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Introduction —Related Documents Page 1-1

4. Introduction

This compliance manual is intended to help plans examiners, inspectors, owners,
designers, builders, and energy consultants comply with and enforce California’s
2019-2022 Building Energy Efficiency Standards (Energy Standards) for low-rise
single -family residential buildings. The lighting, domestic hot water, and indoor air
quality requirements in this compliance manual also apply to highlow-rise
multifamilyresidential buildings, three stories or lessf. The manual is written as a
reference and an instructional guide and can be helpful for anyone that is directly or
indirectly involved in the design and construction of energy-efficient low-risesingle-
family residential buildings.

The compliance manual has nine chapters:

Chapter 1 introduces the Energy Standards and discusses the application and
scope of the standards for lew-risesingle-family residences.

Chapter 2 analyzes the compliance and enforcement process, including design
and preparation of compliance documentation through field verification and
diagnostic testing.

Chapter 3 details the building envelope.
Chapter 4 discusses heating, ventilation, and air-conditioning (HVAC) systems.

Chapter 5 outlines water-heating systems requirements, including the
requirements for swimming pool systems.

Chapter 6 looks at requirements for hardwired interior lighting and for outdoor
lighting permanently attached to the building.

Chapter 7 examines photovoltaics, battery storage systems, and shared solar
electric systems or community-shared battery system compliance option and
solar-ready requirements for single-familylow-rise residential buildings.

Chapter 8 outlines the performance approach to compliance.
Chapter 9 goes over additions, alterations, and repairs.

Chapter 10 covers the mandatory electric readiness requirements for mixed-fuel
single-family buildings.

1.1 Related Documents

This compliance manual supplements four other related documents that are
available from the California Energy Commission. These are:

A. The 2019-2022 Building Energy Efficiency Standards, Title 24, Part 6 (Energy
Standards). This compliance manual supplements and explains California’s energy
efficiency standards for buildings; it does not replace them. Readers should have a
copy of the Energy Standards to refer to while reading this manual, as well as a copy
of the 2019-2022 Reference Appendices.
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Page 1-2 Introduction - The Technical Chapters

B. 20149-2022 Reference Appendices — The reference appendices have three
main subsections: Reference Joint Appendices, Reference Residential
Appendices, and Reference Nonresidential Appendices:

1. The 2049-2022 Reference Joint Appendices contain information common to
beth- low-rise residential, -and-nonresidential_and multifamily buildings
including, but not limited to, definitions, climate zone information, weather
data, assembly properties, qualification requirements for high-efficacy light
sources, compliance documentation registration procedures, qualification
requirements for photovoltaic systems, and qualification requirements for
battery storage systems.

2. The 2019-2022 Reference Residential Appendices contain information for
both residential and low-rise multifamily buildings-enly. The Reference
Residential Appendices contain Home Energy Rating System (HERS) field
verification and/or diagnostic testing procedures for HVAC equipment, air
distribution ducts, and quality insulation installation.

3. The 2019-2022 Reference Nonresidential Appendices contain information
for_both nonresidential and high-rise multifamily buildings-ealy. The
reference nonresidential appendices contain HERS field verification and
diagnostic testing procedures for HYAC equipment and air distribution
ducts, acceptance testing procedures, and luminaire power default values.

C. The 2019-2022 Residential Alternative Calculation Method (ACMs or
Compliance Software) Approval Manual. The 2019-2022 Residential ACM
Approval Manual describes the process for certifying and decertifying the
compliance software programs.

D. The 2049-2022 Residential Alternative Calculation Method Reference Manual
lays out the technical rules for implementing the 2049-2022 performance
compliance path in software programs.

Material from related documents is not repeated in this compliance manual; rather, it
is referenced. If you are using the electronic version of this compliance manual,
there are hyperlinks throughout the manual that will take you directly to the
document that is referenced.

1.2 The Technical Chapters

Each of the five technical chapters (Chapters 3 through 10#) begins with an
overview, followed by a presentation of a specific topic in each subsection. For the
building envelope, subsections include fenestration, opaque surfaces (walls, floors,
and roofs), air leakage and infiltration, radiant barriers, cool roofs, and quality
insulation installation (Qll) verification. For HVAC, the subsections include heating
equipment, cooling equipment, air distribution and fans, controls, indoor air quality,
alternative systems, refrigerant charge, and verification. For water heating,
subsections include equipment efficiencies and distribution systems. Lighting
subsections include high-efficacy lighting, light-emitting diode (LED) lighting,
switching devices and controls, and recessed luminaires. Mandatory measures and
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Introduction —Why California Needs Building Energy Efficiency Standards Page 1-3

prescriptive requirements (defined in Section 1.6 of this chapter) are described
within each subsection or component. For photovoltaics, the subsections include
qualification requirements for photovoltaic systems, battery storage systems, shared
solar electric system, or community shared battery system compliance option and
solar-ready requirements for low-rise residential buildings. Chapter 8 describes the
computer performance approach. Chapter 9 covers requirements for additions and
alterations._Chapter 10 outlines the mandatory electric readiness requirements for
single family buildings when mixed-fuel space heating, water heating, cooking and
clothes drying is used. Chapter 2, although not a technical chapter, covers important
compliance and enforcement topics.

Each technical chapter or subsection also has a compliance options section. The
compliance options section includes information on how to design a building that
goes beyond the prescriptive energy efficiency requirements and mandatory energy
efficiency measures. Compliance options are used for compliance credit through the
performance approach. There are also design recommendations for which no
compliance credit is offered. However, following the recommendations will
significantly impact building energy use or peak demand.

Table 1-1: Compliance Options vs. Desigh Recommendations

Compliance Options

Design Recommendations, such as interior
fenestration shading devices

Credit offered through the performance approach No eredit-butcredit but may still affectimpact
energy or demand.

1.3 Why California Needs Building Energy Efficiency Standards

Energy efficiency reduces energy costs, increases reliability and availability of
electricity, improves building occupant comfort, and reduces impacts to the
environment, making the Energy Standards important and necessary for California’s
energy future.

1.3.1 Energy Savings

Reducing energy use benefits everyone. Homeowners save money, Californians
have a more secure and healthy economy, the environment is less negatively
impacted, and the state electrical system can operate in a more stable manner. The
2049-2022 Energy Standards (for residential and nonresidential buildings) are
expected to reduce the growth in electricity use and reduce the growth in natural gas
use.

1.3.2 Electricity Reliability and Demand

Buildings are one of the major contributors to electricity demand. During the 2000-

2001 California electricity crisis and the East Coast blackout in the summer of 2003,
Energy Commission staff learned that the electric distribution network is fragile and
system overloads caused by excessive demand from buildings can create unstable
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Page 1-4 Introduction - Why California Needs Building Energy Efficiency Standards

conditions. Furthermore, resulting blackouts can seriously disrupt business and cost
the economy billions of dollars.

Since the California electricity crisis, the Energy Commission has placed increasing
emphasis on demand reduction.

1.3.3 Comfort

Comfort is an important benefit of energy-efficient homes. Energy-efficient houses
are well-insulated, are less drafty, and use high-performance windows and/or
shading to reduce solar gains and heat loss. Poorly designed building envelopes
result in houses that are less comfortable. Even with oversized heating and cooling
systems, comfort cannot be achieved in older, poorly insulated, and leaky homes.

1.34 Economics

For the homeowner, energy efficiency helps ensure that a home is affordable now
and into the future. Banks and other financial institutions recognize the effect of
energy efficiency through energy-efficient mortgages; they look at the total cost of
owning the home, including paying the utility bills. If the utility bills are lower, lenders
can qualify borrowers for a larger loan.

From a larger perspective, the less California depends on depletable fossil
resources such as natural gas, coal, and oil, the stronger and more stable the
economy will remain in the face of energy cost increases. A cost-effective
investment in energy efficiency helps everyone. In many ways, it is far more cost-
effective for the people of California to invest in saving energy than it is to invest in
building new power plants.

1.3.5 Environment

In many parts of the world, energy use has led to oil spills, acid rain, smog, and
other forms of environmental pollution that have ruined the natural beauty people
seek to enjoy. California is not immune to these problems, but appliance standards,
building standards, and utility programs that promote efficiency and conservation
help maintain environmental quality. Other benefits include reduced destruction of
natural habitats, which helps protect animals, plants, and natural systems.

1.3.6 Global Warming

Burning fossil fuels contributes greatly to global warming; carbon dioxide is being
added to an atmosphere already containing 35 percent more than it did two
centuries ago. Carbon dioxide and other greenhouse gases create an insulating
layer around the Earth that leads to global climate change. Energy Commission
research shows that most sectors of the state economy face significant risk from
climate change, including water resources (from reduced snowpack), agriculture,
forests, and the natural habitats of several indigenous plants and animals.

Scientists recommend that actions be taken to reduce emissions of carbon dioxide
and other greenhouse gases. While adding scrubbers to power plants and catalytic
converters to cars reduces other emissions, they do not limit the carbon dioxide
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Introduction —What’s New for 20192022 Page 1-5

emitted into the atmosphere. Using energy efficiently is a far-reaching strategy that
can make an important contribution to reducing greenhouse gases.

The National Academy of Sciences has urged the United States to follow California's
lead on such efforts, saying that conservation and efficiency should be the chief
element in energy and global warming policy. Its first efficiency recommendation was
simple: Adopt nationwide energy-efficient building codes. Energy conservation will
not only increase comfort levels and save homeowners money, it will play a vital role
in creating and maintaining a healthy environment.

The Energy Standards are expected to have a significant impact on reducing
greenhouse gas and other air emissions. Carbon dioxide (COz2), one of the more
prevalent greenhouse gases, would be reduced.

1.3.7 The Warren-Alquist Act
Section 25402 of the Public Resources Code \

Section 25402 of the California Public Resources Code (the code) authorizes the
Energy Commission to develop and maintain Energy Standards for new buildings.
This section of the code, commonly referred to as the Warren-Alquist Act (the act), is
direction from the Legislature on the development of Energy Standards in California.

The act created the Energy Commission in 1974 and gave it authority to develop
and maintain building energy efficiency standards for new buildings. The act directs
the Energy Commission to “prescribe, by regulation, lighting, insulation, climate
control system, and other building design and construction standards which increase
the efficiency in the use of energy for new residential and new nonresidential
buildings.”

The act also requires that the Energy Standards be cost-effective “when taken in
their entirety and amortized over the economic life of the structure,” and it requires
that the Energy Commission periodically update the standards and develop manuals
to support them. The act directs local building permit jurisdictions to withhold permits
until the bUIldIng satisfies the Energy Standards.

1.4 What’s New for 20192022

The most significant change in the 2049-2022 Building Energy Efficiency Standards
affecting single-family residential buildings is the change to a single fuel baseline
with heat pump being prescriptively requires for either water heating or space

heating, depending on the climate zone. introduction-of photovoltaicrequirements-in
the-prescriptive-standards—There are numerous new requirements for additions and

alterations. There are also significant changes in requirements related to indoor air
quality requirements-.
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1.4.1 Summary of Other-changes for residential buildings include:

1 4AA Mandatory Measures:

4—Mandatory roof deck insulation in newly constructed attic systems in Climate
Zones 4 and 8-16 to meet an area- welqhted averaqe U factor no greater
than 0.184 WA
e#&@ﬂ—ma*iquq—u-faeter—@ﬁo 0(ae)21)

1.
2. Ducts in conditioned space can be uninsulated if specific conditions are met as
explained in Section 4.4.1 (§150.0(m)1B).

