(s) of
insulation to create a concrete form for the structural walls, roof/ceilings, or floors of a
building. ICFs are manufactured from several materials including: expanded and extruded
polystyrene foam, polyurethane foam, cement bonded Wood f|ber and cement-bonded
polvstvrene beads 5 , ,
Cinsul o f > ol il s,
Three factors contribute to the energy efficiency of buildings using an ICF wall: (1)
continuous rigid insulation on both sides of a high-mass core, (2) elimination of thermal
bridging from wood framing components, and (3) a high degree of air-tightness inherent to
this method of construction.

Climate zones with large daily temperature fluctuations have the greatest potential to benefit
from the time lag and temperature dampening effects of these high-mass envelope systems.
However, this combination of mass and insulation is beneficial in almost all climates with the
possible exception of mild coastal climate zones.

There are three basic types of ICFs: flat wall, waffle-grid and screen-grid. A flat wall ICF
results in a wall with a consistent and continuous thickness of concrete. A waffle-grid ICF
creates a concrete waffle pattern, an uninterrupted-grid, with some concrete sections thicker
than others. A screen-grid ICF consists of a discrete post-and-beam structure with the
concrete completely encapsulated by the foam insulation, except at the intersection of posts
and beams. The insulating panels for all three ICF types are most commonly made from
expanded polystyrene (EPS) and extruded polystyrene (XPS) rigid insulation boards.
Insulating panels are also made from polyurethane, composites of cement and EPS, and
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composites of cement and shredded wood fiber, although these tend to be proprietary
materials developed by the ICF manufacturer.

Plastic or metal cross-ties, consisting of two flanges and a web, separate the insulating
panels and provide structural integrity during the pouring of concrete resulting in a uniform
wall thickness. A variety of wall thicknesses can be obtained by changing the length of the
web. The area of attachment of the cross-ties to the insulating form provides a secure
connection surface located at standard spacings for mechanical attachment of finished
materials to the interior and exterior of the wall. ICFs can be used to construct load-
bearing and non-load bearing walls, above- and below-grade walls, and can be designed
to structurally perform in any seismic zone.

The ICF system is modular and stackable with interlocking edges. The materials can be
delivered as pre-assembled blocks or as planks that require the flanges and web to be
assembled during construction. The forms vary in height from 12" - 24" and are either 4’ or
8’ long. Vertical panels come in similar modules, but are stacked vertically. ICF panels are
typically available with core thickness ranging from 4" to 12".

The thermal aspects of ICFs are represented in the Reference JointAppendix JA4, Table
4.3.13.

Source: California Energy Commission

Figure 3-28 — Blower Door Testing

AG. Thermal Mass
Mass walls typically fall into two categories:

1. Masonry types include clay and concrete units, which may be solid or hollow, and
glazed or unglazed. Other masonry unit types include cast stone and calcium
silicate units. Concrete masonry units (CMU) are made from a mixture of Portland

20136 Residential Compliance Manual J-20342015Date



Building Envelope Requirements — Advanced Assembly Systems

Page 3-143

cement and aggregates under controlled conditions. Concrete masonry units can
be manufactured in different sizes and with a variety of face textures.

2. Concrete and concrete sandwich panels typically use a pre-cast form by casting
concrete in a reusable mold or "form" which is then cured in a controlled
environment, transported to the construction site and lifted into place. Precast
stone is distinguished from precast concrete by using a fine aggregate in the
mixture giving the appearance of naturally occurring rock or stone.

Thermal mass consists of exposed tile floors over concrete, mass walls such as stone or
brick, and other heavy elements within the building envelope that serve to stabilize indoor
temperatures. Thermal mass helps temper interior temperature, storing heat or cooling for
use at a later time. In California’s central valley and desert climates, the summer
temperature range between night and day can be 30°F or more and thermal mass can be
an effective strategy to reduce daytime cooling loads.

When thermal mass exists in exterior walls, it works to stabilize temperatures in two ways.
First, there is a time delay between when the outside temperature of the wall reaches its
peak and when the inside of the wall reaches its peak. For an 8-inch to 12-inch concrete
wall, this time delay is on the order of 6 to 10 hours. Second, there is a dampening effect
whereby the temperature range on the inside of the house is less than the temperature
range on the outside of the house. These effects are illustrated in the following figure.

Damping

Time lag Qutdoor
,l, / temperature
——

~

Temperature

/.
~ — " T~—Temperature
on inside of
mass wall

dam  8am Noon 4pm  8pm Mid 4am  8am Noon 4pm  8pm Mid
Time of day

Figure 3-3953 — Thermal Mass Performance
Source: California Energy Commission

When the performance method is used, credit is offered for increasing thermal mass in
buildings. However, credit for thermal mass in the proposed design may be considered only
when the proposed design qualifies as a high mass building. A high mass building is one with
thermal mass equivalent to having 30%-percent of the conditioned slab floor exposed and
15%percent of the conditioned non-slab floor exposed with the equivalent of 2 inch-(50 mm)
thick concrete. This procedure is automated in Energy Commission approved computer
compliance software-

C—METFALFRAMING
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B:-H.Log Homes
Log walls are typically made from trees that have been cut into logs that have not been milled

into conventional lumber. Logs used for walls, roofs and/or floor systems may be milled and/
or laminated by the manufacturer or supplier to meet specific dimensions and fitting and
finishing conditions.

Log homes are an alternative construction type used in some parts of the state. Log home
companies promote the aesthetic qualities of solid wood construction and can "package" the
logs and deliver them directly to a building site. Some companies provide log wall, roof, and
floor systems with special insulating "channels" or other technigues to minimize the effect of
air infiltration between log members and to increase the thermal benefit of the logs.

Log walls do not have framing members like conventional wood stud walls. Therefore, the
mandatory requirement for a minimum of R-13 wall insulation does not apply.

Otherwise, in prescriptive compliance, log walls must meet the same thermal requirements
as other construction types. For performance compliance, consult the compliance software
vendor's documentation for any unigue modeling requirements for mass walls using values
from Reference Appendices (RA). In prescriptive compliance, the walls will qualify as either
light mass or heavy mass walls depending on the thickness — remember a heat capacity
(HC) of 8.0 Btu/°F-ft2 is equivalent to a heavy mass wall (40 Ib/ft3). The prescriptive
requirements for heavy mass walls are less stringent than the criteria for wood-framed walls.
Reduced insulation is allowed because the effects of the thermal mass (interior and exterior)
can compensate for less insulation.

The thermal performance of log walls is shown in Reference Joint Appendix-JA4, Table
4.3.11. The U-factor ranges from 0.133 for a 6-inch wall to 0.053 for a 16-inch wall. The U-
factor of an 8-inch wall is 0.102, which complies with the R-13 prescriptive requirements. U-
factors for other log wall constructions (not shown in Reference Joint-AppendixJA4) would
have to be approved by the Energy Commission through the exceptional methods process.

Log walls have a heat capacity that is in excess of conventional construction. Reference Joint
Appendix-JA4, fTable 4.3.11 (Thermal Properties of Log Home Walls)} shows that a 6-inch
wall has an HC of 4.04 which increases to 10.77 for a 16-inch wall. The thermal mass effects
of log home construction can be accounted for within the performance approach.

Air infiltration between log walls can be considerably different among manufacturers
depending upon the construction technique used. For purposes of compliance, infiltration is
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always assumed to be equivalent to a wood-frame building. However, the builder should
consider using a blower door test to find and seal leaks through the exterior walls.

E.l. Straw Bale

Straw bale construction is a building method that uses bales of straw (commonly wheat, rice,
rye and oat straw) as structural and insulating elements of the building. Straw bale

construction is regulated within the CBC and specific quidelines are established for moisture
content, bale density, seismic bracing, weather protection, and other structural requirements.

The Energy Commission has determined specific thermal properties for straw bale walls and
thermal mass benefits associated with this type of construction. The performance
compliance approach can be used to model the heat capacity characteristics of straw bales.

Straw bales that are 223 inch by 16 inch are assumed to have a thermal resistance of R-30,
whether stacked so the walls are 23 inch wide or 16 inch wide. The minimum density of load
bearing walls is 7.0 Ib/ft3, and this value or the actual density may be used for modeling
straw bale walls in the performance approach. Specific heat is set to 0.32 Btu/lb-°F.
Volumetric heat capacity (used in some computer programs) is calculated as density times
specific heat. At a density of 7 Ib/ft3, for example, the volumetric heat capacity is 2.24 Btu/ft3-
°F.

The minimum dimension of the straw bales when placed in the walls must be 22 inch by 16
inch and there are no restrictions on how the bales are stacked. Due to the higher resistance
to heat flow across the grain of the straw, a bale laid on edge with a nominal 16-inch
horizontal thickness has the same R-Value (R-30) as a bale laid flat.
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Source: California Energy Commission
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Source: California Energy Commission
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Source: California Energy Commission

20613-2016 Residential Compliance Manual Jahuary2014-Date




Page 3-156 Building Envelope Requirements — Advanced Assembly Systems

20136 Residential Compliance Manual J-20142015Date



Building Envelope Requirements — Advanced Assembly Systems Page 3-157

2013-2016 Residential Compliance Manual Jahuary-2014-Date




Page 3-158

Building Envelope Requirements — Advanced Assembly Systems

TWO-STUD CORMERS

Corner stud

2x lodder blocking at
24" o.c. or drywall clips

Cuutside corner

2% ladder

blocking at 24" o.c.
or drywall clips
TWO-STUD CORNER TWO-STUD INSIDE CORMER
(WITH DRYWALL CLIPS) (FOR WALL PANELIZATION])
Qutside corner Sheathing installed

by wall panelizer

Use plywood or

OSB sheathing for

siding attachment
per siding \

Drywall clip manufacturer's .
to hold drywall ES Report
in place

S~ Drywall ———

THREE-STUD CORNERS

INSULATED THREE-STUD CORNER CONVENTIONAL CORNER
(CALIFORNIA CORNER)

Isolated cavity
@ =T (difficult to insulate)

INSULATED THREE-STUD CORNER ALTERNATE INSULATED THREE-STUD

(INSIDE CORNER) CORNER (WITH DRYWALL CLIPS)
. A AR A AN AL
Inside corner / ‘\'i.l \\‘;,. \/ E{’ \ / \uf \
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FIGURE 7

ENGINEERED WOOD AND LUMBER HEADERS

2012 IRC Section R602.7.1

Outside of wall

Jack stud or approved !
framing connactor (2012 IRC
Tables R502.5(1) & R502.5(2))

Outside of wall

SINGLE-PLY HEADER

Top plate

Single-ply load-bearing headear
(flush outer face of header with outer
edge of studs)

Cavity insulation space
(to stud depth less single header thickness)

Header bottom plate
[to complete rough opening at header)

For many one-story buildings,

single studs at sides of rough openings
may be adequate.

See 2012 IRC Table R502.5(1).

LARGE OPENING SINGLE HEADERS
Top plate

Cavity insulation space

Jack studs as required

3-1/8" or 3-1/2 glulam

or multiple-ply SCL or lumber

APPROVED FRAMING
CONNECTOR OPTION
(SINGLE- OR DOUBLE-PLY HEADERS)

Cavity insulation space
Header hanger or equivalent

Single stud at sides of rough openings
[most openings up to 48" wide)
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Min. R10.7 header assembly

R19 compressed fiberglass batts
(equivalent to R18)

Min. 7/1& continuous woed
structural panel sheathing

Water resistive barrier

R4 contfinuous insulation (1* EPS)

Single coat stucco system
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3 | 3/8inchsheathing 0.47 0.47
4 | R21insulation 210 —~

5 | 2x6 douglass fir framing @ R-1.086/inch - 5.973
6 | %inchgypboard 0.45 0.45
7 | Insideairfilm 0.68 0.68
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3133.7 Compliance and Enforcement

For buildings fefin -which the Certificate of Compliance (CF1R) requires HERS field

verification for compliance with the Energy sStandards, a HERS rater must visit the site to
perform field verification and diagnostic testing; to complete the applicable Envelepe-envelope

portions of a Certificate of Field Verification and Diagnostic Testing (CF3R).

The following measures require field verification and diagnostic testing if they are used in the
proposed design for compliance, and are listed on the CF1R as special features requiring

HERS rater verification:
1. Building Envelope Sealing

2. Quality Insulation Installation (QII)

Field verification is necessary only when credit is taken for the measure. For example,
Building Envelope Sealing need only be HERS verified if Building Envelope Sealing was

used to achieve credit in the proposed design.

Registration of the CF3R is required. The HERS rater must submit the CF3R information to
the HERS provider data registry as described in Chapter 2. For additional detail describing

HERS verification and the registration procedure, refer to Reference-Residential-Appendix

RAZ2.
A3.7.1 Design

The initial compliance documentation consists of the Certificate of Compliance (CF1R). With
the-2008-update-MF-1R is no longer a checklist, but a statement of the mandatory features
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| that must-+te be included with the CF1R forms. The mandatory features are also included in
the CF2R forms. The CF1R must be filed on the plans and specifications. Included on the
CF1R is a section where special envelope features are listed. The following are envelope
features that should be listed in this section if they exist in the proposed design:

Inter-zone ventilation

Radiant barriers

Multiple Orientation

Controlled ventilation crawlspace

Non-standard ventilation height differences

Standard free ventilation area greater than 10%-percent of the window area
Metal-framed walls

Sunspace with interzone surfaces

Roofing products (Cool roof)

10 Air retarding wrap

CoNooO~wWNE

Plan checkers should verify that insulation levels, fenestration U-factors, and SHGCs listed on
the CF1R are consistent with the plans and specifications.

If registration of the CF1R is required (see Chapter 2 for requirements), the building owner, or
the person responsible for the design must submit the CF1R to the HERS provider data
registry for retention following the procedures described in Chapter 2 and in Reference

Residential Appendix-RA2.
B.3.7.2 Construction

During the construction process, the contractor and/or the sub-contractors shall complete the
necessary sections of the Certificate of Installation (CF2R):

1. Fenestration/Glazing. The glazing contractor lists all the fenestration products that are
installed in the building along with the model number, the manufacturer number, the U-

| factor and the SHGC. The installer should Eensure that the dynamic glazing controls
are functional with Energy Management Systems or similar.

| 2. Building Envelope Leakage Diagnostics. This is applicable only if the builder/contractor
does blower door testing to reduce building envelope leakage.

| ——Insulation Installation Quality Certificate. The insulation contractor documents the
insulation installation quality features that have been followed as shown on the CF2R

‘ checklist.

[

Description of Insulation. The insulation contractor documents the insulation materials
installed in the walls, roofs, and floors along with the brand name of the materials and
the thermal resistance.

The building official (field inspector) will visit the site multiple times during the construction
process. The purpose of these visits is to verify that the equipment and materials installed are
consistent with the plans and specifications.

| If registration of the CF2R is required, the licensed person responsible for the installation must
submit the portion of the CF2R information that applies to the installation to a HERS provider

| data registry using procedures described in Chapter 2 and in Reference-Residential-Appendix
RA2.
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3-143.8 Glossary/References

Fhe-ReferenceJoint-Appendices-JAL contains a glossary of terms. The following terms either
expandexpands on those listed in the Reference Appendices or are provided here to better
clarify compliance issues for the building envelope.

A-3.8.1 Building Orientation

B- Orientation of the building, particularly walls and fenestration, can impact its energy
use. Orientation is also critical for sizing and installing renewable energy sources, such
as solar thermal collectors for domestic water heating and solar electric collectors to help
offset electrical demand.

G-A. East-Facing- "East-facing is oriented to within 45 degrees of true east, including
45°0'0" south of east (SE), but excluding 45°0'0" north of east (NE)." [§100.1] The
designation “East-Facing” is also used in production buildings using orientation
restrictions (e.qg., Shaded Areas: East-Facing).

B:B. North-Facing- "North-facing is oriented to within 45 degrees of true north,
including 45°0'0" east of north (NE), but excluding 45°0'0" west of north (NW)."
[8100.1]

E.C. South-Facing- “South-facing is oriented to within 45 degrees of true south,
including 45°0'0” west of south (SW), but excluding 45°0’0” east of south (SE).”
[8100.1] The designation “South-Facing” is also used in production buildings using
orientation restrictions (e.g., Shaded Areas: East-Facing).

ED. West-Facing- "West-facing is oriented to within 45 degrees of true west, including
45°0'0" due north of west (NW) but excluding 45°0'0" south of west (SW)." [§100.1].
The designation “West-Facing” is also used in production buildings using orientation
restrictions (e.qg., Shaded Areas: West-Facing).

1.3.8.2 Fenestration Terminology
A—General-Terms

The following terms are used in describing fenestration products-:

LA. Center of Glass. -U-factor-SeolarHeat-Gain-Coeflicient{(SHGC)-and- Visible
Fransmittanee (M H--The U-factor, SHGC and VT are measured only through glass at least
2.5 inches from the edge of the glass or dividers.

2.B. Clear glass+—L has -little if any observable tint with-—AanrtG-unit-with-ar-SHGC-of 0-5-6r |
greater.

C. Divider (Muntin). An element that actually or visually divides different lites of glass. It may |
be a true divided lite, between the panes, and/or applied to the exterior or interior of the
glazing.

D. Dynamic Glazing.dis-g Glazing systems that have the ability to reversibly change their |
performance properties, including U-factor, Solar Heat Gain Coefficient (SHGC), and/or
Visible Transmittance (VT) between well-defined end points.

1 Includes active materials (e.g. electrochromic) and passive materials (e.g.
photochromic and thermochromic) permanently integrated into the glazing assembly.
Electro-chromatic glass that-darkens by demand or lightens up when more free daylight or
solar heat is desired. 2-Improved glasses decreases the Solar Heat Gain Coefficient
(SHGC) in the summer and reduces heat loss in the winter and are glazing systems that
have the ability to reversibly change their performance properties, including U-factor, Solar
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Heat Gain Coefficient (SHGC), and/or Visible Transmittance (VT) between well-defined end
points.

Integrated shading systems is a class of fenestration, products including an active layer: e.qg.
shades, louvers, blinds or other materials permanently-integrated-between-two-or-mere
glazinglayers-and that has the ability to reversibly change their-performance properties,
including U-factor, Solar Heat Gain Coefficient (SHGC), and/or Visible Transmittance (VT)
between well-defined end points.

E. Chromogenic is a class of switchable glazing which includes active materials (e.g.
electrochromic) and passive materials (e.g. photochromic and thermochromic) permanently
mtegrated into the glazing assembly

F. Fixed glass:. The fenestration product cannot be opened.

G. Gap Width. The distance between glazings in multi-glazed systems (e.g., double-or triple-
glazing). This dimension is measured from inside surface to inside surface. Some
manufacturers may report "overall” IG unit thickness which is measured from outside surface
to outside surface.

H. Grille. See Divider.

I.__IG Unit. Insulating glass unit. An IG unit includes the glazings, spacer(s), films
(if any), gas infills, and edge caulking.

J. Hard Coat. A pyrolytic low-e coating that is generally more durable but less effective than a
soft coat. See separate glossary term for low-e coating.

K. Light or Lite. A layer of glazing material, especially in a multi-layered 1G unit. Referred to as
panes in 8110.6 when the lites are separated by a spacer from inside to outside of the
fenestration.

—Low-e Coatings.

L. Low-emissivity coatings are special coatings applied to the second e+third surfaces in
double-glazed windows or skylights. As the name implies the surface has a low emittance.
This means that radiation from that surface to the surface it “looks at” is reduced. Since
radiation transfer from the hot side efthe-windew to the cool side efthe-windew is a major
component of heat transfer in glazing, low-e coatings are very effective in reducing the U-
factor. They do nothing, however, to reduce losses through the frame.

In the residential market, there are two kinds of low-e coatings:

1. lLow solar gain and-highsolargain—low-selargainlow-e coatings are formulated to
reduce air conditioning loads. Fenestration products with low solar gain low-e
coatings typically have an SHGC of 0.40 or less. Low-solar gain low-e coatings are
sometimes called spectrally selective coatings because they filter much of the infrared
and ultra-violet portions of the sun’s radiation while allowing visible light to pass
through.

2. High solar gain low-e coatings, by contrast, are formulated to maximize solar gains.
Such coatings would be preferable in passive solar applications or where there is little
air conditioning.

Another advantage of low-e coatings, especially low solar gain low-e coatings, is that when
they filter the sun’s energy, they generally remove between 80 percent and 85 percent of the
ultraviolet light that would otherwise pass through the window and damage fabrics and other
interior furnishings. This is a major advantage for homeowners and can be a selling point for
builders.

20136 Residential Compliance Manual J-20142015Date


rle.v-usa
Cross-Out

rle.v-usa
Cross-Out

rle.v-usa
Inserted Text
manufacturer-matched dynamic-glazed 

rle.v-usa
Cross-Out

rle.v-usa
Cross-Out

rle.v-usa
Inserted Text
, third or fourth

rle.v-usa
Cross-Out

rle.v-usa
Cross-Out


Building Envelope Requirements — Glossary/References Page 3-169

M. Mullion. A frame member that is used to join two individual windows into one fenestration
unit.

N. Muntin. See Dividers.

0. National Fenestration Rating Council is the entity recognized by the Energy Commission

to supervise the rating and labeling of fenestration products. NFRC lists the Certified Product
Directory, containing NFRC certified U-factors-angd SHGC values for thousands of residential
fenestration products see http://www.nfrc.org

Fenestration product performance data used in compliance calculations must be provided
through the NFRC rating program and must be labeled by the manufacturer with the rated
U-factor and SHGC, in accordance with §10-111 procedures.

Estimating the rate of heat transfer through a fenestration product is complicated by the

variety of frame configurations for operable wirdews, the different combinations of
materials used for sashes and frames, and the difference in sizes available in various
applications. The NFRC rating system makes the differences uniform, so that an entire
fenestration product line is assumed to have only one typical size. The NFRC rated U-
factor may be obtained from a directory of certified fenestration products, directly from a
manufacturer's listing in product literature, or from the product label.

® |

P. Nonmetal Frame. Includes vinyl, wood, or fiberglass. Vinyl is a polyvinyl chloride (PVC)
compound used for frame and divider elements with a significantly lower conductivity than
metal and a similar conductivity to wood. Fiberglass has similar thermal characteristics.
Non-metal frames may have metal strengthening bars entirely inside the frame extrusions
or metal-cladding only on the surface.

Q. Operable. The fenestration product can be opened for ventilation.

—R-value

R. R-valdeis-a A measure of a material's thermal resistance, expressed in ft2(hr)°F/Btu. R-
value is the inverse of U-factor. A higher R-value and lower U-factor indicate higher energy
efficiency.

The rated R-value of fiberglass (batt) insulation is based upon its fully expanded thickness
and may be obtained from the Reference Joint Appendices JA4, Table 4.6.2 or from the
manufacturer’s literature. When the insulation is compressed, the R-value is reduced. The
most common insulation compression occurs with R-19 and R-22 insulation batts installed
in locations with a nominal 6-inch framing that is actually only 5.5 in. thick. To achieve its
rated insulation value, an R-19 batt of insulation expands to a thickness of six and one
quarter inches. If it is compressed into 2x6 framing with an actual depth of 5.5 inches, the
insulation

R-Value is lowered to 17.8.

S. Soft Coat. A low-e coating applied through a sputter process. See separate glossary term
for low-e coating.

—Solar Heat Gain Coefficient (SHGC).
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T. Solarheatgaincoefficient{SHGC) is aA measure of the relative amount of heat gain from
sunlight that passes through a fenestration product. SHGC is a humber between zero and
one that represents the ratio of solar heat that passes through the fenestration product to
the total solar heat that is incident on the outside of the windew,. A low SHGC number
(closer to 0) means that the fenestration product keeps out most solar heat. A higher
SHGC number (closer to 1) means that the fenestration product lets in most of the solar
heat.

SHGCeisthe SHGCforthecenterof glazingarea--SHGC or SHGCt is the SHGC for the
total fenestration product and is the value used for compliance with the Standards.

U. Spacer or Gap Space. A material that separates multiple panes of glass in an insulating
glass unit.

| V. Thermal Break Frame. Includes metal frames that are not solid metal from the inside to
the outside, but are separated in the middle by a material, usually vinyl or urethane, with a
significantly lower conductivity.

W. Tinted. Darker gray, brown or green visible tint. ;
thar-0-5-

——U-factor.—ef Fenestration Products

X. A U-facteris-a-measure of how much heat passes, through a construction assembly or a
fenestration product, The lower the U-factor, the more energy efficient the product is. The
units for U-factor are Btu of heat loss each hour per ft2 of window area per degree °F of
temperature difference (Btu/hr-ft?-°F). U—faeter—ls—the—%*eltse—ef—R-vaIHeg

The U-factor considers the entire product, including losses through the center of glass, at the
edge of glass where a metal spacer typically separates the double-glazing panes, losses
through the frame, and through the mullions. For metal-framed windews, the frame losses can

be significant.

Y. Visible Transmittance_(-VT)_is—F the ratio of visible light transmitted through the fenestration.
The higher the VT rating, the more Jight is allowed through a window.
| Z. Window Films are composed of a polyester substrate to which a special scratch resistant
coating is applied on one side, with a mounting adhesive layer and protective release liner
applied to the other side.
Low-e Coatings
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9. Additions, Alterations and Repairs

9.1 Introduction

This chapter covers key aspects of how the Standards apply to construction of residential
additions, alterations to an existing residential building, or both. As explained further below, the
Standards do not apply to repairs.

The chapter is organized as follows:

1. Section 9.1, Introduction. Highlights the applicable Standards definitions for
additions, alterations and repairs; and provides several examples of each.

2. Section 9.2, What's New in the 20163 Standards. Highlights of the requirements
and compliance options which have changed or are entirely new in the 20136
Standards as compared with the 2008-2013 Standards.

3. Section 9.3, Compliance Approaches. An overview of all prescriptive and
performance compliance options available to meet the Standards for additions
only, for alterations only and for projects which include both additions and
alterations.

4. Section 9.4, Mandatory Requirements. Mandatory requirements for additions
and alterations as they apply to the envelope, fenestration, mechanical system,
water heating system, indoor lighting, and outdoor lighting.

5. Section 9.5, Additions. Detailed information on prescriptive and performance
compliance methods and related information for additions, with or without
alterations.

6. Section 9.6, Alterations. Detailed information on prescriptive and performance
compliance methods and related information for alterations, with or without an
addition.

7. Section 9.7 Performance Method. An explanation of the Existing + Addition +
Alteration Approach with examples.

Whenever additions and alterations trigger mandatory measures - whether envelope, mechanical,
water heating, indoor lighting or outdoor lighting - the Certificate of Compliance and the
Mandatory Measures Summary must be submitted with the permit documentation and included in
the building plans.

When additions and alterations include changes to the envelope, mechanical and/or water
heating systems, a Certificate of Compliance must be completed prescriptively or generated by
compliance software with the performance approach. The prescriptive Certificate of Compliance
that should be used for additions and alterations in all climate zones is the CF1R-ADD or CF1R-
ALT form. For HVAC-only change-outs and other mechanical system alterations, a climate zone
specific CF1R-ALT-HVAC form for prescriptive compliance may be used. Almestallin addition
note that most additions and alterations wrderthe-2013-Standards-that include changes in HVAC
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systems atse-will include one or more measures that require HERS Diagnostic Testing and Field
Verification. When a HERS measure is specified, the Certificate of Compliance must be
registered online with an approved HERS provider web site. Refer to Section 2.2.2 and to
Residential Appendix RA2 for more information about document registration.

For copies of the appropriate compliance forms, refer to Appendix A.
9.1.1 Additions
An addition is any change to an existing building that increases conditioned floor area and
conditioned volume. See §100.1.
Examples of projects considered as additions include:

1. Adding a conditioned sunroom or other rooms to an existing house;

2. Converting a garage or other existing unheated space into conditioned living space;
3. Enclosing and conditioning an existing patio area;
4

Obtaining a permit to legalize an existing, habitable and conditioned space that was added
to a residence without a permit;

5. Adding a bay window that extends to the floor increasing both floor area and volume.
9.1.2 Alterations
9123 An alteration is any change to a building's water-heating system, space-conditioning
system, lighting system, or envelope that is not an addition. See §Seetionr 100.1.

Examples of projects considered alterations include:

1. Adding insulation to any existing exterior roof or ceiling, exterior wall, or raised floor over a
crawl space, garage or unheated basement;

2. Replacing or installing a new top surface to an existing roofing assembly (re-roofing);
replacing portions of or replacing the entire roof assembly;

3. Replacing existing fenestration or adding fenestration area (e.g., windows, bay windows,
greenhouse/garden windows, dynamic glazing, clerestories or glass glazed doors) to
existing walls;

Replacing an existing skylight or increasing the area of skylight to an existing roof;
Constructing an entirely new roof over an existing conditioned space;

Adding a loft within the existing conditioned volume of a residence;

N o g &

Replacing an existing heating system or adding a heating system (e.qg., furnace, wall
heater, heat pump or radiant floor);

8. Replacing an existing cooling system or adding a cooling system (e,g., air conditioner or
heat pump);

9. Extending or replacing an existing duct system, or adding an entirely new duct system;
10. Replacing the existing water heater or adding water heaters and/or hot water piping;
11. Replacing existing lighting or adding new hardwired lighting fixtures;

12. Adding window film, when complying under the Performance approach only.
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9.149.1.3  Repairs

A repair is “the reconstruction or renewal for the purpose of maintenance of any component,
system, or equipment of an existing building. Repairs shall not increase the pre-existing energy
consumption of the repaired component, system, or equipment. Replacement of any component,
system, or equipment for which there are requirements in the Standards is considered an
alteration and not a repair.” See §100.1.

Note: Repairs to residential buildings are not within the scope of the Standards.

For example, when a component, system, or equipment of an existing building breaks or is
malfunctioning and- maintenance -fixes are needed for it to work properly again, it is considered a
repair and not subject to the Standards. However, if instead of fixing the break or malfunction, it is
decided to replace the component, system or equipment with a new or different one, the scope of
work is considered an alteration and not a repair and requirements of the Standards pertaining
the that measure must be met.

Examples of work considered repairs include:
1. Replacing a broken pane of glass but not replacing the entire window;

2. When fenestration and other envelope components are uninstalled for maintenance or
repair purposes and the same fenestration or other envelope components are re-installed
in the same location, this is considered a repair;

3. When any existing envelope component is moved to a new location (even when that
location partially overlaps the item's previous location), the work is considered an
alteration;

4. Replacing a failed fan motor or gas valve in a furnace but not replacing the entire furnace;
5. Replacing a heating element in a water heater but not replacing the entire water heater.

Note, replacement of some HVAC components for repairs purposes are defined by the Standards
as alterations, therefore triggering requirements that must be met. §Seetion-150.2(b)1E defines
the following HVAC component replacements as an alteration that triggers the requirement for
duct sealing: "replacement of the air handler, outdoor condensing unit of a split system air
conditioner or heat pump, or cooling or heating coil.” Similarly, if more than 40 lineal-linear feet of
new or replacement space conditioning ducts are installed then the entire duct system must be
insulated, sealed, tested and verified for low duct leakage (see §150.2(b)1D).
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Example 9-1
Question

A sunspace addition is designed with no mechanical heating or cooling and a glass sliding door
separating it from all existing conditioned space. This design is approved by the enforcement
agency as non-habitable or unimproved space. Under what conditions will the Energy Standards
apply to this addition?

Unconditioned Sunspace

Answer

The mechanical and envelope requirements of the Energy Standards do not apply if the space is
not considered habitable or improved and therefore can be unconditioned as defined in §100.1;
however, per §100.0(c)2, the sunspace must still comply with the applicable lighting requirements
of 8150.0(k). The sunspace is unconditioned if:

» The new space is not provided with heating or cooling (or supply ducts)

= All openings between the new space and the existing house can be closed off with weather-
stripped doors and windows

» The addition is not indirectly conditioned space (defined in §100.1 under CONDITIONED
SPACE, INDIRECTLY)

A building official may require a sunspace to be conditioned if it appears to be habitable space, in
which case the Enerqgy Standards apply.

Example 9-2
Question

An existing duplex is remodeled, which includes only the installation of new faucets, and
bathroom lighting. Do the Energy Standards apply?
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Answer

This is an alteration since no new conditioned space is being created, the remodel must comply
with applicable mandatory measures described in §110.1 for appliances and §150.0(k) for
lighting.

Example 9-3
Question

An existing house is remodeled by adding additional floor area but not increasing the volume of
the house. This was accomplished by adding a loft through an area in the house with a vaulted
ceiling. As part of this remodel new ferestration-windows are replacing existing ones, and two
new windows are being added. Several exterior walls are being opened up to install new wiring.
What requirements will apply?

Answer

Since floor area is being added but not conditioned volume, this is an alteration and not an
addition. New and replacement ferestration-windows must meet the maximum U-factor and
SHGC prescriptive requirements of §150.2(b)1. Newly installed windowsfenestration must also
comply with the mandatory measures for caulking/sealing around windows peref §110.7. In
alterations, the-Energyit is Commission recommendeds to installirg insulation in the exposedte
walls being-expesed-if no insulation was found when the walls were opened; for-a 2x4 wood
framing use-install R-13 and for 2x6 wood framing installuse R-19.

Alternatively, the performance approach may be used to demonstrate compliance for overall
building (the entire house) even if individual windows fail to meet the prescriptive requirements, as
long as the building meets all applicable mandatory requirements. At this time, since the exterior
walls are exposed or open, this allows the opportunity to insulate the walls and contribute the
ability to meet energy compliance; otherwise it would be difficult to comply with overall building
compliance.

9.2 What's New in the 20143-2016 Energy Standards

The 2013-2016 Energy Standards includes new mandatory measures and different compliance
requirements for additions and alterations. This section highlights the key changes from the 2008
2013 Standards.

9.549.2.1 Mandatory Measures in Additions and Alterations

921 9.2.1.1 Envelope

A. Ceiling and Rafter Roof: Insulation shall be insulated between wood-framing
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members with insulation R-value of R-22 or a weighted average U-factor not
exceeding U-0.043. Depending on the attic ventilation, insulation shall be installed
either:

1. Atthe ceiling level for a ventilated attic.

2. At either the ceiling or roof level for an unvented attic.

B. Additions of roofs and ceilings that are 700 ft2squarefeet or less shall meet the
mandatory insulation requirement of 8150.0(a)

922 921.2 WallHnsulation:

(QH)—en%ema—&nd—maeees&ble—e;%ﬂng—m&ng—Uqwd line filter drlers are requwed for new

HVAC systems or replaced condensers when provided by the manufacturer —of the
system.

2
924 9.2.1.3 Ducts and Air Distribution Systems
Installation of all new (or full replacement) duct systems:

1. Higher duct insulation levels for ducts located in unconditioned space resulting in
either R-6 or R-8 dependent on climate zone §150.2(b)1D.

2. New target leakage level of 5% for entirely new or complete replacement duct
systems §150.2(b)1D.
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925 9.2.1.4 Lighting

The 2016 Energy Standards have simplified the residential lighting requirements with the
following important changes:

1. Allinstalled luminaires haveto must be high efficacy light sources as specified in
Table 150.0-A of the Energy Standards. This change eliminates the previously
required kitchen wattage calculation.

2. The definition of high efficacy lighting has been expanded to include luminaires
(including screw based luminaires) that are installed with light sources or lamps
that meet the requirements of Reference JointAppendix-JAS8. This allows for
installation of efficient lamps to be used for compliance censidered-ascomplying
with §150.0(K).

3. The only place screw based luminaires cannot be used is for Rrecessed
downlights luminaires in ceilings. Rrecessed downlights are required to contain
JA8 compliant Ilqht sources that also meet elevated temperature requwements

More details of the 2016 Enerqgy Standards residential lighting requirements can be found
in Chapter 6.
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9.2.69.2.2  Prescriptive Additions

1. All new size (conditioned floor area) categories and new special requirements for
prescriptive additions as outlined in this section and Tables 9--3A through 9-3E.

2. Extensions of existing wood-framed walls may retain the dimensions of the wall being
extended. For example, continuous insulation would not be required for an extension if the
existing wall did not already have continuous insulation. Wall extensions shall be
insulated with cavity insulation of R-15 in 2x4 framing and R-19 in 2x6 framing.

2- New requirements for duct insulation apply when the new ducts are located in

unconditioned spaces.
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9.2.89.2.4  Performance Approach - Existing + Addition + Alterations (E+A+A)

1. Performance compliance may not be used for tradeoffs unless there are at least two or
more altered components listed in §Table 150.2-BC; |

2. Existing roofs/ceilings removed as part of an addition or alteration -- and all existing
skylights being removed as part of the removed roofs/ceilings - are excluded (not
modeled) in the Existing + Addition + Alterations_(E+A+A) performance calculations; |

3. Existing exterior walls removed as part of an addition or alterations -- and all existing
vertical fenestration (windows, clerestories, glazed doors) being removed as part of the
removed walls -- are excluded (not modeled) in the Existing—+-Addition—+
AlterationsE+A+A -performance calculations;

4. Only “Existing”, “Altered” and “New” building components and/or systems are included and

modeled in the Existing-+-Addition+-AlterationsE+A+A performance calculations; |

5. Existing fenestration not being removed as part of an alteration can now be improved with

Window Films and can be modeled in the Existirg—+-Addition+AlteratiohsE+A+A |

performance calculations;

6. Without Third Party Verification of the building’s existing (i.e., pre-alteration) conditions,
the E+A+A approach no longer provides energy credits based on altered components
which upgrade (improve) the existing conditions. See 8150.2(b)2B and Table 150.2-BC of
the Energy Standards;

7. With Third Party Verification of the building’s existing (i.e., pre-alteration) conditions, the
E+A+A approach still provides energy credits based on altered components which
upgrade (improve) the existing conditions. See §150.2(b)2B and Table 150.2-BC of the
Energy Standards.

See Table 9-4 in this chapter for a summary of how the compliance software sets the Standard
Design (energy budget) for alterations.

9.3 Compliance Approaches

Apart from meeting all applicable mandatory requirements as outlined in Section 9.4, an addition
or alteration must also demonstrate energy compliance using a prescriptive or performance
method.

There are number of different compliance alternatives or compliance paths to demonstrate that an
addition or alteration meets the Energy Standards. Compliance alternatives depend on whether
the scope of permitted work is:

1. Addition ©naly-only where no changes are being made to the existing building except |
removal of roofs, exterior walls and floors required as a result of the addition; and
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removal of any fenestration in those same removed roofs and exterior walls to make
way for the addition; or

Alterations ©nly-only where there is no addition (i.e., no increase in conditioned floor
area and volume); or

Addition and Alterations where there are both additions and alterations to the existing
building.

For each of these permit scenarios, Table 9-1 summarizes the available compliance approaches
for low-rise residential additions and alterations.

Table 9-1: Compliance Alternatives for Residential Additions and Alterations

Project Scope Prescriptive Approach Performance Approachl’ 2

1. Addition Only: IAdditions >400 ft22 and <700 ft22 Addition Alone

IAdditions <400 ft22; or

)Additions >700 ft22; or

2. Alteration Only:

Existing + Alterations Without Third Party
Verification of Existing Conditions; or

Existing + Alterations With Third Party

Meet All Applicable Requirements Verification of Existing Conditions; or
for Prescriptive Alterations

Existing + Alterations as All New
Construction

3. Addition and Prescriptive Alterations and a
Alteration Combined:|Prescriptive Addition Approach (see

Existing + Addition + Alterations Without
Third Party Verification of Existing

Meet All Applicable Requirements for  |[Conditions; or

Existing + Addition + Alterations With Third
Party Verification of Existing Conditions; or

)Additions Only above)
Existing + Addition + Alterations as
All New Construction

1) In the performance method, the building must be modeled with Energy Commission-approved
compliance software as explained in Chapter 8 of this Manual.

2) The Existing + Alterations performance approach with or without third party verification may be used only
if there are at least two types of altered components in the existing building. This requirement does not
apply to the Existing + Addition + Alterations compliance method.

9.3.1

ABBIHONS-ONLYAdditions Only

9.3.1.1 Prescriptive

The prescriptive standard requirements for new addition construction are listed in
8150.2(a)l; however, prescriptive additions have some alternative requirements as
summarized:
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1.
2.

Additions of < 300 ft% erless-Ddo not require a cool roof to be installed:;

Additions < 400 ft*: -Total glazing area up to 75 ft* or 30% of the conditioned floor
area, whichever is greater; and up to 60 ft* of West-facing glazing area; wall
insulation of R-13 is acceptable;

Additions > 400 ft?and € 700 ft* Total glazing area up to 120 ft* or 25% of the
conditioned floor area, whichever is greater; up to 60 ft* of West-facing glazing
area; and need not exceed R-13 insulation in exterior walls;

Additions > 700 ft* Total glazing area up to 175 ft* or 20% of the conditioned

floor area, whichever is greater; and up to 70 ft* of West-facing Glazing area.

Note that every applicable prescriptive requirement for additions must be met when using the
prescriptive approach. Otherwise, the building as a whole must comply using a performance

approach.

For prescriptive additions, a Certificate of Compliance (CF1R-ADD) form must be completed
and submitted for permit. If any mandatory or prescriptive measures require HERS
verification and/or testing, the Certificate of Compliance for the project must be registered
online with a HERS provider before submittal to the enforcement agency. Refer to Section
2.5, HERS Field Verification and Diagnostic Testing and Section 2.2.2, Permit Application.

9.3.1.2 Performance |

Additions may comply using the performance approach by meeting the requirements in
§150.2(a)2 of the-Standards-and explained further in Section 9.5.2. The performance options |

are:

A. Addition Alone: Only the addition is modeled for compliance, and not the existing
building;

B. Existing + Addition as New Construction_Demonstrating compliance by combining
existing plus addition as all new construction is another approach. This approach is

used when the addition does not comply on its own. Compliance can be hard to

achieve because all existing features would have to be brought up to current code.

c.9.3.2 ALTERATONS-ONLYlterations Only

9.3.2.1 Prescriptive

Alterations may comply prescriptively by meeting all applicable requirements in §150.2(b) of
the-Standards-which are explained further in Section 9.5.1 ef-thismanual-and summarized in

Tables 9-5A and 9-5B. Several prescriptive alteration requirements are specific to the
building site climate zone. There are also a number of exceptions to the prescriptive
requirements based on either climate zone or other conditions listed in the Energy Standards. |

Note: Every applicable prescriptive alteration requirement must be met to use the prescriptive
approach; otherwise, the building must comply using a performance approach.
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Under the prescriptive alteration approach, the appropriate Certificate of Compliance (e.g.,
CF1R-ALT or CF1R-ALT-HVAC) form must be completed and submitted for permit. If any
mandatory or prescriptive measures require HERS verification or testing (see Section 2.5,
HERS Field Verification and Diagnostic Testing of this manual), the Certificate of Compliance
for the project must be registered online with a HERS provider (see Section 2.3, Energy
Standards Compliance Documentation of this manual) before submittal to the enforcement
agency.

ALTERAHONS-ONLY

9.3.2.2 Performance

Alterations may comply using the performance approach by meeting the requirements in
8150.2(b)2. ef-the-StandardsThis is explained in Section 9.6.2, and summarized in Table 9-1.
The main options are:

1. Existing + Alterations: When two or more types of components or systems are
being altered in the existing building, then the Existing + Alterations performance
approach may be used-;

2. Compliance Without Third Party Verification allows for compliance of the
alterations without the need for third party inspection to verify existing conditions
being altered;

3. Compliance With Third Party Verification allows for compliance of the
alterations only with third party inspection to verify existing conditions being
altered,;

4. Existing + Alterations as new construction: Demonstrating alterations compliance
as a whole new building is usually difficult to achieve, but still an option. Typically
this approach is used-is when prescriptive alterations cannot meet the prescriptive
requirements in Table 150.1-A_in the Energy Standards.

Note: Every applicable prescriptive alteration requirement must be met to use the prescriptive
approach; otherwise, the building must comply using a performance approach.

A

9329.3.3 ADBIHONSand ALFERATIONS COMBINED-dditions and Alterations
Combined

9.3.3.1 Prescriptive

When a low-rise residential project includes both an addition and any alterations, the
prescriptive requirements for each separate condition must be met.forthe-prescriptive
approach-to-be-used- The addition may comply with any of the prescriptive addition options
explained above and documented withby the appropriate compliance forms (e-ge.g., CF1R-
ADD). Hewever-tThe alterations must also meet all prescriptive requirements, and be
documented with the specific compliance forms for alterations (e.g., CF1R-ALT, CF1R-ALT-

HVAC).
9.3.3.2 Performance
The performance path that includes both additions and alterations is the “Existing + Addition

+ Alterations” approach. As explained above in {under-Alterations-Only—

PerformanceSection 9.3.2.2}, there are two ways to analyze the building using this method:
compliance with third party verification of all existing conditions te-be altered; andor
compliance without third party verification. See-Seetion-9-5-2-
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9.4 Mandatory Requirements

The mandatory measures apply to all newly added or altered envelope components as-they-do-to
new-construction; regardless of whether the prescriptive or performance compliance method is
used. This section describes the mandatory requirements for low-rise residential buildings as they
apply to additions and alterations. More information on the mandatory measures iscan be found
in Chapters 3, 4, 5 and 6.

94.1 ——Envelope Measures

Envelope mandatory measures are listed below, including the relevant reference in the Energy
Standards and the section number in this manual. The following measures include fenestration
products,-and exterior doors, insulation, roofing products and radiant barriers. See Sections 3.2 —
3.8 7333435363 /-=and-3-8- and the Energy Standards for more information.

LA. Manufactured fenestration products and exterior doors air leakage infiltration rates,
see §110.6(a)1, Section 3.5.23.1;

B. Fenestration U-factor, SHGC, VT ratings, see 8§10-111, §110.6(a)2, 3 & 4,
Section 3.5.3.2;

2—

.C. Fenestration temporary and permanent labels, see §110.6(a)5, Section 3.5.3.3;

2D. Fenestration maximum weighted average U-factor = 0.58, see §150.0(q),
Section 3.5.3.4;

3.E. Installation of field-fabricated fenestration and exterior doors, see §110.6(b),
Section 3.5.3;

4.F. Sealing joints and other openings, see §110.7, Section 3.6.1.1;

5.G. Certification of insulating materials, see §110.8(a), Section 3.6.1.2;

6.H. Restrictions on use of urea formaldehyde foam insulation, see §110.8(b),
Section 3.6.1.3;

1. Flame spread insulation ratings, see 8110.8(c), Section 3.6.1.4;

8-J.Insulation placement on roof/ceilings, see 8150.0(a)16-8(e}, Section 3.6.1.9;

9K. Minimum roof/ceiling insulation, see §150.0(a), Section 3.6.1.9;

10-L. Minimum roof/ceiling insulation in an existing attic, see §110.8(d)1 and 8150.0(a),
Section 3.6.1.9;

M. Roofing products (cool roofs) solar reflectance and thermal emittance rating and
labeling, see §10-113 and 8110.8(i), Section 3.6.1.7;

11-N. Radiant Barrier, see 8110.8(j), Section 3.6.1.8;

12.0. Loose-fill insulation, see §150.0(b), see Section 3.6.1.10;

43.P. Minimum wall insulation, see §8150.0(c), see Section 3.6.1.11;

34.Q. Minimum floor insulation, see §150.0(d), see Section 3.6.1.12;

15.R. Slab edge insulation moisture resistance and physical protection, see §150.0(}),
Section 3.6.2.3;

16:S. Insulation requirement for heated slab floors, see §110.8(g), Section 3.6.1.14;

1#T. Vapor retarder 8150.0(g), see Section 3.6.1.15.

