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3. Building Envelope

This chapter describes the requirements for the design of the building envelope
for nonresidential buildings. Loads from the building envelope, especially
windows, skylights, and roofs are among the most significant loads that affect
heating and cooling energy use. The principal components of heating loads are
infiltration through the building envelope and conduction losses through building
envelope components, including walls, roofs, floors, slabs, windows and doors.
Cooling loads however are dominated by solar gains through the windows and
skylights. Outside air ventilation loads and lighting loads are also quite
significant, but these are addressed in the Mechanical Systems and Lighting
Systems chapters.

The design of the building envelope is generally the responsibility of an
architect, although a contractor, an engineer, or some other person may do it.
The designer is responsible for making sure that the building envelope complies
with the Standards. Likewise, the building official is responsible for making sure
that the building envelope is designed and built in conformance with the
Standards. This chapter is written for the designer and the building official, as
well as other specialists who participate in the design and construction of the
building envelope.

3.1 Overview

The Standards have both mandatory measures and prescriptive requirements
that affect the design of the building envelope. These requirements establish a
minimum level of performance, which can be exceeded by advanced design
options or construction practices. These advanced design options are discussed
later in this chapter. Those design options that are recognized for credit in the
performance approach are called compliance options. Compliance options have
eligibility criteria that must be satisfied before compliance credit is offered.

This chapter is organized by building system or building envelope component as

follows:

« 31 Overview

e 32 Fenestration

« 3.3 Opaque Envelope Insulation

- 34 Roofing Products (Cool Roofs)

« 35 Infiltration and Air Leakage

- 3.6 Relocatable Public School Buildings
e 3.7 Overall Envelope Approach

- 3.8 Performance Approach

e 3.9 Additional and Alterations
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3.4 Roofing Products and Cool Roofs

Projects complying with the prescriptive approach must meet the requirements
of §143(a)1 for roofing products (cool roof). All cool roofs for which compliance
credit is taken, regardless of compliance approach, must meet the requirements
of §118(i). Cool roofs with high solar reflectance and thermal emittance are
referred to as “cool roof”, which refers to an outer layer or exterior surface of a
roof. As the term implies, the temperature of a cool roof is lower on hot sunny
days than for a conventional roof, reducing cooling loads and the energy
required to provide air conditioning.

The benefit of a high reflectance is obvious: while dark surfaces absorb the
sun’s energy (visible light, invisible infrared. and ultraviolet radiation) and
become hot, light-colored surfaces reflect solar energy and stay cooler.
However, high emittance is also important. Thermal Emittance refers to the
ability of heat to escape from a surface once it is absorbed. Surfaces with low
emittance (usually shiny metallic surfaces) contribute to the transmission of heat
into the roof components under the roof surface. The heat can increase the
building’s air conditioning load, resulting in increased air conditioning load and
less comfort for the occupants. High-emitting roof surfaces give off absorbed
heat relatively quickly through the path of least resistance- upward (and out of
the building).

There are several ways to achieve the thermal emittance and solar reflectance
required under the prescriptive approach. One method is to use a single ply
roofing membrane with high emittance properties as an integral part of the
material. Another approach is to apply a coating to the surface of a conventional
roof membrane for example, modified bitumen or a mineral cap sheet. Metal
roofs using an industrial grade coating may have high reflectance and high
emittance.

3.4.1 Mandatory Measures

The mandatory measures require that roofing products be tested and labeled by
the Cool Roof Rating Council (CRRC) and that liquid applied products meet
minimum standards for performance and durability per §118(i)4. Note that
installing cool roofs is not a mandatory measure. To receive compliance credit,
roofing product’s reflectance and thermal emittance must be tested and certified
according to CRRC procedures. If a CRRC rating is not obtained for roofing
products, default values for reflectance and emittance must be used.