3. Electric readiness is now required for space heating, cooking, and clothes dryers
when gas equipment is installed. Electrical infrastructure must be provided to the
equipment location for the future installation of electrical appliances. (§150.0(t)-(v)).

4. The electric-ready requirements for gas water heaters have been revised

(§150.0(n)).

5. Updated mechanical ventilation requirements based on the 2019 version of
ASHRAE 62.2 (§150.0(0)).

6. New requirements for central fan integrated ventilation systems requiring a
motorized controlled damper (§150.0(0)1B).

7. Updated local exhaust requirements for kitchen range hoods. Gas ranges require
higher ventilation rates or capture efficiencies than electric ranges. (§150.0(0)1G).

8. Simplify the hot water piping language and align with the Plumbing Code.
(§150.0(J)

9. Updated HPWH ready requirements for gas water heater installations that includes
providing a designated space for a future HPWH installation (see Electric
Readiness — Chapter 10).

10. New battery storage ready infrastructure requirements. (§150.0(s))
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1.4.2B. Prescriptive Compliance:

1. The heating equipment is required to be a heat pump in Climate Zones 3, 4, 13,
and 14. In other climate zones it can be either a heat pump or a gas heating
system. (§150.1(c)6)

A—Water heating equipment is required to be a heat pump water heater or a solar
water heating system with electric backup and minimum 70% solar fraction. In
Climate Zones 3, 4, 13, and 14 a gas instantaneous water heater is allowed.

(§150 1(c)8)Addrmga—preseﬂpwe4&ble—H594—BHepnw##am#y—bw4dmgs

1.4.3C. Performance Compliance:

All compliance software programs approved by the Energy Commission use the
same compliance engine as the public domain software. The technical details and
information about how the energy budget is determined are included in the 2019
2022 Residential Alternative Compliance Manual (ACM) Reference Manual.

A new Energy Design Rating (EDR) metric, EDR1, was added that is based on
source energy. What was referred to as just ‘Efficiency EDR’ in the 2019 code is
now efficiency EDR2.

Compliance requires meeting twe-three components of an Energy Design Rating

(EDR): (1) EDR (source), an-energy-efficiency-designrating-and-(2) Efficiency EDR2
a solar electric generation and demand flexibility design rating and (3) Total EDR2
(§150.1(b)1). For more information, see Chapter 8.

4:44D. Additions and Alterations:

1. An exception was added that exempts Junior Accessory Dwelling Units
(JADUs) that are classified as additions to an existing building from whole-
building mechanical ventilation requirements. JADUs are dwelling units that
are no more than 500 square feet and contained entirely within an existing
single-family building,

2. New lanquage clarifying when mechanical ventilation requirements apply to
alterations.
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Ceiling insulation in additions 700 square feet or less: must meet R-38 in

Climate Zones 1, 2, 4, and 8-16 and R-30 in Climate Zones 3 and 5-7.
Expand the cool roof requirements for steep-sloped roof replacements to

Climate Zones 4 and 8-9. The allowable exceptions were also revised.

Expand the cool roof requirements for low-sloped roof replacements to

Climate Zones 4, 6-12 and 14. The allowable exceptions were also revised.

Add a new requirement for roof deck insulation for low-sloped roof

replacements in Climate Zones 1, 2, 4, and 8-16. R-14 continuous roof deck
insulation or and equivalent assembly roof assembly U-factor of 0.039 is
required. Various exceptions to this requirement are allowed.

Changes to when replacement electric resistance space heating equipment

is allowed when the existing equipment is electric resistance.

Reduce the duct sealing target for altered duct and space conditioning

9.

systems from 15% to 10% of total duct leakage in all climate zones.

Increase the prescriptive duct insulation from R-6 to R-8 in Climate Zones 1-

2,4, 8-10, and 12-13.

10.Reduce the 40-foot trigger for prescriptive duct sealing and insulation to 25-

feet for altered systems. Eliminate the minimum length requirement for
additions and require duct sealing whenever an existing duct system is
extended to serve an addition.

11.Add a prescriptive requirement for insulation and sealing in vented attics for

altered ceilings or when an entirely new or complete replacement duct
system is installed in a vented attic. The requirements apply in all climate
zones except 5 and 7. Various exceptions to this requirement are allowed.

A—New doors that result in an increase in exterior door area must meet the

new construction requirements of a maximum U-factor of 0.20.Changes-to

2022 Single Family Compliance Manual May 2022
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Introduction —Scope and Application Page 1-9

1.5 Scope and Application

1.5.1 Building Types

Though the Energy Standards apply to nonresidential and residential buildings, this
compliance manual addresses only the requirements for low-rise residential
buildings. A companion compliance manual addresses the requirements for
nonresidential buildings, including hotels, motels, and high-rise residential buildings
that are four or more stories high.

A. Mixed Low-Rise Residential and Nonresidential Occupancies. \When a
building includes both low-rise residential and nonresidential occupancies, the
requirements are different depending upon the percentages of the conditioned
floor that is occupied by each occupancy type:

1. Minor Occupancy (Exception 1 to §100.0(f)). When a residential occupancy
occurs in the same building as a nonresidential occupancy, and if one of the
occupancies is less than 20 percent of the total conditioned floor area, the
smaller occupancy is considered a “minor” occupancy. Under this scenario,
optionally, the entire building may be treated as if it is the major occupancy
for envelope, HVAC, and water heating. Lighting requirements in §140.6
through §140.8 or §150.0(k) must be met for each occupancy separately.
The mandatory measures applicable to the minor occupancy, if different from
the major occupancy, would still apply.

2. Mixed Occupancy. When residential occupancy is mixed with a
nonresidential occupancy, and if neither occupancy is less than 20 percent of
the total conditioned floor area, these occupancies fall under different sets of
standards and must be considered separately. Two compliance submittals
must be prepared, each using the calculations and forms of the respective
standards. Separate compliance for each occupancy, to the respective
standards, is an option when one of the occupancies is a minor occupancy,
as discussed in the paragraph above.

B. The three-story designation relates to multifamily buildings, since all single-
family homes fall under the low-rise residential requirements regardless of the
number of stories. An apartment building with three or fewer habitable stories
falls under the low-rise residential standards, while an apartment building that
has more than three habitable stories falls under the nonresidential standards.
High-rise residential dwelling units must still comply with the lighting and water-
heating requirements for low-rise residential buildings; for example, the
Nonresidential Compliance Manual refers to Chapters 5 and 6 of this
document.

In multifamily buildings, lighting in common areas is subject to all nonresidential
requirements if the common area conditioned floor area (CFA) exceeds 20
percent of the building CFA. Where the common area does not exceed 20
percent of the building CFA, lighting must meet mandatory requirements — a
choice of high-efficacy lighting or automatic controls. (See §150.0(k)12.)
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Page 1-10 Introduction - Scope and Application

C. The definition of a habitable story in the California Building Code (CBC) is
used with the Energy Standards. Mezzanines are not counted as separate
habitable stories, nor are minor conditioned spaces, such as an enclosed entry
stair that leads to an apartment or dwelling unit on the next floor. A habitable
story is one that contains space in which people may live or work in reasonable
comfort and that has at least 50 percent of the associated volume above grade.

D. Live/work buildings are a special case since they combine residential and
nonresidential uses within units. Such buildings are a common form of new
construction in San Francisco and some other urban areas of the state. Even
though live/work spaces may be used for an office or a studio, they are typically
heated and/or cooled like a residential building. For this reason, the residential
standards are more suitable and the Energy Commission has made this
determination: Either the low-rise or high-rise residential standards apply,
depending on the number of habitable stories.

However, lighting in designated workspaces in live/work lofts must comply with
the nonresidential prescriptive lighting requirements. See Chapter 5 of the
Nonresidential Compliance Manual and §140.6 for more information.

2022 Single Family Compliance Manual May 2022

070 Recidential Comoir =1/ T
DRAFT



Introduction —Scope and Application

Page 1-11

Table 1-2: Building Types Covered by the Low-Rise Residential and Nonresidential Standards

Low-Rise Residential Standards
(covered in this compliance
manual)

Nonresidential Standards
(covered by Nonresidential Compliance
Manual)

All low-rise residential occupancies
including single-family homes,
duplexes, garden apartments, and
other housing types with three or
fewer habitable stories.

All nonresidential CBC occupancies (Group
A, B, E, F, H, I, M, S, or U), as well as high-
rise residential (Groups R-1 and R-2 with four
or more habitable stories), and all hotel and
motel occupancies.

Includes:

All single-family dwellings of any
number of stories (Group R-3)

All duplex (two-dwelling) buildings
of any number of stories (Group R-
3)

All multifamily buildings with three
or fewer habitable stories (Groups
R-1 and R-2)

Additions and alterations to all of
the above buildings.

Lighting requirements for living
quarters in high-rise multifamily
buildings (more than three stories)
and water-heating requirements for
high-rise multifamily buildings (more
than three stories)

Ventilation and filtration (indoor air
quality) requirements are similar for
single-family and all nontransient
multifamily occupancies.

Includes:

Offices

Retail and wholesale stores
Grocery stores

Restaurants

Assembly and conference areas
Industrial work buildings
Commercial or industrial storage
Schools and churches

Theaters

Hotels and motels

Healthcare facilities

Apartment and multifamily buildings with four
or more habitable stories (envelope and
HVAC requirements)

Long-term care facilities (group R-2) with four
or more habitable stories

Dormitories or other congregate residences,
or any building with dormitory-style sleeping
quarters, with six-er-mere—“guestroems’four

or more habitable stories

Private garages, carports, sheds, and
agricultural buildings.

1.5.2 Explanation of Terms

The term building type refers to the classification of buildings defined by the CBC
and applicable to the requirements of the Building Energy Efficiency Standards. This
manual is concerned with the Energy Standards that apply to all low-rise residential
buildings, which includes all single-family residential and multifamily buildings with
three or fewer habitable stories in the entire building. A multifamily building with four
or more habitable stories is under the scope of the nonresidential requirements, but
the dwelling units must meet the lighting, water-heating, and setback thermostat
requirements for low-rise residential buildings. A multifamily building contains
multiple dwelling units that share common walls (single-family attached) and may
also share common floors or ceilings (apartments).
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Page 1-12 Introduction - Scope and Application

All residential buildings not in the above low-rise category are covered in the 2019
edition of the Energy Commission's Nonresidential Compliance Manual. (See Parts
1.1and 1.2.)

A. A single-family building is a single dwelling unit of occupancy group R-3, as
defined in the CBC, that stands separate from other dwelling units but may
have an attached garage.

B. A multifamily building is a dwelling unit of occupancy group R, as defined in
the CBC, that shares a common wall and/or floor/ceiling with at least one other
dwelling unit. (See Chapter 8 for more information on multifamily energy
compliance.) A single-family attached building is a dwelling unit of occupancy
group R that shares a common wall with another dwelling unit.

C. An addition to an existing building increases both the conditioned floor area
and volume of a building, which can be new construction or added space
conditioning to an existing unconditioned space. See Chapter 9 for more
information on energy compliance of additions.

D. An existing building is "...a building erected prior to the adoption of [the
current] code, or one for which a legal building permit has been issued." (CBC,
Part 2)
1.5.3 Building Orientation

Building orientation can affect the energy use of a building, particularly in cooling-
dominated climate zones with a high amount of west-facing glass. Some prescriptive
requirements and performance modeling inputs for compliance with the Energy
Standards require a description of the building orientation.