9.4.29.4.1.1 Ceiling/Roof and Wall Insulation

18- When insulation is installed in the attics of existing buildings, at least R-36-22 shall be
installed in all climate zones. When ceilings without attics are altered, at least R-19 shall
be installed between wood-framing members; or enough insulation shall be installed to
achieve the equivalent of R-19 insulation between wood framing members. When the
space between framing members becomes accessible as a part of a ceiling/roof
modification, the ceiling/roof is considered altered and the insulation measure applies.
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However, if the roofing surface material is replaced but the roof sheathing is not being
removed, there is no insulation requirement.

19. Existing buildings that already have R-11 insulation installed in framed walls are exempt
from the mandatory minimum R-13 or R-19 wall insulation required by §150.0(c) if the
building can demonstrate performance method compliance with the walls modeled as R-
11.

9.4.39.4.1.2Roofing Products: (Cool Roof)

944 Roofing products installed eitherto meet prescriptive requirements or to take
performance compliance credit for reflectance and emittance are referred to as “cool
| roofs”. These roofing products must be certified by the Cool Roof Rating Council
(www.coolroofs.org) per 8§10-113 and §110.8().

| To be considered a cool roof, the roofing products manufacturer must have its roofing product
tested for solar reflectance and thermal emittance, and be listed in the Cool Roof Rating
Councils (CRRC) Rated Product Directory. Figure 9-1 provides an example of an

approved CRRC product label.
Solar Reflectance 0.00 Pending

E
N

Thermal Emittance 0.00 Pending
c R c Rated Product ID Number I

COOL ROOF Licensed Seller ID Number
RATING COUNCIL  ® . .
Classification Production Line

Initial Weathered

Cool Roof Rating Couneil ratings are detennined for a fized set of conditions, and may not be appropriate
for determining seasonal energy performance. The actual effect of solar reflectance and thermal emittance
on building performance may vary.

Manufacturer of product stipulates that these ratings were deternuned in accordance with the applicable
Cool Roof Rating Council procedures.

Figure 9-1 CRRC Product label and information

If the aged value for the reflectance is not available in the CRRC’s Rated Product Directory then
the equation below can be used until the aged rated value for the reflectance is posted in the
directory.
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Equation 9-1: Aged Reflectance

Aged ReﬂeCtanCecalculated = (0-2+B[pinitial - 02])

Where:

pinisar = INitial Reflectance listed in the CRRC Rated Product Directory-
B = soiling resistance value which-is-listed in Table 9-2

Table 9-2 —Soiling Resistance Value 3, By Product Type

PRODUCT TYPE B
Field-applied coating 0.65
Other 0.70

9.4.59.4.1.3Fenestration

946 Fenestration-which-is-nNew or replacement (altered) glazing, —including skylights,
--must meet the maximum U-factor requirement in one of three ways:

1. EveryAll fenestration products (glazed opening) must meets the mandatory
maximum U-factor of 0.58; or

2. Adlall new or replacement fenestration combined must meet the mandatory
maximum of 0.58 U-factor using an area weighted average calculation; or

3. the area of new and replacement fenestration up to 10 ft* or 0.5% of the
conditioned floor area (CFA), whichever is greater, is exempt from the maximum
U-factor requirement per Exception to 8150.0(q).

Example: an existing 2,500 ft?* house undergoes an alteration with all the existing windows
being replaced. The owner may install up to 12.5 ft* of new glazing (i.e., up to 0.5% of
2,500 ft*) without meeting the maximum U-factor of 0.58, —lif the overall alterations meet
the Energy Standards with the prescriptive or performance approach (see Sections 9.6).

—Consistent with Exception 1 to §150.1(c)3A: For each dwelling unit, up to 3_ft* square-feet
of new glazing area installed in doors and up to 3 ft’square-feet of new tubular skylight
area with dual-pane diffusers shall not be required to meet or be included in the area-
weighted average fenestration calculation to meet the mandatory requirement of
§150.0(q).

9.4.79.4.1.4Greenhouse Windows

Greenhouse or garden windows are special windows that project from the facade of the
building;. It -and-are-typicallyis typically ereate a five sided structure. AR-NFRC-rated U-
factors for greenhouse windows is-are typically-gquitecomparatively high and may not meet
the mandatory U-factor requirements of 0.58.sforthefenestration-U-factorof0.58-

For new buildings, 8150.0(q) includes an exception from the U-factor requirement for dual-
glazed greenhouse or garden windows that total up to 30 ft?’sguare-feet of fenestration
area.

For largergreenhouse-windows-and greenhouse and garden windows included in
additions, the area-weighted average for all new and replacement fenestration must be
used to show that the combined average U-factor complies with the U-factor requirement.

2016 Residential Compliance Manual Date




Page 9-16 Additions, Alterations and Repairs — Mandatory Requirements

For alterations, dual-glazed greenhouse or garden windows are deemed to comply with U-

factor requirements.

9.4.89.4.2 Mechanical (HVAC) and Water Heating Measures

Mechanical (HVAC) system and water heating mandatory measures are listed below for
additions and alterations. They include measures applicable to space conditioning
equipment, controls and systems; water heaters, controls and systems, pool and spa
equipment, controls and systems; outdoor air ventilation; pipe insulation; air ducts and
plenums; and fireplaces. See Energy Standards and manual Ssections references below:

1.

N o g > w DN

10.
11.
12.
13.
14.
15.
16.
17.
18.

Appliance efficiencies and verification, see §110.1, Section 4.1.64;

Space conditioning equipment efficiencies, see 8110.2(a), Sections 4.2.1 & 4.3.1;
Heat pump controls, see §110.2(b), Sections 4.2.1.2;

Setback thermostats (in most cases), see §110.2(c), Section 4.5.1;

No continuously burning gas pilot lights, see 8110.5, Sections 4.2.1.5;-&5-2;
Heating and cooling load calculations, see §150.0(h), Sections 4.2.1.3 & 4.3.1.4;

Pipe insulation and refrigerant line insulation, see §150.0(j), Section-5.3.5.1 &
4.3.1.25:2;

Duct insulation and protection of insulation, see §150.0(m), Section 4.4.1;

Dampers to prevent air leakage, see §150.0(m), Section 4.4.1.8;

Flexible duct labeling, see §150.0(m), Section 4.4.1.7;

Duct connections and closures, see §150.0(m), Section 4.4.1.2;

Duct system sealing and leakage testing, see 8150.0(m)11, Section 4.4.1.12;

Zonally controlled central forced air systems, see 8150.0(m)4513, Section 4.4.1.17;
Mechanical ventilation for indoor air quality, see §150.0(0), Section 4.6;

Fireplaces, decorative gas appliances, gas logs, see §150.0(e), Section 4-213.6.1.13;
Water Heating Systems, see §150.0(n), Chapter 5;

Solar water heating, see §150.0(n)3, Section 5.5;

Pool systems and equipment installation, see §150.0(p), Section 5.6.
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9:4.99.4.3 Mechanical Ventilation

The whole building ventilation airflow requirement in ASHRAE 62.2 is required only in new
buildings and in buildings with additions greater than 1,000 ft>. However, all other
mechanical ventilation requirements in §150(0), including local exhaust, must be met, as
applicable, in all additions and alterations.

When whole-building ventilation airflow is required for compliance, field verification and
diagnostic testing of airflow performance is required in accordance with the procedures in
Residential Appendix RA3.7. In that case, a Certificate of Compliance CF1R form must be
registered online with a HERS provider (see Section 2.5 and Appendix A).

9.4.109.4.4 Lighting Measures

4. Highlights of the Indeerand-eutdeeorresidential lighting mandatery-measures are listed
below. All residential indoor and outdoor lighting measures are mandatory. Details of the
2016 Energy Standards residential lighting requirements can be found in Chapter 6See

2:1. Luminaire (lightbighting fixture) (uminaire}-requirements, see 8150.0(k)1, Section
6-36.2;

3-2. Switehing-deviees-andindoor lighting controls, see 8150.0(k)2, Section 6-56.3;

+3. Lighting in bathrooms, garages, laundry rooms, and utility roomsgarages,-taundry
and-utility roems, see 8150.0(k)2J6, Section 6:6-36.3.3;

9.4. Recessed eeiling-downlight fixtures, see §150.0(k)81C, Section 6:3:126.2.32;
10:5. Outdoor lighting, see §150.0(k)93, Section 6-#6.5;
11.6. Internally illuminated address signs, see §150.0(k)304, Section 6-/46.5.4;

12.7. Residential gGarages for eight (8) or more vehicles, see 8150.0(k)315, Section
6-++6.6;

43-8. Interior common areas of low-rise multi-family buildings, see §150.0(k)326, Section

Altered lighting and any newly installed lighting equipment -is_are required to comply with the

residential lighting Standards, which apply to permanently installed lighting {Section-6-3-1)-and
associated lighting controls.

Only the lighting equipment that is altered needs to comply with the Energy Standards. Existing
lighting equipment is not required to be replaced to comply with the Energy Standards.
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Example 9-4
Question

I am doing minor renovations to my kitchen that has six recessed incandescent cans and | am
adding a new luminaire over the sink. Does this luminaire have to be a high efficacy luminaire?

Answer

Yes in k|tchens aII new Iumlnalres must be hlgh efﬁcacy—anﬂ—at—least%@—pe#eent—ef—the—tet&l

Example 9-5

Question

In the kitchen above | am replacing one of the recessed_downlight luminaires. Must the new
downlight luminaire be high efficacy?

Answer

Yes, newly mstalled the—new Iumlnalres 45—the—a|¥e#eel—eempenen{—and rRast be%gh—eﬁreaey—m

w&&age—m%he—ﬁ%h%eﬁehen—eemes—#em%gh—eﬁre&eﬁemn&#es must be hlqh efflcacv and

meet the requirements in 8150.0(k). Note that screw-based sockets are not permitted for newly
installed recessed downlight luminaires in ceilings.

Example 9-6
Question

| am completely remodeling my kitchen and putting in an entirely new lighting system. How do the
Energy Standards apply to this case?

Answer
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When an entirely new lighting system is installed, it is treated like new construction. The new
lighting system must comply with all of the mandatory kitehen-lighting requirements in 8150.0(k)31

and (k)2. Ihls—melueles—me—teuewmg-

See Section 6-6-16.2 and 6.3 of the 2643-2016 Residential Compliance Manual for additional
information.

Example 9-7
Question

| am replacing my incandescent bath bar in the bathroom. Must the new luminaire meet the
Enerqy Standards requirements?

Answer

The new luminaire is the altered component and must meet requirements in Section-8150.0(k)
including the high efficacy luminaire and lighting control requirements. TNote-thatthe 2016
Energy Standards now allow the installation of JA-8 compliant lamps in screw-based fixtures as a
way to complv W|th the high efficacy Ilqhtlnq requwements See Section 6.2 and 6.3 of the 2016
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9.5 Additions

| For a definition of an addition in the Energy Standards, and several useful examples of additions,
see the Introduction, Section 9.1 of this chapter.

For a summary of compliance alternatives for additions, see see-Compliance-Approaches;
Section 9.2-3 of this chapter.

Beyond the outline provided in Section 9.2, this section provides more specific information,

| descriptions and guidelines on how to meet the Energy Standards using each of the available
compliance paths. Copies of compliance forms referenced here are included in the
Compliance Forms Summary, Appendix A of this manual.

951 Prescriptive Requirements

In general, the prescriptive requirements apply to additions in the same way they apply to
entirely new buildings and must be documented on the CF1R-ADD Form. However, there are
a few exceptions as noted below and summarized in Table 9-3A.

There are three prescriptive paths available for additions based on the total conditioned floor
area (CFA) of the addition. The total CFA of the addition may include floor areas representing
several physically separate additions to the building under the same permit.

Table 9-3A summarizes the key features of the prescriptive envelope requirements for the
| three prescriptive addition options in §150.2(a)1-efthe-Standards. Envelope requirements
unique to that type of prescriptive addition are shown in bold face on white background. Table
| 9-3B-3DE shows that all prescriptive additions have the same mechanical system and water
heating system requirements as the Package A prescriptive measures for new construction
listed in 8150.1(c) and explained in Chapters 4 and 5. For more details on the residential
envelope requirements and compliance options, refer to Chapter 3.

LA.Additions < 400 ft?

All prescriptive Package A requirements must be met except:

1. Total glazing area may be up to 75 ft? or 30% of conditioned floor area,
whichever is greater;

West-facing glazing area may be up to 60 ft?;
Required exterior wall insulation:

a. In 2x4 wood frame walls, insulation shall be R-13 or an overall
construction assembly U-factor < 0.102, for wood or metal frame walls;
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+B.

b. In 2x6 or greater wood frame walls, insulation shall be R-19 or an
overall construction assembly U-factor < 0.074, for wood or metal frame
walls;

4. No requirement for a whole house fan (WHF) to provide ventilation cooling;
4.5.  Roof and ceiling insulation requirements.

5.6. _ For additions < 300 ft* cool roof compliance is not required.

Additions > 400 ft2 and < 700 ft2 :

All prescriptive Package A requirements must be met except:

K-C.

1. Total glazing area may be up to 120 ft* or 25% of conditioned floor area,
whichever is greater;

West-facing glazing area may be up to 60 ft*;
Required exterior wall insulation:

a. In2x4 wood frame walls, insulation shall be R-13 or an overall
construction assembly U-factor < 0.102, for wood or metal frame walls;

b. In 2x6 or greater wood frame walls, insulation shall be R-19 or an
overall construction assembly U-factor < 0.074, for wood or metal frame
walls;

4. No requirement for a whole house fan (WHF) to provide ventilation cooling.
4.5.  Roof and ceiling insulation requirements.
Additions > 700 ft2

All prescriptive Package A requirements must be met except:

1.

Total glazing area may be up to 175 ft* or 20% of conditioned floor area, whichever
is greater;

West-facing glazing area may be up to 70 ft* or 5% of conditioned floor area,
whichever is greater;

If the addition is < 1,000 ft?, there is no requirement for a whole house fan (WHF)
to provide ventilation cooling;

Additions > 1,000 ft* must include provide ventilation cooling with a WHF as
indicated in 8150.1(c)12;

If the Total Proposed fenestration area exceeds the Standard Maximum Glazing
Area of 20% then the performance compliance approach must be used. Likewise,
if the Proposed West-Facing fenestration area in climate zones 2, 4, and 6-16
exceeds 5% of the conditioned floor area, then the performance compliance
approach must be used;

If the addition has a floor area >700 ft?2 and < 1,000 ft?, all requirements of
Package A apply except the West-Facing Glazing Area may be allow up to

70 ft2 for additions up to 1,400 ft2 (since 70 ft2 is 5% of 1,400 ft?). See §150.2(a)1A.
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Removed wall and window not
included in the calculation.

Additions of 300 ft or less
are exempted for the cool
roof requirement

Insulation requirements from
Package A; unless addition is
700 ft* or less, then R-13 for
2x4 walls and R-19 for 2x6 or
greater walls is acceptable for
wood frame.

Fenestration area is limited
based on the size of the
addition:

For additions < 400 ft% 75 ft*
or 30% of CFA — whichever is
greater -- for total glazing
area; and 60 ft? for west-facing
glazing.

E
B,

For additions > 400 ft? and <
700 ft*: 120 ft* or 25% of CFA
— whichever is greater -- for
total glazing area; and 60 ft*
for west-facing glazing.

For additions > 700 ft*: 175 ft®
or 20% of CFA — whichever is
greater -- for total glazing
area; and 70 ft? or 5% of CFA
— whichever is greater - for
west-facing glazing.

-«—— Existing Building ———»le—— Addition —»

Figure 9-2 — Prescriptive Addition Envelope Requirements

9.5.2 Compliance Forms for Prescriptive Additions

The permit applicant must submit a completed version of the Certificate of Compliance,
CF1R-ADD form, for prescriptive additions when less than
100 f#-ft*.-

Important note: All projects which require third party diagnostic testing and/or field verification
by a HERS rater must also have the CF1R-ADD form uploaded and registered online with a
HERS provider (see Chapter 2).

Use the CF1R-ADD form to document fenestration by orientation. The total percentage of
fenestration should be no greater than the amount summarized above and in Table 9-3A.
West facing area includes skylights tilted to the west or tilted in any direction when the pitch is
less than 1:12 (9.5 degrees from the horizontal), and must not exceed 5 percent of the
conditioned floor area (CFA) in climate zones 2, 4, and 6-16.

Note: Plan checkers will verify on the CF1R-ADD form that the Total Proposed Glazing Area
is less than or equal to the Standard Maximum Glazing Area; and that the Proposed West-
Facing Glazing Area is less than or equal to the Standard West-Facing Glazing Area.

9:53
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9.5.49.5.3  Fenestration Exceptions

New fenestration in prescriptive additions must meet the area-weighted average U-factor and
SHGC requirements in §150.1(c)3A with the following exceptions particularly relevant to
additions:

1. EXCEPTION 1: For each dwelling unit, up to 3 ft* of new glazing in doors and up
to 3 ft? of tubular skylights with dual pane diffusers are exempt;

2. EXCEPTION 2: For each dwelling unit, up to 16 ft* of skylights with a maximum U-
factor of 0.55 and a maximum SHGC of 0.30 is exempt.

See Section 3.5 for further information on fenestration which meets or is exempt from
§150.1(c)3A in new construction.

Other Prescriptive Addition Envelope Measures

For further information on prescriptive envelope measures which are not specific to additions and
not mentionedhighlighted above, see Chapter 3.

Prescriptive Mechanical Measures

For a summary and discussion of prescriptive mechanical requirements when installing new or
replacement space conditioning equipment and/or ducts, see Section 9.6.1.

Example 9-8
Question

When using the performance approach for the addition alone, do the refrigerant charge
requirements in §150.1(c)7A, and fan airflow and watt draw measurements in 8150.0(m)13 need
to be met for existing central split system air conditioners serving an addition?

Answer

If existing equipment is used to serve the addition, the refrigerant charge, airflow and watt draw
requirements do not need to be met as specified by Exception 5 to 8150.2(a). However, if added
ducts to serve the addition are more than 40 linear feet and they are in unconditioned space, then
the ducts must be tested and verified by a HERS rater as described in §150.2(b)1D. All installed
ducts regardless of their length and location shall be sealed and meet insulation levels as
described in 8150.0(m) items 1 through 6.

If a new central split system is installed to serve the addition, it must meet all of the requirements
for air conditioners in a new residence.
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Table 9-3A: Envelope Roof/Ceiling Requirements for Prescriptive Additions

Requirements of

Requirements of
Additions > 400 ft*

Requirements of

requirements

requirements

Component Additions < 400 ft and < 700 ft° Additions > 700 ft
Package A:
—Package A: —Package A: CZ1:11-16: R-38/
- —CZ1,-11-16: R-38-/U=0.025; CZ1-11-16:R-38/U=0.025; | U=0.025; Cz23, 5-7-10: R-
Roof/Ceilin ’ ’ — ’ ’ ’ —_
Insulation: ’ €Z2-10:-R-30-+U=0.031NO CZ2-10:R-30/U=0.031NO0 | 30/U=0.031

CZ 4, 8-16: Option A,

B, or C (see below).

Roof Products
(Cool Roof):

Package A:

Steep-Sloped (> 2:12):
CZ10-15: Reflect.=0.20 and
Emittance=0.75; or SRI=16

Package A:

Steep-Sloped (> 2:12):
CZ10-15: Reflect.=0.20 and
Emittance=0.75; or SRI=16

Package A:

Steep-Sloped (> 2:12):
CZ10-15: Reflect.=0.20 and
Emittance=0.75; or SRI=16

Package A:

Low-Sloped (< 2:12):

CZ13 & 15: Reflect.=0.63 and
Emittance=0.75; or SRI=75

Package A:
Low-Sloped (< 2:12):
CZ13 & 15: Reflect.=0.63

L Exception: Additions < 300 ft*

exempt from all cool roof
requirements.

and Emittance=0.75; or
SRI=75

Package A:

Low-Sloped (< 2:12):
CZ13 & 15: Reflect.=0.63
and Emittance=0.75; or
SRI=75

Radiant Barrier

Package A:
CZ2-15: Radiant Barrier

Package A:
CZ2-15: Radiant Barrier

Package A:
CZ2-15: Radiant Barrier

above Attic Spaces, except

Ventilated Attics

Above Attic: above Attic Spaces above Attic Spaces when complying with Option
B from §150.1(c)
Attic Design Presc!ptlve Insula'Flon Duct Location Duct Leakage
Options Location

5% Total Duct

Ducts in Conditioned
Space (DCS)

Ceiling Insulation — ee—

%

-
High Performance
Ventilated Attic
(HPVA)

R,

™
Above Roof Deck +
Ceiling Insulation

——
—

Below Roof Deck +
Ceiling Insulation

%

Conditioned Space }_

Leakage + Verified
<15 cfm to Outside

_____

Ventilated Attic,
Crawlspaces

____

5% Total Duct
Leakage

—__________

Ventilated Attic,
Crawlspaces

—__________

5% Total Duct
Leakage

Figure 9-3 Ventilated Attic Prescriptive Compliance Choices for Additions >700ft2
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Table 9-3B: Envelope-GlazingRoof and Ceiling Requirements for Prescriptive Additions

Option A (CZ 4, 8-16)

Option B (CZ 4, 8-16)

Option C (CZ 4, 8-16)

Roof Deck Insulationl,2

IAbove deck continuous

insulation: R6 (with air space),

Below deck insulation: R13 (with [None required

air space), R18 (no air space)

R8 (no air space)

Ceiling Insulation

38

Y]
[%¥]
[e¢]

CZ 4, 8-10: R30

CZ 11-16: R38

1. Roof deck insulation should be installed flush with the roof deck. Above deck insulation is applied as

continuous insulation. Below deck insulation is installed in the cavities between trusses.

2. A designed air space may exist between the roof deck and the finishing roofing material, triggering lower

required insulation values.

Table 9-3C: Envelope Glazing Requirements for Prescriptive Additions

Requirements of
Requirements of Additions > 400 ft Requirements of
Component Additions < 400 ft and < 700 ft° Additions > 700 ft
Total Glazing Up to 75 ft* or 30% of Up to 120 ft? or 25% of Up to 175 ft* or 20% of
Area: Conditioned Floor Area, Conditioned Floor Area, Conditioned Floor Area,
whichever is greater whichever is greater whichever is greater
West-Facing Up to 70 ft® or 5% of
Glazing Area: Up to 60 ft? Up to 60 ft? Conditioned Floor Area,
In Climate whichever is greater
Zone 2, 4, 6-16
. Package A: Package A: Package A:
Glazing U- All CZs: U = 0.32 All CZs: U = 0.32 All CZs: U = 0.32
Factor & CZ 2,4 &6-16: SHGC = 0.25 CZ2,4&6-16: SHGC = 0.25 | CZ 2, 4 & 6-16: SHGC =
SHGC™: 0.25
1. See §150.0(g) and §150.1(c)3 for new and replaced window and skylight exceptions .

Table 9-3DC: Envelope Insulation Requirements for Prescriptive Additions

Component

Requirements of
Additions < 400 ft

Requirements of
Additions > 400 ft*
and < 700 ft°

Requirements of
Additions > 700 ft*

Exterior Wall*

In 2x4 Framing: R-13,

In 2x4 Framing: R-13,

Package A:

equivalent U-factor

equivalent U-factor

Insulation: U=0.102 U=0.102 All CZs: U=0.065
nsuiation: In 2x6 Framing: R-19, In 2x6 Framing: R-19,

U=0.074 U=0.074
Raised Floor* Package A: Package A: Package A:
Insulation: All CZs: R-19 or All CZs: R-19 or All CZs: R-19 or

equivalent U-factor
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Slab Floor?

Insulation: Package A:

CZ1-15: No Requirement;
CzZ 16: R-7.0 or U=0.58

Package A:
CZ1-15: No Requirement;
CZ 16: R-7.0 or U=0.58

Package A:
CZ1-15: No Requirement;

CZ 16: R-7.0 or U=0.58

1. R-values refer to wood framing and U-factors refer to metal framing.

Table 9-3E:B HVAC and Water Heating Requirements for Prescriptive Additions

Component

Requirements of
Additions < 400 ft2

Requirements of
Additions > 400 ft2
and < 700 ft2

Requirements of
Additions > 700 ft2

Ventilation Coolingl
(Whole House Fan)

No Requirement.

No Requirement.

Additions < 1,000 ft2:
No requirement

Additions > 1,000 ft2:
Package A Whole
House Fan,
§150.1(c)12

Adding New Space Conditioning
System(s)

All Package A
requirements.

All Package A
requirements.

All Package A
requirements

includingexcept

requirements for Ducts
in Conditioned Space”
where-appropriate-as

ined in Secti

Replacing Existing Space
Conditioning System(s)

All Package A
requirements.

All Package A
requirements.

All Package A
requirements_except
requirements for Ducts
in Conditioned Space”
where-appropriate-as

ned.i -

Adding All New Complete Duct
System(s)

All Package A
requirements.

All Package A
requirements.

All Package A
requirements

includingexcept

requirements for Ducts
in Conditioned Space”
where appropriate-as

ned -

Extending Existing Duct
System(s) by > 40 Feet

All Package A duct
insulation requirements;
duct system sealing and
HERS Verified

All Package A duct
insulation requirements;
duct system sealing and
HERS Verified

All Package A duct
insulation
requirements; duct
system sealing and
HERS Verified. Except
requirements for Ducts
in Conditioned Space”

1. (Note: also mandatory mechanical ventilation per ASHRAE 62.2 with HERS verification for

additions > 1,000 ft?)

1.2. For more information about ducts in conditioned space see Section 3.2.6
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9.5:109.5.4 Prescriptive Water Heating System

If an addition increases the number of water heaters serving a dwelling unit, then the addition
can comply prescriptively if any one of the following conditions contained in §150.2(a)1D.i, ii
and iii_are met:

95111, The additional water heater is a 50 gallon or less, gas storage or
gas instantaneous, non-recirculating water heater with an EF (Energy Factor)
equal to or greater than the federal minimum standards as defined in Section

54 or

+.2. _The building does not have natural gas or propane available; and the
additional water heater is a 50 gallon or less electric storage tank water heater,
or electric instantaneous with an EF equal to or greater than the federal

minimum standards; or

2:.3. A water-heating system determined by the Executive Director of the Energy
Commission to use no more energy than the one specified in item 1 above; or
if no natural gas is connected to the building, a water-heating system
determined by the Executive Director to use no more energy than the one

specified in item 2 above.

If none of these conditions can be met when adding a water heater to an existing dwelling
unit, then the prescriptive addition compliance path cannot be used. In that case, the Existing
+ Addition + Alterations compliance approach must be used to demonstrate overall
compliance with whatever combination of existing and new water heaters serve the dwelling
unit. This is summarized in 8§150.2(a)1D.iv and discussed as part of the overall performance
method in Section 9.5.2.

For other alterations to the water heating system that occur as part of an addition, see Section
9.6.

Example 9-9
Question

A small addition of 75 ft2 is being planned for a house located in climate zone 7. An existing porch
off the master bedroom is being enclosed. The existing heating and air conditioning system will
serve the new conditioned space including an extension of less than 40 linear feet of new ducts.
The contractor wants to follow the prescriptive requirements. What requirements apply?

Answer

Since the addition is smaller than 400 ft?, the total fenestration area is limited to a maximum of 75
ft2 and west-facing fenestration area is limited to 60 ft2. The fenestration must meet the U-factor
and SHGC requirements of Package A. For climate zone 7, these fenestration requirements are a
maximum U-factor of 0.32 and a maximum SHGC of 0.25. For an addition of this size, insulation
only must meet the mandatory requirements of R-30 ceiling insulation; R-13 wall insulation and R-
19 floor insulation. Since the addition is also less than 300 ft?, there is no cool roof requirement.

Since the existing heating and cooling equipment is being used for the addition, that equipment
does not have to meet the mandatory equipment efficiency requirements. Mandatory duct
insulation requirements of §150.0(m) apply (including R-6.0 minimum in unconditioned space). All
other mandatory requirements in §150.0 must be met.
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Example 9-10
Question

If | remove a window from the existing house and re-use this window in an addition to that house,
does the relocated window have to meet the prescriptive requirements of Package A?

Answer

Yes, if using prescriptive compliance, in which case the relocated window must be treated as a
new window and must meet the U-factor and SHGC requirements of Package A, §150.1(c)3. If
you use this existing window in the addition, you must use the actual or default U-factor and
SHGC of the window in showing compliance. Therefore, meeting the prescriptive requirements
may not be possible, and performance compliance may be the only option. Window certification
and labeling requirements of 8110.6(a) do not apply to existing used windows.

Relocated windows must also meet the maximum area-weighted average U-factor in §150.0(q)
with the EXCEPTION of up to 10 ft’square-feet or 0.5% of conditioned floor area, whichever is
greater.

Example 9-11
Question

| am doing an alteration in Climate Zone 12 in which | am moving an existing 25 ft* window to
another location within the same existing wall; and am not increasing total glazing area. Does the
re-located window need to meet any prescriptive requirements?

Answer

Removing an area of glazing in an existing wall, and re-inserting up to the same area of glazing in
a different opening, is considered replacement fenestration as defined in §150.2(b)1B. Exception
1 to §150.2(b)1B states that up to 75 ft* of vertical replacement fenestration in Climate Zone 12
must meet a prescriptive U-factor = 0.40 and an SHGC = 0.35.

Example 9-12
Question

For additions and alterations that include a greenhouse window (also known as garden window),
what are the U factor and SHGC requirements? What is the area used for calculations for
greenhouse windows?

Answer

For greenhouse windows in alterations, they must also meet the prescriptive U-factor and SHGC
requirements of Package A; however, not many greenhouses can meet the new efficiency
prescriptive requirements. In the performance approach, any dual-glazed greenhouse or garden
window installed as part of an alteration complies with the U-factor requirements, §150.1(b)1B.

Alternatively, Greenhouse windows can also meet the prescriptive maximum area-weighted
average U-factor in §150.0(q) with the Exception of up to 10 ft2square-feet or 0.5% of conditioned
floor area, whichever is greater is allowed. Note For greenhouse windows, the window area is the
rough opening.
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However, the SHGC for greenhouse windows must meet the requirements shown in the
prescriptive Package A, or must meet the SHGC used to show compliance in the performance
approach. To meet the SHGC for greenhouse windows, the proposed fenestration may use the
NFRC rated SHGC or the default SHGC from Energy Standards §Table 110.6-B, if the area
weighted average SHGC of the greenhouse window plus other fenestration in the proposed
design meets the values used for compliance is also allowed.

For skylights, Exception to §150.1(c)3A, exempts up to two square foot of tubular skylights from
the U-factor requirements, provided that the ceiling diffusers are dual-paned; and any additional
skylights must meet the U-factor requirements. Skylights may use one of three methods for
determining the proposed SHGC:

1) NFRC rated SHGC,; or
2) Default SHGC from §Table 110.6-B; or

3) If site-built greenhouses then SHGCfen can be calculated from the manufacturer’s center of
glass SHGC (SHGCc) and using the following equation: SHGCfen = 0.08 + 0.86 x SHGCc,

9.5.129.5.5 Performance Method: Addition Alone and Existing + Addition +
Alterations Approach

Additions may comply using the performance approach with one of the following compliance
paths summarized in Section 9.2, Table 9-1:

1. Addition Alone;

2. E+ A+ A Without Third Party Verification;
3. E+ A+ AWith Third Party Verification;

4. E + A+ A as New Construction.

Energy Commission-approved compliance software is used to model the building as explained in
Chapter 8. Whichever compliance path is selected, the Certificate of Compliance (CF1R)
generated by the compliance software must be submitted for permit. If the CF1R includes
energy measures that require HERS testing or verification, the CF1R must also be registered
online with a HERS provider. See Section 2.2.2.

To learn more about what kinds of alterations are assigned energy credit using the Existing +
Addition + Alterations performance approach, see Section 9.5.2.

9.5.51 Addition Alone

In this compliance scenario, the addition alone is modeled using the compliance software and
the existing building is not modeled at all. This approach may work well when the existing
building is not undergoing alterations, and the permitted work scope covers only the addition.

1. Advantages: Data for the existing building is not needed except for the total existing
conditioned floor area which is used to calculate the fractional “number of dwelling
units” for the addition. The existing building is not modeled and not analyzed for
altered components or systems. This typically saves a large amount of time performing
the analysis.

2. Disadvantages: If the addition includes a large area of glazing or is otherwise
deficient in comparison with the prescriptive requirements, it may be difficult to
demonstrate compliance under this approach. Alterations to the existing conditions
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which improve the energy performance of the existing building cannot be used in this
approach as “trade-offs” with the addition.

9.5.5.2 Existing + Addition + Alterations Without Third Party Verification

The existing building with all alterations is modeled together with the addition; and existing
conditions are not verified by a third party HERS Rater. The Standard Design that sets the
energy budget for this approach is automatically based only on the type of each altered
component and not on the existing conditions. Under this performance path the building is
modeled as follows:

1. Addition: All new components at the addition and all new systems serving the addition
are modeled including roof/ceilings and skylights, exterior walls and glazing
(fenestration), raised floors and slab floors, HVAC equipment, ducts and water
heating. All these elements are tagged within the compliance software as “New”; or

2. Existing Components to Remain Unchanged: Existing components and systems to
remain as is (untouched) are modeled and tagged within the compliance software as
“Existing”; or

3. Existing Components to be Altered or Replaced, "Altered”. Each altered component
(i.e. a new component which replaces an existing component) is modeled and tagged
within the performance compliance program as "altered". Each component or system
which remains is modeled and tagged within the compliance software as “Altered”
such as, a new water heater that replaces an existing water heater would be labeled
"altered”; a new water heater that is added to supplement an existing water heater
would be labeled "new". Also, new mechanical equipment that does not replace
existing mechanical equipment would be tagged as "new". No verification of existing
conditions is required in this compliance path; therefore, no “Existing” (pre-alteration)
conditions are specified.

Note: Portions of new fenestration including skylights that will occur in the existing opening of
fenestration to be replaced are tagged "altered". Portions of new fenestration that will occur
where there is no existing fenestration opening are labeled as "new".

9.5.5.3 Existing to be Removed:

Existing roof/ceilings to be removed as part of the permitted work, plus any skylights within
those removed roof/ceilings, are excluded from the model (i.e., they are completely omitted
from the calculations); exterior walls to be removed, and all fenestration areas in those
removed walls, are not modeled; and raised floors and slab-on-grade floors to be removed are
also omitted.

Advantages: Energy improvements to the existing building that go beyond the Standard
Design levels are an energy credit that can be effectively “traded” against features of the
addition that are less energy efficient than required by the prescriptive levels that set the
Standard Design for the addition alone. For example, an addition with a large glazing area
may comply by replacing the existing HVAC system with high-efficiency equipment.

Disadvantages: Detailed plans and other information on the existing building may be difficult
to document and obtain. The E+A+A analysis may be relatively complex and time-
consuming.

Refer to Table 9-4 for a summary of E+A+A modeling rules.
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| 9.5.5.4 Existing + Addition + Alterations With Third Party Verification

The existing building with alterations is modeled together with the addition(s); and existing

| conditions_of the components being altered must be verified by a third party HERS Rrater
before any construction work begins. The Standard Design that sets the energy budget may,
depending on the energy efficiency of the altered component or system, be based on the pre-
altered existing conditions. In those instances, energy credit is calculated as a function of the
difference between pre-altered existing conditions and post-alteration energy measures.
Under this approach the building is modeled as follows:

1. Addition: All new components for the addition and all new systems serving the
addition are modeled including roof/ceilings and skylights, exterior walls and glazing
(fenestration), raised floors and slab floors, HVAC equipment, ducts and water
heating. All these elements are tagged within the compliance software as “New”; or

2. Existing Components to Remain Unchanged: Existing components and systems to
remain as is (untouched) are modeled and tagged within the compliance software as
“Existing”; or

3. Existing Components to be Altered or Replaced: "Existing to be Altered: Each
altered component (i.e. a new component which replaces an existing component) is
modeled and tagged within the performance compliance program as "altered". Each
component or system which remains is modeled and tagged within the compliance
software as “Altered” such as, a new water heater that replaces an existing water
heater would be labeled "altered”; a new water heater that is added to supplement an
existing water heater would be labeled "new". Also, new mechanical equipment that
does not replace existing mechanical equipment would be tagged as "new". No
verification of existing conditions is required in this compliance path; therefore, the
“Existing” (pre-alteration) conditions must be specified.

Note: Removing an area of fenestration in an existing wall or roof, and re-inserting up
to the same total area of glazing in different openings, is considered replacement or
“altered” fenestration as defined in 8§150.2(b)1B. Any net glazing area added to the
total existing fenestration in an existing wall or existing roof is considered “new”
fenestration.

4—Removed Surfaces: Existing roof/ceilings to be removed as part of the permitted
work, plus any skylights within those removed roof/ceilings, are excluded from the
model (i.e., they are completely omitted from the calculations). Exterior walls to be
removed, and all fenestration areas to be removed in those walls, are not modeled;
and raised floors and slab-on-grade floors to be removed are also omitted.

5. Advantages: Energy improvements meeting certain threshold values are credited
based on the difference between existing conditions and the altered component or
system. These energy credits can be effectively “traded” against features of the
addition that are less energy efficient than required by the prescriptive levels that set
the Standard Design for the addition alone. For example, an addition with a large
glazing area may comply by upgrading insulation levels in the existing house.

6. Disadvantages: Detailed plans and other information on the existing building may be
difficult to document and obtain. The E+A+A analysis may be relatively complex and
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time-consuming. And-aA third party verification must be conducted of all existing
conditions prior to construction, and that verification must be registered online with a
HERS provider prior to permit submittal.

Refer to Table 9-4 for a summary of E+A+A modeling rules.

9.5.5.5 Existing + Addition + Alterations as New Construction

A compliance approach rarely used, but available within the Energy Standards, is to model
Existing + Addition + Alterations as all “New” components and systems and the compliance
software sets the energy budget as if the project were an entirely new building.

1. Advantages: Modeling the existing building with alterations and additions as all new
makes the performance analysis relatively simple and less time-consuming. This
method will provide the owner and designer with an energy efficiency compliance
relative to requirements for new construction. Any owner who wants to bring their
building up to new construction energy efficiency levels should have their project
modeled as “new”.

2. Disadvantages: The energy budget with this approach is very stringent. Unless a
building is going through a complete retrofit of all its envelope components, as well as
replacing all mechanical and water heating systems, it is unlikely that the building will
meet the Energy Standards with this approach.

9.5.5.6 __Summary of Modeling Rules

Table 9-4 summarizes the basic rules for compliance software users analyzing a residential
addition or alteration using the Existing + Addition + Alterations approach. For further
information, see the specific compliance software user's manual for details on how to input
data correctly.
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Table 9-4: Modeling Rules for Existing + Addition + Alterations

FablesummarizesbBasic rules for a low-rise residential building using the Existing + Addition +
Alterations performance approach. Note for further details reference the Residential ACM Reference

Manual.

Type of Component or System
Modeled

Standard Design Without Third
Party Verification of Existing
Conditions

Standard Design With Third Party
Verification of Existing Conditions

"EXISTING" --
Components or Systems That
Remain Unchanged

Model each component or system as
"Existing”

Model each component or system as
"Existing”

"ALTERED" -- Model each altered component or  [Model each component or system as
Components or Systems Being system as "Altered" but do not model['Altered" and also model the "Pre-
Changed/Replaced the "Pre-Altered Existing" conditions |Altered Existing” conditions

"NEW" -- Model each component or system asModel each component or system as
Components or Systems Being "New" "New"

IAdded

"REMOVED" -- 'These components and systems are [These components and systems are

Components or Systems Being

omitted entirely from the model
Removed and Not Replaced thisi

(Note:thisis-a-change from-2008
Standards-rules)

omitted entirely from the model
Standards-rules)

9.6

This section provides a road map and a few relevant summaries that identify the Energy
Standards requirements which are unique to alterations. Envelope, mechanical and water heating
system alterations must meet all applicable mandatory measures as discussed in Section 9.3;
and also must comply with the Energy Standards using the prescriptive or performance approach.
If a building does not meet all applicable prescriptive measures, see Section 9.5.1), then the
performance method using of approved compliance software is the alternative, see Section 9.5.2.

Alterations

Residential lighting alterations need to meet applicable mandatory measures discussed in Section
9.3.3 since there are no prescriptive lighting requirements in residential buildings.

9.6.1 Prescriptive Requirements

Although alterations must meet many of the same prescriptive requirements for new construction
and additions, there are several exceptions or special allowances for certain types of alterations.

Table 9-5A provides a detailed outline of envelope requirements for alterations; and Table 9-58-9

provides a similar outline for HVAC and water heating alterations. For each type of alteration, the
tables list:

The highlights of the mandatory measures applicable to that kind of alteration; and
A summary of the relevant prescriptive measures; and

Key exceptions, exemptions or special allowances to the prescriptive measures;
and
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4. The list of prescriptive compliance forms that must be submitted for permit.

9.6.2 Prescriptive Envelope Alterations

Table 9-5A summarizes requirements for the following types of residential envelope alterations: |

1. Adding ceiling or roof insulation to an existing roof; or constructing a new roof on
an existing building;

© N o ok D

Table 9-5A: For Residential Alterations, Summary of Mandatory and Prescriptive Measures

Replacing or adding skylights;

Replacing the roof sheathing of an existing roof;

Replacing part or all of the roof surface of thean existing building;

Adding raised floor insulation over unconditioned space;

Adding vertical fenestration: windows, clerestories and glazed doors.

Adding exterior wall insulation; or constructing new walls in an existing building;

Replacing vertical fenestration: windows, clerestories and glazed doors;

Highlight(s) of Summary of
Applicable Relevant Prescriptive
Type of Envelope Mandatory Prescriptive Exception(s) to the Compliance
Alteration Measures® Measure(s)2 Prescriptive Measures Form(s)
. - Ceiling w/ Attic: CZ1 11-16:
égglfnlgs(l:ﬁgtlir:)gn to [Re0z1 §19 ' U=0: -:934@%38’_9;&9'25 |
an Existing Roof; 150.0( N/A
or a New Roof on CF1R-ALT
an Existing Roof Rafters:
Building R-19, U=0.056  10-031 |
8150.0(a)
Adding Exterior In2x4 Framing: R-13, P
Framed Wall U=0.102 In 2x4 Framing:
Insulation3 . R-13, U=0.102
In 2x6 Framing:
or a New Wall R-19, U:O.074II In 2x6 Framing: N/A CF1R-ALT
in an Existing Exception: Walls _
Building already R-19, U=0.074
insulated to R- (same as
11 §150.1(c) Mandatory)
cz2-15: Granalzie
Replacing Roof §110.8(] Radiant Barrier (b) Not - a h
Sheathing 80) above Attic (L) NOLreguired when CF1R-ALT
installing below roof deck
Spaces ; -
insulation
(a) Air space of 1.0" between
roof deck and bottom of
roofing product; or,
Steep Sloped (b) Profile ratio of rise to
. (> 2:12): width of 1:5 for >50% width of
Replacing > 50% .
of the Existing | §110.8() €210 - 15: roofing product; or, CF1R-ALT
Roof Surface Reﬂect.—O.ZO and (c) Existing ducts in attic
Emittance=0.75; insulated and sealed per
or SRI=16 §150.1(c)9; or,
(d) Roof has > R-38 ceiling
insulation; or,
(e) Roof has a radiant barrier
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per §150.1(c)2; or,

(f) There are no ducts in the
attic; or,

(9) In CZ10-15, >R-4.0
insulation above the roof
deck.

Low Sloped<
2:12:
CZ13 & 15:

(a) There are no ducts in the
attic; or,
(b) Reflectance and Roof

Reflect.=0.63 and | Deck Insulation R-value in CFIR-ALT
Emittance=0.75; Table
or SRI=75 150.2-A are met.
CZ 4, 8-16: Roof
- deck, ceiling
. . §150.0(a) Ceilings insulation, and
Replacing Enlire Ifag:lnl E.ntlre and rafter roofs radiant barrier .
Roof. includin achieve R19 or according to NIA CFIR-ALT
sheatning weighted U=0.054 §150.1(c)1A
using Option A; or
B.
Added fenestration up to 75
Weighted average ft* need not meet Total or
U-fa%tor —or< 0958 Must not exceed West-facing fenestration area
. : the 20% Total or | as per §150.2(b)1A Exception
Ez)mptlﬂ' Upto 10 5% West 1
0 .
Adding or f(tiocr)lzji(:fc?n/gngloor Fenestration Area C)J
Replacing Area. whichever is with a U-factor = Replacement skylights CF1R-ALT
Skylighty roater. is exempt 0.32 (all CZs); 16 #2 with a U=0.55 and
D e Lty | InCZ2,4 &6-16: | SHGC=0.30 and not meet the
requirement SHGC =0.25 total fenestration and West-
§1(130 1(q) §150.2(b)1.A. facing area requirements as
-~ per §150.2(b)1 A Exception
2.
- A-2x4-Framing:
Framed-Wall 13, U=0102 _
lnsulation® In-2x6-FramingR- 13, U=0-102
_ ' h-2x6-Framing:
oraNew Wall 19,U=0.074 _ NIA CFIR-ALT
Building EIEE;“. Vans {same-as
R-11-8§150.1(¢) Mandatory)

Table 9-5A: Residential Alterations, Summary of Mandatory and Prescriptive Measures (continued)

Type of Envelope Highlight(s) of Summary of Exception(s) to the Prescriptive
Alteration Applicable Relevant Prescriptive Measures Compliance
Mandatory Prescriptive Form(s)
Measures® Measure(s)?
Adding Raised R-19 or equivalent
Floor Insulation | U-factor R-19 or equivalent
Exception: Floors U-factor N/A CEIR-ALT
over controlled (same as
ventilation or Mandatory)
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unvented
crawlspaces per
§150.1(d)

Replacing
Vertical
Fenestration®

Weighted average
U-factor = or < 0.58

Exemption: Up to 10

Replacement of vertical
fenestration up to 75 ft*:
U=0.40 (in all CZs) and

requirement
§150.0(q)

§150.2(b)1.A.

(Altered Glazing) | % or 0.5% of ’S”fgczt; 032 SHGC=0.35 in CZs 2, 4 & 6-16
,(A:?en;mv\?hri]gﬁel\:/lgroi; CZ 2. 48616 as per §150.2(b)1B Exception 1 CE1R-ALT
L SHGC =0.25 '
greater, is exempt
from the U-factor §150.2(b)1.B.
requirement
§150.0(q)
Adding Vertical Weighted average Must not exceed Added fenestration up to 75 ft°
Fenestration” U-factor = or < 0.58 the 20% Total or need not meet total or west-
(New Glazing) Exemption: Upto 10 | 5% West facing fenestration area
and Greenhouse | ft° or 0.5% of Fenestration Area | requirements as per
Conditioned Floor U-factor = 0.32 (in | §150.2(b)1A Exception 1 .
Area, whichever is all CZs); In
greater, is exempt CZ2, 4 & 6-16: Added Greenhouse must either CF1R-AL
from the U-factor SHGC =0.25 meet the maximum U-factor of

0.58 or weighted average U-
factor of 0.58 or up to 10ft* or
0.5% of CFA whichever is
greater as per §150.0(q)1.

1: Alterations must comply with all applicable mandatory measures in §110.0 and §150.0 of the Energy Standards
as explained in Chapters 3, 4, 5 and 6 of this Manual.

2: Several prescriptive measures are Climate Zone (CZ) specific.

walls.