Rating and Labeling
§10-113
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When cool roof is installed to meet the prescriptive requirement or are used for
compliance credit, the products must be tested and labeled by the Cool Roof
Rating Council (CRRC) as specified in §10-113. The CRRC is the supervisory
entity responsible for certifying cool roof products. The CRRC test procedure is
documented in CRRC-1, the CRRC Product Rating Program Manual. This test
procedure includes tests for both solar reflectance and thermal emittance.

Figure 3-16 provides an example of an approved CRRC product label.

e Initial Weathered

/ \ - Solar Reflectance 0.00  Pending

Thermal Emittance 0.00  Pending

c R c Rated Product ID Number o

COOL ROOF Licensed Seller ID Number
RATING COUNCIL  ®

Classification Production Line

Cool Roof Rating Council ratings are determined for a fixed 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 determined in accordance with the applicable
Cool Roof Rating Council procedures.

Figure 3-16 Sample CRRC Product label and information

Solar Reflectance, Thermal Emittance, and Solar Reflectance Index (SRI)

[ 5118()1,2, and 3 |

To demonstrate compliance with the Standards, all roofing products must be
certified and labeled according to CRRC procedures. The CRRC certification
includes solar reflectance and thermal emittance. There are two kinds of solar
reflectance:

a) Initial solar reflectance, and
b) 3-year aged reflectance.

All Standards requirements 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 equation below can be used until the aged
rated value for the reflectance is posted in the directory.

Aged Reflectancecamated:(0.2+O.7[! initial — 02]) Where ! iitiar = Initial
Reflectance listed in the CRRC Rated Product Directory.
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The Standards do not distinguish between initial and aged thermal emittance,
meaning that either value can be used to demonstrate compliance with the
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:

A. For asphalt shingles, 0.08/0.75
B. For all other roofing products, 0.10/0.75

Solar Reflectance Index (SRI) is a new concept in the 2008 Standards. The
temperature of a surface depends on the incident solar radiation, surface’s
reflectance, and emittance. The SRI measures the relative steady-state surface
temperature of a surface with respect to standard white (SRI=100) and standard
black (SRI=0) under the standard solar and ambient condition. A calculator has
been produced by the staff at Lawrence Berkeley National Laboratory, which
calculates the SRI by designating the Solar Reflectance and Thermal emittance
of the desired roofing material. The calculator can be found at........ SRI
calculations must be based on moderate wind velocity of 2-6 meters per second.
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 visa versa.

Performance Requirements for Field Applied Liquid Coatings

§118(i)4, Table 118-B |

There are a number of qualifying liquid products, including elastomeric coatings
and white acrylic coatings. The Standards specify minimum performance and
durability requirements for field applied liquid 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:

Aluminum-Pigmented Asphalt Roof Coatings

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. The overall
envelope TDV energy approach is typically used to achieve compliance with
these coatings.

This class of field-applied liquid 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 in consideration the substrate on which the
coating will be applied on. Also, the Aluminum-pigmented asphalt roof coatings

2008 Nonresidential
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shall be manufactured in accordance with ASTM D2824" Standard Specification
for Aluminum-Pigmented Asphalt Roof Coatings, Nonfibered, Asbestos Fibered,
and Fibered without Asbestos that is suitable for application to roofing or
masonry surfaces by brush or spray. Use ASTM D6848, Standard Specification
for Aluminum Pigmented Emulsified Asphalt used as a Protective Coating for
Roofing, and installed in accordance with ASTM D38052, Standard Guide for
Application of Aluminum-Pigmented Asphalt Roof Coatings.

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 Cement and meet the requirements of ASTM D8223 ASTM C1583 and
ASTM D5870,.

Other Field-Applied Liquid 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

' 1.1 This specification covers asphalt-based, aluminum roof coatings suitable for
application to roofing or masonry surfaces by brush or spray.

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

1.3 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.