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)

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)." (§100.1)

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)." (§100.1)

D. 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)

1.54 Historical Buildings
Exception 1 to §100.0(a) \
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Exception 1 to §100.0(a) states that qualified historic buildings, as regulated in the
California Historical Building Code (Title 24, Part 8) or California Building Code, Title
24, Part 2, Volume |, Chapter 34, Division Il, are not covered by the Building Energy
Efficiency Standards. Section 140.6(a)3 clarifies that lighting systems in qualified
historic buildings are exempt from the lighting power allowances only if they consist
solely of historical lighting components or replicas of historical lighting components.
If lighting systems in qualified historic buildings contain some historical lighting
components or replicas of historical components, combined with other lighting
components, only those historical or historical replica components are exempt. All
other lighting systems in qualified historic buildings must comply with the Building
Energy Efficiency Standards.

The California Historical Building Code (CHBC) Section 8-102.1.1 specifies that all
nonhistorical additions must comply with the regular code for new construction,
including the Building Energy Efficiency Standards. CHBC Section 8-901.5 specifies
that when new or replacement mechanical, plumbing, and electrical (including
lighting) equipment or appliances are added to historic buildings, they should comply
with the Building Energy Efficiency Standards, including the Appliance Efficiency
Regulations.

The California State Historical Building Safety Board has final authority in
interpreting the requirements of the CHBC and determining to what extent the
requirements of the Building Energy Efficiency Standards apply to new and
replacement equipment and other alterations to qualified historic buildings. In
enacting the State Historical Building Code legislation, one of the intents of the
Legislature was to encourage energy conservation in alterations to historic buildings
(Health and Safety Code Section 18951).

Additional information about the CHBC can be found aten-the-following-website:

https://www.dgs.ca.gov/DSA/Resources/Page-Content/Resources-List-
Folder/SHBSB http/iwww-dgs-ca-govidsalAboutUs/ishbsb-aspx

Or contact the SHBSB at (916) 445-7627.
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Page 1-14 Introduction - Scope and Application

Example 1-1
Question
Are additions to historic buildings also exempt?

Answer

If the addition adjoins the qualified historic building, then the enforcement agency at its
discretion may exempt those measures that they determine could damage the historical
value of the building. However, “additions which are structurally separated” from the
historic building are not exempt from the Energy Efficiency Standards and must comply
with building codes, including the Historical Building Code, Title 24, Part 8, Section 8-704.

Example 1-2
Question

A sunroom addition is designed with no mechanical heating or cooling and a glass sliding
door separating it from all existing conditioned space. Under what conditions will the
Energy Standards not apply to this addition?
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070 Rocidonial ComaTan—arr=] ! T
DRAFT



Introduction —Scope and Application Page 1-15

PO P

P
e @ L ™

Source: CEC Photographer: Andersen Windows

Answer

The mechanical and envelope requirements of the Energy Standards do not apply if a
building inspector determines that the space is unconditioned. Whether conditioned or
unconditioned, per §100.0(c)2, the sunroom must still comply with the applicable lighting
requirements of §150.0(k). The sunroom is unconditioned if one of the following apply:

*The new space is not provided with heating or cooling (or supply ducts).
*The new space can be closed off from the existing house with weather-stripped doors.
*The addition is not indirectly conditioned space.

A building official may require a sunroom to be conditioned if it appears to be habitable
space, in which case the Energy Standards would apply.

1.5.5 Exempt Buildings

The following building types are exempt from the prescriptive and performance
standards:

A. Seasonally occupied agricultural housing limited by state or federal agency
contract to occupancy not more than 180 days in any calendar year (Exception
1 to §100.0(e)2D); however, these buildings must comply with the applicable
mandatory requirements.

B. Based on discretion of building officials, temporary buildings, temporary outdoor
lighting or temporary lighting in an unconditioned building, or structures erected
in response to a natural disaster (Exception 2 to §100.0(a)). These buildings
may also be exempt from the mandatory and prescriptive requirements of the
Energy Standards.
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1.5.6 Building Systems Covered

The low-rise residential standards affect the design of the building envelope; the
heating, ventilation and air-conditioning (HVAC) system; the water-heating system;
and the lighting system. The Energy Standards do not apply to residential
appliances (Appliance Efficiency Regulations may apply), elevators or dumbwaiters,
or portable lighting systems that are plugged into a wall outlet. Only hardwired
lighting is regulated, which includes lighting that is a permanent part of the building.

1.5.7 Additions, Alterations, and Repairs
§100.1(b)
§150.2(a)
§150.2(b)

Additions, alterations, and repairs are common construction projects for California
homeowners. The Energy Standards apply to both additions and alterations, but not
to repairs. See Chapter 9 for details.

A. Additions are changes to an existing building that increase both conditioned
floor area and volume.

Chapter 9 includes detailed guidance on showing compliance for accessory
dwelling units and converting an existing space to conditioned space.

B. Alterations that are not additions are changes to the envelope, space-
conditioning system, water-heating system. or lighting system of a building.

C.Repairs are the reconstruction or renewal of any part of an existing building for
maintenance purposes and are not under the scope of the standards.
Replacement of any component systems (such as reroofing) or equipment for
which there are requirements in the Energy Standards is considered an
alteration and not a repair.

Example 1-3
Question

The Energy Standards do not specify whether buildings damaged by natural disasters
can be reconstructed to the original energy performance specifications. What
requirements apply under these circumstances?

Answer

Buildings destroyed or damaged by natural disasters must comply with the energy code
requirements in effect when the builder or owner applies for a permit for those portions of
the building that are being rebuilt.

Example 1-4
Question
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Do the Energy Standards apply to an addition to a manufactured (“mobile”) home?

Source: CEC  Photgrapher: Brian Vahey

Answer

No. Title 25 requirements, not Title 24, govern manufactured homes, including additions
to the unit. Jurisdiction in a mobile home park comes under the authority of the
Department of Housing and Community Development. Jurisdiction of a mobile home on
private property may come under the authority of the local building department.

Example 1-5
Question

Three stories of residential dwelling units are planned over a first story that includes retail
and restaurant occupancies. Do the residential apartments need to comply with the
residential standards?

Answer

Yes and No. The building envelope and HVAC equipment must comply with the
nonresidential (high-rise residential) standards since the structure contains four habitable
stories and, as a whole structure, is a high-rise building. The dwelling units, however,
must comply with the lighting and water-heating requirements for low-rise residences.

Example 1-6
Question

Does a four-story townhouse need to comply with the low-rise residential standards or the
high-rise residential standards?

Answer

2019 Residential2022 Single Family Compliance Manual _January-2019May 2022

DRAFT




Page 1-18 Introduction - Scope and Application

It depends on how the townhouse is classified by the enforcement agency. If the
enforcement agency classifies the townhouse as a group R-3 occupancy, the low-rise
residential standards will apply. If the townhouse is classified by the enforcement agency
as another group R occupancy (i.e. group R-2) and all four stories are habitable, the high-
rise residential standards will apply. If the enforcement agency classifies the townhouse
as a group R-2 occupancy but three or less of the stories are habitable, the low-rise
residential standards will apply.

Example 1-7
Question

A 2,100 ft2 manager's residence is being constructed as part of a new 14,000 ft?
conditioned warehouse building. Which Energy Standards apply?

Answer

The whole building can comply with the nonresidential standards, and the residential unit
is not required to comply separately since it is a subordinate occupancy containing less
than 20 percent of the total conditioned floor area. However, the residential dwelling unit
must meet all low-rise residential mandatory measures, as well as the lighting and water-
heating requirements.

Example 1-8
Question

Assume the same scenario as in the previous example, except that the dwelling unit is
new and the remainder of the building is existing. Do the residential standards apply?

Answer

Yes. Since 100 percent of the addition being permitted is a low-rise residential
occupancy, compliance under the residential standards is required.

Example 1-9
Question

A residence is being moved to a different location. What are the applicable compliance
requirements?

Answer

Because this is an existing conditioned space, the requirements applicable to alterations
would apply to any alterations being made. The building does not need to show
compliance with the current Energy Standards applicable to new buildings or additions.

Example 1-10
Question
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A previously conditioned retail space is remodeled to become a residential dwelling. What
are the applicable compliance requirements?

Answer

The remodeled dwelling is treated as if it were previously a residential occupancy. In this
case, the rules that apply to residential alterations are applied.

Example 1-11
Question

A 10,000 ft?, 16-unit motel is constructed with an attached 1,950 ft> manager's residence.
What are the applicable compliance requirements?

Source: http:h‘wwwz.ssu.edu,‘faculty!wooda.‘calpark.jpeg

Answer

The manager's unit is less than 20 percent of the total floor area, so compliance of the
whole building as the predominant motel occupancy would satisfy the requirements of the
Energy Standards. Either the entire building must comply with the nonresidential (high-
rise residential and hotel/motel) standards, or the manager's residence must comply with
the low-rise residential standards, and the motel occupancy portion of the building must
comply with the nonresidential standards.

Example 1-12
Question

A subdivision of detached homes includes several unit types, each of which may be
constructed in any orientation. What are the applicable compliance requirements?

Answer
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The low-rise residential standards are applied to each building type. All four cardinal
orientations may be shown to comply, or each unit in the planned orientation must
comply.

Example 1-13
Question

A four-story apartment building has three stories of apartments and a garage on the first
floor. What are the applicable compliance requirements?

Answer

For compliance with the Energy Standards, the low-rise residential standards apply since
the building has fewer than four habitable stories. However, for other non-energy codes
and standards, this may be considered a four-story building.

Example 1-14
Question

If, in Example 1-13 above, there was a small air-conditioned elevator lobby at the garage
floor, what would be the applicable compliance requirements?

Answer

Section 100.1 defines a habitable story as a story that contains space in which people
may work or live in reasonable comfort, and that has at least 50 percent of the volume
therein above grade. The small elevator lobby does not meet this definition for habitable
story; therefore, the low-rise residential standards still apply.

Example 1-15
Question

If, in Example 1-13 above, there was a receptionist station in the conditioned elevator
lobby at the garage floor. what would be the applicable compliance requirements?

Answer

In this case, the lobby with the receptionist meets the habitable story definition of §100.1;
therefore, the building must be considered a high-rise residential occupancy. The building
envelope and HVAC equipment must comply with the nonresidential (high-rise residential)
standards, and the dwelling units must comply with the lighting and water-heating
requirements for low-rise residential buildings.

1.6 Compliance Approaches and Mandatory Measures

In addition to the mandatory measures (Section 1.6.2), the Energy Standards
provide two basic methods for complying with low-rise residential energy budgets:
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the prescriptive approach and the performance approach. The mandatory measures
must be installed with either of these approaches, but mandatory measures may be
superseded by more stringent measures under either approach.

1.6.1 Approaches

A. The prescriptive approach, composed of a climate zone-dependent
prescriptive package (Section 1.6.3), is less flexible but simpler than the
performance approach. Each energy component of the proposed building must
meet a prescribed minimum efficiency. The prescriptive approach offers
relatively little design flexibility but is easy to use. There is some flexibility for
building envelope components. For example, if a portion of a wall does not
meet the prescriptive insulation requirement, an area-weighted average of all
walls can be used to meet the prescriptive requirement.

B. The performance approach (Section 1.6.4) is more complicated but offers
considerable design flexibility. The performance approach uses an approved
software program to model a proposed building and compare it to a calculated
energy budget. Performance compliance is based on window efficiency and
orientation, shading from overhangs, space-conditioning equipment and water-
heating system efficiencies, and house configuration. This approach is popular
with production builders because it’s flexibility and it provides a way to find the
most cost-effective solution for complying with the Energy Standards.

For additions and alterations, see Chapter 9 for details of compliance approaches
that are available.