3: There are no mandatory measures or prescriptive requirements when altering below-grade or exterior mass

4: Replacement fenestration is new fenestration that is located in the same existing wall or roof in which the same
or larger area of existing fenestration is being removed. It labeled as "altered. Any new fenestration area that
increases the total net area of fenestration in any existing wall or roof is labeled as "new".

9.6.2.1

-Greenhouse Windows

Greenhouse or garden windows are special windows that project from the fagade of the building
and are typically five sided structure. An NFRC-rated U-factor for greenhouse windows is typically
quite high and may not meet the mandatory requirements for the fenestration U-factor of 0.58.

The ways to meet this mandatory measure for greenhouse windows are:

Must have a maximum U-factor of 0.58 or better; or

Use the area-weighted average for all new and replacement fenestration with a combined
mandatory maximum of 0.58 U-factor as per §150.0(q)2; or

The Exception to §150.0(q)1 for up to 10 ft* or 0.5% of CFA, whichever is greater; or

When using the performance approach Exception 1 as per §150.2(b) - Any dual-glazed
greenhouse or garden window installed as part of an alteration complies automatically with the U-
factor and meets the requirements as per §150.1(c)3.
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963 9.6.2.2 Adding Insulation to Existing Roof/Ceilings, Walls and Raised
Floors

The prescriptive requirement for alterations is to add the equivalent of the specified level of batt
insulation that fits within the cavity of wood framed assemblies:

1. R-38-19 or greater in between wood-framing members or a weighted average U-
factor equal to or less than 0.054 for insulation installed at ceilings and rafter roofs.
- - T I I I : I - s in ol
zohes-2 threugh-10:-erand

2. R-13in 2x4 exterior walls, and R-19 in 2x6 or greater exterior walls, with no
exterior rigid insulation required; or

3. R-19in raised floors over crawl spaces, over open outdoor areas and over
unheated basements and garages.

964 9.6.2.3 Replacing the Roof Surface or Roof Sheathing_(partial or entire
replacement)

A. STEEP-SLOPED ROOFS (> 2:12)

In eClimate zZones 10 through 15: if 50% or more of the existing building’s roof surface is being
replaced, the minimum cool roof requirement for the replaced steep-sloped roofing area shall
have anis aged solar reflectance of= 0.20, thermal emittance_of-= 0.75 or a minimum SRI of= 16.
These requirements above apply unless oneany of the following below is present which are
considered equivalent to the cool roof requirements in §150.2(b)1Hi:

1. Air space of 1.0" (25mm) between the roof deck and the bottom of the roofing
product; or

2. Roofing product profile ratio of rise to width is at least 1:5 for >50% width of roofing
product; or

High Profile Tile — Tiles having a rise to width ratio greater than |:5 (measured in installed condition)

HY S

fe—W—>

Concrete Tile P Clay Tile

Existing ducts in attic insulated and sealed according to §150.1(c)9; or
Building has at least R-38 roof/ceiling insulation; or

Roof of attic spaces has a radiant barrier according to §150.1(c)2; or
There are no ducts in theany attic space; or

In Climate Zones10 through 15 enly: greater than R-2.04-0 insulation above the
roof deck.

N o g~ w

B. LOW-SLOPED ROOFS (< 2:12)

In eClimate zZones 13 and 15: if 50% or more of the existing building’s roof surface is being
replaced, the minimum cool roof requirements for low-sloped roofs shall have anare aged solar
reflectance of= 0.63, thermal emittance of= 0.75 or a minimum SRI of= 75 per §150.2(b)1Hii.
These apply unless one of the any-efthe following is present which are considered equivalent to
the cool roof requirements in §150.2(b)1Hii:

1. There are no ducts in any attic space; or
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2. The aged solar reflectance can be traded off with additional insulation being added
at the roof deck as specified in Table 150.2-A of the Energy Standards.

Table 9-6_Aged Solar Reflectance Insulation Trade Off Table

Roof Deck Roof Deck
Aged Solar Reflectance Insulation R-value Aged Solar Reflectance Insulation R-value
0.62 — 0.60 2 0.44 -0.40 12
0.59 -0.55 4 0.39-0.35 16
0.54 - 0.50 6 0.34-0.30 20
0.49 — 0.45 8 0.29 - 0.25 24

C. ROOF SHEATHING

In eClimate zZones 2 through 15: if roof sheathing over an attic space with a continuous radiant
barrier is being replaced, a continuous radiant barrier must be re-installed.

In Climate Zones 4, 8-16: if the entire roof sheathing over a ventilated attic space is being
replaced, roof and ceiling insulation must be installed to meet the following prescriptive
requirements (as specified in §150.1(c)1A):

Option A: R-8 or R-6 above roof deck insulation (see detailed explanation on required R-value in
Compliance Manual Section 3) AND R-38 ceiling insulation

Option B: R-18 or R-13 below roof deck insulation (see detailed explanation on required R-value
in Compliance Manual Section 3) AND R-38 ceiling insulation

Option C: Verified ducts in conditioned space AND R-30 or R-38 ceiling insulation

Example 9-13
Question

There is a Victorian building that has been converted to an office building and needs to have a
shake roof replacement. This building has a vented unconditioned attic with the insulation on the
ceiling. Would | need to meet §150.2(b)Hi?

Answer

No, this section does not apply. The occupancy type has been changed to nonresidential. Since
the Victorian building has a shake roof and is considered a steep sloped roof, 8141.0(b)2Bib for
nonresidential buildings would apply.

965

If any fenestration (i.e. windows, skylights, clerestories, and glazed doors) that is being removed
and replaced in an exterior wall or roof, it is considered “replacement fenestration”.

9.6.2.4 Replacement Fenestration

Example 9-14
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Example-9-14

Question

An existing building, 50 ft* of total 85 ft* vertical glazing is being removed from an existing south
wall and new glazing will be replaced as part of the alteration in the same opening. What
requirements apply?

Answer

Since; 50 ft? is treated as “replacement” fenestration and 35 ft* is considered existing,-then the
replacethe replacedmentof fenestration must comply with the requirementsmeasures in
8150.2(b)1B; or for this example Exception 1 to 8150.2(b)1B can used. Vertical fenestration not
greater than 75 ft° can meet the requirementsmeasures by installing fenestration no greater than
a U-factor of 0.40_in Climate Zones 1-16 and SHGC of 0.35_in Climate Zones 2, 4, and 6-16.

Replacement fenestration is an area of new fenestration which replaces an equal or greater area
of glazing removed in the same existing wall or roof area. It is labeled as “altered” fenestration,
and it need not occur in the same exact openings as the glazing being removed as long as it is
being installed in the same existing wall or roof surface which remains a part of the existing
building. Any added fenestration area that is larger than the total altered glazing area) is labeled
as “new”.

966 9.6.2.5 New Fenestration in Alterations

The 20132016 Enerqy Standards have relaxed some of the prescriptive restrictions on new
vertical fenestration for alterations in existing dwellings. When new vertical fenestration is added
in existing dwellings, up to 75 ft’square-feet are not required to meet the overall total fenestrations
limit (20 %percent of the CFA) and the west-facing area limit (5 %pereent of the CFA). This
provides for additional flexibility to meet the Energy Standards requirements using the prescriptive
approach, without having to resort to the performance approach. However, this additional
fenestration must meet the prescriptive U-factor and SHGC requirements of Package A or meet
the U-factor and SHGC requirements of Exceptions 1 and 2 to Seetion-8§150.2(b)1B.

Example 9-15
Question

An existing house in eClimate zZone 12 has all single-pane windows. All of the windows will be
replaced within existing openings, except a pair of 40 ft* French doors to replace an existing 30 ft?
window. What requirements apply?

Answer

For prescriptive compliance, replacement fenestration (equal to or less than the area of existing
windows in each wall being altered) and new additional fenestration area must both meet the U-
factor (0.32) and SHGC (0.25) in Package A. The post-alteration total glazing area must be no
greater than 20% of conditioned floor area, and all installed fenestration also must meet
applicable mandatory measures.

In order to use the performance approach, at two or more energy measure must be used as a
trade-off within the house per §150.2(b)2. For example, if the homeowner is replacing the 1)
water heater along with 2) window replacements, then the Existing + Alterations calculation is
available as a compliance alternative. In that case:
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() In the Existing + Alterations approach without third party verification, replacement fenestration
that achieves the fenestration values in Table 150.2-B of the Energy Standards is compared to
those same values in the Standard Design. Replacement fenestration that does not reach these
values is penalized; or,

(b) In the Existing + Alterations approach with third party verification, replacement fenestration
that achieves the fenestration values in Table 150.2-B _of the Energy Standards is compared to
8Tables 110.6-A and 110.6-B default values for the existing fenestration condition. Replacement
fenestration that does not reach these values is penalized:

(c) New-forthe 2013 2016 istThe use of window films in lieu of fenestration replacement.
Windew-films are considered as an alteration option to existing fenestration for energy
compliance. Similar to fenestration replacement the window film must also meet the Standard
Design for altered component with or without third party verification as indicated in Table 150.2-B
of the Energy Standards. Also, see window film installation protocols in Referenrce-Appendices
RA4.2.3.

Example 9-166
Question

An existing building has all single-pane, metal-frame windows. A proposed remodel will replace all
the windows; no other work is being done as part of the remodel. What applies?

Answer

Slnce onIy the wmdows are being replaced, Beeause—twe—e#mem—a#e#ed—eempen@%s—a#e

meet—the%t&nda#ds—As—a—Fe%m—the—a;eaAnged—awrage—ef all replacement Wlndows must

meet the requirements of Package A, and new fenestration must also meet applicable mandatory
measures of §110.6, §117.0 and §150.0.

Example 9-17
Question

An existing building has all single-pane, wood-frame windows. Two double-pane, metal-frame
greenhouse windows will be added as part of a remodel. How should the greenhouse windows be
treated?

Answer

Since greenhouse windows add conditioned volume, but do not add conditioned floor area, this
remodel is considered an alteration rather than an addition. For the purposes of alterations, any
dual-glazed greenhouse windows installed as part of an alteration may use 8150.0(q) to meet the
U-factor and Package A to meet SHGC requirement.

If two or more types of altered energy measures are in the existing building, the Existing +

Alterations performance method may be used.-as-explaired-above-in-the-anrswerto
Example-9-15: All applicable mandatory measures must be met.
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Example 9-18

Question

Why are the low-sloped roofing products requirement only listed for Climate Zones 13 and 15?
Answer

These two climate zones are the only climate zones which show energy cost-effectiveness for
having a low-slope roofing product (cool roof) requirement.

Example 9-19
Question

Why are there so many exceptions to the addition and alterations section that can be considered
equivalents to Roofing Products?

Answer

There are several energy features that arehave-aroughly equivalent or having greater impact on
energy savings than the Roofing Products.ceelrootrequirements. For example: Fhere-are-e0lder
vintage-struetureshomes-that often have ducts under the house rather than in the attics; and
newer homes may have materials just slightly below current requirements or equal to one of the
items considered to be equivalent._If the ducts are insulated and air leakage controlled to meet
current requirements, energy savings are expected to be at least equal the benefit of reflective
roof coverings.

Example 9-1920

Question

What happens if | have a low-slope roof on most of the house but steep-sloped roof on another
portion? Do | have to meet two different criteria for the roofing products?

Answer

Yes. If your house is in €Climate 2Zones 13 or 15, you will need to meet the low-slope criteria for
the areas with low-slope. The areas with steep-slope roof will need to meet the other cool roof
criteria.

Example 9-181921

Question
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| am replacing my existing wood shake roof with asphalt shingles. Would this be considered a
repair?

Answer

No. A repair is defined as a reconstruction or renewal for the purpose of maintenance of any
component, system or equipment of an existing building. A replacement of any component (i.e.
roof top), system, or equipment for which there are requirements in the Energy Standards is
considered an alteration and not a repair.

Example 9-2122
Question

Where do radiant barriers need to be installed when using the prescriptive Package A or meeting
the performance standards where credit is taken for retrofitting a radiant barrier in the existing
house?

Answer

The radiant barrier only needs to be installed on the underside of an attic roof assembly and the
gable wall ends associated with an addition. The prescriptive requirement is the same for entirely
new buildings.

Example 9-2223
Question

| am considering doing a reroofing on my house. Under what conditions will | be required to put on
a cool roof?

Answer

Cool roof requirements are triggered when 50 %pereent or more of the roof area is being
replaced. Prescriptive requirements are waived if one of the Exceptions to §150.2(b)1H below
applies:

Prescriptive Exceptions for Steep-Sloped Roofs

1. Air-Space of 1.0 inch (25 mm) is provided between the top of the roof deck to the bottom of the
roofing product; or

2. The installed roofing product has a profile ratio of rise to width of 1 to 5 for 50%-pereent or
greater of the width of the roofing product; or

3. If existing ducts in the attic are insulated and sealed according to §-150.1(c)9 ; or
4. Buildings with at least R-38 ceiling insulation; or

5. If the building has an attic radiant barrier meeting the requirements of §150.1(c)2 ; or

6. Buildings with no ducts in the attic; or
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7. If in eClimate Zones 10-15, R-24 or greater insulation above the roof deck.

Prescriptive Exceptions for Low-Sloped Roofs

1. Buildings with no ducts in the attic; or

2. Aged Solar Reflectance and roof deck insulation R-value in 8Table 150.2-A are met.
Alternatively, the building may show compliance using the performance approach.
Example 9-2324

Question

I am building a 450 ft2 addition on my house. Do | have to meet cool roof requirements in the
prescriptive package?

Answer

Yes. If using prescriptive compliance, the roof must meet the cool roof requirements of Package
A for the type of roof slope and density. To avoid the cool roof requirements, you may use the

performance approach and tradeoff against other energy efficiency features of the addition alone
or the existing building by using the Existing + Addition + Alterations approach.

9.6.79.6.3 __ Prescriptive HVAC System and Water Heating Alterations

The Energy Standards apply to alterations of the heating and cooling system whether or not the
alterations correspond to an addition to the building. This section describes the conditions where
compliance is necessary and describes the corresponding prescriptive requirements.

If the heating and cooling system is left unchanged as part of an addition or alteration, then
compliance with the requirements for altered HVAC systems is not necessary. Extension ef-an
existing-heating-and-cosoling-system,-such-as-extension of a duct is not considered a change to
the existing heatlng and coollng equment —the#e#e;e—the—eaesﬂng—heaﬂng—&nd—eeehng—system

Feqwmmenfes- However the new ductse*tengens—ef—the—duet—systems must meet mandatory

requirements described in Section 9.4.2; and prescriptive requirements described below.
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Example 9-2425
Question

An existing 1,500 ft2 single family residence is getting a 500 ft? addition. A new 50 gallon gas
water heater will replace the existing water heating system. How do the water heating
requirements apply?

Answer

Since this is an alteration to an existing water heating system, no water heating calculations are
required for compliance of the addition alone. However, applicable mandatory measures apply.
The water heater must have an Energy Factor equal to or greater than the federal minimum
standards, or R-12 insulation wrap. The first 5 ft. of hot and cold pipes must be insulated. If
building energy compliance is achieved with the Existing + Addition + Alterations calculation, the
EF and other energy features of the water heating system are modeled in the performance
method.

Example 9-2526
Question

An existing 2,000 ft2 single family residence has one 50 gallon gas water heater, and a 600 ft?
addition with a new instantaneous gas water heater is proposed. How does this comply?
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Answer

When there is an increase in the number of water heaters with an addition, the Energy
sStandards allow addition alone compliance in certain circumstances. Since this is an
instantaneous gas water heater, it may be installed if it can be demonstrated that it uses no more
energy than a 50 gallon gas non-recirculating storage tank (see Prescriptive Water Heating
Alterations above). Since 8150.1(c)8AB declares a single instantaneous gas water heater to be
equivalent to a standard 50 gallon storage water heater, then no water heating calculations are
required. The Mmandatory measures still apply.

The Oother alternatives are to show compliance is by using thewith existing-plus-addition or
whole building compliance.

Example 9-2627
Question

An existing single family residence with one electric water heater has a 500 ft?> addition with a 30
gallon electric water heater proposed. Does this comply?

Answer

When there is an increase in the number of water heaters with an addition, the Energy Standards
allow addition alone compliance in certain circumstances.

If this residence does not have natural gas connected to the building and the new water heater
has an EF equal to or greater than the federal minimum standards, the system automatically
complies. No water heating calculations are submitted.

If it does have natural gas connected, then the new water heater must be natural gas, or
calculations are required to show the proposed water heater would use no more TDV energy than
a 50 gallon natural gas water heater with an EF equal to the federal minimum standards.

9.6.8 9.6.3.1 HVAC "Changeouts"
The Energy Standards make a distinction between two types of HVAC "changeout" situations:
1. Entirely New or Complete Replacement Space Conditioning Systems;
2. Altered Space Conditioning Systems.

The differences in the requirements for these two types of HVAC changeout situations are
discussed in the following sections.

9.6.9A. Entirely New or Complete Replacement Space Conditioning Systems

9.6-10 When an Entirely New or Complete Replacement Space Conditioning Systems is
installed, the system must meet all applicable mandatory measures, including:

9.6-11 8150.0(h) — Space conditioning equipment loads, design, installation, etc.;
8150.0(i) — Thermostat requirements;

8150.0(j)2 — Refrigerant line insulation thickness;

8150.0(j)3 — Refrigerant line insulation protection;

§150.0(m)1 — California Mechanical Code(CMC) compliance;

8150.0(m)2 — Factory fabricated duct system UL requirements;

2016 Residential Compliance Manual Date



Additions, Alterations and Repairs — Alterations Page 9-47

§150.0(m)3 — Field fabricated duct system UL requirements;

§150.0(m)4 — Duct R-value minimum ratings;

§150.0(m)5 — Duct insulation thickness and R-value;

§150.0(m)6 — Duct labeling requirements;

§150.0(m)7 — Backdraft damper requirements on vent systems;
§150.0(m)8 — Gravity ventilation system dampers;

§150.0(m)9 — Protection of insulation;

8150.0(m)10 — Prohibition of using porous inner core;

8150.0(m)11 — Duct system sealing and leakage testing for new systems;
§150.0(m)12 — Air filtration requirements;

§150.0(m)13A — HSPP/PSPP, mandatory return duct sizing (or diagnostically tested airflow
and fan efficacy);

§150.0(m)15-13B-C — Requirements for zonally controlled systems;
These systems must also meet the prescriptive requirements found in:
§150.1(c)6 — Allowed heating system types;

8150.1(c)7 — Space heating and cooling system minimum efficiencies and refrigerant charge
verification in eClimate zZones 2, 8 through 15.

§150.1(c)9 - Duct insulation requirements;

8150.1(c)10 — Central fan integrate systems added or required as part of an addition or
alteration must meet the 0.58 watts per cfm requirement.

These requirements are discussed in detail in Chapter 4, HVAC Requirements.

Note: Completely New or Replacement Duct Systems in multifamily dwelling units shall meet the 12%
(total leakage protocol), or 65% (leakage to outside protocol) criteria used for newly constructed systems
(may also use the smoke test protocol if the system does not meet these criteria). Otherwise, altered duct
systems in multifamily dwelling units shall meet the 15% (total leakage protocol), or 10% (leakage to
outside protocol), or smoke test criteria given in §150.2(b)1Dii{b}.

A system installed in an existing dwelling shall be considered an Entirely New or Complete
Replacement Space Conditioning System when:

1. the air handler and all of the system heating/cooling equipment ( e.g. outdoor
condensing unit and indoor cooling or heating coil for split systems; or complete
replacement of a package unit),are new, and

2. the duct system meets the definition of an Entirely New or Complete Replacement Duct
System (including systems less than 40 fteet in length).
An altered duct system installed in an existing home shall be considered an Entirely New or
Complete Replacement Duct System when:
1. atleast 75 %pereent of the duct material is new, and
2. any remaining components from the previous system are accessible and can be sealed.

Altered duct systems that do not meet the definition of Entirely New or Complete Replacement
Duct Systems shall be considered an Extension of an Existing System.
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Space conditioning systems that do not meet the definition of Entirely New or Complete
Replacement Space Conditioning Systems shall be considered Altered Space Conditioning
Systems.

9.6.12B. Altered Duct Systems — Duct Insulation and Sealing Requirements

When more than 40 linear feet of ducts are installed in an unconditioned space, it must be
insulated to an installed minimum R-value as described in Table 9-7below:

Table 9-7 Duct Minimum R-Value
Climate Zone 1-10,12 & 13 11,14 -16
Duct R-value R-6 R-8

When Mmore than 40 linear feet of ducts are installed in conditioned space, the ducts must be
insulated to the minimum mandatory insulation level of R-4.2 and be verified to be in conditioned
space by both visual verification and diagnostic testing in accordance to RA3.1.4.3.8.

Entirely New or Complete Replacement Duct Systems must meet the mandatory requirements of:
9-6-131. 8150.0(m)12 — Air filtration requirements, and

9-6-142. 8150.0(m)13 — HSPP/PSPP, mandatory return duct sizing (or diagnostically
tested airflow and fan efficacy).

These requirements are discussed in detail in Chapter 4.

Entirely New or Complete Replacement Duct Systems must also be sealed to the criteria for “new
duct systems” found in Table RA3.1-2, discussed below.

BecauseAn -Entirely New or Complete Replacement Duct Systems mayean also include the
original air handler, which may leak substantially more than the new equipment. Therefore, -Aan
attempt should be made to seal the duct system and the air handler to meet the 6-5 %percent (of
nominal system central fan airflow) leakage rate criteria. If the 6-5 %percent leakage rate criteria
cannot be met, a smoke test should be performed to verify that the excess leakage is eoming-only
from-non-accessible-the-furnace-cabinet-{air-handlercabinet}, and not from other accessible
portions of the duct system. Note that the protocol for Smoke Test effor Accessible-duct Sealing
given in Reference Residential Appendix RA3.1.4.3.7. makes an exception for the furnace cabinet
fair-handlercabinet):

Note that this will satisfy the sealing requirement and does not cause the system to no longer
meet the definition of an Entirely New or Complete Replacement Duct Systems.

Altered duct systems that do not meet the definition of Entirely New or Complete Replacement
Duct Systems shall be considered an Extension of an Existing System. These duct systems are
required to meet one of the leakage criteria for “altered existing systems” cases in Table RA3.1-2.

Because-dDuct sealing is a mandatory measure; therefore alterations to an existing duct system,
such as adding or replacing sections of duct, will trigger duct sealing. However, cost-
effectiveness must also be taken into account. Having to seal an entire system because one foot
of duct is being removed may not be cost effective all by itself. The Energy sStandards set the
length of 40 fteet of duct as a criterion to trigger this requirement.

If 40 fteet of duct are being added or replaced, this work alone can trigger the requirement for
duct sealing and field verification. The system would have to meet one of the leakage criteria for
“altered existing systems” cases in Table RA3.1-2.

In addition to the duct sealing requirements, the added or replaced ducts must also meet the air
distribution requirements of §150.0(m) and the duct insulation requirements of 8150.1(c)9. Note
that the air distribution and duct insulation requirements must be complied with in all climate
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zones; however, these requirements apply to only new or replaced ducts, the existing and
unaltered ducts do no need to comply with these requirements.

Installing 40 fteet or less of new or replacement ducts alone will not trigger the sealing
requirements described above; however, the new ducts and connections must still meet the air
distribution and duct insulation requirements of §150.0(m) and §150.1(c)9.

9.6-15C. Altered Space-Conditioning Systems - Duct Sealing and-lnrsulation

Existing duct systems must be sealed and verified by a HERS rater when portions of the
heating and cooling system are altered. The requirement applies in all climate zones.

9.6-16 An air handler is installed or replaced.
Ducts must be sealed (as described below) under any of the following circumstances:

1. An outdoor condensing unit of a split system air conditioner or heat pump is installed
or replaced,

A cooling or heating coil is installed or replaced;
More than 40 fteet of new or replacement ducts are installed-in-thconditioned-space

abeve:If a residence has more than one duct system, only the ducts connected to the altered
equipment need to be sealed and verified.

There are three options for showing compliance for existing duct systems listed below. The
HERS rater or installing contractor must at least attempt compliance with the first option (15
Yopercent leakage); then any of the other options can be utilized:

a. Total leakage is less than 15 Y%percent of nominal system fan airflow
(RA3.1.4.3.1);

b. Leakage to the outside is less than 10 %petrcent of system fan airflow
(RA3.1.4.3.4);

c. If the first option (15 %percent) leakage target cannot be met, then compliance can
be achieved by sealing all accessible leaks verified by a HERS rater inspection.
When using this option sampling is not allowed (RA3.1.4.3.5-7).

d. HERS field verification is required for all options listed above. For options 1, and 2,
verification can be accomplished through sampling as described in Sampling for
Additions or Alterations below. For option 3, sampling is not allowed; a certified
HERS rater must do the visual inspection and the smoke test on every house that
chooses option 3.

e. Since test equipment must be set up for the first three options, it may be most
efficient to test and record the results for the existing system and then attempt to
meet each option sequentially until compliance is achieved.

f. There are a few cases where duct sealing and duct leakage verification are not
required. These exceptions include the following:

9.6.17e¢  Ducts that have already been sealed, tested, and certified by a
HERS rater;

¢ Duct systems with less than 40 ft of duct-in-uncenditioned-spaces;

¢ Duct systems that are insulated or sealed with asbestos.

9618 Accessible Ducts
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Several code sections and protocols require a smoke test to demonstrate that all
accessible leaks have been sealed.

Accessible is defined in Jeint-Appendix JAL as “having access thereto, but which first may
require removal or opening of access panels, doors, or similar obstructions.”

Ducts located in an attic or crawlspaces are generally considered accessible because
code requires access to those spaces. Access is usually gained by opening a door, hatch,
or other moveable panel. If this can be done without causing damage that would need to
be repaired, this is considered accessible. It is not expected that drywall sections have to
be cut or damaged to gain access.;

Some judgment is required in determining if ducts are accessible or not. The local code
enforcement agency will have the final say when it is not immediately obvious.

9.6-19 For example:

If a boot is buried in insulation, then the boot would be considered accessible since the insulation
could be moved or the register could be taken off to gain access so that it can be sealed.

When an air handler is replaced, the removal of the air handler would give the installer access to
the attached plenums and ducts. These newly accessible areas of the duct work shall be sealed
since they may be source of air leakage. Special attention should be given to where wall cavities
are used as plenums and ducts.

If the ducts are buried under insulation, and gaining access to the leaks in these ducts would

require substantialymoving-disturbing-the insulation, this would also be isprobably-net

considered accessible;

If a leak in the duct system is in too small a space between framing members for an average size
person to be able to reach the joint to seal it, then this is probably not considered accessible;

If ducts are suspended far above the ground and reaching them would require scaffolding or
special equipment other than normal ladders, then these are probably not considered accessible;

If sheet metal ducts are wrapped with insulation and a smoke test indicates multiple small leaks
along the lengthwise seams in the ducts in many locations, it is probably not cost effective to
remove the insulation to find and seal these leaks. However, if one or more location shows a very
obvious and substantial leak, it sheuld-must be sealed.

All other portions of the duct system for which a smoke test identifies the presence of leakage
must be sealed in order to comply. The exemption for inaccessible portions of the duct system is
applicable only if the other criteria for duct leakage compliance cannot be met.

The installing contractor may perform a smoke test to locate and seal accessible leaks, or assess
whether or not the duct leaks are accessible. However, compliance by smoke test and sealing all
accessible leaks must be determined by a smoke test that has been conducted by a HERS rater.

9.6:20 Refrigerant Charge Verification

In climate zones 2, and 8-15, when a refrigerant containing component of an air conditioner or
heat pump is replaced or installed in an existing building, §150.2(b)1F requires systems that do
not have a Sibfault indicator display (FID) installed to have refrigerant charge field verified in
accordance with all applicable procedures specified in Reference-ResidentialAppendix Sections
RA3.2.2, or Reference Residential-Appendix RAL.

The RCV procedures in RA3.2 are not intended to replace the equipment manufacturer’s charging
procedures and specifications. The installer must first charge the system according to the
manufacturer’s instructions and specifications. It is important to know that the procedures in
RA3.2 are not procedures for charging a system; rather, they are procedures for verifying proper
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charge. HERS Rraters are not allowed to adjust the refrigerant charge in systems that they are
verifying. Raters are also prohibited from performing the weigh-in charge verification procedures.
However, when specified by the Energy Standards, a Rrater may observe the installer while the

installer performs the weigh-in procedure to verify compliance as specified in Seetien RA3.2.3.2
(described below).

In both cases the HERS Rrater must also confirm minimum system airflow.—This-sheould-be-done
bot YT i I .
Charge-indicator DisplayFault indicator display. As an alternative to RCV the installer

may install a special device called a eharge-indicator-displayfault indicator display
(SIBEID). When this alternative is used by the installer, a HERS rater must still field

verify the installation and operation of the FID as well as confirm minimum system
airflow.

A

A—This device provides real-time monitoring of the air conditioning system and will
show a warning visible to the home’s occupants when the system is either over or
undercharged, or if the system airflow rate does not meet the minimum requirement.

The display unit must be located within one foot of the thermostat. 8§350-1{c}7Aib
states:

(When applicable, systems shall) be equipped with a eharge-indicatordisplayfault
indicator display (G+BFID) device that provides a clearly visible indication to the

occupant when the air conditioner fails to meet the required system operating
parameters specified in the applicable section ef-Reference-Joint-Appendix JA6 for the
installed SHBFID technology. The €IBFID indication display shall be constantly visible
and within one foot of the air conditioners thermostat. GIBFID installations shall be
confirmed by field verification and diagnostic testing utilizing the procedures specified

in Reference ResidentiaAppendi-RA3.4.2.

Minimum Airflow. When refrigerant charge verification_(RCV) is required for compliance,

the system must also comply with the minimum airflow requirementspecified-in
RA3-2:2-70f 300 cfm/ton according to the procedures specified inif-the-airflow

verificationprotecobin RA3.3. can-be-applied-to-the-system-

Entirely New or Complete Replacement Space Conditioning Systems, as specified in
8150.2(b)1C, must meet the minimum 350 cfm/ton airflow rate compliance criterion or
the duct design alternative specified in §150.0(m)13.

Alternative to Refrigerant Charge and Verification requiring at least 300 cfm per
ton of airflow. If the altered HVAC that requires RC&V is not able to comply with the

300 cfm per ton of airflowreguired-undersubsection-Reference-Residential- Appendix
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RA3.2.2-72, the HVAC installer may choose the alternative procedure outlined in
ReferenceResidential-Appendix RA322-7+3RA3.3.3.1.5, Alternative to Compliance
with Minimum System Airflow Requirements for Altered Systems, provided that the
system thermostat is an Occupant Controlled Smart Thermostat (OCST) which

conforms to the requirements of Reference-Joint-Appendix-JAS.

Under RA3-2.2-7/3RA3.3.3.1.5, the installer must take a series of remedial steps,
including but not limited to cleaning filters, removing obstructions from registers and
dampers, replacing crushed or blocked ducts, cleaning the evaporator coil, making
sure that the air handler is set to high speed and conforms to manufacturer
specifications, and enlarging/adding the return duct and the return grill. These steps
must be HERS verified by a HERS rater. Again, as mentioned above, when the
installer chooses this option, the system thermostat must be an OCST.

B. Applicability of the protocols. The refrigerant charge verification (RCV) protocols in
RA3.2 and RAL are applicable only to air-cooled air conditioners and air-source heat
pumps. Equipment types such as ground source, water source, and absorption air
conditioners and heat pumps cannot be verified using the protocols in RA3.2 and RAL.
When a system other than an air-cooled air conditioner or air-source heat pump is
installed, the requirements in Standards §110.1 may provide further direction for
compliance.

If an aspect of the RA3.2.2 or RAL verification protocol is not applicable to the system,
alternative requirements may be specified by applicable subsections-of §150.2(b)1F,
however the procedures in RA3.2.2 or RA1 that are applicable to the system shall be
performed.

For example, if a system does not have both a high side and low side refrigerant
access port, thus cannot conform to the subcooling or superheat refrigerant charge
verification procedure, but is a ducted system that can conform to the airflow
measurement protocol; the system must comply with the minimum airflow requirement
specified in RA3.2.2.7. Similarly, if the outdoor temperature is below 55°F which
precludes use of the RA3.2.2 protocol for verification of the charge, and if the RA1
protocol cannot be used, then the weigh-in charging procedure in Reference

Residential Appendix-Section-RA3.2.3.1 shall be used, and the minimum system
airflow rate shall be verified as+requiredusing the protocols in-by RA3.2:2-+73.

The installer must determine which procedures are applicable to a system and verify
compliance accordingly.

S—Thermostats. When an existing system has a refrigerant containing component added
or replaced, the thermostat must be upgraded to a digital setback type that meets
§110.2(c)

P

Package Units. Package units are typically pre-charged at the factory prior to
shipment. When a new package unit is being installed or is replacing an older unit, it
may not require RCYV if the installer can-document-thatthe-manufacturer
certifiedcertifies that the package unit came factory charged and the installation did not
alter the system in any way that would affect the refrigerant.-correctrefrigerant-charge
atthefactory. The installer must submit a certificate of installation documenting this
and third party verification of refrigerant charge by a HERS rater is not required. This
only applies to new equipment shipped from the manufacturer. Any modification to
existing equipment that adds or replaces refrigerant containing components voids the
manufacturerscertification this exception. It is also important to note that this does not
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relieve the contractor from the requirement to verify that the system meets the
minimum 300 cfm per ton airflow rate requirement.

B-E.

Mini-Splits and Other System Types. Some air-cooled air conditioning systems

and air-source heat pumps cannot use the standard charge verification procedure, as

specified in RA3.2.2, due to the design or construction of the system components.
These include certain types of “mini-split” systems and variable speed condenser
systems. In these cases, the installer must use the weigh-in charge procedures, as
specified in RA3.2.3.1, and these systems must be HERS verified using the, as

specified in RA3.2.3.2 procedure for HERS Rater observation of the weigh in charge
procedure. These systems must also be equipped with an Occupant Controlled Smart
Thermostat (OCST) which conforms to the requirements of ReferenceJoint-Appendix
JAS.

Itis

therefore important that the installation of these types of systems be coordinated

with the third party verification. When these systems are ducted, they are still subject
to the minimum system airflow requirements.

1.

c2.

Winter Refrigerant Charge Verification. Most systems will normally be verified
using the RA3.2.2 standard charge verification procedure to demonstrate
compliance. However, when the outdoor temperature is less than 55°F, and the
Sstandard €charge verification procedure or an RA1 protocol cannot be used, the
installer may elect to use the weigh-in charge method to demonstrate compliance.
Compliance with HERS verification when the outdoor temperatures are less than
55°F can be demonstrated using one of two alternatives:

A. The installer may use the weigh-in charging procedure, but elect to have the
system verified by a HERS rater using the RA3.2.2 Sstandard ©charge
Vverification procedure at a later time when the temperature is warmer;
however, this option can delay the project;-. In this case, the installer must
include the signatures of the homeowner and HERS Rater on the CF2R -
MCH25c form for the local enforcement agency, as part of an agreement that
he or she will return to correct refrigerant charge if a HERS Rater determines it
is needed at a later time, RA 2.4.4. The installer must also provide written
notice to the homeowner that the charge has not yet been verified

(RA2.4.4).0rOr;

B. The EXCEPTION 1 to Seetion-8150.2(b)1Fiibi provides for an alternative HERS

verification procedure if the weigh-in method is used. This exception allows the
installer to elect to utilize the HERS Rater verification procedure in Reference
Residential-Appendix-Secetion RA3.2.3.2 in which the Rrater observes the
installer while the installer performs the weigh-in charging procedure. However,
when the HVAC installer elects this procedure for verification, as specified in
RA3.2.3.2, the system thermostat must be an Occupant Controlled Smart
Thermostat (OCST) which conforms to the requirements of ReferenceJoint
Appendix JAL.

Weigh-in Procedure During Warm Weather. The installer may also opt to

use the weigh-in procedure when the outdoor temperature is at or above 55°F, but

b:3.

in this case the rater must use the standard charge verification procedure.
Weigh-in Procedure Description. The weigh-in procedure involves

charging the system by determining the appropriate weight of refrigerant based on

the size of the equipment and refrigerant lines rather than by actual performance of

the system. Systems utilizing the weigh-in procedure by the installer for any
reason may not be third party verified by using sample groups.
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There are two basic variations of the weigh-in procedures. One involves the
adjustment to the amount of refrigerant in a system by adding or removing a
fraction of the refrigerant as specified by the manufacturer (weigh-in charge
adjustment). The other involves evacuating the entire system and recharging it
with the correct total amount of refrigerant, by weight (weigh-in total charge).

The weigh-in charge adjustment procedure may only be used when a new factory-
charged condenser is being installed and the manufacturer provides adjustment
specifications based on evaporator coil size and refrigerant line size and length.

The weigh-in total charge may be used for any weigh-in procedure but still requires
manufacturer’s adjustment specifications.

EA4. Standard Charge Procedure Description. The standard charge
verification procedure also has two basic variations. One is for systems that have
a fixed orifice and the other is for systems that have a variable metering device
such as a thermostatic expansion valve (TXV) or electronic expansion valve (EXV).

Both procedures, whether performed by the installer or the rater require that
adequate airflow be confirmed prior to verifying charge. If the airflow is less than
the minimum requirement of 300 cfm per ton, the system is not operating near its
designed capacity or efficiency and the standard charge verification procedure is
not valid.

The standard charge verification procedures involve taking refrigerant line
temperatures and pressures, calculating equipment performance parameters and
comparing those to targets either provided by the manufacturer or obtained from
standard tables. All temperature and pressure measurements must be taken using
calibrated digital meters. Analog gauges are no longer allowed for refrigerant
charge verification procedures due to a lack of accuracy and precision.

In systems that have metering devices, the proper installation and performance
can be verified by similar measurements and is an important part of the standard
charge verification procedure for systems that have metering devices.

E5. Verifying Minimum System Airflow. The procedures for measuring total
system airflow are found in RA3.3. They include plenum pressure matching using
a fan flow meter, a flow grid, a powered flow hood and the traditional (non-powered
flow hood). The airflow verification procedures for refrigerant charge verification no
longer include the temperature split method.

If a system does not meet the minimum airflow requirements, remedial steps may
be required to bring the airflow up. More airflow is generally better for systems
with air conditioning. Not only does this allow proper refrigerant charge to be
verified, but it also improves the overall performance of the system. When able to
be performed on a system, regardless of the refrigerant charge verification
procedure, minimum system airflow must always be verified. Note that
8150.2(b)1F states that systems must be installed with “all applicable procedures”.
This includes the minimum system airflow requirements.

In some cases, improving airflow may be cost prohibitive and there is a process for
documenting this in RA3-2:27-3RA3.3.3.1.5. When this option is used, verification
by sample groups is not allowed.

G-6. Temperature Measurements. To properly perform the standard refrigerant
charge verification procedure, a means of taking an accurate return air dry-bulb
temperature must be provided by the installer. In most systems, this is
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accomplished by drilling a 5/16” measurement access hole (MAH) in the return
side of the air handler or return plenum as shown in Figure RA3.2-1. In some
cases the correct location for these holes may not be accessible and an alternative
location may be provided as long as an accurate return air temperature
measurement of the air as it enters the return side of the equipment can be made.

In other cases, taking the return air dry-bulb temperature at the return grill may be
appropriate. This is true when the return is located entirely within conditioned
space and not subject to leakage or conduction that may change the temperature
of the air after it passes through the return grill and before it enters the evaporator
coil. This may also apply to equipment where the return grill is an integral part of
the air handler, such as enclosed soffit-mounted air handlers (aka, “pancake
units™).

EF. Maintaining 70°F Return Air Temperature. During the data collection portion of
the standard charge verification procedures, the return air dry bulb temperature, as
measured at the MAH, must remain at or above 70°eF. This is to ensure proper
refrigerant charge conditions, including but not limited to preventing the moisture on the
coil from freezing. This requirement may be problematic during cooler outdoor conditions
(above 55°eF but below 70°eF). The return air temperature can be maintained above
70°F by utilizing the home’s heating system or supplemental heaters is permissible.

<referto-Blueprintlanguage-onthistopie=. Note that the weigh-in method is always an

option for the installer in these cases.
EG. Airflow and Fan Efficacy

In all climate zones when an entirely hew or replacement duct system (refer to section 9.6.9,
above) is installed, the central forced air fan of all ducted air conditioners and heat pumps must
simultaneously, in every zonal control mode, demonstrate an airflow of greater than 350 CFM/ton
of nominal cooling, and a fan watt draw of less than 0.58 W/CFM in accordance with the

procedures in Reference-ResidentialkAppendix RA3.3.

As an alternative to the field verified air flow and fan efficacy requirements, the system’s return
ducts can be sized according to 8Tables 150.0-C or 150.0-D.

In addition to either the airflow/fan efficacy or return duct sizing alternative, the system installer
must provide in the supply plenum, a hole for the placement of a static pressure probe (HSPP) or
a permanently installed static pressure probe (PSPP), downstream of the evaporator coil that

meets the specifications of Residential Reference-Appendix RA3.3.1.

<Insert Diagram>
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These requirements are mandatory measures and cannot be traded off by using the performance
approach.

These requirements are discussed in more detail in Chapter 4 of this manual.

Heating-only space-conditioning systems are not required to meet the prescriptive cooling coil
airflow and fan watt draw requirements.

G-H. Sampling for Alterations

When compliance for an alteration requires field verification and diagnostic testing, the building
owners or their agents may choose to have testing and field verification completed for the
dwelling unit alone, or as part of a closed sample group of dwelling units for which the same
installing company has completed work that requires testing and field verification for compliance.

Registration of the compliance documentation is required and the procedures for registration of
compliance documentation must be followed as described in Chapter 2 of this Residential

| Compliance Manual, and in Residential-Reference-AppendixRA2.

Notes regarding sampling for alterations:
1. The sample group shall be no larger than seven;
2. The installing company may request a smaller group for sampling;

3. Homes in a sample group must all have the same set of features to be verified
(duct testing, airflow/fan efficacy, refrigerant charge, etc.);

4. Homes with systems utilizing the weigh in method for refrigerant charge verification
by the installer cannot be sampled;

5. Whenever the HERS rater for the group is changed, a new group will be
established,;
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6. Field verification and diagnostic testing shall be completed by the HERS rater for at
least one randomly selected dwelling unit in each group;

7. Re-sampling, full testing and corrective action shall be completed if necessary, as
specified inby-the-Residential- Reference-AppendixRA2.6.3;

8. The installing contractor must self- test and register certificates of installation for all
features to be tested prior to the rater choosing a home for verification by
sampling.

H—Third Party Quality Control Program.

I.__An approved Third Party Quality Control Program may serve some of the functions of
HERS raters for field verification and diagnostic testing purposes but does not have
authority to sign the Certificate of Field-Verification-and-Diaghestic Festing (CF-43R)
as a HERS rater, as specified in Residential Reference-Appendix—RA2.7.

When a Third Party Quality Control Program is used, the HERS rater must still submit
completed, signed, registered copies of the CF3R-4R to the enforcement agency, the
installing contractor, and the builder or building owner for all dwellings that must
demonstrate compliance.

+—Setback Thermostat.
J. When a split system air conditioner or heat pump is altered by the installation or

replacement of any refrigerant containing component and the existing thermostat is not
a setback thermostat, then a new setback thermostat must be installed as described in
Chapter 4 of this manual and as specified in §150.2(b)1Fi.

JF—Fuel Switching.
K. For prescriptive compliance, new electric resistance heating systems are prohibited in

alterations unless the system being replaced is an electric resistance heating system.
If the existing system is gas, propane, or LPG, then new electric resistance systems
are not permitted. However, changing from a gas, propane, or LPG space heating
system to an electric heat pump is allowed as long as the heat pump efficiency meets
minimum efficiency standards, and the heat pump installed size is shown to result in
no more TDV energy use than the standard design heat pump using the performance
method as specified in §150.2(b)1C.
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Table 9-7 — Acceptable Replacement Heating System Fuel Source(s)

Existing Heating
System Fuel Source

Acceptable Replacement Heating
System Fuel Source(s)

Electric, natural gas, or equipment with efficiency equal to

Electric o
or better than existing system*

Natural gas Natural gas, or gquipment with efficiency equail to or
better than existing system* or a heat pump with equal or
lower TDV energy use than a standard design system.

LPG Liquefied petroleum gas, natural gas, or equipment/

system with efficiency equal to or better than existing
system* or a heat pump with equal or lower TDV energy
use than a standard design system.

* Proof that equipment has an efficiency that is equal to or better than the existing system can be demonstrated by
an approved compliance program or other approved alternative calculation method to compare the TDV energy use
of the existing system to the proposed system.

Table 9-5AB summarizes requirements for the following types of residential mechanical and water

heating system alterations:

1. New or complete replacement space conditioning system: all new equipment and

all new ducts with more than 40 linear feet of duct;s-in-unconditioned-or-indirectly

2. Altered space conditioning system with forced air ducts;

3. Altered mechanical cooling system;

4. Altered duct systems: when more than 40 linear feet of new or replacement ducts
: lod i e L or indirect] it I ;

5. Installed a zonally controlled central forced air system;

6. Replacing water heaters and altering hot water pipes.

Since there are some overlaps in Table 9-5AB between a few mandatory and prescriptive
measures depending on the kind of alteration, it is important to accurately identify the type(s) of
alteration within the permitted scope of work. For example, duct sealing and HERS testing is a
mandatory measure when there is a new or complete replacement space conditioning system and
greater than 40 linear feet of duct.sin-uncenditioned-space- However, when only new or
replacement ducts are being installed, and there is no new space conditioning equipment
involved, duct sealing and HERS testing is a prescriptive measure. A key to using Table 9-5AB
effectively is to have a good understanding of the scope of the proposed alterations.
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Example 9-27-28
Question

Do | have to seal my ducts if | replace my outdoor units in my existing house without changing the
indoor unit?

Answer

Yes, replacing the outdoor unit (or indoor unit) by itself will trigger the duct sealing and verification
requirement (8150.2(b)1E). However, there are two exceptions that might apply:

1. If the ducts have been previously sealed and verified as sealed, the ducts do not have to be
sealed again and re-verified.

2. Less than 40 linear feet of the duct-system-is-located-in-unconditioned-spaces-such-as-attics-or
erawl-spaces.

Example 9-28-29
Question

| have an existing electric furnace and I’'m adding a new bedroom. Can | extend the existing ducts
to the new room and use the existing furnace?

Answer

Yes. If ducts are extended from an existing space conditioning system 8150.2(b)1D allows the
existing system but requwes duct seallng if more than 40 I|near feet of the new duct work is
installed sy
crawl space. . The eX|st|ng furnace must have adequate heatlng capamty to meet Callfornla
Building Code requirements for the additional space.

Example 9-29—30
Question

| am adding a bedroom to an existing house which uses a central forced air natural gas furnace. |
would like to heat the room with an electric resistance baseboard heater rather than extend the
existing ductwork to reach the new space. Is this allowed?

Answer

No. If using prescriptive compliance and since the existing system is gas, the addition cannot use
an electric heating system. Options for heating the space include:

Extending the existing natural gas furnace system as long as there is adequate capacity to meet
the California Building Code requirement;

Heating the added bedroom with an electric resistance heater is allowed if the performance
approach is taken and the relatively high TDV energy consumption of the electric resistance
heater is made up by TDV energy reductions from energy efficiency measures in the addition or in
an accompanying alteration.

Note: If there are more than 40 linear feet of added ducts beinglocated-in-unconditioned-or
ndirectly-conditioned-space, then the ducts must be sealed, tested and the ducts must be

verified as sealed by a HERS rater.
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Example 9-36-31
Question

My central gas furnace stopped working. Since it is about 30 years old | decided to get a new
more efficient unit rather than repair the existing one. What are the requirements?