% 1.1 This guide covers the application methods for Specification D 2824 Aluminum-
Pigmented Asphalt Roof Coatings, Non-Fibered (Type ), Asbestos Fibered (Type Il),
and Fibered without Asbestos (Type Ill), for application on asphalt built-up roof
membranes, modified bitumen roof membranes, bituminous base flashings, concrete
surfaces, metal surfaces, emulsion coatings, and solvent-based coatings. This guide
does not apply to the selection of a specific aluminum-pigmented asphalt roof coating
type for use on specific projects.

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

1.3 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. Specific precautionary statements are given in Section 4.

® 1.1 This guide is intended for the evaluation of clear and pigmented coatings designed
for use on rigid or semirigid plastic substrates. Coated film and sheeting are not
covered by this guide.

1.2 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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3.4.2

manufacturer taking in consideration the substrate on which the coating will be
applied on. The field-applied liquid coatings must be tested to meet a number of
performance and durability requirements as specified in Table 118-B of the

Standards.

Roofing Products Prescriptive Requirements

[ §143(a)L.A.

The prescriptive requirements call for roofing products meeting the solar

reflectance and thermal emittance in both low-sloped and steep-sloped
applications for nonresidential buildings. 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). The prescriptive requirements for cool roofs under the new

2008 Standards are now climate zone dependent and the aged solar reflectance
and thermal emittance criteria depend on the type of roofing material being

used. A qualifying roofing product must have an aged solar reflectance and
thermal emittance greater than or equal to that the values indicated in Table 3-
13A for the nonresidential buildings including relocatable public school buildings

where manufacturer certifies use only specific climate zones; Table 3-14B for

high-rise residential buildings and Hotel/Motel guest rooms including high-rise

residential buildings and guest rooms of Hotel/motel buildings.

Table 3-13A Prescriptive Criteria For Roofing Product For Nonresidential Buildings

Climate Zones

1 2 3 4 5 6 7 8 9 10 11 12 13| 14 | 15 16
Roofing [Low-sloped |Aged NR| 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55 | 0.55| 0.55 | 0.55 | 0.55 [0.55] 0.55 |0.55| NR
Products Reflectance
Emittance NR| 075 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75| 0.75 | 0.75 | 0.75 |0.75] 0.75 |0.75| NR
SRI NR| 64 64 64 64 64 64 64 64 64 64 64 64 | 64 | 64 | NR
Steep Sloped |Aged NR| 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 | 0.20 [0.20| 0.20 (0.20| 0.20
(lessthan 5 |Reflectance
Ib/ft")
Emittance NR| 075 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75| 0.75 | 0.75 | 0.75 |0.75|0.75 |0.75| 0.75
SRI NR| 16 16 16 16 16 16 16 16 16 16 16 16 | 16 | 16 16
Steep Sloped |Aged 0.15| 0.15 | 0.15 | 0.15 | 0.15 | 0.15 | 0.15| 0.15 |0.15| 0.15 | 0.15 | 0.15 [0.15|0.15 |0.15| 0.15
(5 Ib/ft" or Reflectance
more)
Emittance  |0.75 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75 [ 0.75| 0.75 | 0.75 | 0.75 |0.75| 0.75 |0.75| 0.75
SRI 10 | 10 10 10 10 10 10 10 10 10 10 10 10 | 10 | 10 10
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Table 3-14B Prescriptive criteria for roofing products for high-rise residential buildings and guest
rooms of hotel/motel buildings

Climate Zones

1 2 3 4 5 6 7 8 9 10 11 12 13 14 | 15 | 16

Roofing  [Low- IAged NR|NR | NR|[NR | NR|NR |NR|NR|NR|O055]|055|NR|055|055|055|NR
Products [sloped [Reflectance

Emittance NR|{NR | NR|NR|NR|NR|[NR |NR |NR| 075|075 | NR | 075 |0.75|0.75| NR

SRI NR|NR | NR|NR|NR|NR|[NR|NR|NR 64 64 NR 64 64 | 64 | NR

Table 3-15C Prescriptive criteria for roofing product for relocatable public school buildings where
manufacturer certifies use in all climate zones