1.6.2 Mandatory Measures

With either prescriptive or performance compliance, there are mandatory measures
that must always be met. Some deal with infiltration control and lighting; others
require minimum insulation levels or equipment efficiencies. New for the 20719
Building Energy Efficiency Standards are mandatory measures that require R-20
insulation values for 2’ x 6’ wood-framed walls, air-filtration devices on most ducted
mechanical systems, and kitchen range hoods meeting airflow and sound ratings
specified in ASHRAE 62.2. For detailed information on these changes, see
applicable sections within this manual.

Minimum mandatory levels are sometimes superseded by more stringent
prescriptive or performance approach requirements. For example, if mandatory
measures specify R-22 ceiling insulation and the prescriptive approach is used, then
R-38 ceiling insulation (depending on climate zone) must be installed. Conversely,
the mandatory measures may be of a higher efficiency than permitted under the
performance approach; in these instances, the higher mandatory levels must be
installed. For example, a building may comply using the performance computer
modeling only R-7 insulation in a raised floor, but R-19 must be installed because
that is the mandatory minimum.

1.6.3 Prescriptive Approach
[§150.1(c) |
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The prescriptive requirements are represented in Table 150.1-A (single family) or
150.1-B (multifamily). The prescriptive approach is the simplest but least flexible
compliance path. New in 2019 is a requirement for a PV system. See Chapter 7 for
more information on solar generation, community solar, and battery storage.

The prescriptive approach is a set of predefined performance levels for various
building components. Each component meets or exceeds the minimum efficiency
level specified in Table 150.1-A or 150.1-B and related footnotes in the Energy
Standards. In some climate zones, these prescriptive requirements specify that
many cooling system types are HERS-tested to verify that they have the correct
refrigerant charge.

1.6.4 Performance Approach

The performance approach, also known as the computer compliance method,
requires that the building meet both an efficiency EDR and a total EDR. (Additions
and alterations continue to meet a time-dependent valuation [TDV] energy budget.)
The efficiency EDR is the efficiency of the building without the benefits from any
solar generation. The total EDR includes the building and the effects of solar
generation plus any solar electric generation.

Annual Time-Dependent Valuation (TDV) energy be calculated for the proposed
building and compared to the standard TDV energy budget. TDV energy is the
“currency” for the performance approach. TDV energy not only considers the type of
energy that is used (electricity, gas, or propane), but when it is used. Energy saved
during periods when California is likely to have a statewide system peak is worth
more than energy saved at times when supply exceeds demand. Reference Joint
Appendix JA3 has more information on TDV energy.

The use of Energy Commission-approved software represents the most detailed and
sophisticated method of compliance. While this approach requires the most effort, it
also provides the greatest flexibility. The programs automatically calculate the
energy budget for space conditioning and water heating, and the minimum required
PV size to receive credit toward meeting the efficiency EDR. The budget is
determined from the standard design, a computer model of the building using
prescriptive requirements. The computer software allows manipulation of the
proposed building’s energy features to achieve compliance. See Chapter 8 of this
manual for more information on the performance method.

1.7 Climate Zones

To standardize calculations and provide a basis for presenting the prescriptive
requirements, the Energy Commission has established a set of standard climate
data for each of the 16 climate zones. More information is provided in Reference
Joint Appendix JAZ2 (also included in Appendix B of this document), including a
listing of climate zones for all California ZIP codes. Reference Joint Appendix JA2
gives other climate information, such as design temperatures for sizing HVAC
equipment. The climate zone definitions and data are the same for the low-rise
residential and the nonresidential standards.
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Figure 1-1: California Climate Zones

Source: California Energy Commission

1.71 Building Location Data

Building location data refer to specific outdoor design conditions used in calculating
heating and cooling loads. Different from the climate zone used for compliance (see
Climate Zones above), design data include the typically warmest and coolest outdoor
temperatures that a building is likely to experience in an average year in a particular
location.

Temperatures are from the ASHRAE publication, SPCDX, Climatic Data for Region X -
Arizona, California, Hawaii, Nevada, May 1982 edition. (See Appendix E.) For heating,
the outdoor design temperature is the Winter Median of Extremes. A higher
temperature is permitted but no lower than this value. For cooling, the outdoor design
temperatures must be the 1.0 percent Summer Design Dry Bulb and the 1.0 percent
Wet Bulb columns.

If a building location is not listed, the local enforcement agency may determine the
location for which data are available that is closest in its design characteristics to the
actual building site.
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1.8 Conditioned Floor Area

Conditioned floor area (CFA) is the total floor area (in square feet) of enclosed
conditioned space on all floors of a building, as measured at the floor level of the
exterior surfaces of exterior walls enclosing the conditioned space (§100.1). This term
is also referred to in the Energy Standards simply as the floor area.

This is an important value for compliance since annual energy use is divided by this
value to obtain the energy budget. In the prescriptive package, the maximum
fenestration and west-facing fenestration area requirements are expressed as a
percentage of this value.

CFA is calculated from the plan dimensions of the building, including the floor area of all
conditioned and indirectly conditioned space on all floors. It includes lofts and
mezzanines but does not include covered walkways, open roofed-over areas, porches,
pipe trenches, exterior terraces or steps, chimneys, roof overhangs, or parking garages.
Unheated basements or closets for central gas-forced air furnaces are also not
included, unless shown to be indirectly conditioned.

The floor area of an interior stairway is determined as the CFA beneath the stairs and
the tread area of the stairs themselves. See Figure 1-2 below for an example of how
CFA is calculated.

Figure 1-2: Total Conditioned Floor Area
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2 3

T Area (Conditioned Space

/ Outlined)

Unheated Garage

Note: Do not count
unconditioned
space

Note: Measure from
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Total conditioned floor area = Area 1 + Area 2

1.9 Where to Get Help

The Energy Commission has several resources to help designers, builders,
homeowners, and others understand and apply the Energy Standards.

1.9.1 Energy Commission Publications and Support

A. Telephone Hotline

If the information contained in the Energy Standards or this compliance manual
are not sufficient to answer a specific question concerning compliance or
enforcement, technical assistance is available from the Energy Standards Hotline.

You can reach the Energy Standards Hotline on weekdays from 8 a.m. — noon and
1p.m.—4:30 p.m.:

(800) 772-3300

(916) 654-5106

B. Publications

Publications, including the 2049-2022 Building Energy Efficiency Standards, the
2019-2022 Reference Appendices, and the 2049-2022 Residential ACM Approval
and Reference Manuals, and others, are available from the Energy Commission’s
website at http://www.energy.ca.gov/title24. Paper copies may also be ordered
from:
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Publications Unit

California Energy Commission
1516 Ninth Street, MS-13
Sacramento, CA 95814

(916) 654-5200

C. Blueprint

The Energy Commission publishes the Blueprint, a newsletter that answers
questions and addresses issues related to enforcement and compliance. The
Blueprint also provides updated information on technical assistance and computer
compliance programs and lists training opportunities offered throughout the state.
The Blueprint is available online at http://www.energy.ca.gov/efficiency/blueprint.
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Figure 1-3: Energy Commission Blueprint Newsletter

nia Ener

In This Issue
= 2016 Energy Standards Approved

»  Alpha Versions of CBECC 2016 Now
Hvailable
»  CBECC-Com Version 3¢

»  Water Heater Energy Factor
Reference Guide

»  CALCTP Lighting Conirols Certificates
of Acceptance

»  O&A
?  Natural Ventilation
®  Bypass Ducts

®  Heat Pump Water Heating
Systems

2016 Energy Standards
Approved
The California Energy Commission (Energy
Commission) unanimously approved the 2016
Building Energy Efficiency Standards (Energy
except the idential lighting
alterations language, at the June 10, 2015
Business Meeting. The 2016 Energy Stan-
dards will reduce energy costs, save consum-
ers money, and increase comfort in new and
upgraded homes and other buildings.

Single family homes built with the Energy
Commission's 2016 Energy Standards wil
use about 28 percent less energy for lighting,
heating, cooling, ventilation, and water heafing
than those built to the 2013 Energy Standards.

LUEPRINT

The 2018 Energy Standards, which take effect
on January 1, 2017, focus on three key areas:
updating residential requirementz to move
choser fo Califonia’s zero net energy goals; up-
dating nonresidential and high-rise residential
requirements: and improving the clarity and
consistency of existing regulations. Based on
a 30-year morigage, the Energy Commission
estimates the 2016 Energy Standards will add
about $11 per month for the average home,
but will save consumers $31 on monthly heat-
ing, cooling, and lighting bills.

In addition to simplifying the language, other
major improvermnents include:

Residential

» High performance  aftics:  exim
insulation at the roof deck in addition
to ceiling insulation will reduce the attic
temperature by 35 degrees or more on
hot summer days.

» High performance walls: builders can
choose from different wall assemblies to
reduce heating and cooling needs in the
home year round.

» Lighting: installation of high guality
lighting with controls that nearly halve the
energy required for lights in new homes.

» Water heafing: installation of tankless
water heaters that reduce energy use by
about 35 percent.

» Envelope: rewision of  envelope
requirements for all nonresidential and
high-rise residential buildings.

»  Lighting: update power for lights to align
with the American Society of Heating,
Refrigerating, and  Air-Conditioning
Engineers (ASHRAE) standards. This
allows for the installation of newer, more
efficient luminaires which are widely
available and commonly used for outdoor
lighting applications.

» Elevators: require controls to shut off
lights and fans when an elevaior is
empty. Installation of these conirols
enables communication with building
energy management systems, allowing
managers to tailor the building's enengy
demands and prevent wasie.

»  Escalators and moving walkways: require
controls on  escalators and moving
wialkways in fransit areas to run at a lower,
less energy-consuming speed when not
in use.

» Windows and doors: require interock
controls that tum off cooling and heating
systems if a door or window is left open
for more than five minutes. This allows
occupants to take advantage of ouiside
femperatures and save on heating and
coofing costs.

For more information about the 2016 Enengy

Standards, view the frequently asked ques-

fions and infographic.

Please note that Sections 141.0(b)21, J, K, and

L, related to nonresidential fighting altera-

tions, were not adopted at the June 10, 2015

Business Meeting. Adopfion of these sec-

D. Appliance Standards

Appliances, as defined by the Energy Commission, include everything from
dishwashers and refrigerators to air conditioners and boilers. The performance of
some appliances, such as air conditioners, water heaters, and furnaces, is critical
to the Building Energy Efficiency Standards. The energy efficiency of other
appliances, such as refrigerators, dishwashers, and clothes dryers, is important to
homeowners but does not affect the Building Energy Efficiency Standards, since
these are considered home furnishings.

The Energy Commission has comprehensive standards that affect the
performance of many appliances. Appliance Standards information is available
from the Energy Commission website at http://www.energy.ca.gov/appliances/.
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E. Appliance Directories

The Energy Commission publishes information on the energy efficiency of
appliances. Energy Commission-approved directories can be used to determine if
appliances meet the mandatory measures and/or the prescriptive requirements.
Data may also be used in performance calculations. The Energy Standards
Hotline can verify certification of appliances and provide information on
appropriate directories.

The complete appliance database (including manufacturer, brand codes, rated
efficiencies, and so forth) can be searched from the Energy Commission’s website
at

http://www.appliances.enerqgy.ca.qov/

F. Directory of Certified Insulation Materials

Manufacturers whose insulating materials are certified for sale in California are
listed in the Department of Consumer Affairs’ Consumer Guide and Directory of
Certified Insulation Material. Each building department receives a copy of this
directory. If an insulating product is not listed in the directory, or if you want to
purchase a directory, contact the Department of Consumer Affairs, Bureau of

Household Goods and Services (BHGS)Bureau-of Electronic-Appliance-and
RepairHome Furnishings-and FhermaHnsulation(BEARHETH, at (916) 999-
2041.