Answer

Mandatory requirements apply to the components being replaced. The furnace, of course, must
meet minimum efficiency requirements, but all systems sold in California should already meet the
minimum efficiency requirements. If the existing thermostat is not a setback thermostat, it must be
replaced with a setback thermostat, as specified in §150.2(b)1Fi that meets the requirements
described earlier in this chapter.

All new ducts must meet insulation and construction requirements. r-climate zones-2,-9-16-aAll
existing and new ducts must be sealed and HERS verified, as specified §150.2(b)1E.

Prescriptively, the new heating unit must also be a natural gas unit.

The performance approach could be applied but only if the alteration includes “tradeoffs between
two or more altered components that are listed in 8Table 150.2-B” (insulation, fenestration, space
conditioning equipment, air distribution systems, water heating system, roofing and other
measures). Thus if other alterations are also being done one could specify other heating
equipment such as heat pumps, electric resistance etc as long as the overall project has a lower
TDV energy consumption than the “standard design” efficiency. When using the performance
approach one can decide to either use the default standard design efficiencies that the alteration
is compared against. Alternately one can hire a HERS rater to document the existing efficiencies
and these existing efficiencies can be used in the standard design of performance calculation.

Example 9-33+-32
Question

As part of an upgrade in an existing house, one of the ducts is being replaced because of
deterioration of the insulation and jacket. What requirements apply to the replacement duct?

Answer

This is an alteration to the space conditioning system; therefore since-no-new-conditioned-space
is—bemg—aelded—'Fthe mandatory measures for ducts apply. If more than 40 ft of the ducts are

e, then the
requirements of §150 2(b)1D Would trlgg Fequﬂ-e dlagnostlc testlng and HERS verification of the
whole duct system.
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Example 9-32-33
Question

An up-flow air-handling unit with a furnace and air conditioning coil is located on a platform in the
garage of an existing house. The platform is used as a return air plenum. The air-handling unit is
being replaced and the platform is being repositioned to the corner of the garage (3 feet away
from the current location). What requirements apply to this alteration?

Answer

The mandatory requirements apply to this alteration. In particular, §150.0(m) prohibits raised
platforms or building cavities from being used to convey conditioned air (including return air and
supply air). When the platform is relocated, it is being altered, and the mandatory requirement
applies. Ducts made from sheet metal, duct board or flexible ducts must be installed to carry the
return air to the replaced air handler. This requirement would not apply if the platform were not
being altered.

In addition since the air handler is being replaced the prescriptive duct sealing requirements apply
per 8150.2(b)1E , unless the ducts have been previously sealed and confirmed through

verification or there is less than 40 linear feet of duct.s-in-unconditioned-spaces-

Example 9-3334

Question:

What is meant by the term "air handler"?
Answer:

The term "air handler" is used to identify the system component that provides the central system
forced air movement for the ducted heating or cooling space-conditioning system. The term "air
handler" may be properly used to identify various types of central system forced air-moving
components that must meet the functional requirements for different types of space-conditioning
systems. Forinstance: A "gas furnace" air handler includes a gas combustion heat exchanger,
and the central system fan, but does not include a DX cooling coil; An "electric furnace" air
handler has electric heating coils, and the central system fan, but does not include a DX cooling
coil; A "fan-coil unit" air handler for a split system heat pump has a DX cooling/heating coil and
the central system fan; A hydronic heat pump air handler includes the air-side DX caoll,
compressor, water-cooled condenser, and the central system fan. There are other air handler
configuration variations as well.

Example 9-3435
Question

| have a residential building that was constructed in the 1920’s. It has a freestanding gas furnace
and | want to change it to an electric wall heater. Is this permitted?

Answer

No. 8§150.2(b)1Cii states that the new space-conditioning system be limited to natural gas,
liquefied petroleum gas, or the existing fuel type unless it can be demonstrated that the TDV
energy use of the new system is more efficient than the existing system. For your situation you
would have to use gas or a heat pump for compliance.
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Example 9-35-36
Reserved
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Table 9-910: Residential Alteration, Summary of Mandatory and Prescriptive Measures

Type of Highlight(s) of Exception(s) to
Mechanical Applicable the Prescriptive
System Mandatory Summary of Relevant Prescriptive Compliance
Alteration Measures® Prescriptive Measure(s) Measures Form(s)
New or Complete | New equipment
Replacement must meet all
Space minimum efficiency Exemption from CF1R-ALT
Conditioning and other All requirements of fuel type or CF1R-
System requirements in §150.1(c)6,7.9 & 10; requirement if ALT-HVAC;
(New Equipment | §150.0(h), 150.0(), 150 '2 b 1D q ; _ new system can | (CF1R must
and All New 150.0()2, 150.0()3, | £29:2(P)1D; and heating be shown to use | be
Ducts > 40 ftis | 150.0(m)1 thru 11: | System limited to natural gas, less TDV energy | registered w/
Unconditioned-or | duct sealing & LPG or existing fuel type than the existing | a HERS
Indirectly HERS testing with system. Provider)
Conditioned forced air duct
Space) systems
(1) Duct systems
documented as
previously sealed
New equipment and HERS
tested; or, (2) CF1R-ALT
must meet all the
minimum efficiency Duct systems or CF1R-
Altered Space and other with < 40-lineat ALT-HVAC,;
Conditioning . . Duct sealing & HERS testing feetin (CF1R must
System with g*lqs‘i)"g”;e”gié% o). | Per §150.2(b)1.E unconditioned be
Forced Air Ducts §150.0EJ'); 00), spaces; or, registered w/
oo (3) Existing duct a HERS
8150.00)3, system Provider)
§150.0(m)1 thru 11
constructed,
insulated or
sealed with
asbestos
(1) Packaged
systems w/
In CZ2, 8-15: correct, verified
refrigerant and documented
charge per refrigerant
New equipment RA3.2.2and & | charge by
must meet all the HERS testing manufacturerdo | CFIR-ALT
Altered® minimum efficiency per not require HERS | or CF1R-
Mechanical and other §150.2(b)1.F.i.a | testing ALT-HVAC;
Cooling requirements in b.; ef (2) When outdoor | (CF1R must
(Refrigerant- 8110.2(c), refrigerant temperature < be
Containing) §150.0(h), §150.0(i), weigh-in 550 F. and registered w/
System §150.0(j)2, chargingper refrigerant weigh- | a HERS
§150.0(j)3, RA323.1 & in charging used | Provider)
§150.0(m)1 thru 11 HERS testing and HERS test
o . RA3.2.3.2 used,
Minimum system airflow system
per 8150.2(b)1Fia thermostat must
be Demand
Response.
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New ducts must
Altered Duct meet applicable
Systems: portions of New or Replacement Duct Exception to CF1R-ALT
When > 40 ft. of §150.0(m)1 thru 11 System: duct insulation per 150.2(b)D.ii.b. or CE1R-
New or including duct . . - Duct Sealing: ALT-HVAC:
Replacement insulation in Table §150.2 b, 1i., sealing & when existing CF1R mue
Ducts are 150.1-A. Entirely HERS testing per duct system is E) must
Installed in new and complete §150.2(b)1.Diii.a. constructed, € q
Unconditioned-or | replacement duct Extension of Existing Ducts By | jnsylated or re/glstere
\ndirestly systems must meet | > 40 ft: HERS testing of existing | sealed with w/a HERS
Conditioned additional duct system per §150.2(b)D.ii.b. | zspestos. Provider)
Space requirements in

§150.0(m)12 & 13.

9.7 Performance Method:
9.7.1 Existing + Additions + Alterations

Alterations may meet the Energy Standards using the performance approach with any one of the
following compliance paths summarized in Section 9.2, Table 9-1:

1. Existing + Addition + Alterations Without Third Party Verification
2. Existing + Addition + Alterations With Third Party Verification
3. Existing + Addition + Alterations as New Construction

For a detailed explanation of each of these compliance alternatives, refer to Section 9.5.2. When
there is no addition, the performance calculations model the existing building, all altered
components to remain and any new components (see Section 9.5.2 and Table 9-4).

When there is no addition and only alterations to an existing building, this compliance path is
allowed only when there are two or more types of altered components as stated in §150.2(b)2.

Energy Commission-approved compliance software is used to model the building as explained in
Chapter 8 of this manual. Whichever compliance path is selected, the Certificate of Compliance
(CF1R) generated by the compliance software must be submitted for permit. If the CF1R
includes energy measures that require HERS testing or verification, the CF1R must also be
registered online with a HERS provider (see Section 2.2.2).

Example 9-36-37
Question
A 1,600 ft2 house built in 1980 in climate zone 12 is being renovated as follows:

1. A 500 ft2 room will be added, including 120 ft? of new windows;

2. A 200 ftz2 wall and 100 ft? of old window will be removed;

3. Attic insulation in the existing house will be upgraded to R-38; and

4. The addition will be connected to the existing HVAC and duct system.

If the performance approach is used to demonstrate compliance, how does the compliance
software establish the standard and proposed designs?
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Answer

Table 9-4 summarizes the Modeling Rules for Existing + Addition + Alterations which must be
followed to have the compliance software accurately set the standard design and model the
proposed design. Under the 20143-2016 Standards performance rules, the 200 ft2 wall removed
and the 100 ft? of old window within it are not included in the energy model and will have no
impact on the standard design. The standard design for the addition portion is set using the
prescriptive requirements of 8150.1(c). If the existing duct system is extended by 40 linear feet or
more, the standard design assumes the duct alterations requirements summarized in Table 9-
5AB.

The standard design assumptions for the existing house follow the rules summarized in
8150.2(b)2 and 8Table 150.2-B based on whether there is a third party verification of the existing
conditions. Without third party verification, upgraded energy components in the existing house
are modeled as fixed assumptions in the standard design that represent levels of efficiency
reasonably expected for each altered component. If the energy analyst using the compliance
software selects third party verification of energy components in the existing house to be
upgraded (see Section 9.5.2), the standard design assumes the existing conditions for those
components to be as part of the alterations.

If the proposed design including Existing + Addition + Alterations does not pass, other energy
components of the existing building and/or the addition may have to achieve compliance. For
example, the water heater or the HVAC equipment in the existing portion of the house may be
upgraded to achieve additional credits towards compliance. In the addition, higher performing
windows and higher levels of roof and wall insulation may also be used to achieve compliance.

Example 9-3738
Question

For the 1980 house in the examples above, an operable single pane metal window is replaced
with a 0.55 U-factor window. Does this alteration result in a compliance credit? How about the
case where the existing window is replaced with a window that has a U-factor of 0.35?

Answer

As explained in Example 9-36, altered components that receive compliance credit must exceed
the requirements of 8Table 150.2-B. Windows in the addition must have a U-factor of < 0.32 and
SHGC < 0.25 to receive credit. Replacement windows in the existing house must have a U-factor
of < 0.40 and SHGC < 0.35 to receive credit.

A window replacement with a 0.55 U-factor will receive a penalty as compared with a 0.40 U-
factor standard design assumption for that window. Without third party verification of existing
conditions, a 0.35 U-factor window replacement will receive a credit as compared with a 0.40 U-
factor standard design assumption for that window. With third party verification of existing
conditions, a 0.35 U-factor window replacement will receive a credit as compared with a 1.28 U-
factor standard design assumption for an operable single pane metal existing window.

Although this example describes a window alteration, the same principles apply to other building
systems, such as other building envelope components as well as HVAC and water heating
equipment.
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Example 9-3839
Question

An addition of 590 ft2 is being added to an existing 2,389 ft2 single family house. How do you
demonstrate compliance using the Existing + Addition + Alterations method?

Answer

The first step is to determine whether alterations to the existing building include at least two
different types of energy components (e.g. upgrading attic insulation and replacing the water
heater.) If so, use the E+A+A approach. If not, you're not allowed to use the performance
approach.
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Assuming the E+A+A calculation is permissible, the process requires the following next steps:

1. Collect accurate envelope and mechanical information about the existing building from scaled
drawings (plans, sections and elevations); and what components, including HVAC, ducts and
water heating, are being altered as part of the permitted scope of work.

2. Enter the information about the addition and the existing building into the compliance program,
identifying each modeled feature as “Existing”, “Altered” or “New” as summarized in Table 9-4.
Proper tagging of each of these inputs is critical to correctly and accurately determining
compliance.

3. Run the compliance software to determine if the proposed building TDV energy is equal or less
than the standard design TDV energy.

4. If not, modify the energy features of the addition and/or the existing building until compliance is
achieved; and print out the appropriate compliance report for permit submittal.

5. All projects that include energy measures requiring HERS field verification and diagnostic
testing — which represent almost all buildings under the 2643-2016 Standards — must be
registered online with a HERS provider as explained in Section 2.3.

Example 9-3940
Question

When using the existing-plus-addition performance approach, do the refrigerant charge, access
holes (MAH and STMS) or GIBEID, see 8150.1(c)7, airflow, watt draw measurement, and static
pressure probe (HSPP), or a permanently installed static pressure probe (PSPP) as specified in
§150.0(m)13 and need to be met for central split system air conditioners serving an addition?

Answer

If existing equipment is extended to serve the addition, these space conditioning requirements do
not need to be met as specified by Exception 4 to §150.2(a). However, Exception 5 to §150.2(a)
indicates that the duct system that is going to be extended must be sealed tested and HERS
verified according to §150.2(b)1D.

For performance compliance in climate zones that require a refrigerant charge and airflow
measurement in Package A, a hypothetical standard design SEER split system with this credit
would be modeled in both the standard and the proposed designs (for example, values from the
vintage table, or minimally complying equipment), resulting in neither credit nor penalty related to
this feature.

If a new central split system is installed to serve the addition, it must meet the requirements of
§150.2(b)1C where installation of a new air conditioner to serve both the existing house and the
addition is considered an alteration, and must meet the requirements for diagnostically tested
refrigerant charge measurement fan airflow, watt draw and other requirements described. The
duct sealing, testing and verification requirements of §150.2(b)1E must also be met.

Example 9-40-41
Question

When using the E+A+A performance method, can compliance credit be gained by sealing the
existing ducts when it was not required for prescriptive compliance?

2016 Residential Compliance Manual Date




Page 9-70 Additions, Alterations and Repairs — Performance Method:

Answer
Yes. Credit can be obtained from sealing, testing and HERS verification of duct sealing.

However as shown in §Table 150.2-B “Standard Design for an Altered Component,” the base
case duct leakage will be the requirements in §150.2(b)1D (i.e. with 15% duct leakage or 10%
leakage to the outside). Sealing below 15% can be difficult if the ducts are not readily accessible
and large holes are present in the ducts. An alternative approach is to replace the ducted system
with a ductless system such as a mini-split.

Example 9-41-42
Question

When using the existing plus addition performance compliance method, can credit be gained by
installing a radiant barrier in the existing house attic? If so, where does the radiant barrier need to
be installed?

Answer

Yes, installing a radiant barrier in the existing building will result in a credit relative to the standard
design for existing buildings permitted (or constructed) prior to June 1, 2001. The radiant barrier
must be installed over the entire attic/roof area including gable walls. If there are roof/ceiling
assemblies where it is not possible to reach the underside of the roof, such as roof/ceiling
assemblies using enclosed rafters which are not proposed to be exposed as part of the project,
the radiant barrier cannot be properly installed and compliance credit is not possible.

Example 9-4243
Question

| am adding a room to and altering an existing building in climate zone 12. | am upgrading a
single-pane clear glass window with a U-factor of 1.2 and SHGC of 1.0 to a dual-pane window
with a U-factor of 0.50 and SHGC of 0.45. Do | receive credit toward the addition compliance for
installing this window?

Answer

No. There will be a penalty toward achieving compliance since the window is not as efficient as
required by 8Table 150.2-B for climate zone 12 which requires a U-factor of 0.40 and an SHGC of
0.35. The penalty for the U-factor is based on the difference between 0.40 and 0.50 and for the
SHGC is based on the difference between 0.35 and 0.45. If fenestration is installed which
exceeds the performance of the values in 8Table 150.2-B, then credit is available.

Example 9-4344
Question

I am planning on installing R-25 insulation in the attic of an existing house built in 1970. Can | use
this added insulation as a credit for trading with the energy features of an addition?

Answer

No. When insulation is added to an attic, it must comply with §150.0(a) which sets a mandatory
minimum for attic insulation of R-30. No credit is allowed until the mandatory minimum R-30 is
reached. However, if you install R-30 or greater in the existing attic, you are allowed to take credit
for the difference between the proposed attic insulation R-value and the standard design
assumption:
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1. Without third party verification of existing conditions, the energy credit is the difference
between the default construction assembly U-factor for R-30 and the lower U-factor for attic
insulation greater than R-30.

2. With third party verification of existing conditions, the energy credit is the difference between
the default construction assembly U-factor for R-30 and U-factor of the site-verified existing attic
conditions.

Example 9-4445
Question

| am planning on installing R-25 insulation in an un-insulated vaulted ceiling without an attic space
in an existing house built in 1970. Can | use this added insulation as a credit for trading with the
energy features of an addition?

Answer

Yes. Since there is no attic space, the requirements of 8150.0(a) require only R-19 or the
equivalent between roof rafters. When you install R-25 you are allowed to take credit for the
difference between R-25 and R-19 without third party verification of existing conditions. With
third party site verification of the existing un-insulated vaulted ceiling prior to construction, you
may take credit for the difference between the R-25 and R-0 (no insulation) in the vaulted ceiling.

2016 Residential Compliance Manual Date



STATE OF CALIFORNIA

ADDITIONS 1000 FT? OR LESS

| CEC-CF1R-ADD-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-ADD-01-E
Prescriptive Residential Additions 1,000 ft’ or Less (Page 1 of 6)
Project Name: Date Prepared:

A. General Information

01 | Project Name: 02 | Date Prepared:

03 | Project Location: 04 | Building Front Orientation (deg):

05 | CACity: 06 | Number of Dwelling Units with Additions:

07 | Zip Code: 08 | Fuel Type:

09 | Climate Zone: 10 | Total Conditioned Floor Area (ftz) (Addition):
11 | Building Type: 12 | Slab Area (ftz):

13 | Project Scope: 14 E);%?(t:));::to Fenestration U-factor and SHGC

B. Opaque Surface Details — Framed (Section 150.2(a))

01 02 03 04 05 06 07 | 08 | 09 10 11
Proposed Required
Frame Frame Continuous Appendix JA4 Reference
Depth Spacing Cavity Insulation
Tag/ID Assembly Type Frame Type (inches) (inches) R-value R-value U-Factor Table Cell U-Factor Comments

Note:
e Where insulation is installed above the roofing membrane or above the layer used to seal the roof from water penetration the insulation shall have a maximum water absorption of 0.3
percent by volume when tested according to ASTM Standard C272.

C. Opaque Surface Details — Non-framed (Section 150.1(c)1)

01 02 03 04 05 06 07 08 | 09 10 11
Proposed Required
Appendix JA4
Core Continuous Reference
Thickness Insulation Insulation U-Factor from
Tag/ID Assembly Type Assembly Materials (inches) R-value R-value U-Factor Table Cell Package A Comments
Note:

e Where insulation is installed above the roofing membrane or above the layer used to seal the roof from water penetration the insulation shall have a maximum water absorption of 0.3
percent by volume when tested according to ASTM Standard C272.

Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 2016 Residential Compliance <Date>




STATE OF CALIFORNIA

ADDITIONS 1000 FT? OR LESS

| CEC-CF1R-ADD-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-ADD-01-E
Prescriptive Residential Additions 1,000 ft’ or Less (Page 2 of 6)

Project Name: ‘ Date Prepared:

D. Opaque Surface Details — Mass Walls (Section 150.1(c)1)

01 02 03 04 05 06 07 | o8 | o9 10 11
Proposed Required
. . . . Appendix JA4 . . . .
Walls Mass Furring Strip Interior Insulation Exterior Insulation Reference Interior Insulation Exterior Insulation
Above Thickness Thickness
Tag/ID | Grade Mass Type (inches) (inches) R-value U-factor R-value U-factor Table Cell R-value U-factor R-value U-factor

E. Slab Insulation (Table 150.1-A)

01 02 03 04 05 06
Proposed Required
Insulation Insulation
Floor Type R-value U-factor R-value U-factor Comments

Note:
e Heated slab floors require mandatory slab insulation (see Table 110.8-A).

F. Radiant Barrier (Section 150.1(c)2)
01 02

Radiant Barrier installed below the roof deck and on all gable end walls Comment

A radiant barrier is required (for Climate Zones 2-15)
e Radiant barriers shall meet specific eligibility and installation criteria to receive energy credit for compliance with the Building Energy Efficiency Standards for low-rise
residential buildings. Refer to RA4.2.1
e The emittance of the radiant barrier shall be less than or equal to 0.05 as tested in accordance with ASTM C1371 or ASTM E408.
e  For Prescriptive Compliance the attic shall be ventilated to provide a minimum free ventilation area of not less than one square foot of vent area for each 300 ft” of
attic floor area with no less than 30 percent upper vents. Ridge vents or gable end vents are recommended to achieve the best performance. The material should be
cut to allow for full airflow to the venting.

Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 2016 Residential Compliance <Date>




STATE OF CALIFORNIA

ADDITIONS 1000 FT? OR LESS

| CEC-CF1R-ADD-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION I
CERTIFICATE OF COMPLIANCE CF1R-ADD-01-E
Prescriptive Residential Additions 1,000 ft’ or Less (Page 3 of 6)
Project Name: ‘ Date Prepared:
G. Roofing Products (Cool Roof) (Section 150.1(c)11)
01 02 03 04 05 06 07 08 09 | 10 11 12 | 13
Mass Roof Proposed Required
25 Ib/ft2 Roof Method of Product CRRC Product ID Initial Solar Aged Solar Thermal SRI Aged Solar Thermal SRI
Tag/ID | or greater Pitch compliance Type Number Reflectance Reflectance Emittance (Optional) Reflectance Emittance (Optional)
NOTFESNotes:
e Any roof area covered by building integrated photovoltaic panels and solar thermal panels are exempt from the above Cool Roof requirements.
e Liquid field applied coatings must comply with installation criteria from section 110.8(i)4.
H. Fenestration/Glazing Allowed Areas and Efficiencies (Section 150.2(a)1)
01 02 03 04 | 05 06 07 08 09 10
Maximum Allowed Maximum Allowed
Fenestration Area for All West-Facing Fenestration
. . 2 2
Orientations ft Area Only ft Maximum Maximum Maximum Maximum
Addition The Greater The Greater Allowed Allowed Allowed Allowed
2 Comments
Type ft Maximum ] Maximum ] U-factor U-factor SHGC SHGC
Calculated Maximum Calculated Maximum | (windows) (Skylights) (Windows) | (Skylights)
Calculated Calculated
basedon | o ved fi? | P3SEAON  iowed 2
Allowed % Allowed %

Registration Number:
CA Building Energy Efficiency Standards - 2016 Residential Compliance

Registration Date/Time: HERS Provider:

<Date>




STATE OF CALIFORNIA

ADDITIONS 1000 FT? OR LESS

| CEC-CF1R-ADD-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE CF1R-ADD-01-E
Prescriptive Residential Additions 1,000 ft’ or Less (Page 4 of 6)
Project Name: ‘ Date Prepared:
I. Fenestration Proposed Areas and Efficiencies
Note: If meeting Exception 1 to 150.1(c)3A, Installing < 3ft? glass in door, it is assumed to meet the minimum required U-factor (0.32) & SHGC (0.25).
If meeting Exception 1 to 150.1(c)3A, Installing < 3ft” tubular skylight, it is assumed to meet the minimum required U-factor (0.55) & SHGC (0.30).
01 02 03 04 05 06 07 08 09 10 11 12 13 14
F D . Orientation Number of Proposed V\/Protplc:)se.d p d p d Exterior S(l:gﬁcbfined
Tag/ID Fenestration Type _F;:: Gylgez]inr:; N,S, W, E u:;nzgo Fenestration Fe:ZstraactliZi L;?fzcc):sr Source rgﬁgze Source Shad_ing CFlR-EZ\cl)\r/rj
or Roof Area ft2 Area ft2 Device 03

15 Total Proposed Fenestration Area

16 Maximum Allowed Fenestration Area

17 Compliance Statement: |

18 Total Proposed West-Facing Fenestration Area

19 Maximum Allowed West-Facing Fenestration Area

20 Compliance Statement: |

21 Proposed Fenestration U-factor (Windows)

22 Required Fenestration U-factor (Windows)

23 Compliance Statement: |

24 Proposed Fenestration SHGC (Windows)

25 Required Fenestration SHGC (Windows)

26 Compliance Statement: |

27 Proposed Fenestration U-factor (Skylights)

28 Required Fenestration U-factor (Skylights)

29 Compliance Statement: |

30 Proposed Fenestration SHGC (Skylights)

31 Required Fenestration SHGC (Skylights)

32 Compliance Statement: |

Registration Number: Registration Date/Time: HERS Provider:

CA Building Energy Efficiency Standards - 2016 Residential Compliance <Date>




CALIFORNIA ENERGY COMMISSION

STATE OF CALIFORNIA 5
ADDITIONS 1000 FT? OR LESS
| CEC-CF1R-ADD-01-E (Revised MM/YY)
CERTIFICATE OF COMPLIANCE CF1R-ADD-01-E
Prescriptive Residential Additions 1,000 ft’ or Less (Page 5 of 6)
Project Name: ‘ Date Prepared:
J. Space Conditioning (SC) Systems — Heating/Cooling — Single Family Dwelling (Section 150.2(b) or (Section 150.1(c)7)
01 02 03
Dwelling Unit Total CFA =
Dwelling Unit Name Sum of Existing + Addition (ft) Comments
K. Water Heating Systems (Section 150.1(c)8)
List water heaters and boilers for both domestic hot water (DHW) heaters and hydronic space heating.
01 02 03 04 05 06 08 09 10 11 12 13 14 15
# of Water
Water Water Heater Exterio | Back-Up
Water Heating Heating Water Heaters | Storage Rated Heating Heating | Standb | rlInsul. Solar Central DHW Dwelling Unit
System ID or System Heater in Volume Fuel Input Efficienc | Efficienc | vy Loss R- Savings System DHW System
Name Type Type system (gal) Type Value y Type y Value (%) Value Fraction Distribution Type Distribution Type
L. Space Conditioning Systems and Water Heating Systems in Multifamily Dwelling Units
01 02 03 04 05 06
Dwelling Unit Total CFA = Central Water Heating Dwelling Unit Dwelling Unit:
Sum of Existing + Addition System Identification or Water Heating System Installing a New Space
Dwelling Unit Name (ftz) Name Identification or Name Conditioning System? Comments

Registration Date/Time:

HERS Provider:

<Date>

Registration Number:

CA Building Energy Efficiency Standards - 2016 Residential Compliance



STATE OF CALIFORNIA

ADDITIONS 1000 FT? OR LESS

| CEC-CF1R-ADD-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-ADD-01-E
Prescriptive Residential Additions 1,000 ft’ or Less (Page 6 of 6)
Project Name: Date Prepared:

DOCUMENTATION AUTHOR'S DECLARATION STATEMENT

1. | certify that this Certificate of Compliance documentation is accurate and complete.

Documentation Author Name: Documentation Author Signature:

Company: Signature Date:

Address: CEA/ HERS Certification Identification (if applicable):
City/State/Zip: Phone:

RESPONSIBLE PERSON'S DECLARATION STATEMENT

| certify the following under penalty of perjury, under the laws of the State of California:

1. Theinformation provided on this Certificate of Compliance is true and correct.

2. lam eligible under Division 3 of the Business and Professions Code to accept responsibility for the building design or system design identified on this Certificate of Compliance (responsible
designer).

3. That the energy features and performance specifications, materials, components, and manufactured devices for the building design or system design identified on this Certificate of
Compliance conform to the requirements of Title 24, Part 1 and Part 6 of the California Code of Regulations.

4. The building design features or system design features identified on this Certificate of Compliance are consistent with the information provided on other applicable compliance documents,
worksheets, calculations, plans and specifications submitted to the enforcement agency for approval with this building permit application.

5. 1 will ensure that a registered copy of this Certificate of Compliance shall be made available with the building permit(s) issued for the building, and made available to the enforcement agency
for all applicable inspections. | understand that a registered copy of this Certificate of Compliance is required to be included with the documentation the builder provides to the building
owner at occupancy.

Responsible Designer Name: Responsible Designer Signature:
Company : Date Signed:

Address: License:

City/State/Zip: Phone:

For assistance or questions regarding the Energy Standards, contact the Energy Hotline at: 1-800-772-3300

Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 2016 Residential Compliance <Date>




CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-ADD-01-E

Residential Additions (Page 1 of 8)

CF1R-ADD-01-E User Instructions

Minimum requirements for prescriptive addition compliance can be found in Building Energy Efficiency Standards Section 150.2(a), and Table 150.1-A (Package A). Completing these forms will
require that you have the Reference Appendices for the 20163 Building Energy Efficiency Standards (P400-2012-005), which contain the Joint Appendices used to determine climate zone and to
complete the section for opaque surfaces. When the term CF1R is used it means the CF1R-ADD-01. Worksheets are identified by their entire name and subsequently by only the worksheet number,
such as WS-02.

Instructions for sections with column numbers and row letters are given separately.
If any part of the addition does not comply, prescriptive compliance fails, in which case the performance (or computer) compliance approach may be used in an attempt to achieve compliance. Only
the new construction is required to meet the requirements specified in this documentation. If any alterations to the existing building are occurring, those are documented on one or more of the

CF1R-ALT forms.

A. General Information

1. Project Name: Identifying information, such as owner’s name.

2. Date Prepared: Date of document preparation.

3. Project Location: Legal street address of property or other applicable identifying information.

4. Building Front Orientation: Building front expressed in degrees, where North = 0, East = 90, South = 180, and West = 270. The Sstandards (sSection 100.1) include the following additional

details for determining orientation:

e North is oriented to within 45 degrees of true north, including 45 degrees east of north;
e  Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;
e  South is oriented to within 45 degrees of true south, including 45 degrees west of south;
e Westis oriented to within 45 degrees of true west, including 45 degrees north of west.

5. CACity: Legal city/town of property.

6. Number of Dwelling Units with Additions: 1 for single-family, 1 or more for multifamily.

7.  Zip Code: 5-digit zip code for the project location (used to determine climate zone).

8. Fuel Type: Natural Gas, Liquefied Propane Gas, or Electricity.

NOTE: Prescriptive compliance only allows electricity if existing appliances are electric and natural gas is not available in the building.

9. Climate Zone: From Joint Appendix JA2.1.1.

10. Total Conditioned Floor Area: Enter the new conditioned floor area, in ftz, as measured from the outside of exterior walls of the addition.

11. Building Type: Single Family (includes duplex), or Multi Family (a building that shares common walls and common floors or ceilings).

12. Slab Area: Area of the first floor slab of the addition (if any) in ft2,

13. Project Scope: 300 ft* or less, greater than 300 up to 400 ft?, greater than 400 up to 700 ft2, greater than 700 up to 1000 ft?, space heating system, space cooling system, space
conditioning duct system, water heating, or fenestration.

14. Exceptions to Fenestration U-factor and SHGC: Installing less than or equal to 3 ft? glass in door, Installing less than or equal to 3 ft® tubular skylight, or Installing less than or equal to 16 ft?
skylight

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-ADD-01-E

Residential Additions (Page 2 of 8)

B. Opaque Surface Details - Framed

Additions of 700 ft* or less require only R-13 wall insulation. Unless otherwise noted, all other requirements of Package A are required when using prescriptive compliance.
1. Tag/ID: A label (if any) from the plans, such as A1.4 or wall.

Assembly Type: Roof, Ceiling, Wall, or Floor.

Frame Type: Wood or Metal.

Frame Depth: Nominal dimensions (in inches) of framing material such as 2x4 or 2x6.

Frame Spacing: 16, 24, or 48 (inches on center).

Proposed Cavity R-value: Insulation installed between framing members.

ouvkewN

NOTE: Wall U-factor required for all climate zones is 0.065. This U-factor can be met by wood framed 2x4 walls with R-13 cavity + R5 continuous insulation (not interrupted by framing), R-
15 cavity plus R-4 continuous insulation, or any combination of cavity and/or continuous insulation that results in a U-factor equal to or less than 0.065.

Proposed Continuous Insulation: R-value of rigid or continuous insulation (not interrupted by framing). See Table 4.3.4. of the Reference Appendices for metal frame construction.

7. Proposed U-factor: The U-factor for the proposed assembly must be less than or equal to column 10 or have an attached Area Weighted Average Calculation Worksheet (CF1R-ENV-01-E)
to show that a weighted U-factor for multiple assemblies will meet the maximum value in column 10.

8. Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., an attic assembly is 4.2.1).

9. Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., an R-38 ceiling with 24-inch on center framing is A21).

10. Required U-factor: From Package A or from Section 150.2. Value required based on climate zone and assembly type.

11. Comments: Any notes regarding location, unique conditions, or attachments.

C. Opaque Surface Details — Non-Framed
1. Tag/ID: A label (if any) from the plans, for example, A1.4 or wall.

2.  Assembly Type: Roof, Wall.

3. Assembly Materials: SIP OSB, SIP |-Joist, SIP Single 2x, SIP. Double 2x.

4. Thickness: Thickness in inches.

5. Proposed Core Insulation R-value: Insulation installed within the materials or on the inside. See Joint Appendix JA4 for guidance.

6. Proposed Continuous Insulation R-value: Insulation installed on the exterior. See Joint Appendix JA4 for guidance.

7. Proposed U-factor: Proposed assembly U-factor from JA4 or CF1R-ENV-02-E. Must be less than or equal to column 10.

8. Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., a SIP wall is 4.3.2).

9. Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., a 4.5-inch thick OSB wall with R-18 core insulation and no continuous insulation is A5).
10. Required U-factor from Package A: Based on assembly type and climate zone.

11. Comments: Any notes regarding location, unique conditions, or attachments.

D. Opaque Surface Details — Mass Walls
1. Tag/ID: A label (if any) from the plans, for example, A1.4 or wall.

Walls Above Grade: Yes or No.

Mass Type: Clay Brick, Clay Hollow Unit, CMU Light Weight, CMU Medium Weight, CMU Normal Weight, concrete, ICF. See JA4 for guidance.

Mass Thickness: Thickness (in inches) of mass.

Furring Strips Thickness: If furring strips are required to meet the wall R-value or U-factor shown in columns 10 & 11, indicate the thickness of the furring strip (in inches). See Table 4.3.14

of Joint Appendix 4.

6. Proposed Interior Insulation R-value or U-factor: Enter either the R-value or U-factor of proposed insulation on the inside surface of the mass wall. See JA4 for guidance. Use the same
descriptor (R-value or U-factor) throughout Table D.

7. Proposed Exterior Insulation R-value or U-factor: Enter either the R-value or U-factor of proposed insulation on the outside surface of the mass wall. See JA4 for guidance.

Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., an ICF wall is 4.3.13).

9. Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., an 8-inch thick ICF wall with 2 inches of EPS (R-15.4) is A6).

uhwnN
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CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-ADD-01-E

Residential Additions (Page 3 of 8)

10. Required Interior Insulation: The required R-value or U-factor (whichever descriptor was selected in column 6) for interior insulation will be completed based on the Table 150.1-A
requirements for the wall type.

11. Required Exterior Insulation: The required R-value or U-factor (whichever descriptor was selected in column 7) for exterior insulation will be completed based on the Table 150.1-A
requirements for the wall type.

E. Slab Insulation
Slab edge performance specifications and installation criteria are found in Sections 150.0(l) and 150.1(c)1D (Table 150.1-A). Requirements vary by climate zone and slab conditions.

1. Floor type: Types include slab-on-grade or raised slab.

e  Slab-on-grade floors require slab edge insulation in climate zone 16 only.

e  Raised slab must be insulated to R8 in climate zones 1, 2, 11, 13, 14 and 16, R-4 in climate zones 12 and 15, and no insulation is required in climate zones 3-10.
Proposed R-value: When required, insulation can be specified by either R-value or U-factor (use the same descriptor throughout Table E). When specifying an R-value complete column 2.
Proposed U-Factor: When required, specify the U-factor of proposed insulation in column 3.
Required Insulation R-value: Specify the value required, which will vary by climate zone and type of slab. Values are from Table 150.1-A.
Required Insulation U-factor: Specify the value required, which will vary by climate zone and type of slab. Values are from Table 150.1-A.
Comments: Any notes regarding location, unique conditions, or attachments.

o v ks wnN

NOTE:  There is a mandatory slab edge insulation requirement for heated slab floors. Since mandatory requirements are not listed on the Certificate of Compliance, this is provided
for information purposes only. The specific requirements are in Sections 110.8(g) and Table 110.8-A.

F. Radiant Barrier
1. Radiant Barrier installed below the roof deck and on all gable end walls: Yes or No. Radiant barriers are required in climate zones 2-15.
2. Comments: Any notes regarding location, unique conditions, or attachments.

NOTE: Radiant barrier performance specifications and installation criteria are found in Sections 110.8(j) and 150.1(c)2, and in Residential Appendix RA4.2.1.

G. Roofing Products (Cool Roof)
Roofing requirements are found in Section 110.8(i) and 150.1(c)11. Depending on the climate zone and roof slope, a cool roof (defined as a minimum aged solar reflectance and thermal emittance,
or a minimum SRI) may be required by Package A.

NOTE:  Exceptions include (1) additions of 300 ft® or less, (2) low-slope roofs (pitch 2:12 or less) in climate zones 1-12, 14 and 16; (3) steep slope roof (pitch greater than 2:12) in climate
zones 1-9 and 16; (4) roof constructions that have thermal mass over the roof membrane with at least 25 Ib/ft’; and (5) any roof area covered by building integrated photovoltaic
panels and solar thermal panels (the area of roof not covered by photovoltaic panels would still need to meet any applicable cool roof requirements).

1. Tag/ID: A label (if any) from the plans, such as R1.

Mass Roof 25 Ib/ft” or greater: Yes or No. Mass roofs are not required to have a cool roof even if the climate zone specifies minimum performance requirements.

3. Roof Pitch: Expressed as 4:12, for example, which means the roof rises 4 foot within a span of 12 feet. When roofs have multiple pitches the requirements are based on the pitch of 50%
or more of the roof.

4. Method of Compliance: Indicate if the method of compliance is going to be based on Aged Solar Reflectance and Thermal Emittance or is it going to be based on the Solar Reflectance
Index (SRI).

5. Product Type: See Cool Roof Rating Council’s directory. Generally product types include single-ply roof, wood shingles, asphalt roof, metal roof, tile roof.

6. The CRRC Product ID Number is obtained from the Cool Roof Rating Council’s Rated Product Directory at www.coolroofs.org/products/results. Products are listed by manufacturer, brand,
type of installation, roofing material, and color, as well as product performance.

7. Proposed Initial Solar Reflectance: Based on the product chosen from the Cool Roof Rating Council’s Rated Product Directory. If using default assumption indicate NA since the Aged Solar
Reflectance is available.

N
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CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-ADD-01-E

Residential Additions (Page 4 of 8)

8. Proposed Aged Solar Reflectance: Value is from the Cool Roof Rating Council’s Rated Product Directory. If the aged value is not available, calculate the calculated Aged Solar Reflectance
using the Solar Reflectance Index (SRI) Calculation worksheet located on the California Energy Commission website or the aging equation p,eeq=[0.2+B[Pinitia-0.2], Where piyiial = the initial
solar reflectance and soiling resistance B is listed by product type below.

VALUES OF SOILING RESISTANCE B BY PRODUCT TYPE
Product Type CRRC Product Category B

Field-Applied Coating Field-Applied Coating 0.65

Other . . . 0.70
Not A Field-Applied Coating

9. Proposed Thermal Emittance: From the product specification default value. If using a calculated SRI, enter the thermal emittance used to calculate SRI.

10. Proposed SRI: It is optional to meet the SRI, but if chosen to do so use the Solar Reflectance Index (SRI) Calculation Worksheet found on the California Energy Commission website
http://energy.ca.gov/title24/2013standards/documents/solar reflectance/.

11. Required Aged Solar Reflectance: Based on climate zone and roof slope.

12. Required Thermal Emittance: Based on climate zone and roof slope.

13. Required SRI: Based on climate zone and roof slope.

If the cool roofing requirements will be met by a liquid field applied coating, Section 110.8(i)4 requires the coating be applied across the entire roof surface and meet the dry mil thickness or
coverage recommended by the manufacturer.

H. Fenestration/Glazing Allowed Areas and Efficiencies
Fenestration areas are expressed in square feet, not square inches.

The climate zone and size of the addition will affect the area of fenestration (also known as glazing) allowed. If limited to 20%, for example, this is calculated as Conditioned Floor Area (CFA) of the
addition x 0.20 = Total ft” of fenestration allowed.

For additions that are 1000ft or less, but greater than 700ft2, the limit of total fenestration is the greater of 175ft> or 20% of the CFA of the addition.

For additions that are 700ft> or less, but greater than 400ft2, the limit of total fenestration is the greater of 120ft” or 25% of the CFA of the addition.

For additions that are 400ft” or less, the limit of total fenestration is the greater of 75ft” or 30% of the CFA of the addition.

For additions Ehat are 1000ft’ or less, when west-facing fenestration is limited (in climate zones 2, 4, and 6-16), it is limited to either 70ft? (for additions greater than 700ft2) or 60ft (for additions
that are 700ft” or less).

1. Addition Type: Based on “Project Scope.” The addition’s area in square feet—whether <300, >300 to <400, >400 to <700, or >700 to <1,000.
(2. through 9.—These fields will be completed based on conditioned floor area of the addition and/or climate zone. The values in these fields will be entered into Section I.)
Maximum allowed fenestration area for all orientations is the greater of the values in column 2 or 3:
2. Maximum Calculated based on Allowed %: The addition’s CFA multiplied by the allowed %. The maximum total fenestration area is 30% for additions up to 400 ft®, 25% for additions
greater than 400 £t but no greater than 700 ftz, and 20% for additions greater than 700 2,
3. Maximum Calculated Allowed ft*: The maximum total fenestration area is 75ft’ for additions up to 400 ftz, 120ft* for additions greater than 400 £t but no greater than 700 ftz, and 175 ft*

for additions of greater than 700 ft’.

Maximum allowed west-facing area is the greater of the values in column 4 or 5:

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS

CF1R-ADD-01-E

Residential Additions

(Page 5 of 8)

4. Maximum Calculated based on Allowed %: The maximum west-facing fenestration area (in climate zones 2, 4, and 6-16) is 5% for additions greater than 700ft%.
5. Maximum Calculated Allowed ft*: The maximum west-facing fenestration area (in climate zones 2, 4, and 6-16) is 60ft for additions no greater than 700ft2, and 70ft” for additions of

greater than 700 ft’.

Addition CFA: <400 ft© > 400 to < 700 ft° > 700 to < 1,000 ft°
The Greater Of: The Greater Of: The Greater Of:
Orientation Percentage Area (ftz) Percentage Area (ftz) Percentage Area (ftz)
West-facing (CZs 2, 4, 6-16) - 60 - 60 - 70
All Orientations 30% 75 25% 120 20% 175

NOTE: West includes any vertical fenestration oriented to within 45 degrees of true west (in either direction), including 45 degrees north of west, any skylights oriented west, and skylights
facing any direction with a pitch of less than 1:12.

6. Maximum Allowed U-factor (Windows): Maximum area-weighted average of 0.32 for all climate zones.

7.  Maximum Allowed U-factor (Skylights): Maximum area-weighted average of 0.32 for all climate zones, unless meeting one of the Exceptions to 150.1(c)3A. If meeting one of the
Exceptions, this field will be 0.55.

8. Maximum Allowed SHGC (Windows): Maximum area-weighted average of 0.25 for climate zones 2, 4, and 6-16; otherwise N/A.

9. Maximum Allowed SHGC (Skylights): Maximum area-weighted average of 0.25 for all climate zones, unless meeting one of the Exceptions to 150.1(c)3A. If meeting one of the Exceptions,
this field will be 0.30.

10. Comments: Any notes regarding location, unique conditions, or attachments.

I. Fenestration/Glazing Proposed Areas and Efficiencies
1. Tag/ID: Provide a name or designator for each unique type of fenestration surface. This designator should be used consistently throughout the plan set (elevations, finish schedules, etc.)
such as Window-1, Skylight-1, etc. to identify each surface. It should also be consistently used on the other forms in the compliance documentation.
2. Fenestration Type: Indicate the type of fenestration construction e.g., Fixed Window, Operable Window, Skylight, Tubular Skylight, or Glass in Door.

NOTE: Doors with glazing are counted in one of two ways. The entire area of a door with 50% or more glazing is considered fenestration. A door with less than 50% glazing can be
considered as all fenestration, or'can be calculated as the actual glass area with a 2-inch (0.17 ft) frame all around.

3. Frame Type: Metal, metal thermal break, or non-metal.

4. Dynamic Glazing: Indicate whether the fenestration has an integrated shading device, chromogenic glazing, or none for no dynamic glazing. Chromogenic glazing shall be considered
separately from other fenestration types.

5. Orientation: Orientation can be North, East, South, or West. If documentation is for a building that may be built in any direction, in a climate zone that limits west-facing fenestration,
complete this section assuming the side of the building with the most fenestration faces west.

NOTE: West includes any vertical fenestration oriented to within 45 degrees of true west, excluding 45 degrees south of west; any skylights oriented west; and skylights facing any direction
with a pitch of less than 1:12.

6. Number of Panes: Indicate the number of panes for each Tag/ID; is it a single, double, or triple pane window?
7. Proposed Fenestration Area (ftz): The size of any windows, doors with glass, or skylights within the floor area of the addition (combine windows with the same characteristics). Indicate
the area (in square feet) of each exterior fenestration type, including west-facing fenestration.
8. Proposed West Facing Fenestration Area ft”: In climate zones 2, 4, and 6-16, enter the size of any west-facing windows, doors with glass, or skylights within the floor area of the addition.
Indicate the area (in square feet) of each exterior west-facing fenestration type separately.
9. Proposed U-factor: Enter
(a) the NFRC U-factor based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.org) certified values, or
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10.

11.

12.

13.

(b) the default value from Table 110.6-A, or
(c) the NA6.2 alternate default U-factor (for non-rated site-built fenestration only), or
(d) the Area-weighted Average from CF1R-ENV-02

If any products (other than the exceptions noted below) have a higher U-factor than 0.32, first complete a CF1R-ENV-02-E to calculate the area-weighted average U-factor, which must be
0.32 or less, and attach it to the CF1R-ADD-01-E.

NOTES: (1) For the exceptions-upto3 ft* of tubular skylights and up to 16 ft® of skylight area, enter 0.55.
(2) For the exception—upto3 ft® of glass in door, enter 0.32.
(3) Dynamic glazing is a glazing system that changes its performance U-factor and SHGC based on the physical environment. Dynamic glazing includes chromogenic glazing
or integrated shading systems (this does not include interrally-er externally mounted shading devices). If using dynamic glazing, use the lowest tested U-factor and
SHGC in Columns 9 and 118.

Source: The source of the U-factor data for the fenestration product—indicate whether NFRC, Tables 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average
Worksheet (ENV-02).
Proposed SHGC: In climate zones 2, 4, and 6-16, enter

(a) the NFRC SHGC based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.org) certified values, or

(b) the default value from Table 110.6-B, or

(c) the NA6.3 alternate default SHGC (for non-rated site-built fenestration only), or

(d) the Area-weighted Average from CF1R-ENV-02.