Roofing Products — Aged Reflectance/Emittance
Low-Sloped 0.55/0.75
SRI 64
Steep-Sloped — Less than 5 Ib/ft® 0.20/0.75
SRI 16
5 Ib/ft® or more 0.15/0.75
SRI 10

If the aged value for the Reflectance is not available in the CRRC’s Rated
Product Directory then the equation in Section 3.4.1 can be used until the aged
rated value for the reflectance is posted in the directory.

1. There are four exceptions to the minimum prescriptive requirements
for solar reflectance and thermal emittance or the SRI:Wood framed
roof assemblies in climate zones 3 and 5 are exempt if the roof
assembly has a U-factor of 0.039 or lower.

2. Metal framed roofs in climate zones 3 and 5 are also exempted if the
roof assembly has a U-factor 0.048 or lower.

3. Roof area covered by building integrated photovoltaic panels and
building integrated solar thermal panels is not required to meet the
cool roof requirements.

4. |If the roof construction has a thermal mass over the roof membrane
with a weight of at least 25 Ib/ft?, it does not need to meet the above
requirement.
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Example 3-8
Question

According to the provisions of the Standards, are cool roofs optional or for nonresidential buildings
or high-rise residential buildings?

Answer

The answer depends on the compliance approach you chose. For prescriptive compliance,
compliance with solar reflectance and thermal emittance, or SRI is required where indicated in
Tables 143-A, B, and C. In the performance approach, reflectance and emittance values less
than the minimum prescriptive requirements may be used; however, any deficit that results from this
choice must be made up by improving other energy efficiency features in the building, which
include envelope, mechanical, and lighting systems.

Example 3-9
Question

Must all roofing materials used in California, whether cool roof or not, be certified by the CRRC and
labeled accordingly?

Answer

It depends on the compliance approach you are using. If you are using the prescriptive envelope
component approach, the answer is yes; the roof must be certified and labeled by CRRC for
nonresidential roofs. On the other hand, if you are using prescriptive overall envelope TDV energy
approach or the performance approach, to receive compliance credit , you can either obtain a
CRRC certification, OR use a default reflectance of 0.10 Note that using default values instead of
CRRC certificates may result in a significant energy penalty that must be made up by increasing
energy efficiency in other building features. Also note that the default reflectance for asphalt roofs
is different than tile and metal roofing products; see Question 3-15.

Example 3-10
Question

When re-roofing with gravel, must the roof meet reflectance and emittance requirements of the
Standards? Is CRRC certification required?

Answer

Not necessarily. Roof recoverings allowed by the California Building Code do not have to meet the
reflectance and emittance requirements, and a CRRC certification is not required, if ALL of the
following are true:

1. The existing roof is a rock or gravel surface;

2. The new roof is a rock or gravel surface;

3. There is no removal of existing layers of roof coverings;
4. There is no recoating with a liquid-applied coating; and

5. There is no installation of recover board, rigid insulation, or other substrate.
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Example 3-11
Question

Why is there a different requirement in the different climate zones for the aged solar reflectance and
SRI requirements between roofing products with density less than 5 Ib/ft? versus roofing products
and density of 5 Ib/ft? or more?

Answer

Roofing products with less density perform differently compared to the higher density materials
which have a tendency to retain some gained heat. For this reason the performance characteristics
of the two different densities were evaluated separately for each climate zone.

Example 3-12

Question

How do I know if my roofing material is weighs less than 5 Ib/ft>?
Answer

Roofing products which are less than 5 Ib/ft? are usually asphalt shingles and metal roofing
products. Products that weigh 5 Ib/ft> or more are usually concrete and clay tile and slate roofing
products . Check the product literature or contact the roofing product manufacturer to obtain the
weight of the desired roofing product.