1.9.2 Training Opportunities

California utilities, organizations of energy consultants, building industry, trade
associations, and organizations that serve building officials often sponsor or conduct
classes on compliance and enforcement of the Energy Standards. These classes are
often listed in the Blueprint or posted on the Energy Commission’s website at
http://www.energy.ca.gov/title24.

Energy Code Ace offers free tools, training, and resources to help identify the
compliance documents, installation techniques, and standards relevant to building
projects in California. Energy Code Ace resources provide fact sheets, trigger sheets,
and checklists to help readers understand when Title 24, Part 6 is “triggered” and how
to correctly comply when it is.

This program is funded by California utility customers under the auspices of the
California Public Utilities Commission and in support of the Energy Commission.

http://energycodeace.com/

1.9.3 Energy Consultants

The California Association of Building Energy Consultants (CABEC) maintains a
directory of consultants who provide compliance assistance. The listing is available at
http://www.cabec.org.
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194 Online Videos

The Energy Commission has a series of streaming videos that explain energy efficiency
concepts and the application of the Energy Standards. These videos cover topics
including plan checking, field inspection, HVYAC, HERS, water heating, building
envelope, and renewable energy. They can be viewed at
https://www.energy.ca.gov/title24/orc/.

1.9.5 HERS Raters and Providers

To comply with the Energy Standards, some buildings require third-party diagnostic
testing or field verification of energy-efficient systems or devices. HERS Raters are
required to be hired by the builder or building owner to perform this work. Installing
contractors may hire the HERS Rater for HVAC change outs only if the homeowner
agrees that the installing contractor may do so on his or her behalf. The Energy
Commission approves HERS providers who train, certify, and monitor HERS Raters.
For a list of the current HERS providers, please go the Energy Commission website at
http://www.energy.ca.gov/HERS/. To find a Rater, go to the website of the approved
HERS provider available on the Energy Commission’s website at the link above, or
contact the Energy Standards Hotline at (800) 772-3300 (for calls within California) or
(916) 654-5106 for assistance.
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2. Compliance and Enforcement

21 Overview

The California Energy Commission (CEC) does not typically directly enforce the
Building Energy Efficiency Standards (Energy Code), Title 24, Part 6 of the
California Code of Regulations. Authorities having jurisdiction (AHJs) have the
primary responsibility to issue a building permit for newly constructed buildings or
additions and alterations to existing buildings and enforce the California Building
Code (CBQC), Title 24 of the California Code of Regulations in totality, including the
Energy Code. Most AHJs are local enforcement agencies, typically associated with a
city or county government, but can also include other agencies such as the Division
of the State Architect (for schools). This chapter (Chapter 2) of the Residential
Compliance Manual is intended to show how compliance and enforcement of the
Energy Code is achieved in the typical low-rise single family residential building
project permitting process used by most AHJs. Most AHJs follow some version of
the permitting process prescribed by the International Code Council (ICC). Figure
2.1-1 shows an idealized version of the ICC permitting process.

Figure 2.1-1: Idealized International Code Council Permitting Process
for Building Permit Applications

|

Field Operational
Inspection Testing

T T

Construction

Design

Permit Final
Application and . Inspections
Installation

H Permit to Issuance of
Plan Check Certificate of
Construct
Occupancy

Source: California Energy Commission Staff

To assist the enforcement agency, the CEC created three categories of compliance
documents for residential construction projects used to demonstrate compliance with
the Energy Code:

e Certificates of Compliance documents (CF1Rs) are completed by the project
proponent and submitted to the enforcement agency during the plan review

phase.
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o Certificates of Installation (CF2Rs) are completed by the installing technician
or contractor during construction and submitted to the enforcement agency
during the project inspection phase.

e Certificates of Verification (CF3Rs) are completed by an independent, third-
party agent certified by a CEC--approved certification provider and submitted
to the enforcement agency during the final inspection phase and prior to the
enforcement agency issuing the certificate of occupancy.

The independent, third-party agents referenced with the CF3Rs above are made
available through the CEC’s Home Energy Rating System (HERS) program. The
HERS program consists of providers, approved by the CEC to train, certify, and
oversee; HERS Rraters, who perform specific tests on energy efficiency measures
as required by the Energy Code.

HERS testHERS Verification. The compliance and enforcement processes requires

participation from the architect, er-building designer, specialty-engineers
{mechanical-electrical—~¢iviland-se-forthengineers, energy consultants, contractors,
the owner, third-party-inspectors{Home Energy Rating-System-[HERS] Rraters),

and others. This chapter describes the overall compliance and enforcement process
and responsibilities throughout the permit process.

2.1.1 Manufacturer Certification for Equipment, Products, and Devices

During the permit application development phase, certain equipment, products, and
devices must be selected for installation or use that are pre-certified to be compliant
with the Energy Code. These items are identified on the CF1Rs and are verified
during the inspection process by the local-enfercement-ageneyenforcement agency.
The Certain-equipment, products, and devices must be certified to the Energy
CommissionCEC by the manufacturer that it meets requirements under Fitle24,Part
6,-and-associated-appendicesthe Energy Code. The Energy-CommissionCEC
makes no claim that the listed equipment, products, or devices meet the indicated
requirements or, if tested, will confirm the indicated results. Inclusion on these lists
only confirms only that a manufacturer certification has been submitted to and
accepted by the CECEnergy-Commission. Additional information about the required
information for manufacturers to certify products and for lists of certified products:
http://www.energy.ca.qov/title24/equipment _cert/

In residential buildings, the following must be certified by the manufacturer:

e Air Economizers

e Airflow measurement apparatus - forced air systems
o Airflow measurement apparatus - ventilation systems
[ J
[}

Airflow measurement apparatus — whole house fan systems
Air-to-water heat pump systems
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»—Battery and Energy Storage Systems

e Central Heat Pump Water Heater Performance Map
e Demand Responsive Lighting Control Systems
[ ]
[ ]

Drain Water Heat Recovery
Ducted variable capacity heat pump
+«—Economizer Fault Detection and Diagnostics
[ ]
¢ Intermittent mechanical ventilation systems
e JA13 Heat Pump Water Heater Demand Management System
e Low leakage air-handling unit
»—QOccupant-Ceontrolled sSmart tThermostats

—Residential Fault Indicator Display
[ ]

2.1.2 HERS Program Compliance Document Registration

a. §10-103;
Reference Residential Appendix RA2;
Reference Joint Appendix JA7

The HERS program was developed by the CEC to help ensure compliance with the
Energy Code for residential projects that needed to include a HERS Rater to perform
required field verification and diagnostic tests (HERStestsHERS Verification).
Registration of compliance documentation (CF1Rs, CF2Rs, and CF3Rs) is reeded

required for any residential construction project for which a HERS-verificationCF3R
is required (not all residential construction projects require a CF3R) for

Joint Appendix JA7 prowde detalled descriptions of procedures and responsibilities
for the registration of CF1R, CF2R, and CF3R.

requ#es—HERS—ﬂeld—veHﬂeanen—Compllance document remstratlon is requwed fEor

all newly constructed homes, and-most additions, and many (but not all) alterations
When registration is required, compliance documents are-must be electronically
submitted to an_CEC approved HERS Pprovider. The HERS Provider services
include a HERS data registry (HERS registry) for the registration and retention_pof
compliance documents.

All Gcompliance documents (CF1Rs, CF2Rs, and CF3Rs) submitted to the registry
shallmust be certified and signed by the applicable responsible person (§10-103) as
well as any other required signatories. The registry will assign a unique registration
number to the-each document{s} when completed and certification (by an electronic
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signature) is provided by theresponsible-personall signatoryies. The registry will
retain the unique registered documents{s), which are available via secure Internet

access to authorized users. This allows authorized users to make paper copies of
the registered documents{s) for purposes such as submittal to the lecal-enforcement
ageneyenforcement agency, posting copies in the field for inspections, and providing
copies to the building owner- (See Section 2.2.9 of the Residential Compliance
Manual-)

Authorized users of the registry include energy consultants, builders, building
owners, construction contractors and installers, HERS Raters, enforcement
agencies, and the Energy-CommissionCEC. Authorized users are granted read/write
access rights to the electronic data associated with their projects(s) or

2.2 Compliance Phases

2.2.1 Compliance and-EnforcementDocumentation

Complying with and enforcing the Energy-StandardsEnergy Code in residential
buildings involve many parties. Those involved may include the architect or

designer, builder/developer, purchasing agent, general contractor,
subcontractor/installer, energy consultant, plan-checkerplan examiner, inspector,
Realtor, and owner/first occupant. All these parties must communicate and
cooperate for the compliance and enforcement process to run efficiently.

The Energy-StandardsEnergy Code specify detailed reporting requirements intended
to provide design, construction, and enforcement parties with the information to

ensure that the energy features are properly installed. Each party is accountable to
ensure that the features that they are responsible for are correctly installed. This
section outlines each phase of the process and the responsibilities and
requirements.

The energy compliance documentation has been revised and reorganized.
Prescriptive (Chapter 1.6) versions of the certificate of compliance (CF1R) have
been designed to be used specifically with:

Residential Newly Constructed Buildings (CF1R-NCB-01)
Residential Additions (CF1R-ADD-01)

Residential Alterations (CF1R-ALT-01)

Residential HYAC Changeouts (CF1R-ALT-02)

Solar Water Heating Worksheet (CF1R-SRASTH-01)

The certificate of installation (CF2R) is separated into:

a K 0N~
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1. Envelope (CF2R-ENV)

Lighting (CF2R-LTG).

Mechanical (CF2R-MCH)

Plumbing (CF2R-PLB)

Selar-Photovoltaic and Battery Storage, Solar--Ready Zone Area, and Solar
Thermal Water Heating (CF2R-_ PVB, SRA, SPV-and GF2R-STH,
respectively)

These categories and most compliance measures have a separate CF2R form that
is specific to a particular installation. CF2R forms also incorporate references to
applicable mandatory measures. The HERS certificate of verification (CF3R) forms
are categorized and organized in the same way as the CF2R forms. Refer to
Appendix A of this manual for more information about the forms and to view samples
of the forms. Additional information about the compliance documents will be
provided throughout this manual.

When HERS verification is required for compliance, the Enrergy-StandardsEnergy
Code require all residential energy compliance documents to be registered with a
HERS previderProvider data registry. This accomplishes retention of a completed
and signed copy of the submitted energy compliance documentation. To simplify the
permit process for HVAC changeouts, §10-103 of the Energy-StandardsEnergy
Code allows the registered CF1R-ALT-02 document to be submitted to an
enforcement agency at final inspection and not before obtaining a permit. More
details are in Chapter 9 of this manual. Document retention is vital to compliance
and enforcement follow-up and other quality assurance follow-up processes that
ensure energy savings from installed energy features. Reference Residential
Appendix RA2 and Reference Joint Appendix JA7 has more details about document
registration procedures building energy code compliance and enforcement process.

Sl

2.2.2 Design Phase
| §10-103(a)2 |
This phase sets the stage for the type-and-style-of building-te-be-constructioned

project, anything from a newly constructed building, an addition, or an alteration to
an existing home. In addition to issues concerning zoning, lot orientation, property
line easements, and infrastructure_(such as utility hook ups), the overall design and
energy features of the building are decumented-described in the construction
documents andlerand specifications. Parties-The project owner must ensure that the
building complies with the Energy-StandardsEnergy Code and that the significant
features required for compliance are documented on the plans andferand
specifications_and are consistent with the CF1Rs.