If any products (other than the exceptions noted below) have a higher SHGC than 0.25 in a climate zone with a maximum SHGC value, first complete a CF1R-ENV-02-E to calculate the
area-weighted average SHGC, which must be 0.25 or less, and attach it to the CF1R-ADD-01-E.

NOTES: (1) For the exceptions-upto3 ft? of tubular skylights and up to 16 ft? of skylight area, enter 0.30.
(2) For the exception—upto3 ft’ of glass in door, enter 0.25.

Source: The source of the SHGC data for the fenestration product—indicate whether NFRC, Tables 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet
(ENV-02).

Exterior Shading Device: If exterior shading devices are used to meet the SHGC requirement, indicate the type of device (from Table S-1 of CF1R-ENV-03-E Solar Heat Gain Coefficient
Worksheet) and attach the CF1R-ENV-03-E.

NOTES: (1)  An exterior shading device is not used for products with an NFRC rated U-factor and SHGC based on a factory integrated shading device.
(2) Chromogenic glazing shall be considered separately from other fenestration.

14. Combined SHGC from CF1R-ENV-03: If exterior shading devices are combined with the SHGC value of the fenestration to meet the prescriptive SHGC requirements (as indicated in column

I. 13), indicate the SHGC calculated on form CF1R-ENV-03 and attach the form for each window with an exterior shading device.

15.-32. Automatically completed entries; no user input required.

J. Space Conditioning Systems — Heating/Cooling — Single Family Dwelling

If an existing space system will condition an addition, the prescriptive requirements do not apply to that system (Exception 4 to Section 150.2(a)). The enforcement agencies may require
verification that the capacity of the existing heating system is adequate to meet the added load of the additional conditioned floor area. Since there is no health and safety code requirement to
provide cooling, the enforcement agency will not ask for verification that the capacity of the existing system is adequate to meet the added load of the additional conditioned floor area.
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If a new system is installed complete a Certificate of Compliance for Alterations to Space Conditioning Systems (CF1R-ALT-02).

Dwelling Unit Name: Name of dwelling unit or any other identifying name.

Dwelling Unit Total CFA — Sum of Existing Plus Addition (ft%): Total dwelling unit conditioned floor area in ft’, as measured from the outside of exterior walls of the dwelling unit or building
being altered.

Comments: Any notes regarding location or unique conditions.

K. Water Heating Systems for Additions
Water heating compliance for an addition is described in Section 150.2(a). When a water heater is added as part of an addition in a single dwelling, a gas or propane water heater, with a storage
tank of 60 gallons maximum or instantaneous, can be used. Electric water heaters can only be used if gas or propane is not available.-ard-rerecirecutationpump-can-beused-

1.
2.

15.

Water Heating System Identification or Name: Enter a unique name for the Water Heating System.

Water Heating System Type: Domestic Hot Water (DHW), Hydronic, Combined Hydronic, or Central. DHW is for domestic hot water, hydronic is a water heating system used for space heating
only; combined hydronic are when the water heater will provide both space conditioning and domestic hot water.

Water Heater Type: For non-central systems only Small Storage or Small Instantaneous are allowed. For central systems pick from Large Storage, Small Storage, Heat Pump, Boiler, Large
Instantaneous, Small Instantaneous, or Indirect.

Number of Water Heaters in System: In single-family and multi-family with water heaters in each dwelling units the value is 1. For multi-family central systems serving multiple dwelling units
enter the total number of water heaters.

Water Heater Volume (gal): Tank capacity in gallons. For individual water heaters for a dwelling unit this will be 60 gallons or less. If instantaneous, enter n/a. For multi-family central systems
enter the total storage volume.

Fuel Type: Gas, Propane, or Electric (only if natural gas is not available)

Rated Input Type: Enter the equipment input rating type, for gas or propane fired system the units are Btuh, for electric fired system the units are kW.

Rated Input Value: Enter the numeric value of rated input.

Heating Efficiency Type: Energy Factor, AFUE, or Thermal Efficiency. From product literature ora California Energy Commission directory.

Heating Efficiency Value: Enter the value from product literature or a California Energy Commission directory

Standby Loss (percent): Applies only to large storage water heaters. Enter n/a for small storage or instantaneous water heaters.

Exterior Insulation R-Value: Enter the R-value if exterior insulation on the storage tank is installed

Back-up Solar Savings Fraction: If compliance requires a back-up solar system, indicate the solar contribution (e.g., 0.30). External calculations are required.

Central DHW System Distribution Type: For multi-family buildings using a central distribution system a demand recirculation system with at least two distribution loops must be installed. This
requirement applies to any building with eight or more units. If the system is non-central or project has individual units enter n/a.

Dwelling Unit DHW System Distribution Type: For a Central DHW this field shall be Standard. If non-central then pick from Standard, Demand Recirculation — Manual Control, Demand
Recirculation — Sensor Control. Non-central electric water heater must be Standard, no recirculation system shall be installed.

L. Space Conditioning and Water Heating in Multifamily Dwelling UnitsIf an existing space system will condition an addition, the prescriptive requirements do not apply to that system (Exception 4
to Section 150.2(a)). The enforcement agencies may require verification that the capacity of the existing heating system is adequate to meet the added load of the additional conditioned floor
area. Since there is no health and safety code requirement to provide cooling, the enforcement agency will not ask for verification that the capacity of the existing system is adequate to meet the
added load of the additional conditioned floor area. If a new space conditioning system is installed complete a Certificate of Compliance for Alterations to Space Conditioning Systems (CF1R-ALT-02)

1. Dwelling Unit Name: Enter one unique name for each of the number of dwelling units with additions as identified in Section A field 06.

2. Dwelling Unit Total CFA — Sum of Existing Plus Addition (ftz): Total dwelling unit conditioned floor area in ft2, as measured from the outside of exterior walls of the dwelling unit or building
being altered.

3. Central Water Heating System Identification or Name: Enter the central DHW system names from K. 01.

4. Dwelling Unit Water Heating System Identification or Name: Note the applicable water heating system name(s) that were entered in section K or L. If more than one water heating system
type is needed in the dwelling unit, add another row of data for the dwelling unit and enter the additional water heating system name.

5. Dwelling Unit - Installing a New Space Conditioning System?: If a new Space Conditioning system is planned to be installed, then enter yes, otherwise enter no.

6. Comments: Any notes regarding location or unique conditions.
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Documentation Declaration Statements

1. The person who prepared the CF1R will sign and complete the fields for their name, company (if applicable), address, phone number, certification information (if applicable), date and
signature (may be electronic).

2. The person who is assuming responsibility for the project being built to comply with Title 24, Part 6, will complete the fields for their name, company (if applicable), address, phone number,
license number (if applicable), date and signature (may be electronic).

Registration
The CF1R must be registered with a HERS provider prior to submitting for a building permit.

1. ReferencesWater Heaters:
Section 150.1(c) allows a limited number of conditions for water heating. If conditions other than these are proposed, the prescriptive compliance approach cannot be used:

Single Dwelling Unit
A. Asingle gas or propane instantaneous water heater with an input of 200,000 Btu per hour or less and no storage tank, and that meets the requirements of Sections 110.1 and
110.3.
B. Asingle gas or propane storage type water heater with an input of 105,000 Btu per hour or less, rated volume less than or equal to 55 gallons and that meets the requirements
of Sections 110.1 and 110.3. The dwelling unit shall meet all of the requirements for Quality Insulation Installation (Qll) as specified in the Reference Appendix RA3.5.
C. Asingle gas or propane storage type water heater with an input of 105,000 Btu per hour or less, rate volume of more than 55 gallons, and that meets the requirements of
Sections 110.1 and 110.3.

Central System
D. _All water heaters installed mustcomply with Sections 110.1 and 110.3. The distribution system shall be equipped with a demand recirculation control allowing pump operation
to be based on measurement of hot water demand and hot water return temperature. The system shall have at least two loops. Buildings with 8 or less units do not have to

comply with the demand recirculation requirement.
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STATE OF CALIFORNIA

RESIDENTIAL ALTERATIONS

| CEC-CF1R-ALT-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-ALT-01-E
Prescriptive Residential Alterations (Page 1 of 6)
Project Name: ‘ Date Prepared:

A. General Information

01 | Project Name: 02 | Date Prepared:
03 | Project Location: 04 | Building Front Orientation (deg or cardinal):
05 | CACity: 06 | Number of Altered Dwelling Units:
07 | Zip Code: 08 | Fuel Type:
09 | Climate Zone: 10 | Total Conditioned Floor Area (ftz):
11 | Building Type: 12 | Slab Area (ftz)
Exceptions to Minimum Aged Solar Reflectance
13 | Project Scope: 14 | and Minimum Thermal Emittance or SRI

B. Building Insulation Details (Section 150.2(b)1)

01 02 03 04 05 06 | o7 | 08 | 09 10 11
Proposed Required
. Appendix JA4
Frame Frame Continuous
. . . Reference
Frame Depth Spacing Cavity Insulation
Tag/ID Assembly Type Type (inches) (inches) R-value R-value U-factor | Table Cell U-Factor Comments
Note:

e Where insulation is installed above the roofing membrane or above the layer used to seal the roof from water penetration the insulation shall have a maximum water absorption of 0.3
percent by volume when tested according to ASTM Standard C272.

C. Roof Replacement (Section 150.2(b)1H)

01 02 03 04 05 06 07 08 09 10 11 12 13 14
CRRC Proposed Minimum Required
Product R-value Aged Solar | Aged Solar
Tag/ Method of | Roof ID Product Deck Initial Solar | Aged Solar Thermal SRI Reflectance | Reflectance Thermal SRI
ID Compliance | Pitch | Exception Number Type Insulation | Reflectance | Reflectance | Emittance | (Optional) (Max) (Min) Emittance (Optional)
NOTES:

e Roof area covered by building integrated photovoltaic panels and solar thermal panels are exempt from the above Cool Roof requirements.
e Liquid field applied coatings must comply with installation criteria from section 110.8(i)4.

Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

RESIDENTIAL ALTERATIONS

CEC-CF1R-ALT-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-ALT-01-E

Prescriptive Residential Alterations (Page 2 of 6)
Project Name: Date Prepared:
D. Fenestration/Glazing Allowed Areas and Efficiencies (Section 150.2(b)1)
01 02 03 04 05 06 07
Maximum Maximum
Allowed Allowed West- Existing Existing West-
Fenestration Facing Fenestration Facing Maximum Maximum Maximum Maximum
Area For All Fenestration Area for All Fenestration Allowed Allowed Allowed Allowed
Alteration Orientations Area Only Orientations Area U-factor U-factor SHGC SHGC
Type (ft) (ft)) (ft)) (ft)) (Windows) (Skylights) | (Windows) | (Skylights) Comments
Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

RESIDENTIAL ALTERATIONS

CEC-CF1R-ALT-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-ALT-01-E

Prescriptive Residential Alterations (Page 3 of 6)
Project Name: Date Prepared:
E. Fenestration/Glazing Proposed Areas and Efficiencies — Add (Section 150.2(b)1A)

01 02 03 04 05 06 07 08 09 10 11 12 13 14

Proposed
Number Proposed | West Facing Exterior Combined
Frame Dynamic | Orientation of Fenestration|Fenestration| Proposed Proposed Shading SHGC from

Tag/ID Fenestration Type Type Glazing N,S, W, E Panes Area (ft%) Area (ft)) U-factor Source SHGC Source Device CF1R-ENV-03

15 Existing + Proposed Fenestration Area

16 Maximum Allowed Fenestration Area

17 Compliance Statement: |

18 Existing + Proposed West-Facing Fenestration Area

19 Maximum Allowed West Fenestration Area

20 Compliance Statement: |

21 Proposed Fenestration U-factor (Windows)

22 Required Fenestration U-factor (Windows)

23 Compliance Statement: |

24 Proposed Fenestration SHGC (Windows)

25 Required Fenestration SHGC (Windows)

26 Compliance Statement: |

27 Proposed Fenestration U-factor (Skylights)

28 Required Fenestration U-factor (Skylights)

29 Compliance Statement: |

30 Proposed Fenestration SHGC (Skylights)

31 Required Fenestration SHGC (Skylights)

32 Compliance Statement: |
Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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RESIDENTIAL ALTERATIONS

CEC-CF1R-ALT-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-ALT-01-E

Prescriptive Residential Alterations (Page 4 of 6)
Project Name: Date Prepared:
F. Fenestration/Glazing Proposed Areas and Efficiencies — Replace (Section 150.2(b)1B)
01 02 03 04 05 06 07 08 9 10 11 12 13 14
Area Area Net Exterior Combined SHGC
Tag/ | Fenestration Frame Dynamic Orientation Removed Added Added Proposed Proposed Shading from
ID Type Type Glazing N,S, W, E (ftz) (ftz) Area (ftz) U-factor Source SHGC Source Device CF1R-ENV-03
15 Net Added West-facing Fenestration Area
16 Is Net Added Fenestration Area < 0 for west-facing fenestration?
17 Net Added Fenestration Area (all orientations)
18 Is Net Added Fenestration Area < O for all orientations?
19 Proposed Fenestration U-factor (Windows)
20 Required Fenestration U-factor (Windows)
21 Compliance Statement:
22 Proposed Fenestration SHGC (Windows)
23 Required Fenestration SHGC (Windows)
24 Compliance Statement:
25 Proposed Fenestration U-factor (Skylights)
26 Required Fenestration U-factor (Skylights)
27 Compliance Statement:
28 Proposed Fenestration SHGC (Skylights)
29 Required Fenestration U-factor (Skylights)
30 Compliance Statement:
Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

RESIDENTIAL ALTERATIONS

CEC-CF1R-ALT-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-ALT-01-E

Prescriptive Residential Alterations

(Page 5 of 6)
Project Name: Date Prepared:
G. Space Conditioning (SC) Systems - Heating/Cooling (Section 150.2(b))
01 02 03
Dwelling Unit Name Dwelling Unit Total CFA (ftz) Comments
H. Water Heating Systems (Section 150.2(b)1G)
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Water #of Water
Heating Water Water Heater Back-Up Central DHW Dwelling Unit
System Heating Water Heaters Storage Rated Rated Heating Heating Exterior Solar System DHW System
Identification System Heater in Volume Fuel Input Input Efficiency Efficiency | Standby Insul. Savings Distribution Distribution
or Name Type Type system (gal) Type Type Value Type Value Loss (%) | R-Value | Fraction Type Type
I. Space Conditioning Systems and Water Heating Systems in Multifamily Dwelling Unit
01 02 03 04 05 06
Central Water Heating Dwelling Unit Dwelling Unit:
Dwelling Unit Total CFA System Identification or Water Heating System Alteration to the Space
Dwelling Unit Name (ftz) Name Identification or Name Conditioning System(s)? Comments

Registration Number:
CA Building Energy Efficiency Standards - 20136 Residential Compliance

Registration Date/Time:

HERS Provider:

<Date>
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| CEC-CF1R-ALT-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-ALT-01-E

designer).

owner at occupancy.

Prescriptive Residential Alterations (Page 6 of 6)
Project Name: Date Prepared:

DOCUMENTATION AUTHOR'S DECLARATION STATEMENT

1. | certify that this Certificate of Compliance documentation is accurate and complete.

Documentation Author Name: Documentation Author Signature:

Company: Signature Date:

Address: CEA/ HERS Certification Identification (if applicable):

City/State/Zip: Phone:

RESPONSIBLE PERSON'S DECLARATION STATEMENT

| certify the following under penalty of perjury, under the laws of the State of California:

1. Theinformation provided on this Certificate of Compliance is true and correct.

2. lam eligible under Division 3 of the Business and Professions Code to accept responsibility for the building design or system design identified on this Certificate of Compliance (responsible

3. That the energy features and performance specifications, materials, components, and manufactured devices for the building design or system design identified on this Certificate of
Compliance conform to the requirements of Title 24, Part 1 and Part 6 of the California Code of Regulations.

4. The building design features or system design features identified on this Certificate of Compliance are consistent with the information provided on other applicable compliance documents,
worksheets, calculations, plans and specifications submitted to the enforcement agency for approval with this building permit application.

5. 1 will ensure that a registered copy of this Certificate of Compliance shall be made available with the building permit(s) issued for the building, and made available to the enforcement agency
for all applicable inspections. | understand that a registered copy of this Certificate of Compliance is required to be included with the documentation the builder provides to the building

Responsible Designer Name:

Responsible Designer Signature:

Company: Date Signed:
Address: License:
City/State/Zip: Phone:

For assistance or questions regarding the Energy Standards, contact the Energy Hotline at: 1-800-772-3300

Registration Number:
CA Building Energy Efficiency Standards - 20136 Residential Compliance

Registration Date/Time:

HERS Provider:
<Date>
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Prescriptive Residential Alterations (Page 1 of 10)

CF1R-ALT-01-E User Instructions
Minimum requirements for prescriptive alteration compliance can be found in Building Energy Efficiency Standards Section 150.2(b)1.

Completing these forms will require that you have the Reference Appendices for the 20163 Building Energy Efficiency Standards (P400-2012-005). This document contains the
Joint Appendices which are used to determine climate zone and to complete the section for opaque surfaces. When the term CF1R is used it means the CF1R-ALT-01.

Instructions for sections with column numbers and row numbers are given separately.

If any part of the alteration does not comply, prescriptive compliance fails, in which case the performance compliance approach must be used in an attempt to achieve
compliance.

A. General Information
1. Project Name: Identifying information, such as owner’s name.
2. Date: Date of document preparation.
3. Project Location: Legal street address of property or other applicable identifying information.
4. Building Front Orientation: Building front expressed in degrees, where North = 0, East = 90, South = 180, and West = 270. Indicate cardinal if it is a subdivision or multi-
family project built in multiple orientations. The standards (section 100.1) include the following additional details for determining orientation:
e Cardinal covers all orientations (for buildings that will be built in multiple orientations);
e North is oriented to within 45 degrees of true north, including 45 degrees east of north;
e Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;
e South is oriented to within 45 degrees of true south, including 45 degrees west of south;
e  West is oriented to within 45 degrees of true west, including 45 degrees south of west.
CA City: Legal city/town of property.
Number of Altered Dwelling Units: 1 for single-family, 1 or more for multifamily.
Zip Code: 5-digit zip code for the project location (used to determine climate zone).
Fuel Type: Natural Gas, Liquefied Propane Gas, or Electricity.

© N,

NOTE: Prescriptive compliance only allows electricity if existing appliances are electric and natural gas is not available in the building.

9. Climate zone: From Joint Appendix JA2.1.1.

10. Total Conditioned Floor Area: Enter the new conditioned floor area in ftz, as measured from the outside of exterior walls of the dwelling unit or building being altered.

11. Building Type: Single Family (includes duplex), or Multi Family (a building that shares common walls and common floors or ceilings).

12. Slab Area: Area of the first floor slab (if any) in ft’.

13. Project Scope: Check all that apply — insulation, roof replacement > 50%, space heating system, space cooling system, duct system, water heating, adding
fenestration/glazing, replacing fenestration/glazing, adding fenestration/glazing < 75 ft> windows, replacing fenestration/glazing < 75 ft” window, adding
fenestration/glazing < 16 ft’ skylight and or replacing fenestration/glazing skylights

14. Exceptions to Minimum Aged Solar Reflectance and Minimum Thermal Emittance or SRI: No exception, Air-space of 1.0 inch (25mm) is provided between the top of the
roof deck to the bottom of the roofing product, the installed roofing product has a profile ratio of rise to width of 1 to 5 for 50 percent or greater of the width of the
roofing product, existing ducts in the attic are insulated and sealed according to Section 150.1(c)9, building with at least R-38 ceiling insulation, buildings with a radiant

| barrier in the attic meeting the requirements of Section 150.1(c)2, buildings that have no ducts in attic, R-24 or greater insulation above the roof deck.

| CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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Prescriptive Residential Alterations (Page 2 of 10)

B. Building Insulation Details (Section 150.2(b)1)
1. Tag/ID: A label (if any) from the plans, such as A1.4 or wall.
Assembly Type: Roof, Ceiling, Wall, Floor.
Frame Type: Wood or Metal.
Frame Depth: Nominal dimensions (in inches) of framing material such as 2x4 or 2x6.
Frame Spacing: 16, 24, or 48 inches on center.
Proposed Cavity R-value: Insulation installed between framing.

oukwnN

NOTE: Section 110.8(d) specifies that if adding insulation to an existing attic, the resulting attic insulation must total R-30. However, the amount of insulation required is
limited to the amount of room available for insulation without conflicting with Building Code Section 1203.2.

Proposed Continuous Insulation R-value: Insulation installed on the exterior. See Joint Appendix JA4 for guidance.
7. Proposed U-factor: The U-factor for the entire wall, roof or floor assembly.
8. Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., an attic assembly is 4.2.1).
9. Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., an R-38 ceiling with 24-inch on center framing is A21).
10. Required U-factor: From mandatory requirements in Sections 110.0 and 150.0.
11. Comments: Any notes regarding location or unique conditions.

C. Roof Replacement (Section 150.2(b)1H)

When 50% or more of the roof is being replaced the roofing requirements are triggered. Any areas of roof covered by building integrated photovoltaic panels and solar thermal
panels (the area of roof not covered by photovoltaic panels would still need to meet any applicable cool roof requirements). Additionally, there are many
alternatives/exceptions when a cool roof is required.

When the roof is steep slope (pitch greater than 2:12) the roof requirements include a cool roof in climate zones 10-15. The minimum requirement is 0.20 aged solar reflectance,
0.75 thermal emittance, or a minimum SRI of 16.

1. Tag/ID: A label, if any, from the plans, for example R-1.
2. Method of Compliance: Indicate if the method of compliance is going to be based on Aged Solar Reflectance and Thermal Emittance, the Solar Reflectance Index (SRI),
or an Exception.
3. Roof Pitch: Expressed as 4:12, for example, which means the roof rises 4 foot within a span of 12 feet. When roofs have multiple pitches the requirements are based on
the pitch of 50% or more of the roof.
4. Exception: If meeting one of the exceptions. Indicate which exception is, or will be, met.
NOTE: Exceptions and alternatives for steep slope roofs:EXCEPHONSAND-ALFERNATNVES FOR-STEERP SLOPEROOFS:
(a) Mass roof 25 Ibs/ft* or greater (uncommon situation such as sod roof);
(b)  Air space 1” from top of roof deck to bottom of roofing;
(c) Roofing product has a profile ratio of rise to width of 1 to 5 for 50 percent or greater of the width of the roofing product;
(d)  Ducts already meet Section 150.1(c) insulation and duct leakage requirements;
(e) Roof has R-38 insulation;
(f) Roof has a radiant barrier;
(g) No ducts are installed in the attic; or
| (h)  R-42insulation above the roof deck.
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10.
11.

12.
13.
14.

In climate zones 13-15, when there is a low slope roof (pitch 2:12 or less) the cool roof requirements are for a minimum Aged Solar Reflectance of 0.63, a
minimum 0.75 Thermal Emittance, or a minimum SRI of 75.

NOTE: Exceptions and alternatives for low slope roofs:EXCEPTHONS-AND-ALTERNATIVES FORLOW-SLOPEROOFRS:
(a) Mass roof 25 Ibs/ft* or greater (uncommon situation such as sod roof);
(b)  No ducts are installed in the attic; or
(c) Roof deck installation_ trade off—by installing roof deck insulation, a lower aged solar reflectance is required: R-2 (0.62-0.60), R-4 (0.59-0.55), R-6
(0.54-0.50), R-8 (0.49-0.45), R-12 (0.44-0.40), R-16 (0.39-0.35), R-20 (0.34-0.30), R-24 (0.29-0.25).

NOTE: If one of the exceptions above has been selected than the rest of Section C is Not Required.

The CRRC Product ID Number is obtained from the Cool Roof Rating Council’s Rated Product Directory at www.coolroofs.org/products/results. Products are listed by
manufacturer, brand, type of installation, roofing material, and color, as well as product performance.

Product Type: See Cool Roof Rating Council’s directory. Generally product types include single-ply roof, wood shingles, asphalt roof, metal roof, tile roof.

R-value Deck Insulation: If one of the exceptions selected includes adding roof deck insulation, indicate the R-value of insulation.

Proposed Initial Solar Reflectance: Based on the product chosen from the Cool Roof Rating Council’s Rated Product Directory. If using default assumption indicate NA
since the Aged Solar Reflectance is available.

Proposed Aged Solar Reflectance: Value is from the Cool Roof Rating Council’s Rated Product Directory. If the aged value is not available, calculate the calculated Aged
Solar Reflectance using the Solar Reflectance Index (SRI) Calculation worksheet located on the California Energy Commission website or the aging equation
Pagea=[0.2+B[Pinitia-0.2], Where pinirial = the initial solar reflectance and soiling resistance B is listed by product type below.

VALUES OF SOILING RESISTANCE B BY PRODUCT TYPE
Product Type CRRC Product Category B

Field-Applied Coating Field-Applied Coating 0.65

Other . . . 0.70
Not A Field-Applied Coating

Proposed Thermal Emittance: From the product specification default value. If using a calculated SRI place the Thermal Emittance used to calculate SRI.
Proposed SRI: It is optional to meet the SRI but if chosen to do so, use the Solar Reflectance Index (SRI) Calculation Worksheet found on the California Energy
Commission website http://www.energy.ca.gov/title24/2013standards/documents/solar_reflectance/.

Minimum Required Aged Solar Reflectance: Based on climate zone and roof slope.

Minimum Required Thermal Emittance: Based on climate zone and roof slope.

Minimum Required SRI: Based on climate zone and roof slope.

NOTE: If the cool roofing requirements will be met by a liquid field applied coating, Section 110.8(i)4 requires the coating be applied across the entire roof surface
and meet the dry mil thickness or coverage recommended by the manufacturer.
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D. Fenestration/Glazing Allowed Areas and Efficiencies (Section 150.2(b)1)

The climate zone and scope of the alteration will affect the amount of fenestration (also known as glazing) allowed. If limited to 20%, this is calculated as Conditioned Floor Area
x 0.20 = total ft’ of fenestration allowed (20%). Fenestration areas are expressed in feet, not inches. When west-facing fenestration is limited (in climate zones 2, 4, and 6-16), it
is limited to a maximum of 5%. Additions of 1,000 ft’ or less have alternate requirements. For example, the limit may be 120 ft* of fenestration or 25%. While west-facing
fenestration may be limited, if there is no west fenestration the upper limit remains at 120 ft’ or 25% (or the values shown in columns 2 and 3).

The Alteration Type and Fenestration Type will affect how the sStandards apply and whether the fenestration area is limited. Percentages are determined as Conditioned Floor
Area x 0.20 = total ft of fenestration allowed (20%). Depending on the climate zone, if west-facing fenestration is limited, it is limited to a maximum of 5%. The overall total
fenestration area is limited to 20%, not 25%. Fenestration areas are expressed in feet, not inches.

1. Alteration Type. Auto-filled with the project scope in A13: adding fenestration/glazing, replacing fenestration/glazing, adding fenestration/glazing < 75 ft> windows,
replacing fenestration/glazing < 75 ft’ window, adding fenestration/glazing < 16 ft’ skylight and or replacing fenestration/glazing skylights.

2.  Maximum Allowed Fenestration Area for All Orientations (ftz): The maximum total fenestration area is 20%. Depending on the type of fenestration and the alteration
type, this field may show values such as 75 ft’ or 16 ft’.
3.  Maximum Allowed West-Facing Fenestration Area Only: Calculated value based on conditioned floor area time 5 percent (Used in climate zones 2, 4, and 6-16)

NOTE: (1) If adding fenestration/glazing < 75 ft* window or < 16 ft” skylight, enter NA
(2) West includes any vertical fenestration oriented to within 45 degrees of true west, including 45 degrees south of west. For skylights, west also includes any
skylight area facing any direction with a pitch of less than 1:12

4. Existing Fenestration Area for All Orientations: Enter the area, in square feet, of the existing fenestration/glazing.

Existing West-Facing Fenestration Area: Enter the area, in square feet, of the existing west-facing fenestration/glazing. If project has no existing west-facing fenestration

then enter “0”.

5. Maximum Allowed U-factor: Maximum U-factor from Package A or Table 150.1-A. This field will almost always be 0.32 unless the U-factor will be the area weighted
average, CF1R-ENV-02, with other higher fenestration windows. For skylights this will be 0.55.

6. Maximum Allowed SHGC: Maximum SHGC from Package A or Table 150.1-A. This field will almost always be either 0.25 or N/A, depending on climate zone. N/A means
there is no maximum SHGC required in this climate zone. The SHGC will be the area weighted average, CF1R-ENV-02, with other higher fenestration windows. For
skylights this will be 0.30.

7. Comments: Note any special location or comment here.

E. Fenestration/Glazing Proposed Areas and Efficiencies — Add (Section 150.2(b)1A)
1. Tag/ID: A label (if any) from the plans, such as W1.
2. Fenestration Type: Indicate the type of fenestration construction e.g., Fixed Window, Operable Window, or Skylight.

NOTE: Doors with glazing are counted in one of two ways. A door with 50% or more glazing is counted as the entire door area. A door with less than 50% glazing can
be counted as the entire door area or can be calculated as the actual glass area with a 2-inch (0.17 ftz) frame all around.

3. Frame type: Metal, metal thermal break, or non-metal.
| 4. Dynamic Glazing: Indicated if the fenestration has integrated shading device, chromogenic glazing or none for no dynamic glazing. Chromogenic glazing shall be
considered separately from other fenestration types.
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5.

N

10.

11.

Orientation (North, East, South, West). In climate zones where the West-facing glazing is limited, list west-facing individually. The definitions in the Energy Efficiency
Standards include these specific details:

e North is oriented to within 45 degrees of true north, including 45 degrees east of north;

e Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;

e South is oriented to within 45 degrees of true south, including 45 degrees west of south;

e  West is oriented to within 45 degrees of true west, including 45 degrees north of west.

NOTE: Skylights in a roof pitch greater than 1:12 can be included as facing the same orientation as that portion of the roof angle. If the skylight is in a roof with a pitch
less than 1:12, the skylight is assumed to face west.

Number of Panes: Indicate the number of panes for each Tag/ID; is it single, double, or triple pane window?
Proposed Fenestration Area (ftz): Indicate the area (in square feet) of each exterior fenestration type, excluding west-facing fenestration.
Proposed West Facing Fenestration Area (ftz): In climate zones 2, 4, 6-16, indicate the area (in square feet) of each exterior west-facing fenestration type separately.

NOTE: Skylights installed in a roof with pitch less than 1:12 are considered to face west.

Proposed U-factor: Enter
(a) the NFRC U-factor based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.org) certified values, or
(b) the default value from Table 110.6-A, or
(c) the NA6.2 alternate default U-factor (for non-rated site-built fenestration only), or
(d) the Area-weighted Average from CF1R-ENV-02.

If any products (other than skylights) have a higher U-factor than 0.32, first complete a CF1R-ENV-02 to calculate the area-weighted average U-factor, and attach it to
the CF1R-ALT-01.

NOTE: Dynamic glazing is a glazing system that changes its performance U-factor and SHGC based on the physical environment. Dynamic glazing includes chromogenic
glazing or integrated shading systems (this does not include interraty-er externally mounted shading devices). If using dynamic glazing, use the lowest tested
U-factor and SHGC in Columns 98 and 11.

Source: NFRC, Table 100.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02). The source of the U-factor data for the
fenestration product.
Proposed SHGC: In climate zones 2, 4, 6-16 enter
(a) the NFRC-SHGC based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.com) certified values, or
(b) the default value Table 110.6-B, or
(c) the NAG6.3 alternate default SHGC (for non-rated site-built fenestration only), or
(d) the Area-weighted Average from CF1R-ENV-02.

If any products (other than skylights) have a higher SHGC than required by Package A, first complete a form CF1R-ENV-02 to calculate the area-weighted average SHGC
and attach it to the CF1R-ALT-01.
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12. Source: NFRC, Table 100.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02). The source of the SHGC data for the

fenestration product.

13. Exterior Shading Device: If exterior shading devices are used to meet the SHGC requirement, indicate the type of device (from Table S-1 of CF1R-ENV-03 Solar Heat Gain

Coefficient Worksheet) and attach an ENV-03.

NOTES:(1) An exterior shading device is not used for products with an NFRC rated U-factor and SHGC based on a factory integrated shading device.
(2) Chromogenic glazing shall be considered separately from other fenestration.
(3) If using an overhang for south-facing glazing, the glazing must be fully shaded at solar noon on August 21 and substantially exposed to direct sunlight at solar
noon on December 21 (see Residential Manual, Section 3.5.5).

14. Combined SHGC from CF1R-ENV-03: If exterior shading devices are combined with the SHGC value of the fenestration to meet the prescriptive SHGC requirements (as

indicated by a value in column E. 13), indicate the SHGC calculated on form CF1R-ENV-03 and attach the form for each window with an exterior shading device.

15.-32. Automatically completed entries; no user input required.

F. Fenestration/Glazing Proposed Areas and Efficiencies — Replace (Section 150.2(b)1B)

1.
2.

w

~

Tag/ID: A label (if any) from the plans, such as W1.
Fenestration Type: Indicate the type of fenestration construction e.g., Fixed Window, Operable Window, or Skylight.

NOTE: Doors with glazing are counted in one of two ways. A door with 50% or more glazing is counted as the entire door area. A door with less than 50% glazing can
be counted as the entire door area or can be calculated as the actual glass area with a 2-inch (0.17 ftz) frame all around.

Frame type: Metal, metal thermal break, or non-metal.
Dynamic Glazing: Indicate if the fenestration has integrated shading device, chromogenic glazing or none for no dynamic Glazing. Chromogenic glazing shall be
considered separately from other fenestration types.
Orientation (North, East, South, West). In climate zones where the West-facing glazing is limited, list west-facing individually. The definitions in the Energy Efficiency
Standards include these specific details:

e North is oriented to within 45 degrees of true north, including 45 degrees east of north;

e Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;

e South is oriented to within 45 degrees of true south, including 45 degrees west of south;

e West is oriented to within 45 degrees of true west, including 45 degrees north of west.

NOTE: Skylights in a roof pitch greater than 1:12 can be included as facing the same orientation as that portion of the roof angle. If the skylight is in a roof with a pitch
less than 1:12, the skylight is assumed to face west.

Area Removed (ftz): Enter the area, in square feet, of the fenestration/glazing being removed.
Area Added (ftz): Enter the area, in square feet, of the fenestration/glazing being added.
Net Added Area (ftz): The difference between the Area Added and the Area Removed.
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9. Proposed U-factor: Enter
(a) the NFRC U-factor based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.org) certified values, or
(b) the default value from Table 110.6-A, or
(c) the NA6.2 alternate default U-factor (for non-rated site-built fenestration only), or
(d) the Area-weighted Average from CF1R-ENV-02.

If any products (other than skylights) have a higher U-factor than 0.32, first complete a CF1R-ENV-02 to calculate the area-weighted average U-factor and attach it to
the CF1R-ALT-01.

NOTE: Dynamic glazing is a glazing system that changes its performance U-factor and SHGC based on the physical environment. Dynamic glazing includes
chromogenic glazing or integrated shading systems (this does not include internally or externally mounted shading devices). If using dynamic glazing, use
the lowest tested U-factor and SHGC in Columns 98 and 11.

10. Source: NFRC, Table 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02). The source of the U-factor data for the
fenestration product.
15. Proposed SHGC: In climate zones 2, 4, 6-16 enter
(e) the NFRC-SHGC based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.com) certified values, or
(f) the default value Table 110.6-B, or
(g) the NAG6.3 alternate default SHGC (for non-rated site-built fenestration only), or
(h) the Area-weighted Average from CF1R-ENV-02.

If any products (other than skylights) have a higher SHGC than required by Package A, first complete a form CF1R-ENV-02 to calculate the area-weighted average SHGC
and attach it to the CF1R-ALT-01.

11. Source: NFRC, Table 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02). The source of the SHGC data for the
fenestration product.

12. Exterior Shading Device: If exterior shading devices are used to meet the SHGC requirement, indicate the type of device (from Table S-1 of CF1R-ENV-03 Solar Heat Gain
Coefficient Worksheet) and attach an ENV-03.

NOTES: (1) An exterior shading device is not used for products with an NFRC rated U-factor and SHGC based on a factory integrated shading device.
(2) Chromogenic glazing shall be considered separately from other fenestration.
(3) If using an overhang for south-facing glazing, the glazing must be fully shaded at solar noon on August 21 and substantially exposed to direct sunlight
at solar noon on December 21 (see Residential Manual, Section 3.5.5).

13. Combined SHGC from CF1R-ENV-03: If exterior shading devices are combined with the SHGC value of the fenestration to meet the prescriptive SHGC requirements (as
indicated by a value in column F. 13), indicate the SHGC calculated on form CF-1R-ENV-03 and attach the form for each window with an exterior shading device.
15.-30. Automatically completed entries; no user input required.
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G. Space Conditioning (SC) Systems — Heating/Cooling (Section 150.2(b))
Requirements of the standards apply to a heating and cooling system alteration based on the type of alteration and the system type (Section 150.2(b)1). A completely new
system will meet all mandatory and prescriptive requirements, which vary by climate zone (based on Section 150.2(b)1C). [NOTE: Computer performance compliance can be
used to trade-off any requirements that are not mandatory.] When parts of a system are replaced, it may trigger some of the same requirements that apply to new systems and
duct alterations. A Certificate of Compliance for Alterations to Space Conditioning Systems (CF1R-ALT-02) is required for each dwelling unit with a space conditioning system
alteration.

1. Dwelling Unit Name: Name of dwelling unit or any other identifying name.

2. Dwelling Unit Total CFA (ftz): Conditioned floor area in ftz, as measured from the outside of exterior walls of the dwelling unit or building being altered.

3. Comments: Any notes regarding location or unique conditions.

H. Water Heating Systems (Section 150.2(b)1G)

Water heating compliance for an alteration is described in Section 150.2(b)1G. For a single dwelling unit, a gas or propane water heater that meets the requirements of
150.1(c)8 can be used. -If no natural gas is connected to the building, an electric water heater with an energy factor greater than or equal to the minimal energy factor required
under the Appliance Efficiency Regulation, and with storage capacity of less than 60 gallons can be used. -Dwelling Unit distribution systems are limited to Standard trunk and
branch or demand recirculation for gas or propane water heater. -Demand recirculation is not allowed for electric water heater. If there is no natural gas connected to the
building, an electric water heater may be replaced with another electric water heater. However, changing from gas to electric is not allowed-—-Muli-family-centralsystemsrmust

usecertified-eguipmentas-defined-underSection110-1-and-110-3- unless the conditions of Section 150.2(b)1Giic or 150.2(b)1Giid are met. Multi-family central systems must use
certified equipment as defined under Section 110.1 and 110.3.

1. Water Heating System ldentification or Name: Enter a unique name for the Water Heating System.

2. Water Heating System Type: Domestic Hot Water (DHW), Hydronic, Combined Hydronic, or Central. DHW is for domestic hot water, hydronic is a water heating system used
for space heating only; combined hydronic are when the water heater will provide both space conditioning and domestic hot water.

3. Water Heater Type: For non-central systems only Small Storage or Small Instantaneous are allowed. For central systems pick from Large Storage, Small Storage, Heat Pump,
Boiler, Large Instantaneous, Small Instantaneous or Indirect.

4. Number of Water Heaters in System: In single-family and multi-family with water heaters in each dwelling units the value is 1. For multi-family central systems serving
multiple dwelling units enter the total number of water heaters.

5. Water Heater Volume (gal): Tank capacity in gallons. For individual water heaters for a dwelling unit this will be 60 gallons or less. If instantaneous, enter n/a. For multi-
family central systems enter the total storage volume.

6. Fuel Type: Gas, Propane, Electric (Only if natural gas is not available, or if the conditions of Section 150.2(b)1Giic or 150.2(b)1Giid are met)

NOTE: The following table lists replacement heat pump water heating systems by climate zone that meet the requirements of 150.2(b)Giic and/or 150.2(b)Giid.
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Precalculated Replacement Heat Pump Water Heating Systems for Single Dwelling Units

Ccz Energy Factor greater than or equal to
1 2.75

2 2.75

3 2.75

4 2.8

2 2.75

5 2.33

7 2.5

8 2.33

9 2.33

10 2.33

11 2.5

12 2.8

13 2.5

14 2.5

15 2.33

16 EF > 3,.plus a solar_water h(.eating system
- with solar saving fraction > 0.4

Rated Input Type: Enter the equipment input rating type, for gas or propane fired system the units are Btuh, for electric fired system the units are kW.
Rated Input Value: Enter the numeric value of rated input.
Heating Efficiency Type: Energy Factor, AFUE, or Thermal Efficiency. From product literature or a California Energy Commission directory.

. Heating Efficiency Value: Enter the value from product literature or a California Energy Commission directory

. Standby Loss (percent): Applies only to large storage water heaters. Enter n/a for small storage or instantaneous water heaters.

. Exterior Insulation R-Value: Enter the R-value if exterior insulation on the storage tank is installed

. Back-Up Solar Savings Fraction: If compliance requires a back-up solar system, indicate the solar contribution (e.g., 0.30). External calculations are required.

. Central DHW Distribution System: For multi-family buildings with using a central distribution system a demand recirculation system with at least two distribution loops must

be installed. This requirement applies to any building with eight or more units. If the system is non-central or project is individual units enter n/a.

. Dwelling Unit DHW Distribution Type: For a Central DHW this field shall be Standard. If non-central then pick from Standard, Demand Recirculation — Manual Control,

Demand Recirculation — Sensor Control. If non-central electric water heater this must be Standard, no recirculation system shall be installed.
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I. Space Conditioning Systems and Water Heating Systems in Multifamily Dwelling Units

Requirements of the sStandards apply to a heating and cooling system alteration based on the type of alteration and the system type (Section 150.2(b)1). A completely new
system will meet all mandatory and prescriptive requirements, which vary by climate zone (based on Section 150.2(b)1C). [NOTE: Computer performance compliance can be
used to trade-off any requirements that are not mandatory.] When parts of a system are replaced, it may trigger some of the same requirements that apply to new systems and
duct alterations. A Certificate of Compliance for Alterations to Space Conditioning Systems (CF1R-ALT-02) is required for each dwelling unit with a space conditioning system

alteration.

1. Dwelling Unit Name: Name of dwelling unit or any other identifying name.

2. Dwelling Unit Total CFA (ftz): Conditioned floor area in ftz, as measured from the outside of exterior walls of the dwelling unit or building being altered.

3. Central Water Heating System Identification or Name: Select one of the central DHW system names.

4. Dwelling Unit Water Heating System Identification or Name: Select the applicable water heating system name(s) that were entered in sSection GH or select n/a if no
water heating systems are planned to be installed in this dwelling. If more than one water heating system type is needed in the dwelling unit, enter another row of data
for the dwelling unit and select the additional water heating system name.

5. Dwelling Unit - Alteration to the Space Conditioning System(s)?: If altering one or more of the Space conditioning systems in the dwelling enter yes, otherwise enter no

6. Comments: Any notes regarding location or unique conditions.

Signatures
1. The person who prepared the CF1R will sign and complete the fields for their name, company (if applicable), address, phone number, certification information (if

applicable), date and signature (may be electronic).
2. The person who is assuming responsibility for the project being built to comply with Title 24, Part 6, will complete the fields for their name, company (if applicable),
address, phone number, license number (if applicable), date and signature (may be electronic).

Registration
1. The CF1R must be registered with a HERS provider prior to submitting for a building permit. See Residential Manual Section 2.1.1.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

AREA WEIGHTED AVERAGE CALCULATION WORKSHEET @
| CEC-CF1R-ENV-02-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-ENV-02-E
Area Weighted Average Calculation Worksheet (Page 1 of 1)
Project Name: | Date Prepared:

A. Area-Weighted Average Calculation

01 Project Name:

02 Dwelling Name or Number:

03 Feature Being Area Weighted Averaged:

04 Property Being Averaged:

B. U-factor Area-Weighted Average Calculation

01 02 03

Tag /ldentification Surface Feature Area (ftz) U-Factor Value

04 | U-Factor Area-weighted Average: |

C. SHGC Area-Weighted Average Calculation

01 02 03

Tag /Identification Surface Feature Area (ftz) SHGC Value

04 | SHGC Area-weighted Average:
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CF1R-ENV-02-E User Instructions

This worksheet is used to calculate the area-weighted average U-factors for building envelope features such as walls,
roofs, floors, mass, and fenestration/glazing U-factors or Solar Heat Gain Coefficient (SHGC) values for prescriptive

compliance. R-values are not used for area-weighing; only U-factors or SHGC values are allowed.

The area weighted averaging calculation is done when there is more than one level of insulation, window U-factor or
SHGC used in a building to meet prescriptive compliance requirements. Each fenestration type (e.g., vertical windows,
skylights, dynamic glazing, and window films) is treated independently and cannot be combined. Submit the ENV-02
with the energy compliance forms.

If exterior shading devices are used to meet an SHGC requirement, first complete a CF1R-ENV-03 form (Solar Heat Gain
Coefficient (SHGC) Worksheet). If the SHGC exceeds 0.25, then use the weighted-average of other like windows to
determine overall compliance with prescriptive SHGC requirements.

A. Area Weighted Average — General Information
1. Project Name: From the CF1R
2. Dwelling Name or Number: From the CF1R
3. Feature Being Area-Weighted Averaged: Indicate what is being area weighted is Fenestration, Wall, Roof,
Ceiling or Floors.
4. Property Being Averaged: Indicate if the area-weighted average is for a U-factor, SHGC or Both.

B. U-factor Area Weighted Average Calculation
1. Tag/ID: Same data given on CF1R’s; provides an identification Tag or Identification name that uniquely
identifies the features being area-weighted.
2. Surface Feature Area: Total area of each occurrence of the feature being area-weighted.
2.3. U-Factor Value: U-factor of the area described in this row. Values can come from the 2013 Reference
Appendices, manufacturer’s data or specification sheets.

| 3.4. Calculated value; not a user input.

C. SHGC Area Weighted Average Calculation
1. Tag/ID: same data given on CF1R’s; provides an identification Tag or Identification name that uniquely
identifies the features being area-weighted.
2. Surface Feature Area: Total area of each fenestration being area-weighted.
3. Property being averaged: Value: SHGC of the area being described in this row. Values can come from the
| 20163 Reference Appendices, manufacturer’s data or specification sheet.
4. Calculated value; not a user input.