Example 3-13
Question

Can | use solar reflectance and thermal emittance data generated by any nationally recognized and
well-respected laboratory in lieu of CRRC ratings? Can in-house testing by the manufacturer be
used to qualify my product?

Answer

Only CRRC ratings from the product directory list can be used to establish cool roof product
qualification in Title 24 compliance. The CRRC process requires use of a CRRC accredited
laboratory under most circumstances, an "Accredited Independent Testing Laboratory (AITL)
defined by the CRRC program. Any testing laboratory can become an AITL by following the CRRC
accreditation process and satisfying the requirements. The roster of CRRC accredited laboratories
is posted on the CRRC website (http://www.coolroofs.org).

Example 3-14
Question

The aged reflectance for the material | want to use for my roof is currently not available in the
CRRC Rated Product Directory. Can | use the initial reflectance that is listed?

Answer

Yes, but you have to use the equation 0.2+0.7[! iniia— 0.2]) where (! initia = Initial Reflectance listed
in the CRRC Rated Product Directory) to calculate the aged reflectance value until the aged value
is available in the directory at some future time.

Example 3-15

Question
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Can the reflectance and emittance requirements of Energy Star Cool Roofs be substituted for the
Title 24 Energy Standards requirements?

Answer

No. Only roofing products which are listed by the CRRC in there Rated Product Directory can be
used to meet Title 24 Building Energy Efficiency Standards. CRRC currently is the only
organization which have met the criteria set in810-113 of Title 24 Building Energy Efficiency
Standards. Example 3-16

Question

Can | claim to have a cool roof, or can | get anything higher than a default reflectance, if my roof
does not meet the field-applied coating performance requirements of Title 24 Energy Standards?

Answer

No, you cannot claim to have a cool roof and you cannot claim higher energy credits if your roof
does not meet the coating performance requirements of Title 24 for field-applied coatings.

Example 3-17

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 the CRRC to get
started - call toll-free (866) 465-2523 from inside the US or (510) 482-4420, ext 215 or email
info@coolroofs.org. CRRC staff will walk interested parties through the procedures. In addition,
CRRC publishes the procedures in "CRRC-1 Program Manual," available for free on
http://www.coolroofs.org or by calling the CRRC. However, working with CRRC staff is strongly
recommended.

Example 3-18

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 wavelength, for readers who remember physics) and is given off — emitted —
to the environment in varying amounts by various materials and surface types. This emittance is
given a unitless 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 (again, recall physics)
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
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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.

Example 3-19

Question

Do alterations to the roof of an unconditioned building trigger cool roof requirements?
Answer

No, alterations to the roof of an unconditioned building do not trigger cool roof requirements. In
general, the lighting requirements are the only requirements applicable for both newly constructed
and altered unconditioned buildings; this includes 8143(c), the skylight requirements. Building
envelope (other than skylight requirements) and mechanical requirements do not apply to
unconditioned buildings.

Example 3-20
Question

What happens if | have a low-sloped roof on most of my buildings and steep-sloped roof on another
portion of the roof, do | have to meet the two different sets of rules in 8143(a)1A sub-paragraphs i
& ii?

Answer

Yes. However, if your building is in climate zones 1 or 16 you would not be required to do the low-
sloped reflective roof. However, you would have a requirement for the steep-sloped roofs in climate
zones 2-16 for low density steep-sloped material and in all climate zones for high density steep-
sloped materials.

Example 3-21
Question

| am installing a garden roof (roofs whose top surface is composed of soil and plant) on top of an
office building. Although garden roofs are not cool roofs by their reflectance properties, so will they
be allowed under the 2008 standards?

Answer
Yes, the California Energy commission considers a garden roof as a roof with thermal mass on it.

Under exception 4 to §143(a)1Ai, if a garden roof has a dry unit weight of 25 Ib/ft* then the garden
roof is equivalent to cool roof.
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