During the design process, an energy consultant or other professional wil-may
assist the building designer by providing energy compliance documentations that
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determine the effect of building features being proposed for the design. This helps
ensure that the final building design plans and specifications submitted to the
enforcement agency will comply with the Erergy-StandardsEnergy Code.
Throughout this phase, energy consultants or the documentation author may
suggest recommendations or alternatives to help the designer achieve compliance.

The building design plans submitted to the local-enforcementageneyenforcement
agency must include the specifications for the building energy features needed to

achieve compliance, including insulation levels, window performance, equipment
performance, lighting fixture types and controls, exhaust fan performance, envelope
sealing, weather-stripping requirements, and any other feature that was used for
compliance or is mandatory. The building design plans and specifications must be
consistent with respect to the energy efficiency features information on the CF1R
submitted to the local-enforcement-ageneyenforcement agency. Any change in the
building plans or specifications, during any phase of design or construction, that
changes the energy feature specifications for the design may requires recalculation
of the building energy compliance. A revised CF1R that is consistent with the
updated plans and specifications for the proposed building_ may needs to be
submitted to the lecal-enforcement-agencyenforcement agency for approvalissued. If
recalculation indicates that the building no longer complies, alternate building
features must be selected so that it complies with the Erergy-StandardsEnergy
Code.

2.2.3 Permit Application

§10-103(a)2
§10-103(a)1C
When the design is complete, the construction documents are prepared_ (CF1RSs),
and other approvals (planning department, water, and so forth) are secured, the
owner or contractor applies for a building permit_with the lecal-enforcement
ageneyenforcement agency. This is the last step in the planning and design process.

To help the local-enforcement-ageneyenforcement agency verify that the proposed
building complies with the Erergy-StandardsEnergy Code, compliance documents
are submitted with the building permit application. These documents consist of a
CF1R, which is required by the Energy-StandardsEnergy Code (see §10-103). The
length and complexity of the documentation varies depending on-facters the scope
of the project, such as the number and type of components being replaced
(windows, space conditioning equipment, roof replacement, ceiling insulation, etc.),
the number of buildings that are being permittedconstructed, the size of an addition,
whether an orientation-independent permit is being requested, and whether the
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performance approach or the prescriptive approach is being used. An energy
consultant who understands the code and is able to help the builder or owner

comply with the standards often prepares the CF1Reertificate-of-complianece
documentation.

The administrative regulations §10-103(a)2 require that documentation be submitted
with permit applications that will enable the plans examiner to verify compliance. The
forms used to demonstrate compliance must be readily legible and shall conform to
a format and informational order and content approved by the Energy
CommissionCEC. If registration is required, the CF1R that is submitted to the
enforcement agency must be a registered copy from an approved HERS Provider
data-registry.

2.2.4 Plan Check

The registration process requires the builder or designer to submit the certificate of
compliance information and an electronic signature to an approved HERS registry to
produce a completed, signed, and dated electronic CF1R that is retained by the
registry. Fhe-CF1R-is-assighed-a-uniqueregistration-rumber—Copies of the
registered CF1R are available to authorized users of the HERS Provider-data
registry for use in making electronic or paper copies of the registered document(s)
for submitting to the enforcement agency as_described in Section 10-103-required.

Local enforcement agencies check plans to ensure that the building design conforms

to the Energy-StandardsEnergy Code. This check includes-health-and-safety
requirements;-such-as-fire-and-structurakis primarily focused on the fire, life-, and

safety requirements of the CBC and secondarily on the building energy efficiency
requirements. Vague, missing, or incorrect information items-on the construction
documents are identified by the plans examiner.;-and tThe permit applicant is
required to make corrections or clarifications and-then resubmit revised plans and
specifications. Submitting complete and accurate plans and specifications provides
the plans examiner with the information needed to complete the plan check review
quickly.

The plan-checkerplan examiner verifies that the information on the construction
documents is consistent with the requirements specified on the cempliance
doeeumentsCF1R. Examples of how the plans examiner will verify that the features
detailed on the CF1Reertificate-of- complianceforms are specified in the respective

sections of the building plans include:

1. Verifying the window and skylight U-Factor and Solar Heat Gain Coefficient
(SHGC) values from the CF1R on the structural/architecture plans in a
window/skylight schedule, window/skylight legend for the floor plan.
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2. Verifying the HVAC equipment and distribution information from the CF1R is
clearly documented on the plans, such as SEER, EER, AFUE, mandatory and
elective HERS measures, and other values necessary to verify compliance.

The plancheckerplan examiner compares the data on the CF1Rs against the rest of
the plans and documents submitted for the permit applications, including all of the
following subject areas:

e Envelope (walls, ceiling, floors)
o__Windows, sky-lightsskylights, and doors solar heat gain coefficients
o__Insulation and air sealing
o _Advanced wall and ceiling construction and insulation
¢ Roofing materials and construction
o__Roof-deck insulation
o E-barrier
o__Ventilation or sealed attic
o__Cool roof reflectivity requirements
e Heating, Ventilating, and Air Conditioning (HVAC)
o SEER, EER and AFUE (if applicable) for HYAC equipment
Ducting design and register placement
Ventilation and indoor air quality requirements
Duct insulation and placement (in or outside of conditioned space)
Thermostat requirements
o__Manufacturer certification check
e Lighting Requirements
o__Luminaire efficacy requirements
o__Switching and control devices
o__Outdoor lighting and controls
e Domestic Hot Water
o__Manufacturer certification check

o Water piping design and insulation

O |0 |0 [O

The enforcement agency should clearly articulate to the builder/designer the
acceptable ——methods of specifying energy features on the building plans for
approval.

Since those buying building materials and the construction staff may rely solely on a
copy of the approved plans and specifications, it is important that the building design
represented on the approved plans and specifications complies with the Erergy
StandardsEnergy Code as specified on the CF1R.

The local-enforcement-ageneyenforcement agency’s plans examiner must also verify
that the compliance-documentsCF 1R does not contain errors. Newly constructed

buildings are required to use Energy-CommissionCEC-approved computer software;
additions and alterations are generally not required to use the software. When the

CF1Reompliance-documents-are_is produced by Energy-CommissionrCEC-approved
computer software applications, there is less chance that there will be computational
errors. The plans examiner must still verify that the design on the plans is consistent
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with the energy features on the certificate of compliance documents. A list of Erergy
CommissionCEC-approved energy code compliance software applications is at_the
CEC Compliance Software website:
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-
efficiency-standards/online-resource-center/compliance).

Or-calttheThe Efficiency Standards Hotline at 1-800-772-3300_can assist with
locating and installing this software.-

With production homes, where a builder may be constructing several identical
houses at roughly the same time, the compliance documentation may be prepared in
such a way that a house or model can be constructed in any orientation. The plans
examiner shall-will verify that the home complies facing all four main compass points
(north, south, east, and west) on the CF1R form.

2.2.5 Building Permit

After the plans examiner has approved the plans and specifications for the project,
the loeal-enforcementageneyenforcement agency may issue the building permit
(more formally, the permit to construct) at the builder’s request. Issuing the building
permit is the first significant milestone in the compliance and enforcement
processes. The building permit is the green light for the contractor to begin the work.
In some cases, the building permits are issued in phases. Sometimes there is a
permit for site work and grading before the permit for actual building construction.

2.2.6 Construction Phase

Upon receiving a building permit from the local-erfercementageneyenforcement
agency, the contractor begins construction. The permit requires the contractor to

follow the plans and specifications, but often there are variations. Some variations
are formalized through change orders. When change orders are issued, the permit
applicant and the lecaljurisdictionAHJ are responsible to verify that the changes do
not compromise compliance with the code. It is clear in some cases such as when a
single-glazed, metal frame window is substituted for a high-performance double-
pane, vinyl frame window. It may be difficult to determine compliance with changes
such as orientation of the house or the location of a window. Field changes that
result in noncompliance require enforcement agency approval of revised plans and
revised energy compliance documentation to confirm that the building still complies

with the Energy-StandardsEnergy Code.

During construction, the general contractor or specialty subcontractors are required
to complete various CF2R. These certificates verify that the contractor is aware of

the Energy-StandardsEnergy Code requirements and that they have followed the
Energy-CommissionCEC-approved procedures for installation, and to identify the
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2

energy efficiencies and features of the installed building components. The CF2R’s
are a collection of energy compliance information forms that apply to each regulated
energy feature that may be included in the construction. The certificates are required
to be completed by each of the applicable specialty contractors when they install
regulated energy features such as windows, water heater and plumbing, HVAC
ducts and equipment, lighting, and insulation.

The licensed person responsible for the building construction or for installation of an
energy-related feature must ensure their work is done in accordance with the
approved plans and specifications for the building. The person must complete and
sign a certificate of installation to certify that the installed features, materials,
components, or manufactured devices for which they are responsible conform to the
plans and specifications and the certificate of compliance documents approved by
the enforcement agency for the building. A copy of the completed, signed, and dated
CF2R must be posted at the building site for review by the enforcement agency in
conjunction with requests for final inspection for the building. Copies of the
registered CF2R forms shall be provided to the homeowner.

When any HERS verification is required for compliance, all CF2R forms must be
registered from an approved HERS ProviderHERS providerProvider data registry.
When registration is required, the builder or installing contractor must submit
information to an approved registry to produce a completed, signed and dated
electronic CF2R that is retained by the registry for use by authorized users of the
registry. After the information to complete the CF2R document is transmitted to the
data-HERS registry and the form is electronically signed, the CF2R is assigned a
registration number. Copies of the unique registered CF2R are made available to
authorized users of the registry to make electronic or paper copies of the registered
document(s) for submittal to the enforcement agency as required. The builder or
installing contractor must provide a copy of the completed, signed, and registered
certificate-of-installationCF 2R to the HERSRaterHERS raterRater and post a copy
at the building site for review by the lecal-enfercement-agenecyenforcement agency in
conjunction with requests for final inspection,—andinspection and provide copies of
the registered CF2R forms to the homeowner.

More information about registering CF2R documents can be found in Reference
Residential Appendix RA2 and Reference Joint Appendix JA7.

.2.7 Enforcement Agency Field Inspection

| §10-103(d)
Local-enforcement-agencyEnforcement agency representatives inspect new
buildings-construction projects to ensure compliance with the Erergy

StandardsEnergy Code. Field construction changes and noncomplying energy
features require parties associated with previous phases to repeat and revise their
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original energy compliance documents or reinstall building components that meet
the building specifications and energy compliance documents.

Enforcement agencies make multiple visits to a building site to verify construction.
The first visit is typically made before the slab or the building foundation is poured.
The building inspector verifies that the proper reinforcing steel is in place and that
necessary wiring and plumbing that will be embedded in the slab meet the
requirements of the standards. The inspector should verify features that are to be
installed in or under concrete slab floors, such as slab edge insulation or hot water
recirculation loops that involve piping that must be installed in the slab. The
inspector should also verify the front orientation and floor assembly types (such as
slab on grade, raised floor, and others) of the building during this phase of
construction. Details of how the inspector should verify these components is in
Chapter 3 of this manual.

The second visit occurs after the walls have been framed, and the HVAC equipment
and ducting, fenestration, lighting cans, electrical wiring, plumbing, and other
services have been constructed or installed. This inspection should be done before
insulation is installed to ensure sealing and caulking around windows is completed,
and the caulking and sealing of any holes bored through the framing members for
installation of hot and cold water piping and electrical wiring. During the rough frame
inspection, the inspector should also verify the installation of the high-efficacy
lighting so that the contractor can make any necessary corrections before the final
inspection. This avoids having to remove drywall, insulation, and so forth to remove
an incandescent can. The inspector should also verify the window/skylight U-factor
and SHGC values, the proper sealing/installation of HVYAC ducts and duct insulation
R-value, the installation of exhaust fan housing and ducting in bathrooms and
kitchens (ASHRAE 62.2.), and the installation of a radiant barrier and/or cool roof
when required. Details of how the inspector should verify these components will be
discussed in further in the respective chapters of this manual.