Note: This form may also be used to develop a requirement area-weighted
average U-Factor or SHGC, which can occur when any exception allows an
area to comply at a higher limit of rated performance if the total area for that
product type exceeds the area qualifying for the exception.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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STATE OF CALIFORNIA

NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-NCB-01-E

Prescriptive Newly Constructed Buildings

(Page 1 of 7)

Project Name:

Date Prepared:

A. General Information

01 | Project Name: 02 | Date Prepared:
03 | Project Location: 04 | Building Front Orientation (deg or cardinal):
05 | CACity: 06 | Number of Dwelling Units:
07 | Zip Code: 08 | Fuel Type:
09 | Climate Zone: 10 | Total Conditioned Floor-Area (ftz):
11 | Building Type: 12 | Slab Area (ft%):
. . Exceptions to Fenestration U-factor & SHGC
13 | Project Scope: 14 150.1(c)3A
B. Opaque Surface Details — Framed (Section 150.1(c)1)
01 02 03 04 05 06 | o7 | o8 | o9 10 11
Proposed Required
Frame Frame Continuous Apptfendix A4
Frame Depth Spacing Cavity Insulation Reference U-Factor from
Tag/ID Assembly Type Type (inches) (inches) R-value R-value U-Factor Table Cell Package A Comments
C. Opaque Surface Details — Non-framed (Section 150.1(c)1)
01 02 03 04 05 06 o7 | o8 [ o9 10 11
Proposed Required
Appendix JA4
Core Continuous Reference
Thickness Insulation Insulation U-Factor from
Tag/ID Assembly Type Assembly Materials (inches) R-value R-value U-Factor Table Cell Package A Comments

Registration Number:
CA Building Energy Efficiency Standards - 20136 Residential Compliance

Registration Date/Time:

HERS Provider:

<Date>




STATE OF CALIFORNIA

NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-NCB-01-E

Prescriptive Newly Constructed Buildings (Page 2 of 7)

Project Name: | Date Prepared:

D. Opaque Surface Details — Mass Walls (Section 150.1(c)1)

01 02 03 04 05 06 07 08 | 09 10 11
Proposed Required
. lati . lati Appendix JA4 . lati . lati
Walls Mass Furring Strip Interior Insulation Exterior Insulation Battheoth Interior Insulation Exterior Insulation
Above Thickness Thickness
Tag/ID Grade Mass Type (inches) (inches) R-value U-factor R-value U-factor | Table Cell R-value U-factor R-value U-factor
E. Slab Insulation (Table 150.1-A)
01 02 03 04
Proposed Required
Insulation Insulation
Floor Type R-value U-factor R-value U-factor Comments
| Note:
e Heated slab floors require mandatory slab insulation (see Table 110.8-A).
| F. Ceiling/Roof Insulation (Section 150.1(c)1A)
| 01 02 03 04 05 06 07
Air Space Above Roof Deck Below.Roof Deck Radiant Barrier Vented Attic?
Option (Yes/No) R-value R-value Ceiling Insul. R-value Required? (Yes/No)
Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



STATE OF CALIFORNIA
NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE CF1R-NCB-01-E

Prescriptive Newly Constructed Buildings (Page 3 of 7)

Project Name: Date Prepared:

Note:

®  Where insulation is installed above the roofing membrane or above the layer used to seal the roof from water penetration the insulation shall have a maximum water absorption of 0.3

percent by volume when tested according to ASTM Standard C272.

G. Roofing Products (Cool Roof) (Section 150.1(c)11)
01 02 03 04 05 06 07 08 09 | 10 11 12 | 13
Mass Roof Proposed Minimum Required
25 Ib/ft? Roof Method of Product CRRC Product Initial Solar Aged Solar Thermal SRI Aged Solar Thermal SRI
Tag/ID | or greater Pitch compliance Type ID Number Reflectance Reflectance Emittance (Optional) Reflectance Emittance (Optional)
|| NoFESNotes:
e Any roof area covered by building integrated photovoltaic panels and solar thermal panels is exempt from the above Cool Roof requirements.
e Liquid field applied coatings must comply with installation criteria from section 110.8(i)4.

H. Fenestration/Glazing Allowed Areas and Efficiencies (Section 150.1(c)3)
01 02 03 04 05 06 07
Maximum Allowed Maximum Allowed Maximum Maximum Maximum Maximum
Fenestration Area for West-Facing Fenestration Allowed Allowed Allowed Allowed
All Orientation Area Only U-factor U-factor SHGC SHGC
(ftz) (ftz) (Windows) (Skylights) (Windows) (Skylights) Comments
Registration Number: Registration Date/Time: HERS Provider:

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-NCB-01-E
Prescriptive Newly Constructed Buildings (Page 4 of 7)
Project Name: | Date Prepared:
I. Fenestration Proposed Areas and Efficiencies
Note: If meeting Exception 1 to 150.1(c)3A, Installing < 3ft? glass in door, it is assumed to meet the minimum required U-factor (0.32) & SHGC (0.25).
If meeting Exception 1 to 150.1(c)3A, Installing < 3ft” tubular skylight, it is assumed to meet the minimum required U-factor (0.55) & SHGC (0.30).
01 02 03 04 05 06 07 08 09 10 11 12 13 14
Proposed Combined
Orientation Proposed | West Facing Exterior SHGC from
Frame Dynamic N,S, W, E | Number of |Fenestration|Fenestration| Proposed Proposed Shading CF1R-ENV-
Tag/ID Fenestration Type Type Glazing or Roof Panes Area (ft%) Area (ft%) U-factor Source SHGC Source Device 03
15 Total Proposed Fenestration Area
16 Maximum Allowed Fenestration Area
17 Compliance Statement |
18 Total Proposed West-Facing Fenestration Area
19 Maximum Allowed West-Facing Fenestration Area
20 Compliance Statement |
21 Proposed Fenestration U-factor (Windows)
22 Required Fenestration U-factor (Windows)
23 Compliance Statement |
24 Proposed Fenestration SHGC (Windows)
25 Required Fenestration SHGC (Windows)
26 Compliance Statement |
27 Proposed Fenestration U-factor (Skylights)
28 Required Fenestration U-factor (Skylights)
29 Compliance Statement |
30 Proposed Fenestration SHGC (Skylights)
31 Required Fenestration SHGC (Skylights)
32 Compliance Statement |
Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY)
CERTIFICATE OF COMPLIANCE
Prescriptive Newly Constructed Buildings
Project Name:

CALIFORNIA ENERGY COMMISSION
CF1R-NCB-01-E
(Page 5 of 7)

Date Prepared:

J. Space Conditioning (SC) Systems — Heating/Cooling/Ducts (Section 150.1(c)7)

01 02 03 04 05 06 07 08 09 10 11 12
Space
Conditioning
System Heating Heating Heating Cooling Cooling Cooling Distribution
Identification System Efficiency Efficiency System Efficiency Efficiency System Duct Duct Thermostat
or Name Type Type Value Type SEER EER Type Location R-value Type Comments
Notes:

e Central gas furnaces have a minimum efficiency of 7881% AFUE, heat pumps 8.07+# HSPF. Any gas heating appliance sold in California will meet the minimum appliance efficiency standard
and is allowed. Heat pumps and mini-split heat pumps are the only type of electric heating system allowed.

e Central cooling systems and heat pumps have a minimum efficiency of 143 SEER. Any cooling appliance sold in California will meet the minimum appliance efficiency standard and is allowed.
e The prescriptive requirements preclude the use of bypass ducts in association with zonally controlled systems. A HERS Rater shall verify that zonally controlled systems have no bypass ducts.

K. Ventilation Cooling in Climate Zones 8-14 (Section 150.1(c)12)

01 02

Required Airflow Rate (CFM) Minimum Attic Vent Free Area (inz)
(2-1.5 CFM per ft? of Conditioned Floor Area) (column 1x0.384192)

L. Water Heating Systems (Section 150.1(c)8)
List water heaters and boilers for both domestic hot water (DHW) heaters and hydronic space heating.

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
# of Water
Water Water Heater Back-Up | Central DHW
Water Heating Heating Water Heaters Storage Rated Rated Heating Heating Exterior Solar System Dwelling Unit
System ID or System Heater in Volume Fuel Input Input Efficiency | Efficiency | Standby Insul. Savings Distribution DHW System
Name Type Type system (gal) Type Type Value Type Value Loss (%) | R-Value | Fraction Type Distribution Type

Registration Number:

Registration Date/Time:
CA Building Energy Efficiency Standards - 20136 Residential Compliance

HERS Provider:
<Date>



STATE OF CALIFORNIA

NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF COMPLIANCE CF1R-NCB-01-E
Prescriptive Newly Constructed Buildings (Page 6 of 7)
Project Name: Date Prepared:

M. Space Conditioning Systems and Water Heating Systems in Multifamily Dwelling Units

01 02 03 04 05 06
Central Water Heating Dwelling Unit Dwelling Unit
Dwelling Unit Total CFA System Identification or Water Heating System Space Conditioning System
Dwelling Unit Name (ftz) Name Identification or Name Identification.or Name Comments

N. HERS Verification Summary
The enforcement agency shall pay special attention to the HERS Measures specified in this checklist below. A registered Certificate of Verification for all the measures specified shall be submitted

to the building inspector before final inspection.
Duct Leakage Verification- Section 150.0(m)11
e Duct leakage testing is required (Residential Appendix RA3.1) in all climate zones for ducted heating and cooling systems.
e  System is zonally controlled. No bypass ducts are allowed, as confirmed by HERS verification
Zonally Controlled Systems — Bypass Dampers - Section 150.1(c)13
e If system is zonally controlled, no bypass ducts are allowed, as confirmed by HERS verification (See RCM Appendix F)
Refrigerant Charge Verification — Section 150.1(c)7a
e  Refrigerant Charge Testing is required (Residential Appendix RA3.2) in climate zones 2 and 8-15 for all air source A/C and heat pumps.
e  Some exceptions apply to factory charged package systems
Central System Air Handlers — Air Flow and Fan Efficacy Verification - Section 150.0(m)13
e Airflow (min 350 cfm/ton) and Fan Efficacy (max 0.58 watts/cfm) on systems with ducted air conditioning will be field verified by a HERS rater or Return Duct and Filter System Design
according to tables 150.0-B&/BC will be HERS verified
e  Heat-only systems with Central Fan Integrated (CFl) ventilation are required to have less than 0.58 watts per cfm as verified by a HERS rater.
Indoor Air Quality Mechanical Ventilation
e Mechanical ventilation airflow rate according to ASHRAE 62.2 is required to be verified by a HERS rater (RA3.7)

Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




STATE OF CALIFORNIA

NEWLY CONSTRUCTED BUILDINGS

| CEC-CF1R-NCB-01-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF COMPLIANCE

CF1R-NCB-01-E

designer).

owner at occupancy.

Prescriptive Newly Constructed Buildings (Page 7 of 7)
Project Name: Date Prepared:

DOCUMENTATION AUTHOR'S DECLARATION STATEMENT

1. | certify that this Certificate of Compliance documentation is accurate and complete.

Documentation Author Name: Documentation Author Signature:

Company: Signature Date:

Address: CEA/ HERS Certification Identification (if applicable):

City/State/Zip: Phone:

RESPONSIBLE PERSON'S DECLARATION STATEMENT

| certify the following under penalty of perjury, under the laws of the State of California:

1. The information provided on this Certificate of Compliance is true and correct.

2. lam eligible under Division 3 of the Business and Professions Code to accept responsibility for the building design or system design identified on this Certificate of Compliance (responsible

3. That the energy features and performance specifications, materials, components, and manufactured devices for the building design or system design identified on this Certificate of
Compliance conform to the requirements of Title 24, Part 1 and Part 6 of the California Code of Regulations.

4. The building design features or system design features identified on this Certificate of Compliance are consistent with the information provided on other applicable compliance documents,
worksheets, calculations, plans and specifications submitted to the enforcement agency for approval with this building permit application.

5. lwill ensure that a registered copy of this Certificate of Compliance shall be made available with the building permit(s) issued for the building, and made available to the enforcement agency
for all applicable inspections. | understand that a registered copy of this Certificate of Compliance is required to be included with the documentation the builder provides to the building

Responsible Designer Name:

Responsible Designer Signature:

Company: Date Signed:
Address: License:
City/State/Zip: Phone:

For assistance or questions regarding the Energy Standards, contact the Energy Hotline at: 1-800-772-3300

Registration Number:
CA Building Energy Efficiency Standards - 20136 Residential Compliance

Registration Date/Time:

HERS Provider:
<Date>




CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E
Newly Constructed Buildings and Additions (Page 10f 12)

CF1R-NCB-01-E User Instructions

Minimum requirements for prescriptive compliance can be found in Building Energy Efficiency Standards Section 150.1(c), and Table 150.1-A (Package A). Completing these
forms will require that you have the Reference Appendices for the 20163 Building Energy Efficiency Standards, which contains the Joint Appendices used to determine climate
zone and to complete the table for opaque surfaces. When the term CF1R is used it means the CF1R-NCB-01. Worksheets are identified by their entire name and subsequently
by only the worksheet number, such as CF1R-ENV-02.

Instructions for tables with column numbers and row letters are given separately.

A. General Information
1. Project Name: Identifying information, such as owner’s name.
2. Date: Date of document preparation.
3. Project Location: Legal street address of property or other applicable location identifying information.
4. Building Front Orientation: Building front expressed in degrees, where North = 0, East = 90, South = 180, and West = 270. Indicate cardinal if it is a subdivision or multi-
family project that will be built in multiple orientations. The sStandards (sSection 100.1) include the following additional details for determining orientation:
e Cardinal covers all orientations (for buildings that will be built in multiple orientations);
e North is oriented to within 45 degrees of true north, including 45 degrees east of north;
e Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;
e South is oriented to within 45 degrees of true south, including 45 degrees west of south;
e  West is oriented to within 45 degrees of true west, including 45 degrees south of west.
CA City: Legal city/town of property.
Number of Dwelling Units: 1 for single-family, 2 or more for multifamily.
Zip Code: 5-digit zip code for the project location (used to determine climate zone).
Fuel Type: Natural Gas, Liquefied Propane Gas, or Electricity.

© N,

NOTE: Prescriptive compliance only allows electricity. if existing appliances are electric and natural gas is not available in the building.

9. Climate zone: From Joint Appendix JA2.1.1:

10. Total Conditioned Floor Area: Enter the new conditioned floor area in ftz, as measured from the outside of exterior walls. If the project is an addition, this form is used
for additions that are greater than 1,000 fit’.

11. Building Type: Single Family (includes duplex), or Multi Family (a building that shares common walls and common floors or ceilings).

12. Slab Area: Area of the first floor slab (if any) in ft’.

13. Project Scope: Newly constructed building or new addition greater than 1,000 ft>.

14. Exceptions to Fenestration U-factor and SHGC: Installing less than or equal to 3 ft’ glass in door, Installing less than or equal to 3 ft” tubular skylight, or Installing less
than or equal to 16 ft’ skylight, or Not Applicable.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E

Newly Constructed Buildings and Additions (Page 2 0f 12)

B. Opaque Surface Details — Framed

1.

oukwnN

8.
9.

Tag/ID: A label (if any) from the plans, such as A1.4 or wall.

Assembly Type: -Roof, Ceiling, Wall, Floor.

Frame type: Wood or Metal.

Frame Depth: Nominal dimensions (in inches) of framing material such as 2x4 or 2x6.
Frame Spacing: 16, 24, or 48 (inches on center).

Proposed Cavity R-value: Cavity R-value of insulation installed between framing members.

NOTE: Wall U-factor required for all climate zones is 8-:8650.05. This U-factors can be met by wood framed 2x4 walls with R-13 cavity + R5 continuous insulation (not
interrupted by framing), R-15 cavity plus R-4 continuous insulation, or any combination of cavity and/or continuous insulation that results in a U-factor equal to
or less than 8:86650.05.

Proposed Continuous Insulation R-value: R-value of rigid or continuous insulation (not interrupted by framing).

Proposed U-factor: The U-factor for the proposed assembly. Must be less than or equal to column 10 or have an attached CF1R-ENV-02-E to show that a weighted U-
factor for multiple assemblies will meet the maximum value in column 10.

Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., an ICF wall'is 4.3.13).

Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., an 8-inch thick ICF wall with 2 inches of EPS (R-15.4) is A6).

10. Required U-factor from Package A: Value required based on climate zone and assembly type.
11. Comments: Any notes regarding location, unique conditions, or attachments.

C. Opaque Surface Details — Non-framed

1.

CoNOU A WD

Tag/ID: A label (if any) from the plans, for example, A1.4 or wall.

Assembly Type: Roof, Wall.

Assembly materials: SIP OSB, SIP I-Joist, SIP single 2x, SIP double 2x, see JA4 for guidance.

Thickness: Thickness in inches.

Proposed Core Insulation R-value: Insulation installed within the materials or on the inside. See Joint Appendix JA4 for guidance.
Proposed Continuous Insulation R-value: Insulation installed on the exterior. See Joint Appendix JA4 for guidance.

Proposed U-factor: Assembly U-factor from JA4 or WS-01. Must be less than or equal to column 10.

Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., an ICF wall is 4.3.13).

Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., an 8-inch thick ICF wall with 2 inches of EPS (R-15.4) is A6).

10 Required U-factor from Package A: Based on assembly type and climate zone.
11. Comments: Any notes regarding location, unique conditions, or attachments.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E

Newly Constructed Buildings and Additions (Page 3 0f12)

D. Opaque Surface Details — Mass Walls

1.

vk wnN

10.

11.

Tag/ID: A label (if any) from the plans, for example, A1.4 or wall.

Walls Above Grade: Yes or No.

Mass Type: Clay Brick, Clay Hollow Unit, CMU Light Weight, CMU Medium Weight, CMU Normal Weight, concrete, ICF. See JA4 for guidance.

Mass Thickness: Thickness (in inches) of mass.

Furring Strips Thickness: If furring strips are required to meet the required wall R-value or U-factor shown in columns 10 and 11, indicate the thickness of the furring
strip (in inches). See Table 4.3.14 of Joint Appendix 4.

Proposed Interior Insulation R-value or U-factor: Enter either the R-value or U-factor of proposed insulation on the inside surface of the mass wall. See column 10 for
the required interior insulation value for the wall type selected. See JA4 for guidance. Use the same descriptor (R-value or U-factor) throughout Table D.

Proposed Exterior Insulation R-value or U-factor: Enter either the R-value or U-factor of proposed insulation on the outside surface of the mass wall. See column 11 for
the required exterior insulation value for the wall type selected. See JA4 for guidance.

Appendix JA4 Table: Table number used to determine the R-value or U-factor (e.g., an ICF wall is 4.3.13).

Appendix JA4 Cell: Cell number used to determine the R-value or U-factor (e.g., an 8-inch thick ICF wall with 2 inches of EPS (R-15.4) is A6).

Required Interior Insulation R-value or U-factor: The required R-value or U-factor (whichever descriptor was selected in column 6) for interior insulation will be
completed based on the Table 150.1-A requirements for the wall type.

Required Exterior Insulation R-value or U-factor: The required R-value or U-factor (whichever descriptor was selected in column 7) for exterior insulation will be
completed based on the Table 150.1-A requirements for the wall type.

E. Slab Insulation
Slab edge performance specifications and installation criteria are found in Sections 150.0(l) and 150.1(c)1D (Table 150.1-A). Requirements vary by climate zone and slab
conditions.

1.

Floor type: Types include slab-on-grade or raised slab.

e Slab-on-grade floors require slab edge insulation in climate zone 16 only.

e Raised slab must be insulated to R8 in climate zones 1, 2, 11, 13, 14 and 16, R-4 in climate zones 12 and 15, and no insulation is required in climate zones 3-10.
Proposed R-value: When required, insulation can be specified by either R-value or U-factor. If specifying an R-value complete column 2.
Proposed U-Factor: When required, specify the U-factor of proposed insulation in column 3.
Required Insulation R-value: Whichever descriptor was used (R-value or U-factor) in column 2 or 3 will be used to specify the value required, which will vary by climate
zone and type of slab. Values are from Table 150.1-A.
Required Insulation U-factor: Whichever descriptor was used (R-value or U-factor) in column 2 or 3 will be used to specify the value required, which will vary by climate
zone and type of slab. Values are from Table 150.1-A.
Comments: Any notes regarding location, unique conditions, or attachments.

NOTE: A suggestion is provided to highlight that there is a mandatory slab edge insulation requirement for heated slab floors. Since mandatory requirements are not
listed on the Certificate of Compliance, this is provided for information purposes only. The specific requirements are in Sections 110.8(g) and Table 110.8-A.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E
Newly Constructed Buildings and Additions (Page 4 of 12)

F. Roof/Ceiling Insulation

1. Option: Option A (Continuous Insulation), Option B (Below Roof Deck Insulation), or Option C.

2. Air Space: Yes or No.

3. Above Roof Deck R-value: This field will be auto populated. The required above roof deck R-value will vary depending on climate zone and whether or not there is an air
space.

4. Below Roof Deck R-value: This field will be auto populated. The required below roof deck R-value will vary depending on climate zone and whether or not there is an air
space.

5. Insulation R-value: This field will be auto populated. The required insulation R-value will vary depending on climate zone.

6. Radiant Barrier Required?: This field will be auto populated. The radiant barrier requirement will vary depending on compliance option used and climate zone.

7. Vented Attic?: Yes or No.

Note: If attic is unvented, prescriptive compliance cannot be used. Compliance may be attempted using the performance approach.

G. Roofing Products (Cool Roof)

Roofing requirements are found in Sections 110.8(i) and 150.1(c)11. Depending on the climate zone and roof slope, a cool roof (defined as a minimum aged solar reflectance and
thermal emittance, or a minimum SRI) may be required by Package A.

Exceptions include (1) low-slope roofs (pitch 2:12 or less) in climate zones 1-12, 14 and 16; (2) steep slope roof (pitch greater than 2:12) in climate zones 1-9 and 16; (3) roof
constructions that have thermal mass over the roof membrane with at least 25 lb/ftz; and (4) any roof area covered by building integrated photovoltaic panels and solar thermal
panels (the area of roof not covered by photovoltaic panels would still need to meet any applicable cool roof requirements).
1. Tag/ID: A label (if any) from the plans, such as R1.
2. Mass roof 25 Ib/ft2 or greater: Yes or No. Mass roofs are not required to have a cool roof even if the climate zone specifies minimum performance requirements.
3. Roof Pitch: Expressed as 4:12, for example, which means the roof rises 4 foot within a span of 12 feet. When roofs have multiple pitches the requirements are based on
the pitch of 50% or more of the roof.
4. Method of Compliance: Indicate if the method of compliance is going to be based on Aged Solar Reflectance and Thermal Emittance or is it going to be based on the
Solar Reflectance Index (SRI).
5. Product Type: See Cool Roof Rating Council’s directory. Generally product types include single-ply roof, wood shingles, asphalt roof, metal roof, tile roof.
6. The CRRC Product ID Number is obtained from the Cool Roof Rating Council’s Rated Product Directory at www.coolroofs.org/products/results. Products are listed by
manufacturer, brand, type of installation, roofing material, and color, as well as product performance.
7. Proposed Initial Solar reflectance: Based on the product chosen from the Cool Roof Rating Council’s Rated Product Directory. If using default assumption indicate NA
since the Aged Solar Reflectance is available.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E

Newly Constructed Buildings and Additions (Page 5 of 12)

8.

9.

10.

11.
12.
13.

Proposed Aged Solar Reflectance: Value is from the Cool Roof Rating Council’s Rated Product Directory. If the aged value is not available, calculate the calculated Aged
Solar Reflectance using the Solar Reflectance Index (SRI) Calculation worksheet located on the California Energy Commission website or the aging equation
Pagea=[0.2+B[Pinitia-0.2], Where pinirial = the initial solar reflectance and soiling resistance B is listed by product type below.

VALUES OF SOILING RESISTANCE B BY PRODUCT TYPE

Product Type CRRC Product Category B
Field-Applied Coating Field-Applied Coating 0.65
Other Not A Field-Applied Coating 0.70

Proposed Thermal Emittance: From the product specification default value. If using a calculated SRI place the Thermal Emittance used to calculate SRI.
Proposed SRI: It is optional to meet the SRI but if chosen to do so, use the Solar Reflectance Index (SRI) Calculation Worksheet found on the California Energy
Commission website http://energy.ca.gov/title24/2013standards/documents/solar reflectance/.

Minimum Required Aged Solar Reflectance: Based on climate zone and roof slope.

Minimum Required Thermal Emittance: Based on climate zone and roof slope.

Minimum Required SRI: Based on climate zone and roof slope.

If the cool roofing requirements will be met by a liquid field applied coating, Section 110.8(i)4 requires the coating be applied across the entire roof surface and meet the dry mil
thickness or coverage recommended by the manufacturer.

H. Fenestration/Glazing Allowed Areas and Efficiencies

1.
2.

Maximum Allowed Fenestration Area for All Orientation: Calculated value based on conditioned floor area times 20 percent for all orientations.

Maximum Allowed West-Facing Fenestration Area Only: Calculated value based on conditioned floor area times 5 percent (Used in climate zones 2, 4, and 6-16 for
west-facing fenestration).

Maximum Allowed U-factor (Windows): Maximum U-factor from Package A or Table 150.1-A. This field will always be 0.32 unless the U-factor will be the area weighted
averaged, CF1R-ENV-02, with other higher fenestration windows.

Maximum Allowed U-factor (Skylights): Maximum U-factor from Package A or Table 150.1-A. This field will almost always be 0.32 unless meeting one of the Exceptions
to 150.1(c)3A. If meeting one of the Exceptions, this field will be 0.55.

Maximum Allowed SHGC (Windows): Maximum SHGC from Package A or Table 150.1-A. This field will either be 0.25 or N/A, depending on the climate zone. N/A means
there is no maximum SHGC required in this climate zone. The SHGC will be the area weighted averaged, CF1R-ENV-02, with other higher fenestration windows.
Maximum Allowed SHGC (Skylights): Maximum SHGC from Package A or Table 150.1-A. This field will almost always be 0.25 unless meeting one of the Exceptions to
150.1(c)3A. If meeting one of the Exceptions, this field will be 0.30.

Comments: Any notes regarding location, unique conditions, or attachments.

I. Fenestration Proposed Areas and Efficiencies

1.

2.

Tag/ID: Provide a-name or designator for each unique type of fenestration surface. This designator should be used consistently throughout the plan set (elevations,
finish schedules, etc.) such as Window-1, Skylight-1, etc. to identify each surface. It should also be consistently used on the other forms in the compliance
documentation.

Fenestration Type: Indicate the type of fenestration construction e.g., Fixed Window, Operable Window, Skylight, Tubular Skylight, or Glass in Door.
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NOTE: Doors with glazing are counted in one of two ways. The entire door area of a door with 50% or more glazing is considered fenestration. A door with less than
50% glazing can be considered as all fenestration, or can be calculated as the actual glass area with a 2-inch (0.17 ft) frame all around.

w

Frame Type: Indicate the frame type as either metal, metal thermal break, or nonmetal.

4. Dynamic Glazing: Indicate whether the fenestration has an integrated shading device, chromogenic glazing, or none for no dynamic glazing. Chromogenic glazing shall
be considered separately from other fenestration types.

5. Orientation: Orientation can be North, East, South, West. If documentation is for a building that may be built in any direction, in a climate zone that limits west-facing

fenestration, complete this section assuming the side of the building with the most fenestration faces west.

NOTE: West includes any vertical fenestration oriented to within 45 degrees of true west, excluding 45 degrees south of west; any skylights oriented west; and
skylights facing any direction with a pitch of less than 1:12.

6. Number of Panes: Indicate the number of panes for each Tag/ID; is it a single, double, or triple pane window?

Proposed Fenestration Area (ftz): Indicate the area (in square feet) of each exterior fenestration type, excluding west-facing fenestration.

8. Proposed West Facing Fenestration Area (ftz): In climate zones 2, 4, and 6-16, indicate the area (in square feet) of each exterior west-facing fenestration type
separately.

N

NOTE: Skylights installed in a roof with a pitch less than 1:12 are considered to face west.

9. Proposed U-factor: Enter
(a) the NFRC U-factor based on the proposed brand and type of fenestration using National Fenestration Rating Council (www.nfrc.org) certified values, or
(b) the default value from Table 110.6-A, or
(c) the NA6.2 alternate default U-factor (for non-rated site-built fenestration only), or
(d) the Area-weighted Average from CF1R-ENV-02.

If any products (other than the exceptions) have a higher U-factor than 0.32, first complete a form CF1R-ENV-02 to calculate the area-weighted average U-factor, which
must be 0.32 or less, and attach it to the CF1R-NCB-01.

NOTE: (1) For the exceptions — up to 3 ft’ of tubular skylights and up to 16 ft* of skylight area, enter 0.55.
(2) For the exception —up to 3 ft’ of glass in door, enter 0.32.
(3) Dynamic glazing is a glazing system that changes its performance U-factor and SHGC based on the physical environment. Dynamic glazing includes
chromogenic glazing or integrated shading systems (this does not include internally-er externally mounted shading devices). If using dynamic glazing, use the
lowest tested U-factor and SHGC in Columns 9 and 10.

10. Source: NFRC, Tables 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02). The source of the U-factor data for the
fenestration product.
11. Proposed SHGC: In climate zones 2, 4, and 6-16, enter the SHGC from
(a) NFRC-rated certification information, or
(b) default table 110.6-B, or
(c) the NA6.3 alternate default SHGC (for non-rated site-built fenestration only), or
(d) the Area-weighted Average from CF1R-ENV-02.
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Newly Constructed Buildings and Additions (Page 7 of 12)

12.

13.

14.

15.

If any products (other than the exceptions) have a higher SHGC than required by Package-A, first complete a form CF1R-ENV-02 to calculate the area-weighted average
SHGC and attach it to the CF1R-NCB-01.

NOTE: (1) For the exceptions —up to 3 ft” of tubular skylights and up to 16 ft” of skylight area, enter 0.30.
(2) For the exception — up to 3 ft* of glass in door, enter 0.25.

Source: NFRC, Tables 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02). The source of the SHGC data for the
fenestration product.

Exterior Shading Device: If exterior shading devices are used to meet the SHGC requirement, indicate the type of device (from Table S-1 of CF1R-ENV-03-E Solar Heat
Gain Coefficient Worksheet) and attach the CF1R-ENV-03-E.

NOTE: An exterior shading device is not used for products with an NFRC rated U-factor and SHGC based on a factory integrated shading device.
Chromogenic glazing shall be considered separately from other fenestration.

Combined SHGC from CF1R-ENV-03: If exterior shading devices are combined with the SHGC value of the fenestration to meet the prescriptive SHGC requirements (as
indicated in column 4. 13), indicate the SHGC calculated on form CF1R-ENV-03 and attach the form for each window with an exterior shading device.

—32. Automatically completed entries; no user input required.

J. Space Conditioning (SC) Systems — Heating/Cooling/Ducts
1.

w

. Duct R-value: Thls value is from Package A

Space Conditioning System Identification or Name: Provide a unique name for each unique space conditioning system type in the building. If the same space conditioning
system type is used in more than one location in the building, it is sufficient to list the unique space conditioning system type only once. In order for one space
conditioning system type to be considered the same as another, it must have the same description in fields 2 through 9.

Heating system type: Indicate heating system type as furnace, central heat pump, boiler, hydronic, wood heat, wall furnace, room heat pump, or electric resistance if it
meets the exception. An exception to Section 150.1(c)6 allows electric resistance heating only when it is supplemental to another system, as indicated by a capacity of <
2 KW or 7,000 Btu/hr, and a time-limiting control device that allows it to be operated for 30-minutes at a time.

Heating Efficiency Type: AFUE, HSPF, COP

Heating Efficiency Value: For central gas heating systems, the minimum efficiency required by the appliance efficiency standards is 8178% AFUE. Heat pumps have an
HSPF of 8.07%7 or higher. Other appliance types will have different efficiency levels (e.g., a gas wall furnace may have a minimum requirement of 73% AFUE or lower,
depending on the size and type). Any gas heating appliance (or heat pump) sold in California is acceptable. The only electric heating appliance allowed is a heat pump.
Cooling System Type: Indicate cooling system type or specify “no cooling system installed.” Categories include central air split system, central air package system, heat
pump, room air or room heat pump, mini-split heat pump, or no cooling.

Cooling Efficiency SEER: For central cooling systems, the minimum efficiency required by the appliance efficiency standards is 143 SEER.

Cooling Efficiency EER: Other appliance types will have different efficiency levels (e.g., a room air conditioner may have a minimum requirement of 9 EER (when an
appliance standard is an EER this is considered equivalent to an SEER). Any cooling appliance sold in California is acceptable.

Distribution System Type: This could be ducted, radiant floor, piping, or ductless.

Duct Location: If the system has ducts, indicate where they W|II be installed. Locations include attlc garage, condltloned space radlant floor.
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CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E
Newly Constructed Buildings and Additions (Page 8 of 12)

11. Thermostat Type: Select a setback thermostat or an Energy Management System (EMS) for most systems, or N/A if exempt. Controls for most systems can be by a device
that allows a person to program up to 4 temperature setpoints within 24 hours. See Section P.1 for more information and for a list of systems that do not have to meet
the setback thermostat requirements.

12. Comments: Include any comments here.

K. Ventilation Cooling
In climate zones 8-14, a whole house fan is required to provide ventilation. The requirement is found in Section 150.1(c)12.
1. Required Whole House Fan Airflow Rate (CFM): 21.5 CFM per ft* of conditioned floor area (auto complete).
2.  Minimum Attic Free Vent Area (inz): Minimum attic vent free area = column 1 multiplied by 144 and divided by 375750, which is equivalent to multiplying by 0.192384
(auto complete).

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



CERTIFICATE OF COMPLIANCE — USER INSTRUCTIONS CF1R-NCB-01-E
Newly Constructed Buildings and Additions (Page 9 0f 12)

L. Water Heating Systems
1. Water Heating System ldentification or Name: Provide a unique name for each unique water heating system type in the building. If the same water heating system type
is used in more than one location in the building, it is sufficient to list the unique water heating system type only once. In order for one water heating system type to be
considered the same as another, it must have the same description in fields 2 through 12.
2. Water Heating System Type: Domestic Hot Water (DHW), Hydronic, Combined Hydronic, or Central. DHW is for domestic hot water, hydronic is a water heating system
used for space heating only; combined hydronic are when the water heater will provide both space conditioning and domestic hot water. A central water heater serves
multiple dwelling units in a multi-family building.
3. Water Heater Type: Prescriptive Standards allow four options under Section 150.1(c)8 (see Section P.2 for more detailed information on these requirements).

w

Single Dwelling Unit
A.

s-ystem—w&th%an&a#eemrelsA smgle gas or propane instantaneous water heater with an input of 200, OOO Btu per hour or less and no storage tank, and
that meets the requirements of Sections 110.1 and 110.3.

gas or propane storage type water heater with an input of 105,000 Btu per hour or less, rated volume less than or equal to 55 gallons and that meets the
requirements of Sections 110.1 and 110.3. The dwelling unit shall meet all of the requirements for Quality Insulation Installation (Qll) as specified in the
Reference Appendix RA3.5.

input of 105,000 Btu per hour orless, rate volume of more than 55 gallons, and that meets the requirements of Sections 110.1 and 110.3.

Central System

with Sections 110.1'and 110.3. The dlstrlbutlon system shall be equmped W|th a demand recirculation control allowing pump operation to be based on

measurement of hot water demand and hot water return temperature. The system shall have at least two loops. Buildings with 8 or less units do not have
to comply with the demand.recirculation requirement.

3-4. Number of Water Heaters in System: In single-family and multi-family with water heaters in each dwelling units the value is 1. For multi-family central systems serving
multiple dwelling units enter the total number of water heaters.

4.5. Water Heater Storage Volume (gal): Tank capacity in gallons. For individual water heaters for a dwelling unit this will be 60 gallons or less. If instantaneous, enter n/a.
For multi-family central systems enter the total storage volume.

5.6. Fuel Type: Gas, Propane, Electric (special conditions apply, see M.1.D and Q.4.D).

&-7. Rated Input Type: Enter the equipment input rating type, for gas or propane fired system the units are Btuh, for electric fired system the units are kW.

7-8. Rated Input Value: Enter the numeric value of rated input.

2.9. Heating Efficiency Type: Energy Factor, AFUE, or Thermal Efficiency. From product literature or a California Energy Commission directory.

9:10. Heating Efficiency Value: Enter the value from product literature or a California Energy Commission directory

10:11. Standby Loss (percent): Applies only to large storage water heaters, Enter n/a for small storage or instantaneous water heaters.
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1312, Exterior Insulation R-Value: Enter the R-value if exterior insulation on the storage tank is installed
12:13. Back-Up Solar Savings Fraction: If compliance requires a back-up solar system, indicate the solar contribution (e.g., 0.30). External calculations are required.
13:14. Central DHW System Distribution Type: For multi-family buildings with-using a central distribution system a demand recirculation system with at least two
distribution loops must be installed. This requirement applies to any building with eight or more units. If the system is non-central or project is individual units enter
n/a.
14:15. Dwelling Unit DHW System Distribution Type: For a Central DHW this field shall be Standard. If non-central then pick from Standard, Demand Recirculation —

Manual Control, Demand Recirculation — Sensor Control.

M. Space Conditioning Systems and Water Heating Systems in Multifamily Dwelling Units
1. Dwelling Unit Name: Enter one unique name for each of the number of dwelling units identified in Section A field 06.
2. Dwelling Unit Total CFA: Enter the conditioned floor area for the dwelling unit.
3. Central Water Heating System Identification or Name: Select one of the central DHW system names
4. Dwelling Unit Water Heating System Identification or Name: Select one of the Dwelling Unit water heating system names entered in Section ML. If more than one water
heating system type is needed in the dwelling unit, enter another row of data for the dwelling unit and select the additional water heating system name.
| 5. Dwelling Unit Space Conditioning System Identification or Name: Select one of the Space conditioning system names that were entered in Section KJ. If more than one
space conditioning system type is needed in the dwelling unit, enter another row of data for the dwelling unit and select the additional space conditioning system name
6. Comments: Include any comments here.

N. HERS Verification Summary

1. Duct Leakage verification: All duct systems must meet maximum duct leakage requirements. Typically the maximum leakage is 65% but varies for when the duct leakage
test is performed and the type of building (single family, townhouse, multifamily). The only exception is if the heating and cooling systems are ductless.

2. Zonally Controlled Systems - Bypass Dampers: The prescriptive requirements preclude the use of bypass ducts in association with zonally controlled systems. A HERS
Rater will verify that zonally controlled systems have no bypass ducts.

3. Refrigerant Charge Verification: Some type of refrigerant charge verification or Charge Indicator Display is required in climate zones 2 and 8-15 for most common
systems such as ducted split and packaged systems, and mini-split systems. See Section 150.1(c)7A. or Reference Residential Appendix RA3.2. If a building is built in
climate zones 1, 3-17 or 16, or has no cooling system, no refrigerant charge verification is required.

4. Central System Air Handlers - Airflow Rate and Fan Efficacy Verification: Unless a building has no cooling system or has a non-ducted cooling system, the system must
meet mandatory and prescriptive requirements for an airflow greater than 350 CFM per ton of nominal cooling capacity, and a fan efficacy less than or equal to 0.58
W/CFM. See 150.0(m)13, 150.1(c)10, and Reference Residential Appendix RA3.

5. Indoor Air Quality Mechanical Ventilation: All new dwellings are required to meet the whole-building mechanical ventilation airflow rate according to ASHRAE 62.2 is
required (RA3.7).

Documentation Declaration Statements
1. The person who prepared the CF-1R will sign and complete the fields for their name, company (if applicable), address, phone number, certification information (if
applicable), date and signature (may be electronic).
2. The person who is assuming responsibility for the project being built to comply with Title 24, Part 6, will complete the fields for their name, company (if applicable),
address, phone number, license number (if applicable), date and signature (may be electronic).

Registration
The CF1R must be registered with a HERS provider prior to submitting for a building permit.
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Standards References
1. Thermostats
a. Thermostat requirements are found in Section 110.2(c) with special requirements for heat pumps in Section 110.2(b). Controls for most systems can be by a
central energy management control system (“EMS”) or a setback thermostat with a mechanism allowing a person to program up to 4 temperature setpoints
within 24 hours (“setback”).

EXCEPTIONS: If the heating system type is a gravity gas wall, floor or room heater, non-central electric heater, fireplace or decorative gas appliance, or
wood stove, a setback thermostat or energy management control system is not required.

If the cooling system type is a room air conditioner or room air conditioner heat pump setback thermostat or energy management control
system is not required.

2. Water Heaters:

Section 150.1(c) allows a limited number of conditions for water heating. If conditions other than these are proposed, the prescriptive compliance approach cannot be
used:

Single Dwelling Unit

A. Asingle gas or propane instantaneous water heater.with an input of 200,000 Btu per hour or less and no storage tank, and that meets the requirements of
Sections 110.1 and 110.3.

B. Asingle gas or propane storage type water heater with an input of 105,000 Btu per-hour.or less, rated volume less than or equal to 55 gallons and that
meets the requirements of Sections 110.1 and 110.3. The dwelling unit shall meet all of the requirements for Quality Insulation Installation (Qll) as
specified in the Reference Appendix RA3.5.

C. Asingle gas or propane storage type water heater with an input of 105,000 Btu per hour or less, rate volume of more than 55 gallons, and that meets the
requirements of Sections 110.1 and 110.3.

Central System
D. All water heaters installed must comply: with Sections 110.2and 110.3. The distribution system shall be equipped with a demand recirculation control
allowing pump operation to be based on measurement of hot water demand and hot water return temperature. The system shall have at least two loops.
Buildings with 8 or less units.do not have to comply with the demand recirculation requirement.

0 QA one o or-propanestorace-water-heate n-to 000-B h
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STATE OF CALIFORNIA

Prescriptive Residential Additions 300 Ft? or Less, or Additions That Do Not Require HERS Field Verification

| CEC-CF2R-ADD-02-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ADD-02-E
Prescriptive Residential Additions 300 Ft° or Less, or Additions That Do Not Require HERS Field Verification (Page 1 of 16)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

This compliance document is only applicable to additions 300 ftz or less, or additions that do not require HERS field verification for compliance. When HERS verification is required, a CF1R-ADD-01
shall first be registered with a HERS Provider Data Registry.

Alterations to Space Conditioning Systems that are exempt from HERS verification requirements may use the CF1R-ADD-02 and CF2R- ADD-02 Compliance Documents. Possible exemptions from
duct leakage testing include: less than 40 ft of ducts were added or replaced; or the existing duct system was insulated with asbestos; or the existing duct system was previously tested and passed by
a HERS Rater. If space conditioning systems are altered and are not exempt from HERS verification, then a CF1IR-ADD-01 must be completed and registered with a HERS Provider Data Registry.

Additions or alterations that utilize close Cell Spray Polyurethane Foam (ccSPF) with a density of 1.5 to less than 2.5 pounds per cubic foot having an R-value other than 5.8 per inch, or Open Cell
Spray Polyurethane Foam (ocSPF) with a density of 0.4 to less than 1.5 pounds per cubic foot having an R-value of 3.6 per inch, shall complete and register a CF1R ADD-01 with a HERS Provider Data
Registry.

If more than one person has responsibility for installation of the items on this certificate, each person shall prepare and sign a certificate applicable to the portion of construction for which they are
responsible. Alternatively, the person with chief responsibility for construction shall prepare and sign this certificate for the entire construction. All applicable Mandatory Measures shall be met.
Temporary labels shall not be removed before verification by the building inspector.

A. General Information

01 | Project Name: 02 | Date Prepared:

03 | Project Location: 04 | Building Front Orientation (deg):

05 | CACity: 06 | Number of Dwelling Units with Additions:
07 | Zip Code: 08 | Fuel Type:

09 | Climate Zone: 10 | Total Conditioned Floor Area (ftz) (Addition):
11 | Building Type: 12 | Slab Area (ftz):

13 | Project Scope:
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STATE OF CALIFORNIA

Prescriptive Residential Additions 300 Ft? or Less, or Additions That Do Not Require HERS Field Verification

CEC-CF2R-ADD-02-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF INSTALLATION

CF2R-ADD-02-E

Prescriptive Residential Additions 300 Ft° or Less, or Additions That Do Not Require HERS Field Verification

Permit Number:

(Page 2 of 16)

Project Name:

Enforcement Agency:

Zip Code:

Dwelling Address:

City:

Insulation

The altered components shall comply with all applicable requirements in The Energy Efficiency Standards Sections 110.7, 110.8, 150.0; All joints, penetrations and other openings in the building
envelope that are potential sources of air leakage shall be caulked, gasketed, weather stripped, or otherwise sealed to limit infiltration and exhilaration.

B. Roof/Ceiling Insulation

01 02 03 04 05 06 07 08 09 10
Framin Framing Size & Insulation Cavity Insulation Insulation Above Deck Below Deck
I.D. Manufacturer & Brand .g g. ESR Number i4 Depth Insulation Insulation
Material Spacing Type R-value .
(inches) R-value R-value
Note:

Where insulation is installed above the roofing membrane or above the layer used to seal the roof from water penetration the insulation shall have a maximum water absorption of 0.3

percent by volume when tested according to ASTM Standard C272.

C. Wall Insulation

01 02 03 04 05 06 07 08 09 10
Framin Framing Size & Insulation Cavity Insulation Insulation Exterior Wall Interior Wall
I.D. Manufacturer & Brand .g g. ESR Number v Depth Insulation Insulation
Material Spacing Type R-value .
(inches) R-value R-value
D. Mas Insulation
01 02 03 04 05 06 07 08
. Mass Thickness Furring Strip Type/ . Exterior Insulation Interior Insulation
1.D. Manufacturer & Brand Location . Depth Insulation Type
(inches) . R-value R-value
(inches)
<Date>
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Prescriptive Residential Additions 300 Ft? or Less, or Additions That Do Not Require HERS Field Verification

| CEC-CF2R-ADD-02-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ADD-02-E
Prescriptive Residential Additions 300 Ft° or Less, or Additions That Do Not Require HERS Field Verification (Page 3 of 16)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

E. Raised Floor Insulation

01 02 03 04 05 06 07 08 09 10
Framin Framine Size & Cavity Insulation Exterior Floor Interior Floor
I.D. Manufacturer & Brand .g g. Insulation Type | ESR Number Insulation Depth Insulation Insulation
Material Spacing .
R-value (inches) R-value R-value

F. Slab Floor/Perimeter Insulation

01 02 03 04 05 06 07 08
. Insulation Insulation Vertical Insulation Horizontal Insulation
1.D. Manufacturer & Brand Floor Type Insulation Type Depth (inches) R-Value Length (inches) Length (feet)
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Prescriptive Residential Additions 300 Ft? or Less, or Additions That Do Not Require HERS Field Verification

| CEC-CF2R-ADD-02-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF INSTALLATION CF2R-ADD-02-E
Prescriptive Residential Additions 300 Ft° or Less, or Additions That Do Not Require HERS Field Verification (Page 4 of 16)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:
Roofing and Radiant Barrier
G. Radiant Barrier
01 Brand Name and Product Number
02 Installation Type
03 Total Attic Area (ftz)
H. Required Vent Area
01 Combined NFA of installed upper and lower vents (inz)
02 Minimum required combined NFA of upper and lower vents (inz)
03 NFA of installed upper vents (inz)
04 Minimum required NFA of upper vents (in%)
I. Roofing products (Cool Roof) Installation Information
01 02 03 04 05 06 07 08
CRRC Product ID CRRC Listed Aged Initial Solar Aged Solar
Roof Pitch Number Product Type Solar Reflectance Reflectance Reflectance Thermal Emittance SRI
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CERTIFICATE OF INSTALLATION CF2R-ADD-02-E
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Dwelling Address: City: Zip Code:

J. Radiant Barrier and Attic Ventilation — Additional Requirements

Radiant Barrier

01 Radiant barrier must be installed on all vertical surfaces in the attic including gable ends.

02 The emittance of the radiant barrier shall be less than or equal to 0.05 as tested with ASTM C1371, or E408.

The product shall meet all requirements for California certified insulation materials [radiant barriers] of the Department of Consumer Affairs, Bureau of Home Furnishings and Thermal

03 Insulation, as specified by CCR, Title 24, Part 12, Chapter 12-13, Standards for Insulating Material

04 When determining the Total Attic Area, the area over unconditioned spaces such as the garage is included when the attic spaces are connected.

Lower Vents

05 ‘ Lower vents are within one foot of the eave.