The third visit is the insulation inspection, which takes place after the wall, ceiling,
and floor insulation have been installed. This inspection occurs before the drywall is
installed to verify that the insulation R-value matches the CF1R form, and that the
insulation has been properly installed without compressions, voids, or gaps. The
inspector should verify that insulation is installed correctly around and behind piping,
and that all exterior walls are insulated (especially behind obstructing objects like a
bathtub). Details of how the inspector should verify these components is in Chapter
3.

The next visit is a drywall inspection, where the inspector verifies that the drywall is
installed properly to limit infiltration and exfiltration, especially at locations
surrounding lighting cans, HVAC registers and vents, and electrical sockets.
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The final inspection is conducted after the walls have been closed and the final
electrical and plumbing fixtures are in place. The inspector should verify HVAC
efficiency values, water heating efficiency values, exhaust fan and other ventilation
system noise level ratings in bathrooms and kitchens (ASHRAE 62.2), filter MERV
rating and thickness, exterior lighting and controls, and weather stripping on
exterior/demising doors. The inspector will also verify that all required CF2R and
CF3R forms have been completed, signed, and registered. Copies of these forms
should be provided to the building owner. Details of how the inspector should verify
these components will be discussed further in this manual.

The typical local-enforcement-ageneyenforcement agency inspection sequence can
vary from jurisdiction to jurisdiction. It can be difficult for the lecal-enforcement

ageneyenforcement agency to verify every energy efficiency measure required to be
installed in the building. For example, exterior wall insulation will likely not be
installed at the time of the framing inspection. If the enforcement agency does not
include the insulation inspection in its field inspection process, the exterior wall
insulation would be concealed from an inspector's view at the time of the final
inspection.

The certificate(s)-of-installationCF2Rs and, when required, the eertificate{s)-of
verificationCF3Rs are crucial. When inspection of an installed energy feature would

be impossible because of subsequent construction, the enforcement agency may
require the CF2R for the concealed feature to be posted at the site or made
available to the inspector upon completion/installation of the feature. To simplify the
inspection, the inspector would reference the efficiency values and building
components specified on the submitted CF2R form to verify compliance with the

Energy-StandardsEnergy Code.

When registration is required, all certificates{s) of installation must be registered
through an approved HERS-ProviderHERS providerProvider data registry. For all
measures requiring field verification, a registered certificate of verification shall also
be made available to the building inspector.

2.2.8 Field Verification and/erand Diagnostic Testing
Some building features require field verification and/or diagnostic testing completed

by a third-party-inspector,—called-a HERS-RaterHERS raterRater, as a condition for
compllance with the standards Ihe—Ene#gy—Gemmrsslen—has—estab#shed—the

ageneres—When compllance W|th the Ene#gy—StandaFdsEnergy Cod eis based on
energy features that require third-party (HERS)-verificationa HERS testHERS

Verification, a certified HERS-RaterHERS raterRater is required to perform field
verification-and/orand-diagneostic-testingthe test according to procedures in
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Reference Residential Appendix RA2 using the protocols in Reference Residential
Appendix RA3.

There are mandatory measures, prescriptive measures, and performance credits
(see Chapter 1) that require HERS field-verification-and/or-diagnestic-testing. Most
measures that require verification and testing involve air-conditioning equipment and
forced air ducts that deliver conditioned air to the dwelling_or home. Examples of
measures requiring HERS verification-testing are refrigerant charge measurement
and duct sealing.

The Energy-StandardsEnergy Code mandates that all newly constructed homes with
central HVAC systems have duct sealing (leakage testing), duct system airflow and
fan watt draw (and installed HSPP/PSPP), and exhaust fans/systems (ASHRAE
62.2.) verified by a HERSRaterHERS raterRater when those systems are installed.
Details about these measures are in Chapter 4 of this manual.

Additional measures requiring field verification include reduced duct surface area,
increased duct R-value, high SEER and EER cooling equipment, and quality
installation of insulation. A full list of measures requiring field verification and/or
diagnostic testing is in Table RA2-1 of the 2019-2022 Reference Residential
Appendices. The requirements for field verification and/or diagnostic testing apply
only when equipment or systems are installed. If a house has no air distribution
ducts, then a HERSRaterHERS raterRater does not have to test them.

The HERS Rrater must verify the required features and transmit all required data
describing the feature and the results of the verification-or-diagnestic-test to an
approved HERS Providerdata-registry. The rater must also confirm that the installed
energy feature being verified is consistent with the requirements for that feature as
specified on registered copies of the CF1R approved by the enforcement agency for
the dwelling. The person also must confirm the information on the CF2R is
consistent with the CF1R. The test results reported on the CF2R by the person
responsible for the installation must be consistent with the HERS testHERS
Verification results determined by the HERS Rrater’s diagnostic verification and
meet the criteria for compliance with the standards. A copy of the registered CF2R
must be posted at the building site for review by the enforcement agency and made
available for applicable inspections. A copy of the registered CF2R must also be left
in the dwelling for the homeowner at occupancy.

Results from the rater's field verification or diagnostic test are reported to the HERS
registry with “pass” or “fail”. If the results are “pass”, the registry will make a
registered copy of the eertificate-of-verification{CF3R) available. A copy of the
registered CF3R must be posted at the building site for review by the enforcement
agency and made available for all applicable inspections. Copies must be given to
the builder and left in the dwelling for the homeowner at occupancy. If results are
“fail,” that failure must be entered into registry. HERS Providers shall not permit any
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2.

2

user of the registry to print or access forms for noncompliance entries unless the
CF3R form contains a watermark with the word “FAIL” or “FAILURE.” Corrective
action shall be taken by the builder or installer on the failed measure. The rater will
retest the measure to verify that the corrective action was successful. Once the
correction is made, the passing measure shall be entered into the registry.

2.9 Approval for Occupancy

-muttifamily-dwellings-of three-or-meore-units;For newly constructed buildings and
additions, the final step in the permitting process is for the local-enforcement

ageneyenforcement agency to issue an occupancy permit so occupants can move
in. Single-family homes and duplexes are often may-be-approved for occupancy
without an occupancy permit being issued. Often a signed-off final inspection serves
as an approval for occupancy, but this is dependent on the individual lecal
enforcementageneyenforcement agency. When HERSHestingHERS Verification
verification-is required before occupancy approval, the HERS Rrater must post
paper copies of the registered CF3Rs for site review by the building owner,

mstallers and mspectors must—pest—a—ﬂgned—and—mgmtered—GE%R—m—me—ﬁeid—feHhe

For alterations to existing buildings, the signed-off final inspection is all that is

required. Since the project is in a building with an existing occupancy permit, the
local-enforcementageneyenforcement agency is not required to issue a new
occupancy permit. It should be noted that the extent of the alteration is limited by the
Energy Code and typically the local codes and standards. If an alteration is too
extensive, it is considered a newly constructed building. For example, removing all
wallboards, insultationinsulation, and eutsideexterior walls dewnfrom-of a building is
so-extensive-that the project-wouldcould be considered a newly constructed building
and not an alteration by the lecal-enfercementageneyenforcement agency.

.2.10 Occupancy

At the occupancy phase, the enforcement agency shal-must require the builder to
leave all compliance documentation in the building, which includes at a minimum the
CF1R and all applicable CF2R forms. When HERS field verification is required, a
copy of the registered CF3R must be left on site with the compliance documentation.
When registration is required, the CF1R and all required CF2R compliance
documentation shall be registered copies. The builder is required to provide the
homeowner with a manual that contains instructions for operating and maintaining
the features of his or her building efficiently. More details are in Section 2.3.5.
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Compliance Documentation

Compliance documentation includes the forms, reports, and other information that
are submitted to the enforcement agency with an application for a building permit. It
also includes documentation completed by the contractor or subcontractors to verify
that certain systems and equipment have been installed correctly. It may include
reports and test results by third-party-inspectors (HERS-RaterHERS raterRaters).
The compliance documentation (CF1R, CF2R, and CF3R) is included with a
homeowner’s manual so that the end user knows what energy features are installed
in the house.

Compliance documentation is completed at the building permit phase, the
construction phase, the field verification and diagnostic testing phase, and at the
final_inspection phase. The required forms and documents are in Table 2.3-1 and
described later. When registration is required, all the compliance documentation
shall be registered copies from an approved HERS-ProviderHERS providerProvider
data regqistry.

Table 2.3-1: Documentation Requirements, Prescriptive and Performance Compliance Methods

A complete list and samples of energy compliance forms is in Appendix A.

Phase Method Documentation Required When Applicable
Building Permit Performance CF1R-PRF-E, Certificate of Compliance
Building Permit Prescriptive | oE4R.NCB-01-E, Certificate of Compliance
Building Permit Prescriptive | r4R-ADD-01-E, Certificate of Compliance
(Additions less than 1,000 ft2)
Building Permit Prescriptive CF1R-ALT-01-E, Certificate of Compliance
(Residential Alterations)
Building Permit Prescriptive CF1R-ALT-02-E, Certificate of -Compliance
{Compliance (Alterations to—HVACto HVAC systems)
Building Permit Prescriptive | cE4R_ENV-02-E, Worksheet for area weighted
average
Building Permit Prescriptive | EqR-ENV-03-E, Worksheet for solar heat gain
coefficient (SHGC)
Building Permit Prescriptive | cE1R-ENV-04-E, Worksheet for cool roofs and SRI
Building Permit Prescriptive | oE4R_pLB-01-E, Workshest for hydronic heating
systems
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Phase Method Documentation Required When Applicable
Building Permit Prescriptive and
Performance CF1R-STH-01-E, Worksheet for OG 100 solar water
heating systems
Construction Prescriptive and o .
Performance CF2R-E, Certificate of Installation
Construction Prescriptive and o .
Performance CF2R-H, HERS Certificate of- Installation
Field Verification Prescriptive and o o
and/or Diagnostic Performance CF3R-H, Certificate of -Verification (HERS Rater)
Testing
Field Verification Performance o L .
and/or Diagnostic CF3R-EXC-20-H, Certificate of Verification for Existing
Testing Conditions (HERS Rater)

Note: This document must be completed before
registering the CF1R-PRF-01-E when using the
performance approach for an E+A+A and verification

of existing conditions.

2.3.1 Building Permit Phase Documentation
| §10-103(a)

The compliance documentation required at the building permit phase consists of the
certificate-of complianee{CF 1R} and is based on the building plans. Depending on
the compliance approach, the energy compliance documentation package may also
include the area weighted average calculation worksheet (CF1R-ENV-02-E), the
solar heat gain coefficient (SHGC) worksheet (CF1R-ENV-03-E), and the cool roof
and SRI worksheet (CF1R-ENV-04-E). Blank copies of these decuments-worksheets
are in Appendix A of this manual to use the prescriptive compliance requirements.
When the performance approach is used, only the CF1R-STH worksheets are
needed since the Energy-CommissionCEC-approved software performs the
calculations and provides the necessary documentation contained in all other
worksheets. When the performance approach is used, only the registered CF1R-
PREF ferms-documents are required on the building plans.

The compliance documentation enables the plans examiner to verify that the
building design shown in the plans and specifications complies with the Energy
StandardsEnergy Code. It enables the field inspector to identify which building
features are required for compliance and will be verified in the field.