Upper Vents

06 ‘ Upper vents are within three feet of the ridge

Vent Area

The NFA of upper vents must be within required NFA range of upper vents
07 Note: per Exception to R806.2 of the CBC Title 24, Part2, Vol.2.5, if the net free ventilating area is less than 1:150, then the upper ventilation must be at least 40% and no more than 50%.
Part 2 contains additional requirements that must be met if the area is less than 1:150.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

K. Roofing Products (Cool Roof) — Additional Requirements

01 Any roof area covered by building integrated photovoltaic panels and solar thermal panels are exempt from the above Cool Roof requirements.
02 Liquid field applied coatings must comply with installation criteria from section 110.8(i)4.
03 Mass roof 25 Ib ft* or greater: Mass roofs are not required to have a cool roof even if the climate zone specifies minimum performance requirements.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF INSTALLATION

CF2R-ADD-02-E

Prescriptive Residential Additions 300 Ft° or Less, or Additions That Do Not Require HERS Field Verification

(Page 6 of 16)

Project Name: Enforcement Agency:

Permit Number:

Dwelling Address: City:

Zip Code:

Fenestration

L. Fenestration/Glazing
Includes all Windows, Skylights, Greenhouse/Bay Windows, and Glazed Doors

01 02 03 04 05 06 07 08 09 10 11
Exterior
Source of Shading
Manufacturer/ | Fenestration U-factor and Fenestration Devices
Tag/ID Brand Area (ft)) Orientation Chromogenic U-factor SHGC SHGC Type (Describe) Comments/Special Features

M. Fenestration/Glazing — Additional Requirements

01 | For existing buildings the U-factor and SHGC values should be the same or better than the required Energy Commission prescriptive requirements.

02 | Temporary labels should not be removed until verified by the building inspector.

03

The fenestration product manufacturer’s installation specifications shall be followed when installing these products. The space between the fenestration product and
rough opening shall be completely filled with insulation. If batt insulation is used, it is cut to size and placed properly around the fenestration product.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

Mechanical and Plumbing

N. Space Conditioning (SC) Systems — Heating/Cooling (Section 150.2(b))

Alterations to Space Conditioning Systems shall be exempt from HERS verification requirements as prerequisite for use of the CF1R-ADD-02 and CF2R-ADD-02 Compliance Documents. If new space

conditioning systems are installed or existing systems are altered and are not exempt from HERS verification, then a CF1R-ADD-01 shall be completed and registered with a HERS Provider Data

Registry. In each row below for each dwelling unit in the building, check the box that indicates the exemption from HERS verification compliance:

O a: space conditioning system was not altered;

O b: less than 40 ft of ducts were added or replaced;

O c: (exempt from duct leakage testing) if: the existing duct system was insulated with asbestos;

O d: (exempt from duct leakage testing) if: the existing duct system was previously tested and passed by a HERS Rater.

01 02 03 04
Dwelling Unit Name SC System Identification or Name SC System Location or Area Served Exemption from HERS Verification

Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
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Prescriptive Residential Additions 300 Ft° or Less, or Additions That Do Not Require HERS Field Verification

Permit Number:

Project Name: Enforcement Agency:
Dwelling Address: City: Zip Code:
0. Installed Water Heating Systems (Section 150.2(b)1G)
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Water
W y Water #of Heater Back-Up
ater Heating . . (9 . . .
System Water Heating Heating Water Water Storage Rated Rated Heating Heating Exterior Solar
Dwelling Unit Identification or System Location System Heater Heaters Volume Input Input Efficiency | Efficiency Standby Insul. Savings
Name Name or Area Served Type Type in System (gal) Fuel Type Type Value Type Value Loss (%) R-Value Fraction
<Date>
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Project Name:

Enforcement Agency:

Permit Number:

Dwelling Address:

City:

Zip Code:

P. Installed Water Heater Manufacturer Information

01

02

03

Water Heating System ID or Name

Manufacturer

Model Number

CA Building Energy Efficiency Standards - 20136 Residential Compliance
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Lighting

General Lighting Requirements
Additional new lighting, and altered lighting, shall comply with all applicable requirements specified in Section 150.0(k).
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| Ba—Bb—HBe—BNA

| a—Bb Be——B-N/A

| a—Bb Be— EN/A

| a—Bb Be— EIN/A

| a—Bb Be— EIN/A

| a—Bb Be— EN/A

| a—Bb Be— EIN/A

| —Bb Be—B-N/A

| a—Bb Be——B-N/A

| a—=Bb Be——B-N/A

| a—Bb Be——B-N/A

| a—Bb Be——B-N/A

| a—Bb Be——B-N/A

| a—Bb Be——B-N/A

| a—Bb Be— EIN/A
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Project Name:

Enforcement Agency:

Permit Number:

Dwelling Address:

City:

Zip Code:
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Project Name:

Enforcement Agency:
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Dwelling Address: City: Zip Code:
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High Low Watts Total Low Efficacy
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Pool and Spa

RQ. Pool and Spa System Type
01 ‘ Pool and Spa System Type ‘

SR. Pool and Spa Systems and Equipment Requirements (Section 110.4(a) and 110.5)
01 Heater has a thermal efficiency that complies with the Appliance Efficiency Regulations.
02 A readily accessible on-off switch is mounted on the outside of the heater, which allows the heater to be shut off without the user adjusting the thermostat setting.
03 A weatherproof plate or card containing instructions for the energy-efficient operation of the pool or spa heater is permanently mounted.
No electric resistance heating except for listed package units that have fully insulated enclosures and tight fitting covers that are insulated to at least R-6. Or if documentation is provided
that at least 60 % of the annual heating energy is from site solar energy or recovered energy.
05 Heating system has no pilot light.
The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

04

TS. Pool and Spa System Installation Requirements (Section 110.4(b))
To allow for the future addition of solar heating equipment, at least 36” of pipe is installed between the filter and heater, or dedicated suction and return lines are installed, or built-in or
built-up connections for future solar heating are provided.
02 A cover is provided for outdoor pools or spas that have a heat pump or gas heater.
03 Pool system has directional inlets to adequately mix the pool water
04 Pool system has a time switch that allows the pump to be set or programmed to run during off-peak periods only
The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

01
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UT. Pool Pump Sizing and Flow Rate Specification (Section 150.0(p))

01 The pool pump specified is listed in the CEC database of certified pool pumps.
The pool pump flow rate shall not exceed the maximum pump flow rate calculated based on pool sizing in the table below. The return pipe diameter, suction pipe diameter, and filter area
02 shall be at least as large as the required minimums shown in the table.
Alternatively, a flow calculation or flow test result shall be provided to demonstrate that the pump flow rate is less than 6 hour filtration turnover, and the return pipe flow rate
does not exceed 8 feet per second and that the suction pipe flow rate does not exceed 6 feet per second.
03 An alternative compliance calculation or a flow test result is provided for this pool or spa
use (must attach flow calculation or flow test result to this form)
04 The pump is capable of operating at 2 or more speeds (not applicable if pump is less than 1 horsepower).
05 Each auxiliary pool load is served by either a separate pump, or the system is served by a multi-speed pump.
06 Volume of pool (gallons):
07 Filter Type (Cartridge, Sand, DE):
08a 08b 08c 08d
Required Min Return Pipe Diameter (inches) Required Min Suction Pipe Diameter (inches) Required Min Filter Area (ftz) Required Max Pump Flow (gpm)
09 Return Pipe Diameter (inches).
10 Suction Pipe Diameter (inches).
11 Filter Surface Area (ftz).
12 Max Pump Flow Rate (gallons per minute).
13 Measured Flow Rate Return Line (feet per second)
14 Measured Flow Rate Suction Line (feet per second)
15 Compliance Statement U.03 =Yes, U.13<U.08, and U. 14 < U. 06 O Yes [ONo

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

MU. Pool System Piping (Section 150.0(p)2)

01

The suction side pipe is straight for at least 4 pipe diameters before entering the pump (See table below for the required straight run lengths for various pipe sizes).

02

All elbows are sweep elbows, or an elbow type that has a pressure drop that is less than the pressure drop
of a straight pipe with a length of 30 pipe diameters.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

WV. Pool Filters and Valves (Section 150.0(p)3 and 4)

01

If a filter is used in a pool intended for public use: The size of the filter is at least the size specified in NSF/ANSI 50.

02

If a backwash valve is used: The diameter of the backwash valve is at least 2 inches, or the diameter of the return pipe, whichever is greater.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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DOCUMENTATION AUTHOR'S DECLARATION STATEMENT

1. | certify that this Certificate of Installation documentation is accurate and complete.

Documentation Author Name: Documentation Author Signature:

Documentation Author Company Name: Date Signed:

Address: CEA/HERS Certification Identification (If applicable):
City/State/Zip: Phone:

RESPONSIBLE PERSON'S DECLARATION STATEMENT

| certify the following under penalty of perjury, under the laws of the State of California:

1. Theinformation provided on this Certificate of Installation is true and correct.

2. lam eligible under Division 3 of the Business and Professions Code in the applicable classification to accept responsibility for the system design, construction, or installation of features,
materials, components, or manufactured devices for the scope of work identified on this Certificate of Installation, and attest to the declarations in this statement (responsible
builder/installer), otherwise | am an authorized representative of the responsible builder/installer.

3. The constructed or installed features, materials, components or manufactured devices (the installation) identified on this Certificate of Installation conforms to all applicable codes and
regulations, and the installation conforms to the requirements given on the plans and specifications approved by the enforcement agency.

4. |reviewed a copy of the Certificate of Compliance approved by the enforcement agency that identifies the specific requirements for the scope of construction or installation identified on this
Certificate of Installation, and | have ensured that the requirements that apply to the construction or installation have been met.

5. 1 will ensure that a registered copy of this Certificate of Installation shall be posted, or made available with the building permit(s) issued for the building, and made available to the
enforcement agency for all applicable inspections. | understand that a registered copy of this Certificate of Installation is required to be included with the documentation the builder provides
to the building owner at occupancy.

Responsible Builder/Installer Name: Responsible Builder/Installer Signature:

Company Name: (Installing Subcontractor or General Contractor or Builder/Owner) Position With Company (Title):

Address: CSLB License:

City/State/Zip: Phone Date Signed:

For assistance or questions regarding the Energy Standards, contact the Energy Hotline at: 1-800-772-3300
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CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ADD-02-E
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CF2R-ADD-02-E User Instructions

NOTE: If more space is needed, print a duplicate page and fill in.

Minimum requirements for prescriptive addition compliance can be found in Building Energy Efficiency Standards Section 150.2(a), and Table 150.1-A (Package A). Completing
these forms will require that you have the Reference Appendices for the 2013 Building Energy Efficiency Standards (P400-2012-005), which contain the Joint Appendices used to
determine climate zone. When the term CF2R is used it means the CF2R-ADD-02. Worksheets are identified by their entire name and subsequently by only the worksheet
number, such as CF1R-ENV-02.

Instructions for sections with column numbers and row numbers are given separately.

If any part of the addition does not comply, prescriptive compliance fails, in which case the performance (or computer) compliance approach may be used in an attempt to
achieve compliance. Only the new construction is required to meet the requirements specified in this documentation. If any alterations to the existing building are occurring,
those are documented on one or more of the CF1R-ALT forms.

A. General Information

1.

2.
3.
4

© N

10.
11.
12.
13.

Project Name: Identifying information, such as owner’s name.
Date Prepared: Date of document preparation.
Project Location: Legal street address of property or other applicable identifying information.
Building Front Orientation: Building front orientation expressed in degrees, where North = 0, East = 90, South = 180, and West = 270. The standards (section 100.1)
include the following additional details for determining orientation:
e North is oriented to within 45 degrees of true north, including 45 degrees east of north;
e Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;
e South is oriented to within 45 degrees of true south, including 45 degrees west of south;
e West is oriented to within 45 degrees of true west, including 45 degrees north of west.
CA City: Legal city/town of property.
Number of Dwelling Units with Additions: 1 for single-family, 1 or more for multifamily.
Zip Code: 5-digit zip code for the project location (used to determine climate zone).
Fuel Type: Natural Gas, Liquefied Propane Gas, or Electricity.

NOTE: Prescriptive compliance only allows electricity if existing appliances are electric and natural gas is not available in the building.

Climate Zone: From Joint Appendix JA2.1.1.

Total Conditioned Floor Area: Enter the new conditioned floor area, in ftz, as measured from the outside of exterior walls of the addition.
Building Type: Single Family (includes duplex), or Multi Family (a building that shares common walls and common floors or ceilings).

Slab Area: Area of the first floor slab of the addition (if any) in ft,

Project Scope: 300 ft” or less, greater than 300 ft* up to 400 ftz, greater than 400 ft? up to 700 ftz, or greater than 700 ft? up to 1000 ft”.
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B. Roof/Ceiling Insulation

1.

LN AW

=
o

I.D.: A label from the plans (e.g., Al1.4 or Roof) documenting the location of the installed insulation.

Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Framing Material: Wood or Metal.

Framing Size & Spacing: Indicate the framing size and spacing (e.g., 2x4 @ 16 in O.C.); enter n/a if not applicable.

Insulation Type: List the type of insulation used, such as batt, loose fill, or SPF.

ESR Number: If using a non-standard R-value for SPF insulation, complete an ICC Evaluation Service Report and record the ESR number.

Cavity Insulation R-value: Indicate the cavity insulation R-value.

Insulation Depth: Indicate, in inches, the amount of insulation installed.

Above Deck Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed above the roof deck.

. Below Deck Insulation R-Value: Indicate the R-value of the continuous insulation being installed below the roof deck that has no framing penetration, installed below

the roof deck.

C. Wall Insulation

=

LN A~WN

=
o

I.D.: A label from the plans, (e.g., A1.4 or Walll) documenting the location of the installed insulation.

Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Framing Material: Wood or Metal.

Framing Size & Spacing: Indicate the framing size and spacing (e.g., 2x4 @ 16 in O.C.); enter n/a if not applicable.

Insulation Type: List the type of insulation used, such as: Batt, Loose Fill, or SPF.

ESR Number: If using a non-standard R-value for SPF insulation, complete an ICC Evaluation Service Report and record the ESR number.

Cavity Insulation R-value: Indicate the cavity insulation R-value.

Insulation Depth: Indicate, in inches, the amount of insulation installed.

Exterior Wall Insulation R-Value: Indicate the R-value of continuous insulation, having no framing penetration, installed on the outside of the wall.

. Interior Wall Insulation R-Value: Indicate the R-value of continuous insulation, having no framing penetration, installed on the inside of the wall.

D. Mass Insulation

1.

N AW

I.D.: A label from the plans (e.g., A1.4 or Walll) documenting the location of the installed insulation.

Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Location: Indicate the location of the insulation, such as: Above Grade, Below Grade, Wall, or Roof.

Mass Thickness: Indicate the thickness of the mass, in inches, the insulation is applied to.

Furring Strip Type/Depth: Indicate the type, and thickness, of furring material installed (e.g., wood/1.0 inch thick).

Insulation Type: List the type of insulation used, such as: SPF, EPS, or EPDM.

Exterior Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the outside of the assembly.
Interior Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the inside of the assembly.

E. Raised Floor Insulation

1.

vk

I.D.: A label from the plans (e.g., A1.4 or Floorl) documenting the location of the installed insulation.
Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Framing Material: Wood or Metal.

Framing Size & Spacing: Indicate the framing size and spacing (e.g., 2x4 @ 16 in O.C.); enter n/a if not applicable.
Insulation Type: List the type of insulation used, such as: Batt, Loose Fill, or SPF.
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Prescriptive Residential Additions 300 Ft’ or Less, or Additions That Do Not Require HERS Field Verification (Page 3 of 10)
6. ESR Number: If using a non-standard R-value for SPF insulation, complete an ICC Evaluation Service Report and record the ESR number.
7. Cavity Insulation R-value: Indicate the cavity insulation R-value.
8. Insulation Depth: Indicate, in inches, the amount of insulation installed.
9. Exterior Floor Insulation R-Value: Indicate the R-value of continuous insulation, having no framing penetration, installed on the outside of the floor.

10. Interior Floor Insulation R-Value: Indicate the R-value of continuous insulation, having no framing penetration, installed on the inside of the floor.

F. Slab Floor/Perimeter Insulation

1.

NN AW

I.D.: A label from the plans (e.g., A1.4 or Slab Floorl) documenting the location of the installed insulation.

Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Floor Type: Indicate the type of floor the insulation is being applied to, such as: Heated Slab or Slab on Grade.

Insulation Type: List the type of insulation used, such as: EPDM, Polyisocyanurate, or Polystyrene.

Insulation Depth: Indicate, in inches, the depth of insulation installed.

Insulation R-Value: Indicate the insulation R-value being installed vertically and horizontally (if applicable).

Vertical Insulation Length: Indicate, in inches, the length of the insulation being installed.

Horizontal Insulation Length: Indicate, in feet, the length of the insulation being installed from the outside edge of the vertical insulation to the center of the slab.

G. Radiant Barrier

1.
2.

3.

Brand Name and Product Number: Indicate the brand name and product number of the product used.
Installation Type: Indicate the installation type from the following list:

a. Attached to underside of roof deck

b. Attached to bottom of truss/rafters

c. Attached between truss/rafters

d. Draped over top of truss/rafters

One of these four installation methods must be used; no other methods are allowed.

Total Attic Area (ftz): Provide the total attic area over conditioned space. When determining the total attic area, the area over unconditioned spaces such as a garage is
included when the attic spaces are connected. At least one square foot of net free venting area is required for each 300 square feet of attic (1:300).

H. Required Vent Area

1.

2.
3.
4.

Combined NFA of installed upper and lower vents (inz): Indicate the total combined NFA of installed upper and lower vents in square inches.
Minimum required combined NFA of upper and lower vents (inz): Total attic area divided by 300 and multiplied by 144.

NFA of installed upper vents (inz): Indicate the total NFA of installed upper vents in square inches.

Minimum required NFA of upper vents (inz): Table H item 1 (combined NFA of installed upper and lower vents) multiplied by 0.3.
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I. Roofing Products (Cool Roof) Installation Information

1.
2.

w

Roof Pitch: Indicate whether the roof pitch is <2:12 or >2:12

CRRC Product ID Number: If a cool roof is installed, obtain the Product ID Number from the Cool Roof Rating Council’s (CRRC) product packaging label or rated products
directory (http://coolroofs.org/products/results).

Product Type: Indicate the product type being used.

CRRC Listed Aged Solar Reflectance: State whether the 3-year aged solar reflectance value of the product used is listed on the CRRC product packaging label or rated
products directory—Yes or No.

Initial Solar Reflectance: Indicate the initial solar reflectance value of the product used; obtained from the CRRC product packaging label or rated products directory.
Aged Solar Reflectance: Indicate the aged solar reflectance value of the product used; obtained from the CRRC product packaging label or rated product directory.

Note: If the 3-year aged value is not available then use the equation in Section 110.8(i)2 of the Energy Standards to calculate the 3-year aged solar reflectance. One
can also use the “Calculated Aged Solar Reflectance” from the Solar Reflectance Index (SRI) Calculation Worksheet” available at the California Energy
Commission’s website.

Thermal Emittance: Indicate the thermal emittance value of the product used; obtained from the CRRC product packaging label or rated products directory. This can be
either the initial or aged value.

SRI: If applicable, obtain the value of the product used from the CRRC rated products directory, or the “Solar Reflectance Index (SRI) Calculation Worksheet” available at
the California Energy Commission’s website.

J. Radiant Barrier and Attic Ventilation — Additional Requirements
This section contains additional requirements for Radiant Barriers, Lower Vents, Upper Vents, and Vent Area.

K. Roofing Products (Cool Roof) — Additional Requirements
This section contains additional requirements for Roofing Products. Other exceptions apply for additions and/or alterations.
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L. Fenestration/Glazing

1.

N A WN

9.

10.

11.

Tag/ID: The labeling format used in the plans- ensure each unique type is used consistently throughout the plan set (elevations, finish schedules, etc.) to indentify each
matching fenestration product, such as: Window-1, Skylight-1 etc. It should also be consistently used on the other forms in the same compliance documentation.

Manufacturer/Brand: Provide the manufacturer and brand name which identifies the fenestration product being installed.

Fenestration Area (ftz): Indicate the total installed surface area (ft?) of the fenestration.

Orientation: Indicate the orientation of the same like fenestration. Use different lines if the orientation of the same fenestration varies. Enter N, S, E, or W.
Chromogenic: Is the glazing product chromogenic? Yes or No

U-factor: Indicate the specified U-factor of the fenestration product(s) being installed. Do not mix different types on the same line.

SHGC: Indicate the specified SHGC of the fenestration product(s) being installed. Do not mix different types on the same line.

Source of U-factor and SHGC: NFRC, CEC Default, NA6 Alternative. Enter the appropriate temporary label certificate identified as either NFRC, CEC Default or by using
the information in NA6. All windews installed must have a label certificate which identifies the windew’s efficiencies. NFRC rated products have a temporary label that
can be looked up in the NFRC product directory (http://search.nfrc.org/search/searchDefault.aspx).

Fenestration Type: Provide a description of the window type, for instance, the frame material, coatings, whether it is operable or fixed.

Exterior Shading Devices: If exterior shading devices are installed in conjunction with fenestration then indicate the type used (e.g. sunscreens, vertical roller or shades,
retractable or drop arm or operable awnings, or roll down blinds or slats); or if an overhang is, or will be installed.

Comments/Special Features: Additional information for the field inspector.

M. Fenestration/Glazing — Additional Requirements
This section contains additional requirements for Fenestration/Glazing.

N. Space Conditioning (SC) Systems — Heating/Cooling

If an existing space system will condition an addition, the prescriptive requirements do not apply to that system (Exception 4 to Section 150.2(a)). The enforcement agencies may
require verification that the capacity of the existing heating system is adequate to meet the added load of the additional conditioned floor area. Since there is no health and
safety code requirement to provide cooling, the enforcement agency will not ask for verification that the capacity of the existing system is adequate to meet the added load of
the additional conditioned floor area.

If a new system is installed complete a Certificate of Compliance for Alterations to Space Conditioning Systems (CF1R-ALT-02).

bl A

Dwelling Unit Name: Name of dwelling unit or any other identifying name.
SC System ldentification or Name: Name of the Space Conditioning (SC) System or any other identifying name.
SC System Location or Area Served: Zone, or area, served by the Space Conditioning (SC) System.
Exemption from HERS Verification: Section 150.2(b)1E
a. Space Conditioning (SC) System was not altered.
b. Duct systems that have been documented to have been previously sealed as confirmed through field verification and diagnostic testing in accordance with
procedures in the Reference Residential Appendix RA3.1.
c. Duct systems with less than 40 linear feet in unconditioned spaces as determined by visual inspection.
d. Existing duct systems constructed, insulated or sealed with asbestos.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ADD-02-E

Prescriptive Residential Additions 300 Ft’ or Less, or Additions That Do Not Require HERS Field Verification (Page 6 of 10)

O. Installed Water Heating Systems

Water heating compliance for an addition is described in Section 150.2(a). When a water heater is added as part of an addition in a single dwelling a gas or propane water
heater, with a storage tank of 60 gallons maximum or instantaneous, can be used. Electric water heaters can only be used if gas or propane is not available and no recirculation
pump can be used.

Dwelling Unit Name: Name of dwelling unit or any other identifying name.

Water Heating System ldentification or Name: Name of the Water Heating System or any other identifying name.

Water Heating System Location or Area Served: Zone, or area, served by the Water Heating System.

Water Heating System Type: Domestic Hot Water (DHW), Hydronic, Combined Hydronic, or Central. DHW is for domestic hot water, hydronic is a water heating system

used for space heating only; combined hydronic is when the water heater will provide both space conditioning and domestic hot water.

5. Water Heater Type: For non-central systems only Small Storage or Small Instantaneous are allowed. For central systems pick from Large Storage, Small Storage, Heat
Pump, Boiler, Large Instantaneous, Small Instantaneous or Indirect.

6. Number of Water Heaters in System: In single-family and multi-family with water heaters in each dwelling unit the value is 1. For multi-family central systems serving
multiple dwelling units enter the total number of water heaters.

7. Water Heater Storage Volume: Tank capacity in gallons. For individual water heaters for a dwelling unit this will be 60 gallons or less. If instantaneous, enter n/a. For
multi-family central systems enter the total storage volume.

8. Fuel Type: Gas, Propane, Electric (Only if natural gas is not available)

9. Rated Input Type: Enter the equipment input rating type, for gas or propane fired the units are Btuh, for electric fired system the units are kW.

10. Rated Input Value: Enter the numeric value of the rated input.

11. Heating Efficiency Type: Energy Factor, AFUE, or Thermal Efficiency. From product literature or a California Energy Commission directory.

12. Heating Efficiency Value: Enter the value from product literature or a California Energy Commission directory

13. Standby Loss (%): Applies only to large storage water heaters; enter n/a for small storage or instantaneous water heaters.

14. Exterior Insulation R-Value: Enter the R-value if exterior insulation on the storage tank is installed

15. Back-Up Solar Savings Fraction: If compliance requires a back-up solar system, indicate the solar contribution (e.g., 0.30). External calculations are required.

El i

P. Installed Water Heater Manufacturer Information

This table reports the manufacturer information of the installed water heater(s). Require one line for each installed water heater.
1. Water Heating System ID or Name: Name of the Water Heating System or any other identifying name.
2. Manufacturer: Provide the manufacturer’s name which identifies the water heater being installed.
3. Model Number: Provide the model number which identifies the water heater being installed.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ADD-02-E

Prescriptive Residential Additions 300 Ft’ or Less, or Additions That Do Not Require HERS Field Verification (Page 7 of 10)

RQ. Pool and Spa System Type
1. Pool and Spa System: Pick from: Pool only, Spa only, or Pool and Spa.

SR. Pool and Spa Systems and Equipment Requirements

Before any pool or spa heating system or equipment may be installed, the manufacturer must certify to the Energy Commission that the system or equipment complies with
§110.4 and §110.5. The requirements include minimum heating efficiency according to Appliance Efficiency Regulations, an on-off switch outside the heater, permanent and
weatherproof operating instructions, no continuous pilot light, and no electric resistance heating.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ADD-02-E

Prescriptive Residential Additions 300 Ft’ or Less, or Additions That Do Not Require HERS Field Verification (Page 8 of 10)

| TS. Pool and Spa System Installation Requirements
A time switch or similar control mechanism must be installed as part of the pool water circulation control system that will allow all pumps to be set or programmed to run only
during the off-peak electric demand period and for the minimum time necessary to maintain the water in the condition required by applicable public health standards.

| UT. Pool and Pump Sizing and Flow Rate Specification
The pool filtration flow rate may not be greater than the rate needed to turn over the pool water volume in 6 hours or 36 gpm, whichever is greater. Calculate Max Flow Rate
using the following equation:

Max Flow Rate (gpm) = Pool Volume (gallons)
360min.

Pool piping must be sized according to the maximum flow rate needed for all auxiliary loads. Show work to calculate return and suction line flow rate, minimum filter area, and
the maximum pump flow rate correspond to the pool volume in accordance to section 150.0(p), or refer to Table 1 below for the prescriptive values. The maximum velocity
allowed is 8 fps in the return line and 6 fps in the suction line, and the maximum pump flow rate is less than 6 hour filtration turnover.

© N W

10.
11.
12.
13.
14.
15.

Indicate whether or not the alternative calculation is used.
Volume of Pool: The Pool volume in gallons (gal).
Filter Type: Select from Cartridge, Sand, or DE.
Requirements:
a. Required Min Return Pipe Diameter: The minimum diameter required of the return pipe in inches (in).
b. Required Min Suction Pipe Diameter: The minimum diameter required of the suction pipe in inches (in).
c. Required Min Filter Area: The minimum filter area required in square feet (ftz)
d. Required Max Pump Flow: The maximum pump flow required in gallons per minute (gpm).
Return Pipe Diameter (in): The diameter of the return pipe in inches (in).
Suction Pipe Diameter (in): The diameter of the suction pipe in inches (in).
Filter Surface Area: The surface area of the filter in square feet (ftz).
Max Pump Flow Rate: The maximum pump flow rate in gallons per minute (gpm).
Measured Flow Rate Return Line: The measured flow rate of the return line in feet per second (fps).
Measured Flow Rate Suction Line: The measured flow rate of the suction line in feet per second (fps).
Compliance Statement: Verify that an alternative compliance calculation or flow test result is provided for this pool or spa use (U. 03 = Yes), and verify whether U. 13 is
less than or equal to U. 08, and U.14 is less than or equal to U. 06. Indicate Yes or No. If no, project fails prescriptive compliance.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS

CF2R-ADD-02-E

Prescriptive Residential Additions 300 Ft’ or Less, or Additions That Do Not Require HERS Field Verification

(Page 9 of 10)

MU. Pool System Piping

There must be a length of straight pipe that is greater than or equal to at least 4 inches pipe diameters installed before the pump. Refer to Table 2 below for the required pipe
length. Traditional hard 90° elbows are not allowed. All elbows must be sweep elbows or a type of elbow that has a pressure drop less than the pressure drop of straight pipe

with a length of 30 pipe diameters.

WV. Pool Filters and Valves

Backwash valves must be sized to the diameter of the return pipe or two inches, whichever is greater. Multiport backwash valves have a high pressure drop and are discouraged.

Pipe Diameter/Pipe Length

Pipe Diameter | Required Pipe Length
(inch) leading into pump (inch)
1.5 6
2 8
2.5 10
3 12

Documentation Declaration Statements

1. The person who prepared the CF2R will sign and complete the fields for their name, company (if applicable), address, phone number, certification information (if

applicable), date and signature.

Table 1
Pool sizing (Values are based on a maximum allowable turnover rate of 6- hours)
Note: For pumps greater than 1 hp. The maximum Pump Flow is the lowest speed default
filtration
Max Pool
Volume Min Pipe D or Greater Min Filter Area or more Max Pump
(gallons) (inches) (square feet) Flow (gpm)
Return Suction Cartridge Sand DE
13,000 1.5 1.5 100 2.4 20 36
17,000 1.5 2 130 3.1 25 47
21,000 2 2 160 3.9 30 58
28,000 2 2.5 210 5.2 40 78
42,000 2.5 3 320 7.8 60 117
48,000 3 3 360 8.9 70 133
Table 2

2. The person who is assuming responsibility for the project being built to comply with Title 24, Part 6, will complete the fields for their name, company (if applicable),

address, phone number, license number (if applicable), date and signature.

CA Building Energy Efficiency Standards - 20136 Residential Compliance
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CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ADD-02-E
Prescriptive Residential Additions 300 Ft’ or Less, or Additions That Do Not Require HERS Field Verification (Page 10 of 10)

References
1. Water Heaters:

Section 150.1(c) allows a limited number of conditions for water heating. If conditions other than these are proposed, the prescriptive compliance approach cannot be
used:

Single Dwelling Unit
A. Asingle gas or propane instantaneous water heater with an input of 200,000 Btu per hour or less and no storage tank, and that meets the requirements of
Sections 110.1 and 110.3.

B. Asingle gas or propane storage type water heater with an input of 105,000 Btu per hour or less, rated volume less than or equal to 55 gallons and that meets
the requirements of Sections 110.1 and 110.3. The dwelling unit shall meet all of the requirements for Quality Insulation Installation (Qll) as specified in the
Reference Appendix RA3.5.

C. Asingle gas or propane storage type water heater with an input of 105,000 Btu per hour or less, rate volume of more than 55 gallons, and that meets the
requirements of Sections 110.1 and 110.3.

Central System
D. All water heaters installed mustcomply with Sections 110.1 and 110.3. The distribution system shall be equipped with a demand recirculation control allowing

pump operation to be based on measurement of hot water demand and hot water return temperature. The system shall have at least two loops. Buildings with
8 or less units do not have to comply with the demand recirculation requirement.

0 QA one o or-Bropane-sto awatar haata 0-to 000-B ho Ao
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 1 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

This compliance document is only applicable to simple alterations that do not require HERS verification for compliance. -When HERS verification is required, a CF1R-ALT-01 shall first be registered
with a HERS Provider Data Registry.

Alterations to Space Conditioning Systems that are exempt from HERS verification requirements may use the CF1R-ALT-05 and CF2R- ALT-05 Compliance Documents. Possible exemptions from duct
leakage testing include: less than 40 ft of ducts were added or replaced; or the existing duct system was insulated with asbestos; or the existing duct system was previously tested and passed by a
HERS Rater. If space conditioning systems are altered and are not exempt from HERS verification, then a CF1R-ALT-02 must be completed and registered with a HERS Provider Data Registry.

Alterations that utilize close Cell Spray Polyurethane Foam (ccSPF) with a density of 1.5 to less than 2.5 pounds per cubic foot having an R-value other than 5.8 per inch, or Open Cell Spray
Polyurethane Foam (ocSPF) with a density of 0.4 to less than 1.5 pounds per cubic foot having an R-value of 3.6 per inch, shall complete and register a CF1R-ALT-01 with a HERS Provider Data
Registry.

If more than one person has responsibility for installation of the items on this certificate, each person shall prepare and sign a certificate applicable to the portion of construction for which they are
responsible. Alternatively, the person with chief responsibility for construction shall prepare and sign this certificate for the entire construction. All applicable Mandatory Measures shall be met.
Temporary labels shall not be removed before verification by the building inspector.

A. General Information

01 | Project Name: 02 | Date Prepared:

03 | Project Location: 04 | Building Front Orientation (deg):

05 | CACity: 06 | Number of Dwelling Units with Additions:

07 | Zip Code: 08 | Fuel Type:

09 | Climate Zone: 10 | Total Conditioned Floor Area (ftz) (Addition):

11 | Building Type: 12 | Slab Area (ft%):

13 | Proiect Scope: 14 Exceptions to Minimum Aged Solar Reflectance and
) pe: = | Minimum Thermal Emittance or SRI::

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION @

CERTIFICATE OF INSTALLATION

CF2R-ALT-05-E

Project Name:

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

(Page 2 of 15)

Dwelling Address:

Enforcement Agency:

Permit Number:

City:

Zip Code:

Insulation

The altered components shall comply with all applicable requirements in The Energy Efficiency Standards Sections 110.7, 110.8, 150.0; All joints, penetrations and other openings in the building
envelope that are potential sources of air leakage shall be caulked, gasketed, weather stripped, or otherwise sealed to limit infiltration and exhilaration.

B. Roof/Ceiling Insulation

01 02 03 04 05 06 07 08 09 10
Framin Framing Size & Insulation Cavity Insulation Insulation Above Deck Below Deck
I.D. Manufacturer & Brand .g g_ ESR Number v Depth Insulation Insulation
Material Spacing Type R-value .
(inches) R-value R-value
Note:

Where insulation is installed above the roofing membrane or above the layer used to seal the roof from water penetration the insulation shall have a maximum water absorption of 0.3

percent by volume when tested according to ASTM Standard C272.

C. Wall Insulation

01 02 03 04 05 06 07 08 09 10
Framin Framing Size & Insulation Cavity Insulation Insulation Exterior Wall Interior Wall
I.D. Manufacturer & Brand .g g. ESR Number v Depth Insulation Insulation
Material Spacing Type R-value .
(inches) R-value R-value

CA Building Energy Efficiency Standards - 20136 Residential Compliance
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION @

CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 3 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:
D. Mass Insulation

01 02 03 04 05 06 07 08

. Mass Thickness Furring Strip Type/ . Exterior Insulation Interior Insulation
I.D. Manufacturer & Brand Location . Depth Insulation Type
(inches) . R-value R-value
(inches)

E. Raised Floor Insulation

01 02 03 04 05 06 07 08 09 10

Framin Framing Size & Insulation Cavity Insulation Exterior Floor Interior Floor
I.D. Manufacturer & Brand .g g_ ESR Number Insulation Depth Insulation Insulation
Material Spacing Type .
R-value (inches) R-value R-value

F. Slab Floor/Perimeter Insulation

01 02 03 04 05 06 07 08

. Insulation Insulation Vertical Insulation Horizontal Insulation
1.D. Manufacturer & Brand Floor Type Insulation Type Depth (inches) R-Value Length (inches) Length (feet)

CA Building Energy Efficiency Standards - 20136 Residential Compliance
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

CEC-CF2R-ALT-05-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION @

CERTIFICATE OF INSTALLATION

CF2R-ALT-05-E

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

(Page 4 of 15)

Project Name:

Enforcement Agency:

Permit Number:

Dwelling Address:

City:

Zip Code:

Roofing and Radiant Barrier

G. Radiant Barrier

01 Brand Name and product number

02 Installation Type

03 Total Attic Area (ftz)

H. Required Vent Area

01 Combined NFA of installed upper and lower vents (inz)

02 Minimum required combined NFA of upper and lower vents (inz)

03 NFA of installed upper vents (inz)

04 Minimum required NFA of upper vents (in%)

I. Roofing Products (Cool Roof) Installation Information

01

02

03

04

05

06

07

08

Roof Pitch

CRRC Product ID
Number

Product Type

CRRC Listed Aged
Solar Reflectance

Initial Solar
Reflectance

Aged Solar
Reflectance

Thermal Emittance

SRI

CA Building Energy Efficiency Standards - 20136 Residential Compliance
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 5 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

J. Radiant Barrier and Attic Ventilation — Additional Requirements

Radiant Barrier

01 Radiant barrier must be installed on all vertical surfaces in the attic including gable ends.

02 The emittance of the radiant barrier shall be less than or equal to 0.05 as tested with ASTM C1371, or E408.
The product shall meet all requirements for California certified insulation materials [radiant barriers] of the Department of Consumer Affairs, Bureau of Home Furnishings and Thermal
Insulation, as specified by CCR, Title 24, Part 12, Chapter 12-13, Standards for Insulating Material

04 When determining the Total Attic Area, the area over unconditioned spaces such as the garage is included when the attic spaces are connected.

03

Lower Vents

05 ‘ Lower vents are within one foot of the eave.

Upper Vents

06 ‘ Upper vents are within three feet of the ridge

Vent Area

The NFA of upper vents must be within required NFA range of upper vents

07 Note: per Exception to R806.2 of the CBC Title 24, Part2, Vol.2.5, if the net free ventilating area is less than 1:150, then the upper ventilation must be at least 40% and no more than 50%.
Part 2 contains additional requirements that must be met if the area is less than 1:150.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

K. Roofing Products (Cool Roof) — Additional Requirements

01 Any roof area covered by building integrated photovoltaic panels and solar thermal panels are exempt from the above Cool Roof requirements.

02 Liquid field applied coatings must comply with installation criteria from section 110.8(i)4.

03 Mass roof 25 Ib ft* or greater: Mass roofs are not required to have a cool roof even if the climate zone specifies minimum performance requirements.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY)

CALIFORNIA ENERGY COMMISSION

CERTIFICATE OF INSTALLATION

CF2R-ALT-05-E

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

(Page 6 of 15)

Project Name:

Enforcement Agency:

Permit Number:

Dwelling Address:

City:

Zip Code:

Fenestration

L. Fenestration/Glazing
Includes all Windows, Skyli

shts, Greenhouse/Bay Windows, and Glazed Doors

01 02 03 04 05 06 07 08 09 10 11
Source of Exterior Shading
Manufacturer/ | Fenestration U-factor Fenestration Devices
Tag/ID Brand Area (ftz) Orientation | Chromogenic U-factor SHGC and SHGC Type (Describe) Comments/Special Features

M. Fenestration/Glazing — Additional Requirements

01 | For existing buildings the U-factor and SHGC values should be the same or better than the required Energy Commission prescriptive requirements.

02 | Temporary labels should not be removed until verified by the building inspector.

03

The fenestration product manufacturer’s installation specifications shall be followed when installing these products. The space between the fenestration product and
rough opening shall be completely filled with insulation. If batt insulation is used, it is cut to size and placed properly around the fenestration product.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 7 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

Mechanical and Plumbing

N. Space Conditioning (SC) Systems — Heating/Cooling(Section 150.2(b))

Alterations to Space Conditioning Systems shall be exempt from HERS verification requirements as prerequisite for use of the CF1R-ALT-05 and CF2R- ALT-05 Compliance Documents. If new space

conditioning systems are installed or existing systems are altered and are not exempt from HERS verification, then a CF1R-ALT-01 shall be completed and registered with a HERS Provider Data

Registry. In each row below for each dwelling unit in the building, check the box that indicates the exemption from HERS verification compliance:

O a: space conditioning system was not altered;

O b: less than 40 ft of ducts were added or replaced;

O c: (exempt from duct leakage testing) if: the existing duct system was insulated with asbestos;

O d: (exempt from duct leakage testing) if: the existing duct system was previously tested and passed by a HERS Rater.

01 02 03 04
Dwelling Unit Name SC System Identification or Name SC System Location or Area Served Exemption from HERS Verification

Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
Oa Ob Oc Od
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CA Building Energy Efficiency Standards - 20136 Residential Compliance

CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 8 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:
O. Installed Water Heating System (Section 150.2(b)1G)
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Water
W y Water #of Heater Back-Up
ater Heating . . (9 . . .
System Water Heating Heating Water Water Storage Rated Rated Heating Heating Exterior Solar
Dwelling Unit Identification or System Location System Heater Heaters Volume Input Input Efficiency | Efficiency Standby Insul. Savings
Name Name or Area Served Type Type in System (gal) Fuel Type Type Value Type Value Loss (%) R-Value Fraction
<Date>




STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 9 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

P. Installed Water Heater Manufacturer Information

01 02 03

Water Heating System ID or Name Manufacturer Model Number
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STATE OF CALIFORNIA

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

| CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION 4
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 10 of 15)
Project Name: Enforcement Agency: Permit Number:

Dwelling Address: City: Zip Code:
Lighting

General Lighting Requirements
Additional new lighting, and altered lighting, shall comply with all applicable requirements specified in Section 150.0(k).
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CERTIFICATE OF INSTALLATION
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Prescriptive Residential Alterations That Do Not Require HERS Field Verification

(Page 11 of 15)

Project Name:

Enforcement Agency:

Permit Number:

Dwelling Address:

City:

Zip Code:

Be—Bb—Bc—BN/A
B-= Bb = B-N/A
B-= Bb = B-N/A
B-= Bb B B-N/A
B-= Bb = B-N/A
B-= Bb = B-N/A
B-= Bb B B-N/A
B-= Bb = B-NA
B-= Bb = B-NA
B-= Bb = B-NA
B-= Bb = B-NA
B-= Bb = B-NA
B-= Bb = B-NA
B-= Bb = B-N/A
B-= Bb B B-N/A
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Project Name:

Enforcement Agency:

Permit Number:

Dwelling Address: City: Zip Code:
Tetallileie
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%
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*
*
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STATE OF CALIFORNIA
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CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 13 of 15)
Project Name: Enforcement Agency: Permit Number:

Dwelling Address: City: Zip Code:

Pool and Spa

RQ. Pool and Spa Type

01 ‘ Pool and Spa System Type ‘

SR. Pool and Spa Systems and Equipment Requirements (Section 110.4(a) and 110.5)

01 Heater has a thermal efficiency that complies with the Appliance Efficiency Regulations.

02 A readily accessible on-off switch is mounted on the outside of the heater, which allows the heater to be shut off without the user adjusting the thermostat setting.

03 A weatherproof plate or card containing instructions for the energy-efficient operation of the pool or spa heater is permanently mounted.

04 No electric resistance heating except for listed package units that have fully insulated enclosures and tight fitting covers that are insulated to at least R-6. Or if documentation is provided
that at least 60 % of the annual heating energy is from site solar energy or recovered energy.

05 Heating system has no pilot light.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

TS. Pool and Spa System Installation Requirements (Section 110.4(b))

To allow for the future addition of solar heating equipment, at least 36” of pipe is installed between the filter and heater, or dedicated suction and return lines are installed, or built-in or

01 built-up connections for future solar heating are provided.

02 A cover is provided for outdoor pools or spas that have a heat pump or gas heater.

03 Pool system has directional inlets to adequately mix the pool water

04 Pool system has a time switch that allows the pump to be set or programmed to run during off-peak periods only

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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Project Name: Enforcement Agency: Permit Number:

Dwelling Address: City: Zip Code:

UT. Pool Pump Sizing and Flow Rate Specification (Section 150.0(p))
01 The pool pump specified is listed in the CEC database of certified pool pumps.
The pool pump flow rate shall not exceed the maximum pump flow rate calculated based on pool sizing in the table below. The return pipe diameter, suction pipe diameter, and filter area
02 shall be at least as large as the required minimums shown in the table.
Alternatively, a flow calculation or flow test result shall be provided to demonstrate that the pump flow rate is less than 6 hour filtration turnover, and the return pipe flow rate
does not exceed 8 feet per second and that the suction pipe flow rate does not exceed 6 feet per second.
03 An alternative compliance calculation or a flow test result is provided for this pool or spa
use (must attach flow calculation or flow test result to this form)
04 The pump is capable of operating at 2 or more speeds (not applicable if pump is less than 1 horsepower).
05 Each auxiliary pool load is served by either a separate pump, or the system is served by a multi-speed pump.
06 Volume of Pool (Gallons):
07 Filter Type (Cartridge, Sand, DE):
08a 08b 08c 08d
Required Min Return Pipe Diameter (inches) Required Min Suction Pipe Diameter (inches) Required Min Filter Area (ftz) Required Max Pump Flow (gpm)
09 Return Pipe Diameter (inches).
10 Suction Pipe Diameter (inches).
11 Filter Surface Area (ftz).
12 Max Pump Flow Rate (gallons per minute).
13 Measured Flow Rate Return Line (feet per second)
14 Measured Flow Rate Suction Line (feet per second)
15 Compliance Statement U.03=Yes, U.13<U.08,and U. 14 < U. 06 O Yes [ONo
The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
MU. Pool System Piping (Section 150.0(p)2)
01 The suction side pipe is straight for at least 4 pipe diameters before entering the pump (See table below for the required straight run lengths for various pipe sizes).
02 All elbows are sweep elbows, or an elbow type that has a pressure drop that is less than the pressure drop
of a straight pipe with a length of 30 pipe diameters.
The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
WV. Pool Filters and Valves (Section 150.0(p)3 and 4)
01 If a filter is used in a pool intended for public use: The size of the filter is at least the size specified in NSF/ANSI 50.
02 If a backwash valve is used: The diameter of the backwash valve is at least 2 inches, or the diameter of the return pipe, whichever is greater.
The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.
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| CEC-CF2R-ALT-05-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ALT-05-E
Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 15 of 15)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

DOCUMENTATION AUTHOR'S DECLARATION STATEMENT

1. I certify that this Certificate of Installation documentation is accurate and complete.

Documentation Author Name: Documentation Author Signature:

Documentation Author Company Name: Date Signed:

Address: CEA/HERS Certification Identification (If applicable):
City/State/Zip: Phone:

RESPONSIBLE PERSON'S DECLARATION STATEMENT

| certify the following under penalty of perjury, under the laws of the State of California:

1. The information provided on this Certificate of Installation is true and correct.

2. |l am eligible under Division 3 of the Business and Professions Code in the applicable classification to accept responsibility for the system design, construction, or installation of features,
materials, components, or manufactured devices for the scope of work identified on this Certificate of Installation, and attest to the declarations in this statement (responsible
builder/installer), otherwise | am an authorized representative of the responsible builder/installer.

3. The constructed or installed features, materials, components or manufactured devices (the installation) identified on this Certificate of Installation conforms to all applicable codes and
regulations, and the installation conforms to the requirements given on the plans and specifications approved by the enforcement agency.

4. Ireviewed a copy of the Certificate of Compliance approved by the enforcement agency that identifies the specific requirements for the scope of construction or installation identified on this
Certificate of Installation, and | have ensured that the requirements that apply to the construction or installation have been met.
5. lwill ensure that a registered copy of this Certificate of Installation shall be posted, or made available with the building permit(s) issued for the building, and made available to the

enforcement agency for all applicable inspections. | understand that a registered copy of this Certificate of Installation is required to be included with the documentation the builder provides
to the building owner at occupancy.

Responsible Builder/Installer Name: Responsible Builder/Installer Signature:

Company Name: (Installing Subcontractor or General Contractor or Builder/Owner) Position With Company (Title):

Address: CSLB License:

City/State/Zip: Phone Date Signed:

For assistance or questions regarding the Energy Standards, contact the Energy Hotline at: 1-800-772-3300
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Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 1 of 11)

CF2R-ALT-05-E User Instructions

NOTE: If more space is needed, print a duplicate page and fill in.

Minimum requirements for prescriptive alteration compliance can be found in Building Energy Efficiency Standards Section 150.2(b)1.

Completing these forms will require that you have the Reference Appendices for the 20136 Building Energy Efficiency Standards (P400-2012-005). This document contains the
Joint Appendices which are used to determine climate zone. When the term CF2R is used it means the CF2R-ALT-05. Worksheets are identified by their entire name-and

subseguenthrby-onhy-theworksheetnumber, such as WS-02CF1R-ENV-02.

Instructions for sections with column numbers and row letters are given separately.

If any part of the alteration does not comply, prescriptive compliance fails, in which case the performance compliance approach must be used in an attempt to achieve
compliance.

A. General Information

1.

2.
3.
4

S

9.

10.
11.
12.
13.
14. Exception to Minimum Aged Solar Reflectance and Minimum Thermal Emittance or SRI: If meeting one of the exceptions. Indicate which exception is, or will be, met.

Project Name: Identifying information, such as owner’s name.
Date Prepared: Date of document preparation.
Project Location: Legal street address of property or other applicable identifying information.
Building Front Orientation: Building front orientation expressed in degrees, where North = 0, East = 90, South = 180, and West = 270. Indicate cardinal if it is a
subdivision or multi-family project built in multiple orientations. The sStandards (sSection 100.1) include the following additional details for determining orientation:
e Cardinal covers all orientations (for buildings that will be built in multiple orientations);
e North is oriented to within 45 degrees of true north, including 45 degrees east of north;
e Eastis oriented to within 45 degrees of true east, including 45 degrees south of east;
e South is oriented to within 45 degrees of true south, including 45 degrees west of south;
e West is oriented to within 45 degrees of true west, including 45 degrees south of west.
CA City: Legal city/town of property.
Number of Dwelling Units: 1 for single-family, 1 or more for multifamily.
Zip Code: 5-digit zip code for the project location (used to determine climate zone).
Fuel Type: Natural Gas, Liquefied Propane Gas, or Electricity.

NOTE: Prescriptive compliance only allows electricity if existing appliances are electric and natural gas is not available in the building, or if the conditions of Section
150.2(b)1Giic or 150.2(b)1Giid are met.

Climate zone: From Joint Appendix JA2.1.1.

Total Conditioned Floor Area: Enter the new conditioned floor area in ft>, as measured from the outside of exterior walls of the dwelling unit or building being altered.
Building Type: Single Family (includes duplex), or Multi-Family (a building that shares common walls and common floors or ceilings).

Slab Area: Area of the first floor slab (if any) in ft*.

Project Scope: Insulation, Roof Replacement, Fenestration/Glazing, Heating System, Cooling System, Duct System, and/or Water Heating System alteration.

| CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 2 of 11)

NOTES: Exceptions and Alternatives for Steep Slope Roofs:
(a) Mass roof 25 Ibs/ft2 or greater (uncommon situation such as sod roof);
(b) Air space 1” from top of roof deck to bottom of roofing;
(c) Roofing product has a profile ratio of rise to width of 1 to 5 for 50 percent or greater of the width of the roofing product;
(d) Ducts already meet Section 150.1(c) insulation and duct leakage requirements;
(e) Roof has R-38 insulation;
(f) Roof has a radiant barrier;
(g) No ducts are installed in the attic; or
(h) R-2 insulation above the roof deck.

NOTES: Exceptions and Alternatives for Low Slope Roofs:
(a) Mass roof 25 Ibs/ft> or greater (uncommon situation such as sod roof);
(b) No ducts are installed in the attic; or
(c) Roof deck insulation trade off - by installing roof deck insulation, a lower aged solar reflectance is required: R-2 (0.62-0.60), R-4 (0.59-0.55), R-6 (0.54-
0.50), R-8 (0.49-0.45), R-12 (0.44-0.40), R-16 (0.39-0.35), R-20 (0.34-0.30), R-24 (0.29-0.25).

B. Roof/Ceiling Insulation
1. LD.: Alabel from the plans (e.g., A1.4 or Roof) documenting the location of the installed insulation.
Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.
Framing Material: Wood or Metal.
Framing Size & Spacing: Indicate the framing size and spacing (e.g., 2x4 @ 16 in O.C.); enter n/a if not applicable.
Insulation Type: List the type of insulation used, such as: Batt, Loose Fill, or SPF.
ESR Number: If using a non-standard R-value for SPF insulation, complete an ICC Evaluation Service Report and record the ESR number.
Cavity Insulation R-value: Indicate the cavity insulation R-value.
Insulation Depth: Indicate, in inches, the amount of insulation installed.
Above Deck Insulation R-Value: Indicate the R-value of continuous insulation, having no framing penetration, installed above the roof deck.
10 Below Deck Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed below the roof deck.

©®NOU A WN

C. Wall Insulation

1. LD.: Alabel from the plans, (e.g., A1.4 or Walll) documenting the location of the installed insulation.

2. Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

3. Framing Material: Wood or Metal.

4. Framing Size & Spacing: Indicate the framing size and spacing (e.g., 2x4 @ 16 in O.C.); enter n/a if not applicable.

5. Insulation Type: List the type of insulation used, such as batt, loose fill, or SPF.

6. ESR Number: If using a non-standard R-value for SPF insulation, complete an ICC Evaluation Service Report and record the ESR number.

7. Cavity Insulation R-value: Indicate the cavity insulation R-value.

8. Insulation Depth: Indicate, in inches, the amount of insulation installed.

9. Exterior Wall Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the outside of the wall.

10. Interior Wall Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the inside of the wall.

D. Mass Insulation

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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NI AW R

I.D.: A label from the plans (e.g., A1.4 or Walll) documenting the location of the installed insulation.

Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Location: Indicate the location of the insulation, such as: Above Grade, Below Grade, Wall, or Roof.

Mass Thickness: Indicate the thickness of the mass, in inches, the insulation is applied to.

Furring Strip Type/Depth: Indicate the type, and thickness, of furring material installed (e.g., wood/1.0 inch thick).

Insulation Type: -List the type of insulation used, such as: SPF, EPS, or EPDM.

Exterior Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the outside of the assembly.
Interior Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the inside of the assembly.

E. Raised Floor Insulation
1.

©oNOU A WN

I.D.: A label from the plans (e.g., Al1.4 or Floorl) documenting the location of the installed insulation.

Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Framing Material: Wood or Metal.

Framing Size & Spacing: Indicate the framing size and spacing (e.g., 2x4 @ 16 in O.C.); enter n/a if not applicable.

Insulation Type: -List the type of insulation used, such as: Batt, Loose Fill, or SPF.

ESR Number: If using a non-standard R-value for SPF insulation, complete an ICC Evaluation Service Report and record the ESR number.

Cavity Insulation R-value: Indicate the cavity insulation R-value.

Insulation Depth: Indicate, in inches, the amount of insulation installed.

Exterior Floor Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the outside of the floor.

10. Interior Floor Insulation R-Value: Indicate the R-value of the continuous insulation, having no framing penetration, installed on the inside of the floor.

F. Slab Floor/Perimeter Insulation
1.

Noubkwn

I.D.: A label from the plans (e.g., A1.4 or Slab Floorl) documenting the location of the installed insulation.
Manufacturer & Brand: Indicate the manufacturer and brand of the product being installed.

Floor Type: Indicate the type of floor the insulation is being applied to, such as: Heated Slab or Slab on Grade.
Insulation Type: List the type of insulation used, such as: EPDM, Polyisocyanurate, or Polystyrene.

Insulation Depth: Indicate, in inches, the depth of insulation installed. Refer to FO2 for additional information.
Insulation R-Value: Indicate the insulation R-value being installed vertically and horizontally (if applicable).

Vertical Insulation Length: Indicate, in inches, the length of the insulation being installed. Refer to FO3 for additional information on installing both vertical and

horizontal slab insulation

Horizontal Insulation Length: Indicate, in feet, the length of the insulation being installed from the outside edge of the vertical insulation to the center of the slab.

G. Radiant Barrier
1.
2.

Brand Name and Product Number: Indicate the brand name and product number of the product used.
Installation Type: Indicate the installation type from the following list:

a. Attached to underside of roof deck

b. Attached to bottom of truss/rafters

c. Attached between truss/rafters

d. Draped over top of truss/rafters

One of these four installation methods must be used; no other methods are allowed.

CA Building Energy Efficiency Standards - 20136 Residential Compliance

<Date>




CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ALT-05-E

Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 4 of 11)

3.

Total Attic Area (ftz): Provide the total attic area over conditioned space. -When determining the total attic area, the area over unconditioned spaces such as garage is

included when the attic spaces are connected. -At least one square foot of net free venting area is required for each 300 square feet of attic (1:300).

H. Required Vent Area

1.

2.
3.
4

Combined NFA of installed upper and lower vents (inz): Indicate the total combined NFA of installed upper and lower vents in square inches.
Minimum required combined NFA of upper and lower vents (inz): Total attic area divided by 300 and multiplied by 144.

NFA of installed upper vents (inz): Indicate the total NFA of installed upper vents in square inches.

Minimum required NFA of upper vents (in°): Table H item 1 (combined NFA of installed upper and lower vents) multiplied by 0.3.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>
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I. Roofing Products (Cool Roof) Installation Information

1.
2.

w

Roof Pitch: Indicate whether the roof pitch is €2:12 or >2:12

CRRC Product ID Number: If a cool roof is installed, obtain the Product ID Number from the Cool Roof Rating Council’s (CRRC) product packaging label or rated products
directory (http://coolroofs.org/products/results).

Product Type: Indicate the product type being used.

CRRC Listed Aged Solar Reflectance: -State whether the 3-year aged solar reflectance value of the product used is listed on the CRRC product packaging label or rated
products directory—Yes or No.

Installed Initial Solar Reflectance: Indicate the initial solar reflectance value of the product used; obtained from the CRRC product packaging label or rated products
directory.

Aged Solar Reflectance: Indicate the aged solar reflectance value of the product used; obtained from the CRRC product packaging label or rated product directory.

Note: If the 3-year aged value is not available then use the equation in Section 110.8(i)2 of the Energy Standards to calculate the 3-year aged solar reflectance. One
can also use the “Calculated Aged Solar Reflectance” from the Solar Reflectance Index (SRI) Calculation Worksheet available at the California Energy
Commission’s website at: http://energy.ca.gov/title24/2013standards/documents/solar_reflectance/.

Thermal Emittance: Indicate the thermal emittance value of the product used; obtained from the CRRC product packaging label or rated products directory. This can be
either the initial or aged value.

SRI: If applicable, obtain the value of the product used from the CRRC rated products directory, or the “Solar Reflectance Index (SRI) Calculation Worksheet” available at
the California Energy Commission’s website.

J. Radiant Barrier and Attic Ventilation — Additional Requirements
This section contains additional requirements for Radiant Barriers, Lower Vents, Upper Vents, and Vent Area.

K. Roofing Products (Cool Roof) — Additional Requirements
This section contains additional requirements for Roofing Products. Other exceptions apply for additions and/or alterations.
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L. Fenestration/Glazing
1. Tag/ID: The labeling format used in the plans - ensure each unique type is used consistently throughout the plan set (elevations, finish schedules, etc.) to indentify each
matching fenestration product, such as: Window-1, Skylight-1 etc. It should also be consistently used on the other forms in the same compliance documentation.
Manufacturer/Brand: Provide the manufacturer and brand name which identifies the fenestration product being installed.
Fenestration Area (ftz): Indicate the total installed surface area (ft?) of the fenestration.
Orientation: Indicate the orientation of the same like fenestration. Use different lines if the orientation of the same fenestration varies. Enter:-N, S, E, or W.
Chromogenic: Is the glazing product chromogenic? Yes or No
U-factor: Indicate the specified U-factor of the fenestration product(s) being installed. Do not mix different types on the same line.
SHGC: Indicate the specified SHGC of the fenestration product(s) being installed. Do not mix different types on the same line.
Source: NFRC, CEC Default, NA6 Alternative. Enter the appropriate temporary label certificate identified as either NFRC, CEC Default or by using the information in NA6.
All windows;installed must have a label certificate which identifies the windew-g efficiencies. NFRC rated products have a temporary label that can be looked up in the
NFRC product directory (http://search.nfrc.org/search/searchDefault.aspx).
9. Fenestration Type: Provide a description of the window type, for instance, the frame material, coatings, whether it is operable or fixed.
10. Exterior Shading Devices: If exterior shading devices are installed in conjunction with fenestration then indicate the type used (e.g. sunscreens, vertical roller or shades,
retractable or drop arm or operable awnings, or roll down blinds or slats); or if an overhang is, or will be installed.
11. Comments/Special Features: Additional information for the field inspector.

N A WD

M. Fenestration/Glazing — Additional Requirements
This section contains additional requirements for Fenestration/Glazing.

N. Space Conditioning (SC) Systems — Heating/Cooling
Requirements of the standards apply to a heating and cooling system alteration based on the type of alteration and the system type (Section 150.2(b)1). A completely new
system will meet all mandatory and prescriptive requirements, which vary by climate zone (based on Section 150.2(b)1C).

NOTE: Computer performance compliance can be used to trade-off any requirements that are not mandatory.

When parts of a system are replaced, it may trigger some of the same requirements that apply to new systems and duct alterations. A Certificate of Compliance for Alterations
to Space Conditioning Systems (CF1R-ALT-02) is required for each dwelling unit with a space conditioning system alteration.

Dwelling Unit Name: Name of dwelling unit or any other identifying name.
SC System ldentification or Name: Name of the Space Conditioning (SC) System or any other identifying name.
SC System Location or Area Served: Zone, or area, served by the Space Conditioning (SC) System.
Exemption from HERS Verification: Section 150.2(b)1E
a. Space Conditioning (SC) System was not altered.
b. Duct systems that have been documented to have been previously sealed as confirmed through field verification and diagnostic testing in accordance with
procedures in the Reference Residential Appendix RA3.1.
c. Duct systems with less than 40 linear feet in unconditioned spaces as determined by visual inspection.
d. Existing duct systems constructed, insulated, or sealed with asbestos.

El A
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O. Installed Water Heating System

Water heating compliance for an alteration is described in Section 150.2(b). For a single dwelling a gas or propane water heater, with a storage tank of 60 gallons maximum or
instantaneous (tankless), can be used. Dwelling Unit distribution systems are limited to Standard trunk and branch or demand recirculation for gas or propane water heaters.
Demand recirculation is not allowed for electric water heaters. If there is no natural gas connected to the building, an electric water heater may be replaced with another
electric water heater. -However, changing from gas to electric is not allowed unless the conditions of Section 150.2(b)1Giic or 150.2(b)1Giid are met. Multi-family central systems
must use certified equipment as defined under Section 110.1 and 110.3.

©

Dwelling Unit Name: Name of dwelling unit or any other identifying name.

Water Heating System Identification or Name: Name of the Water Heating System or any other identifying name.

Water Heating System Location or Area Served: Zone, or area, served by the Water Heating System.

Water Heating System Type: Domestic Hot Water (DHW), Hydronic, Combined Hydronic, or Central. DHW is for domestic hot water, hydronic is a water heating system
used for space heating only; combined hydronic is when the water heater will provide both space conditioning and domestic hot water.

Water Heater Type: For non-central systems only Small Storage or Small Instantaneous are allowed. -For central systems pick from Large Storage, Small Storage, Heat
Pump, Boiler, Large Instantaneous, Small Instantaneous or Indirect.

Number of Water Heaters in System: In single-family and multi-family with water heaters in each dwelling unit the value is 1. For multi-family central systems serving
multiple dwelling units enter the total number of water heaters.

Water Heater Storage Volume: Tank capacity in gallons. For individual water heaters for a dwelling unit this will be 60 gallons or less. If instantaneous, enter n/a. For
multi-family central systems enter the total storage volume.

Fuel Type: Gas, Propane, Electric (Only if natural gas is not available, or if the conditions of Section 150.2(b)1Giic or 150.2(b)1Giid are met)

NOTE: The following table lists replacement heat pump water heating systems by climate zone that meet the requirements of 150.2(b)1Giic and/or 150.2(b)1Giid.
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Precalculated Replacement Heat Pump Water Heating Systems for Single Dwelling Units

Ccz Energy Factor greater than or equal to
1 2.75

2 2.75

3 2.75

4 2.8

5 2.75

6 2.33

7 2.5

8 2.33

9 2.33

10 2.33

11 2.5

12 2.8

13 2.5

14 2.5

15 2.33

16 EF > 3,.plus a solar_water h?ating system
- with solar saving fraction > 0.4

}
9. Rated Input Type: Enter the equipment input rating type, for gas or propane fired the units are Btuh, for electric fired system the units are kW.
10. Rated Input Value: Enter the numeric value of the rated input.
11. Heating Efficiency Type: Energy Factor, AFUE, or Thermal Efficiency. From product literature or a California Energy Commission directory.
12. Heating Efficiency Value: Enter the value from product literature or a California Energy Commission directory
13. Standby Loss (%): Applies only to large storage water heaters; enter n/a for small storage or instantaneous water heaters.
14. Exterior Insulation R-Value: Enter the R-value if exterior insulation on the storage tank is installed
15. Back-Up Solar Savings Fraction: If compliance requires a back-up solar system, indicate the solar contribution (e.g., 0.30). -External calculations are required.

P. Installed Water Heater Manufacturer Information
This table reports the manufacturer information of the installed water heater(s). Require one line for each installed water heater.

1. Water Heating System ID or Name: Name of the Water Heating System or any other identifying name.
2. Manufacturer: Provide the manufacturer’s name which identifies the Water Heater being installed.
3. Model Number: Provide the model number which identifies the Water Heater being installed.

CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>




CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ALT-05-E

Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 9 of 11)

RQ. Pool and Spa Type
1. Pool and Spa System: Pick from: Pool only, Spa only, or Pool and Spa.

| SR. Pool and Spa Systems and Equipment Requirements
Before any pool or spa heating system or equipment may be installed, the manufacturer must certify to the Energy Commission that the system or equipment complies with
§110.4 and §110.5. The requirements include minimum heating efficiency according to Appliance Efficiency Regulations, an on-off switch outside the heater, permanent and
weatherproof operating instructions, no continuous pilot light, and no electric resistance heating.

| FS. Pool and Spa System Installation Requirements
A time switch or similar control mechanism must be installed as part of the pool water circulation control system that will allow all pumps to be set or programmed to run only
during the off-peak electric demand period and for the minimum time necessary to maintain the water in the condition required by applicable public health standards.

| UT. Pool and Pump Sizing and Flow Rate Specification
The pool filtration flow rate may not be greater than the rate needed to turn over the pool water volume in 6 hours or 36 gpm, whichever is greater. Calculate Max Flow Rate
using the following equation:

Max Flow Rate (gpm) = Pool Volume (gallons)
360min.

Pool piping must be sized according to the maximum flow rate needed for all auxiliary loads. Show work to calculate return and suction line flow rate, minimum filter area, and
the maximum pump flow rate correspond to the pool volume in accordance to section 150.0(p), or refer to Table 1 below for the prescriptive values. The maximum velocity
allowed is 8 fps in the return line and 6 fps in the suction line, and the maximum pump flow rate is less than 6 hour filtration turnover.

3. Indicate whether or not the alternative calculation is used.
6. Volume of Pool: The Pool volume in gallons (gal).
7. Filter Type: Select from Cartridge, Sand, or DE.
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CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS CF2R-ALT-05-E

Prescriptive Residential Alterations That Do Not Require HERS Field Verification (Page 10 of 11)

8.

10.
11.
12.
13.
14.
15.

Requirements:
a. Required Min Return Pipe Diameter: The minimum diameter required of the return pipe in inches (in).
b. Required Min Suction Pipe Diameter: The minimum diameter required of the suction pipe in inches (in).
c. Required Min Filter Area: The minimum filter area required in square feet (ftz)
d. Required Max Pump Flow: The maximum pump flow required in gallons per minute (gpm).
Return Pipe Diameter (in): The diameter of the return pipe in inches (in).
Suction Pipe Diameter (in): The diameter of the suction pipe in inches (in).
Filter Surface Area: The surface area of the filter in square feet (ftz).
Max Pump Flow Rate: The maximum pump flow rate in gallons per minute (gpm).
Measured Flow Rate Return Line: The measured flow rate of the return line in feet per second (fps).
Measured Flow Rate Suction Line: The measured flow rate of the suction line in feet per second (fps).
Compliance Statement: Verify that an alternative compliance calculation or flow test result is provided for this pool or spa use (U. 03 = Yes), and verify whether U. 13 is
less than or equal to U. 08, and U. 14 is less than or equal to U. 06. Indicate Yes or No. If no, project fails prescriptive compliance.

MU. Pool System Piping

There must be a length of straight pipe that is greater than or equal to at least 4 inches pipe diameters installed before the pump. Refer to Table 2 below for the required pipe
length. Traditional hard 90° elbows are not allowed. All elbows must be sweep elbows or a type of elbow that has a pressure drop less than the pressure drop of straight pipe
with a length of 30 pipe diameters.
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CERTIFICATE OF INSTALLATION — USER INSTRUCTIONS

CF2R-ALT-05-E

Prescriptive Residential Alterations That Do Not Require HERS Field Verification

(Page 11 of 11)

WV. Pool Filters and Valves

Backwash valves must be sized to the diameter of the return pipe or two inches, whichever is greater. Multiport backwash valves have a high pressure drop and are discouraged.

Table 1

Pool sizing (Values are based on a maximum allowable turnover rate of 6- hours)

Note: For pumps

greater than 1 hp. The maximum Pump Flow is the lowest speed default filtration

Max Pool
Volume Min Pipe D or Greater Min Filter Area or more Max Pump
(gallons) (inches) (square feet) Flow (gpm)
Return Suction Cartridge Sand DE
13,000 1.5 1.5 100 2.4 20 36
17,000 1.5 2 130 3.1 25 47
21,000 2 2 160 3.9 30 58
28,000 2 2.5 210 5.2 40 78
42,000 2.5 3 320 7.8 60 117
48,000 3 3 360 8.9 70 133
Table 2
Pipe Diameter/Pipe Length
Pipe Diameter | Required Pipe Length
(inch) leading into pump (inch)
1.5 6
2 8
2.5 10
3 12

Documentation Declaration Statements
1. The person who prepared the CF2R will sign and complete the fields for their name, company (if applicable), address, phone number, certification information (if
applicable), date and signature.

2. The person who is assuming responsibility for the project being built to comply with Title 24, Part 6, will complete the fields for their name, company (if applicable),
address, phone number, license number (if applicable), date and signature.
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STATE OF CALIFORNIA

FENESTRATION INSTALLATION

| CEC-CF2R-ENV-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ENV-01-E
Fenestration Installation (Page 1 of 2)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

If more than one person has responsibility for installation of the items on this certificate, each person shall prepare and sign a certificate applicable to the portion of construction for which they are
responsible. Alternatively, the person with chief responsibility for construction shall prepare and sign this certificate for the entire construction. The signer agrees that all applicable Mandatory
Measures were met. Temporary labels are not to be removed before verification by the building inspector.

A. Fenestration/Glazing
Includes all Windows, Skylights, Greenhouse/Bay Windows, and Glazed Doors.

Note: If meeting Exception 1 to 150.1(c)3A, Installing < 3ft? glass in door, it is assumed to meet the minimum required U-factor (0.32) & SHGC (0.25).
If meeting Exception 1 to 150.1(c)3A, Installing < 3ft” tubular skylight, it is assumed to meet the minimum required U-factor (0.55) & SHGC (0.30).

01 02 03 04 05 06 07 08 09 10 11 12
Exterior
Tag/ID Manufacturer/ Fenestrat;on Orientation Chromogenic U-factor Source SHGC Source fgesTation Sha(_jmg Comments/Special Features
Brand Area (ft%) Type Devices
(Describe)

B. Fenestration Installation

01 | For new construction, installed window U-factor and SHGC values should be equal to or less than listed on the CF1R.

02 | For existing buildings the U-factor and SHGC values should be the same or better than the required Energy Commission prescriptive requirements.

03 | Temporary labels should not be removed until verified by the building inspector.

The fenestration product manufacturer’s installation specifications shall be followed when installing these products. The space between the fenestration product and
rough opening shall be completely filled with insulation. If batt insulation is used, it is cut to size and placed properly around the fenestration product.

The responsible person’s signature on this compliance document affirms that all applicable requirements in this table have been met.

04

Registration Number: Registration Date/Time: HERS Provider:
CA Building Energy Efficiency Standards - 20136 Residential Compliance <Date>



STATE OF CALIFORNIA

FENESTRATION INSTALLATION

| CEC-CF2R-ENV-01-E (Revised MM/YY) CALIFORNIA ENERGY COMMISSION
CERTIFICATE OF INSTALLATION CF2R-ENV-01-E
Fenestration Installation (Page 2 of 2)
Project Name: Enforcement Agency: Permit Number:
Dwelling Address: City: Zip Code:

DOCUMENTATION AUTHOR'S DECLARATION STATEMENT

1. | certify that this Certificate of Installation documentation is accurate and complete.

Documentation Author Name: Documentation Author Signature:

Documentation Author Company Name: Date Signed:

Address: CEA/HERS Certification Identification (If applicable):
City/State/Zip: Phone:

RESPONSIBLE PERSON'S DECLARATION STATEMENT

| certify the following under penalty of perjury, under the laws of the State of California:

1. Theinformation provided on this Certificate of Installation is true and correct.

2. lam eligible under Division 3 of the Business and Professions Code in the applicable classification to accept responsibility for the system design, construction, or installation of features,
materials, components, or manufactured devices for the scope of work identified on this Certificate of Installation, and attest to the declarations in this statement (responsible
builder/installer), otherwise | am an authorized representative of the responsible builder/installer.

3. The constructed or installed features, materials, components or manufactured devices (the installation) identified on this Certificate of Installation conforms to all applicable codes and
regulations, and the installation conforms to the requirements given on the plans and specifications approved by the enforcement agency.

4. |reviewed a copy of the Certificate of Compliance approved by the enforcement agency that identifies the specific requirements for the scope of construction or installation identified on this
Certificate of Installation, and | have ensured that the requirements that apply to the construction or installation have been met.
5. 1 will ensure that a registered copy of this Certificate of Installation shall be posted, or made available with the building permit(s) issued for the building, and made available to the

enforcement agency for all applicable inspections. | understand that a registered copy of this Certificate of Installation is required to be included with the documentation the builder provides
to the building owner at occupancy.

Responsible Builder/Installer Name: Responsible Builder/Installer Signature:

Company Name: (Installing Subcontractor or General Contractor or Builder/Owner) Position With Company (Title):

Address: CSLB License:

City/State/Zip: Phone: Date Signed:
Registration Number: Registration Date/Time: HERS Provider:
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CERTIFICATE OF INSTALLATION - USER INSTRUCTIONS CF2R-ENV-01-E

Fenestration Installation (Page 1 of 1)

CF2R-ENV-01-E User Instructions

Before installation of fenestration, the installer shall verify the fenestration product matches either the CF1R-NCB, or CF1R-ADD, or CF1R-
ALT, or CF1R-PRFcertificate form. If the efficiencies are worse (less efficient), then the windows cannot be installed until proof of
compliance is shown with an updated certificate form, or computer energy compliance run, documenting the less efficient windows. If
the installed fenestration is better (more efficient) than the documentation shows, no updated documentation is required and
installation is allowed.

A. Fenestration/Glazing

1. Tag/ID: The labeling format used in the plans ensures each unique type is used consistently throughout the plan set (elevations,
finish schedules, etc.) to inrdentify each matching fenestration product, such as: Window-1, Skylight-1 etc. It should also be
consistently used on the other forms in the same compliance documentation.

2.  Manufacturer/Brand: Provide the manufacturer and brand name which identifies the fenestration product being installed.

Fenestration Area (ft’): Indicate the total installed surface area (ft?) of the fenestration.

4. Orientation: Indicate the orientation of the same like fenestration. Use different lines if the orientation of the same fenestration
varies. Enter N, S, E, or W.

5. Chromogenic: Is the glazing product chromogenic? Yes/No

6. U-factor: Indicate the specified U-factor of the fenestration product(s) being installed. Do not mix different types on the same line.

w

NOTES: (1) For the exceptions - up to 3 ft* of tubular skylights and up to 16 ft* of skylight area, enter 0.55.
(2) For the exception — up to 3 ft> of glass in door, enter 0.32.

7. Source: NFRC, CEC Default, NA6 Alternative, or Area-weighted Average Worksheet (ENV-02). Enter the appropriate temporary label
certificate identified as NFRC, CEC Default, NA6, or Area-weighted Average Worksheet (ENV-02). All wirdews, installed must have a
label certificate which identifies the windews efficiencies. NFRC rated products have a temporary label that can be looked up in the
NFRC product directory (http://search.nfrc.org/search/searchDefault.aspx).

8. SHGC: Indicate the specified SHGC that is being installed of the fenestration product(s). Do not mix different types on the same line.

NOTES: (1) For the exceptions - up to 3 ft* of tubular skylights and up to 16 ft’ of skylight area, enter 0.30.
(2) For the exception — up to 3 ft* of glass in door, enter 0.25.

9. Source: NFRC, CEC Default, NA6 Alternative, or Area-weighted Average Worksheet (ENV-02). Enter the appropriate temporary label
certificate identified as NFRC, CEC Default, NA6, or Area-weighted Average Worksheet (ENV-02). All windews installed must have a
label certificate which identifies the windews efficiencies. NFRC rated products have a temporary label that can be looked up in the
NFRC product directory (http://search.nfrc.org/search/searchDefault.aspx).

10. Fenestration Type: Provide a description of the wirdew-typg, for instance, the frame material, coatings, whether it is operable or
fixed.

11. Exterior Shading Devices: If exterior shading devices are installed in conjunction with fenestration then indicate the type used (e.g.
sunscreens, vertical roller or shades, retractable or drop arm or operable awnings, or roll down blinds or slats); or if an overhang is,
or will be installed.

12. Comments/Special Features: Additional information for the field inspector.
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	2016 Chapter 9-DRAFT-Additions
	9. Additions, Alterations and Repairs
	9.1 Introduction
	9.1.1 Additions
	9.1.2 Alterations
	Examples of projects considered alterations include:

	9.1.3 Repairs

	9.2 What�s New in the 2013 2016 Energy Standards
	9.1.1
	9.2.1 Mandatory Measures in Additions and Alterations
	9.2.1.1    Envelope
	A. Ceiling and Rafter Roof: Insulation shall be insulated between wood-framing members with insulation R-value of R-22 or a weighted average U-factor not exceeding U-0.043. Depending on the attic ventilation, insulation shall be installed either:
	1. At the ceiling level for a ventilated attic.
	2. At either the ceiling or roof level for an unvented attic.
	B. Additions of roofs and ceilings that are 700 ft²square feet or less shall meet the mandatory insulation requirement of §150 .0(a)
	New piping insulation requirements per Table 120.3A include:
	All piping with a ¾ inch (19 mm) or larger diameter must be insulated as specified in §150.0(j);
	All hot water pipes from the heating source to the kitchen fixtures must be insulated as specified in §150.0(j); Exceptions: piping in walls which meet Quality Insulation Installation (QII) criteria; and inaccessible existing piping.Liquid line filter...

	9.2.1.3    Ducts and Air Distribution Systems
	Duct system sealing and leakage testing and field verified per RA3.1.4.3; online registration of the CF1R form with a HERS provider as specified in RA2 §150.0(m);
	Zonally controlled central forced air systems must deliver greater than 350 CFM/ton of nominal cooling and have a fan efficacy less than 0.58 W/CFM; accordance to the procedures as specified in Residential Reference Appendix RA3.3 with online registra...
	Additions must meet the mechanical ventilation requirements in ASHRAE Standard 62.2 (not a new requirement); and the whole building ventilation airflow must be in accordance to the procedures as specified in Residential Reference Appendix  RA3.7 with ...
	9.2.1.4    Lighting

	9.1.1
	9.1.1
	9.1.1
	9.1.1
	9.1.1
	9.1.1
	9.1.1
	9.1.1
	9.2.2 Prescriptive Additions
	9.2.3 Prescriptive Alterations
	9.2.4 Performance Approach - Existing + Addition + Alterations (E+A+A)

	9.3 Compliance Approaches
	9.1.1
	9.3.1 ADDITIONS ONLYAdditions Only
	9.3.1.1    Prescriptive
	9.3.1.2    Performance

	9.1.1 .. Demonstrating compliance as a whole new building, combining existing plus the addition as all new construction, this approach is usually difficult to achieve, but still an option. Typically this approach is when the addition cannot comply on ...
	9.3.2 ALTERATIONS ONLYlterations Only
	9.3.2.1    Prescriptive
	9.3.2.2    Performance

	9.3.3 ADDITIONS and ALTERATIONS COMBINED dditions and Alterations Combined
	9.3.3.1    Prescriptive
	9.3.3.2    Performance


	9.4 Mandatory Requirements
	9.4.1  Envelope Measures
	9.4.1.1  Ceiling/Roof and Wall Insulation
	When insulation is installed in the attics of existing buildings, at least R-30 22 shall be installed in all climate zones. When ceilings without attics are altered, at least R-19 shall be installed between wood-framing members; or enough insulation s...
	Existing buildings that already have R-11 insulation installed in framed walls are exempt from the mandatory minimum R-13 or R-19 wall insulation required by §150.0(c) if the building can demonstrate performance method compliance with the walls modele...

	9.4.1.2 Roofing Products: (Cool Roof)
	Roofing products installed either to meet prescriptive requirements or to take performance compliance credit for reflectance and emittance are referred to as �cool roofs�.  These roofing products must be certified by the Cool Roof Rating Council (www....
	To be considered a cool roof, the roofing products manufacturer must have its roofing product tested for solar reflectance and thermal emittance, and be listed in the Cool Roof Rating Councils (CRRC) Rated Product Directory. Figure 9-1 provides an exa...
	Figure 9-1 CRRC Product label and information
	Table 9-2 –Soiling Resistance Value β, By Product Type

	9.4.1.3 Fenestration
	Fenestration which is nNew or replacement (altered) glazing, � including skylights, --must meet the maximum U-factor requirement in one of three ways:
	Example:  an existing 2,500 ft2 house undergoes an alteration with all the existing windows being replaced.  The owner may install up to 12.5 ft2 of new glazing (i.e., up to 0.5% of 2,500 ft2) without meeting the maximum U-factor of 0.58, .  Iif the o...
	Consistent with Exception 1 to §150.1(c)3A: For each dwelling unit, up to 3 ft2 square feet of new glazing area installed in doors and up to 3 ft2square feet of new tubular skylight area with dual-pane diffusers shall not be required to meet or...

	9.4.1.4 Greenhouse Windows
	The three two ways to meet this mandatory measure for greenhouse windows are:
	Must have a maximum U-factor of 0.58 or better; or
	Use the area-weighted average for all new and replacement fenestration with a combined mandatory maximum of 0.58 U-factor as per §150.0(q)2; or
	The Exception to §150.0(q)1 for up to 10 ft2 or 0.5% of CFA, whichever is greater; or
	When using the performance approach, Exception 1 to s. 150.2(b) states that any dual-glazed greenhouse or garden window installed as part of an alteration complies automatically with the U-factor requirements of s. 150.1(c)3.  However, these windows a...

	9.4.2  Mechanical (HVAC) and Water Heating Measures
	9.4.3 Mechanical Ventilation
	9.4.4 Lighting Measures

	9.5 Additions
	9.5.1 Prescriptive Requirements
	A. Additions ≤ 400 ft2
	B. Additions > 400 ft2 and ≤ 700 ft2 :
	C. Additions > 700 ft2

	9.5.2 Compliance Forms for Prescriptive Additions
	9.5.3 Fenestration Exceptions
	9.5.4  Prescriptive Water Heating System
	1. The additional water heater is a 50 gallon or less, gas storage or gas instantaneous, non-recirculating water heater with an EF (Energy Factor) equal to or greater than the federal minimum standards as defined in Section 5.4; or
	2. The building does not have natural gas or propane available; and the additional water heater is a 50 gallon or less electric storage tank water heater, or electric instantaneous with an EF equal to or greater than the federal minimum standards;  or
	3. A water-heating system determined by the Executive Director of the Energy Commission to use no more energy than the one specified in item 1 above; or if no natural gas is connected to the building, a water-heating system determined by the Executive...

	9.5.5 Performance Method: Addition Alone and Existing + Addition + Alterations Approach
	9.5.51   Addition Alone
	9.5.5.2   Existing + Addition + Alterations Without Third Party Verification
	9.5.5.3   Existing to be Removed:
	9.5.5.4   Existing + Addition + Alterations With Third Party Verification
	9.5.5.5    Existing + Addition + Alterations as New Construction
	9.5.5.6    Summary of Modeling Rules


	9.6 Alterations
	9.6.1 Prescriptive Requirements
	9.6.2 Prescriptive Envelope Alterations
	9.6.2.2    Adding Insulation to Existing Roof/Ceilings, Walls and Raised Floors
	9.6.2.3    Replacing the Roof Surface or Roof Sheathing (partial or entire replacement)
	9.6.2.4    Replacement Fenestration
	9.6.2.5    New Fenestration in Alterations

	9.6.3 Prescriptive HVAC System and Water Heating Alterations
	9.6.3.1   HVAC "Changeouts"
	When an Entirely New or Complete Replacement Space Conditioning Systems is installed, the system must meet all applicable mandatory measures, including:
	§150.0(h) � Space conditioning equipment loads, design, installation, etc.;
	§150.0(i) � Thermostat requirements;
	§150.0(j)2 � Refrigerant line insulation thickness;
	§150.0(j)3 � Refrigerant line insulation protection;
	§150.0(m)1 � California Mechanical Code(CMC) compliance;
	§150.0(m)2 � Factory fabricated duct system UL requirements;
	§150.0(m)3 � Field fabricated duct system UL requirements;
	§150.0(m)4 � Duct R-value minimum ratings;
	§150.0(m)5 � Duct insulation thickness and R-value;
	§150.0(m)6 � Duct labeling requirements;
	§150.0(m)7 � Backdraft damper requirements on vent systems;
	§150.0(m)8 � Gravity ventilation system dampers;
	§150.0(m)9 � Protection of insulation;
	§150.0(m)10 � Prohibition of using porous inner core;
	§150.0(m)11 � Duct system sealing and leakage testing for new systems;
	§150.0(m)12 � Air filtration requirements;
	§150.0(m)13A � HSPP/PSPP, mandatory return duct sizing (or diagnostically tested airflow and fan efficacy);
	§150.0(m)15 13B-C � Requirements for zonally controlled systems;
	These systems must also meet the prescriptive requirements found in:
	§150.1(c)6 � Allowed heating system types;
	§150.1(c)7 � Space heating and cooling system minimum efficiencies and refrigerant charge verification in cClimate zZones 2, 8 through 15.
	§150.1(c)9 -  Duct insulation requirements;
	§150.1(c)10 � Central fan integrate systems added or required as part of an addition or alteration must meet the 0.58 watts per cfm requirement.
	These requirements are discussed in detail in Chapter 4, HVAC Requirements.
	A system installed in an existing dwelling shall be considered an Entirely New or Complete Replacement Space Conditioning System when:
	1. §150.0(m)12 � Air filtration requirements, and
	2. §150.0(m)13 � HSPP/PSPP, mandatory return duct sizing (or diagnostically tested airflow and fan efficacy).

	An air handler is installed or replaced.
	 Ducts that have already been sealed, tested, and certified by a HERS rater;
	 Duct systems with less than 40 ft of duct in unconditioned spaces;
	 Duct systems that are insulated or sealed with asbestos.

	Accessible Ducts
	Refrigerant Charge Verification


	9.7 Performance Method:
	9.7.1 Existing + Additions + Alterations



	2016-CF1R-ADD-01-E-PrescriptiveAdditionsBuilding
	01
	13
	12
	11
	10
	07
	06
	05
	04
	03
	02
	Required
	Proposed
	SRI (Optional)
	Thermal Emittance 
	Aged Solar Reflectance 
	SRI
	Aged Solar Reflectance 
	Initial Solar Reflectance
	CRRC Product ID Number
	Product Type
	Method of compliance
	(Optional)
	NOTESNotes:
	01
	13
	12
	11
	10
	07
	06
	05
	04
	03
	02
	Required
	Proposed
	SRI (Optional)
	Thermal Emittance 
	Aged Solar Reflectance 
	Aged Solar Reflectance 
	Initial Solar Reflectance
	CRRC Product ID Number
	Product Type
	Method of compliance
	SRI
	(Optional)
	<<User input: DecimalNonnegative from the CRRC Directory if user knows what they are installing. Else  NA>>
	<< User selects from list: Aged Solar Reflectance and Thermal Emittance, or SRI>>
	<<User Input: DecimalNonnegative>>
	NOTES:

	2016-CF1R-ALT-01-E-PrescriptiveAlterationsBuilding
	C. Roof Replacement (Section 150.2(b)1H)
	14
	13
	12
	09
	08
	07
	06
	05
	04
	03
	02
	01
	Minimum Required
	Proposed
	CRRC Product ID Number
	Aged Solar Reflectance (Min)
	Aged Solar Reflectance (Max)
	R-value Deck Insulation
	SRI (Optional)
	Thermal Emittance
	SRI (Optional)
	Thermal Emittance
	Aged Solar Reflectance
	Initial Solar Reflectance
	Product Type
	NOTES:
	NOTE: Exceptions and alternatives for steep slope roofs:EXCEPTIONS AND ALTERNATIVES FOR STEEP SLOPE ROOFS:
	NOTE: Exceptions and alternatives for low slope roofs:EXCEPTIONS AND ALTERNATIVES FOR LOW SLOPE ROOFS:
	14
	13
	12
	09
	08
	07
	06
	05
	04
	03
	02
	01
	Minimum Required
	Proposed
	CRRC Product ID Number
	Aged Solar Reflectance (Min)
	Aged Solar Reflectance (Max)
	R-value Deck Insulation
	SRI (Optional)
	Thermal Emittance
	SRI (Optional)
	Thermal Emittance
	Aged Solar Reflectance
	Initial Solar Reflectance
	Product Type
	<<if C03 = >2:12 and C02 = exception, then report NA;
	Else if C03 = ≤2:12, C02 = exception and C04 ≠ roof deck installation, then report NA;
	NOTESNotes:

	2016-CF1R-ENV-02-E-AreaWeightedAverageWorkSheet
	I certify the following under penalty of perjury, under the laws of the State of California:
	1. The information provided on this Certificate of Compliance is true and correct.
	2. I am eligible under Division 3 of the Business and Professions Code to accept responsibility for the building design or system design identified on this Certificate of Compliance (responsible designer).

	2016-CF1R-NCB-01-E-PrescriptiveNewlyConstructedBuilding
	13
	12
	11
	10
	07
	06
	05
	04
	03
	02
	01
	Minimum Required
	Proposed
	SRI (Optional)
	Thermal Emittance 
	Aged Solar Reflectance 
	SRI
	Aged Solar Reflectance 
	Initial Solar Reflectance
	CRRC Product ID Number
	Product Type
	Method of compliance
	(Optional)
	NOTESNotes:
	G. Roofing Products (Cool Roof) (Section 150.1(c)11)
	01
	13
	12
	11
	10
	07
	06
	05
	04
	03
	02
	Minimum Required
	Proposed
	SRI (Optional)
	Thermal Emittance 
	Aged Solar Reflectance 
	SRI
	Aged Solar Reflectance 
	Initial Solar Reflectance
	CRRC Product ID Number
	Product Type
	Method of compliance
	(Optional)
	<< User selects from list: Aged Solar Reflectance and Thermal Emittance, or SRI>>
	<<User input: DecimalNonnegative from the CRRC Directory if user knows what they are installing. Else  NA>>
	<<User Input: DecimalNonnegative>>
	NOTESNotes:

	2016-CF2R-ADD-02-E-PrescriptiveAdditions-SimpleNonHERS-PaperVersion
	3. Indicate whether or not the alternative calculation is used.
	6. Volume of Pool: The Pool volume in gallons (gal).
	7. Filter Type: Select from Cartridge, Sand, or DE.
	8.  Requirements:
	a. Required Min Return Pipe Diameter: The minimum diameter required of the return pipe in inches (in).
	b. Required Min Suction Pipe Diameter: The minimum diameter required of the suction pipe in inches (in).
	c. Required Min Filter Area: The minimum filter area required in square feet (ft2)
	d. Required Max Pump Flow: The maximum pump flow required in gallons per minute (gpm).
	9. Return Pipe Diameter (in): The diameter of the return pipe in inches (in).
	10. Suction Pipe Diameter (in): The diameter of the suction pipe in inches (in).
	11. Filter Surface Area: The surface area of the filter in square feet (ft2).
	12. Max Pump Flow Rate: The maximum pump flow rate in gallons per minute (gpm).
	13. Measured Flow Rate Return Line: The measured flow rate of the return line in feet per second (fps).
	14. Measured Flow Rate Suction Line: The measured flow rate of the suction line in feet per second (fps).
	15. Compliance Statement: Verify that an alternative compliance calculation or flow test result is provided for this pool or spa use (U. 03 = Yes), and verify whether U. 13 is less than or equal to U. 08, and U.14 is less than or equal to U. 06. Indic...

	2016-CF2R-ALT-05-E-PrescriptiveAlterations-SimpleNonHERS-PaperVersion
	NOTES: Exceptions and Alternatives for Steep Slope Roofs:
	3. Indicate whether or not the alternative calculation is used.
	6. Volume of Pool: The Pool volume in gallons (gal).
	7. Filter Type: Select from Cartridge, Sand, or DE.
	8. Requirements:
	a. Required Min Return Pipe Diameter: The minimum diameter required of the return pipe in inches (in).
	b. Required Min Suction Pipe Diameter: The minimum diameter required of the suction pipe in inches (in).
	c. Required Min Filter Area: The minimum filter area required in square feet (ft2)
	d. Required Max Pump Flow: The maximum pump flow required in gallons per minute (gpm).
	9. Return Pipe Diameter (in): The diameter of the return pipe in inches (in).
	10. Suction Pipe Diameter (in): The diameter of the suction pipe in inches (in).
	11. Filter Surface Area: The surface area of the filter in square feet (ft2).
	12. Max Pump Flow Rate: The maximum pump flow rate in gallons per minute (gpm).
	13. Measured Flow Rate Return Line: The measured flow rate of the return line in feet per second (fps).
	14. Measured Flow Rate Suction Line: The measured flow rate of the suction line in feet per second (fps).
	15. Compliance Statement: Verify that an alternative compliance calculation or flow test result is provided for this pool or spa use (U. 03 = Yes), and verify whether U. 13 is less than or equal to U. 08, and U. 14 is less than or equal to U. 06. Indi...

	2016-CF2R-ENV-01-FenestrationInstallation
	SHGC
	Source
	08
	07
	SHGC
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	<<User selects from list: NFRC, Tables 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02)>>
	<<User selects from list: NFRC, Tables 110.6-A and 110.6-B, Equations NA6-1 and NA6-2, or Area-weighted Average Worksheet (ENV-02)>>
	<<user input, number between zero and one>>
	<< auto filled text: referenced from CF1R >>
	<< auto filled text: referenced from CF1R >>
	<<user input, numeric>>
	<<user pick from list: yes, no>>
	<<user input, text>>