2.3.2 Certificate of Compliance (CF1R)
The Energy-StandardsEnergy Code requires the certificate-of complianceCF1R to

be incorporated into the plans for the building and submitted to the enforcement
agency. The CF1R form identifies the minimum energy performance specifications
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selected by the building designer or building owner for compliance and may include
the results of the heating and cooling load calculations.

To meet the requirement for filing a copy of the CF1R with the building plans_for a
permit application, builders/contractors should ask the lecal-enforcement
ageneyenforcement agency for information about their preferences or requirements
for document submittal procedures. Most local jurisdictions may require the CF1R to
be embedded in the building design computer-aided drafting (CAD) file for plotting
on sheets that are the same size as the plan set sheets of the building design. Thus,
the CF1R documentation would be submitted as energy compliance design sheets
integral to the entire plan set for the building. Some jurisdictions may allow taping
CF1R document sheets to the submitted design drawings for the building. Others
may allow attaching 8-%2-inch x 11-inch printed CF1R document reports to the
submitted design drawing package.

When the prescriptive approach is used for additions and alterations, a shorthand
version of the certificate of compliance shall be submitted with the building plans or
with the permit application when no plans are required. In these instances, a CF1R-
ADD form is required to be submitted for additions, a CF1R-ALT-01 form is required
for alterations, and a CF1R-ALT-02 form is required for HYAC changeouts. More
details are in Chapter 9.

For low-rise residential buildings for which compliance requires field verification, the
CF1R submitted to the enforcement agency must be a registered copy from an
approved HERS Provider data registry. More information is in the Reference
Residential Appendix RA2 and Reference Joint Appendix JA7.

2.3.3 Construction Phase Documentation (CF2R)
| §10-103(a)3 |

The eertificates(s)-of-installation{CF2R} are separated into envelope (CF2R-ENV),
lighting (CF2R-LTG), mechanical (CF2R-MCH), plumbing (CF2R-PLB), and solar

(CF2R-PVB and CF2R-STH) categories. Most compliance measures have a
separate CF2R form that is specific to a particular installation. The CF2R forms must
be completed during the construction or installation phase. The documents must be
completed by the applicable contractors responsible for installing regulated energy
features such as windows (fenestration), the air distribution ducts and the HVAC
equipment, the exhaust fans/ventilation system, the measures that affect building
envelope tightness, the lighting system, and the insulation. The CF2R must be

posted at the jcb site in a-conspicuous-lecation-(forexample,in-the-garage}orkept
with-the building-permit-and-made-available-to-thecompliance with instructions from
the local-enforcementageneyenforcement agency-upoenrequest. Most typically, this

will be with the building permit folder in a window or other accessible location.
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When field-verification-andlor-diaghostictestingHERStestingHERS Verification of a

feature is required for compliance (as shown in the HERS required certification
section of the CF1R), the builder or the builder’s subcontractor must perform the
initial field verification or diagnostic testing of the installation to confirm and
document the applicable CF2R compliance with the standards using the applicable
procedures specified in Reference Residential Appendix RA3. The builder, the
builder’s subcontractor, or authorized representative must submit the CF2R
information to an approved registry. All CF2R information submittals must be done
electronically when HERS verification/testing is required.

2.3.4 Field Verification and/or Diagnostic Testing Documentation (CF3R)
| §10-103(a)5 |

Within the Energy-StandardsEnergy Code, some mandatory measures, some
prescriptive requirements, and some measures that may be used for compliance in

the performance approach may require field verification and/or diagnostic testing.
This testing must be performed by a-third-party-irspectora HERS Rater who is
speC|aIIy tralned and independent from the builder or general contractor. Fhe-Energy

When field-verification-andfor-diaghosticHERS-testingHERS Verification is required,
the HERS Rrater must complete, register, and sign/certify the certificate-of

verification{CF3R). The CF3R documents include information about the
measurements, tests, and field verification results that were required to be
performed. The rater must verify that the requirements for compliance have been
met.

The HERS Rater chosen for the project must transmit the CF3R information to an
approved HERS Provider-data-registry. This must be the same HERS registry
through which the previous compliance documents (CF1R, CF2R) for the project
were registered. The HERS Rrater used for the project must be certified by the
HERS Provider into-whoseregistry-the-project-has-been-enteredas an authorized
user of its HERS registry. A registered CF3R from the HERS Pprovider that has
been signed or certified by the HERS Rrater is made available to the enforcement
agency and to the builder when HERS verification-Testing confirms compliance. The
builder ensures that the local-enforcement-ageneyenforcement agency has received
e Crollbesremeceomnnevpornd o bpel pecocer . (e looncqiaree o

agenecyenforcement agency cannot issue the certificate of occupancy prior to
receiving all required compliance documents, including the CF3R.

HERS Raters shall provide a separate registered CF3R form for each house that the

HERS rRater determines has met-the-verification-or-diaghosticrequirementspassed
the HERS testHERS Verification performed for compliance. The rater shall not sign

a CF3R for a house that does not have a registered CF2R that has been
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signed/certified by the installer. The only exception is for homes or projects within a
sample group.

Sampling is a process wherein a builder or contractor may work with a HERS Rater
to allow the HERS testingHERS Verification for one home or project stand for all
homes or projects within the sample-group. Sample groups may include similar
homes or projects from on builder, contractor, or installer for a particular HERS
test{s)HERS Verification. For example, a HVAC contractor may include up to seven
new HVAC installations in existing homes into one sample-group. Working with a
HERS Rater, the contractor will only test one of the seven installation for fan watt
draw, duct air leakage, and refrigerant charge. If it passes, the HERS {estsHERS
Verification on this one installation will stand for all seven installations in the sample
roup.

_If the building was approved as part of a sample group, the CF3R will include
additional information that identifies whether the building was a tested or a not tested
building from the sample group. The CF3R form for the tested home of a sample
group will include the test/verificationHERS Ftest results, but the not tested homes
will not. CF3R forms for not tested homes in a sample group will still have a
registration number, date, time, and a watermark of the HERS Provider’s seal. Refer
to Reference Residential Appendix RA2 for more details on HERS verification and
CF3R documentation procedures.

2.3.5 Compliance, Operating, Maintenance, and Ventilation Information to Be
Provided by Builder

| §10-103(b)

The final documentation in the process is the information that is provided to the
homeowner. At the completion of construction and before occupancy_(for newly
constructed homes and additions) and before final inspections (for alterations), the
local-enforcement-ageneyenforcement agency shal-will require the builder to leave
in the building the applicable completed, sighedsigned, and dated compliance
documentation including, at a minimum, the applicable CF1R forms, CF2R forms,
and, if compliance required HERS-testingHERS Verificationverification, the
applicable CF3R forms. When registration is required, these compliance documents
shall be registered copies. In addition to the compliance documentation, the builder
must leave in the building operating and maintenance information for all installed
features, materials, components, and manufactured devices. The operating and
maintenance information must contain the details needed to provide the building
owner/occupant with instructions on how to operate the home in an energy-efficient
manner that ensures satisfactory indoor air quality and to maintain it so that it will

continue to work eff|C|entIy Eelede%Iy—ewned—um%s—m—a+nHm#am#y—buﬂd+ng—the
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must-be-for-the-appropriate-dwelling-unit-or-building—Paper or electronic copies of
these documents are acceptable.

Example 2-1

Question

What are the plan checking/field inspection requirements related to the CF-2R?
Answer

The CF2R (certificate of installation) is not submitted with compliance documentation at
the time of permit application. It is posted or made available for field inspection after
installation. A field inspector should check the equipment that is actually installed against
what is listed on the CF2R and compare the CF2R and CF1R for consistent equipment
characteristics. The field inspector should do this for all installed building components
indicated on a CF2R form (HVAC, fenestration, insulation, water heating, and so forth).

When HERS verification is required for compliance, the field inspector should check the
HERS-required verification listings on the CF1R to identify the required installer tests and
verify that these tests were performed and documented on the applicable certificate(s)-of
installation(CF2R).

The enforcement agency may request additional information to verify that the installed
efficiency measures are consistent with the approved plans and specifications. When
material properties or equipment efficiencies greater than the minimum requirements are
shown on the CF1R, the enforcement agency may have procedures for verifying the
actual material or equipment specifications. For example, the enforcement agency may
require the installer to provide a copy of the applicable page(s) from a directory of
certified equipment.

Example 2-2

Question

What happens to the CF2R after the final inspection?
Answer

§10-103(b) requires the builder to leave a copy of the CF2R in the building for the building
owner at occupancy.

Example 2-3
Question

As a general contractor, when | have finished building a home, is there a list of materials |
am supposed to give to the building owner?

Answer
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Section 10-103(b) requires that at final inspection the enforcement agency shall require
the builder to leave compliance, operating, maintenance, and ventilation information in
the building for the “building owner at occupancy,” which includes the:

1. Certificate of compliance (CF1R).
2. Certificate(s) of installation (CF2R).
3. Certificate(s) of verification (CF3R) if applicable.

4. Operating information for all applicable features, materials, components, and
mechanical devices installed in the building.

5. Maintenance information for all applicable features, materials, components, and
manufactured devices that require routine maintenance for efficient operation.
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2.4 Roles and Responsibilities

2.41 Designer

5537 and 6737.1 of California Business and
Professions Code

The designer is responsible for the overall building design. The designer specifies
the building features that determine compliance with the Energy-StandardsEnergy
Code and other applicable building codes. The designer is required to sign the
certificate of compliance (CF1R) to certify that the building complies with the Erergy
StandardsEnergy Code.

The designer may personally prepare the documents or may delegate preparation of
the energy analysis and certificate of compliance documents to an energy
documentation author or energy consultant. If preparation of the compliance
documentation is delegated, the designer must remain in charge of the building
design specifications, energy calculations, and all building feature information
represented on the certificate of compliance. The designer's signature on the
certificate of compliance affirms his or her responsibility for the information
submitted.

The designer may be an architect, engineer or other California-licensed professional;
however, a licensed design professional may not always be required for low-rise
residential buildings. The California Business and Professions Code allows
unlicensed designers to prepare design documentation for wood-framed single-
family residential building if the dwellings are no more than two stories high, not

countlng a pOSSIb|e basement Iwe—etew—weed—tremed—mem#atmy—bwdmge—may

whits—For homes that do not require a licensed design professmnal the bU|Ider may
sign the CF1R in the “Responsible Building Designer’'s” signature block.

When the designer is a licensed professional, the signature block on the certificate
must include the designer's license number. When registration is required, the
certificate of compliance must be submitted to an approved HERS Provider data
registry. All submittals to the registry must be made electronically.
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2.4.2 Documentation Author

[b. §10-103(a)1 |

The person who designs the building may delegate the energy analysis and
preparation of the certificate documentation to a building energy consultant or
documentation author. A completed Certificate of Compliance must be submitted to
the enforcement agency during the building permit phase. The certificate
demonstrates to the enforcement agency plan-checkerplan examiner that the
building design complies with the Energy-StandardsEnergy Code. The information
submitted on the certificate must be consistent with the building design features in
the plans and specifications for the building submitted to the enforcement agency.

The documentation author is not subject to the same limitations and restrictions of
the Business and Professions Code as is the building designer because the
documentation author is not responsible for specification of the building design
features. The documentation author may provide the building designer with
recommendations for building energy features. If building designer approves the
recommendations, the features must be incorporated into the design plans and
specification documents submitted to the enforcement agency at plan check. The
documentation author’s signature on the certificate of compliance certifies that the
documentation is accurate and complete but does not indicate documentation author
responsibility for the specification of the features that define the building design. The
documentation author provides completed certificate of compliance documents to
the building designer, who must sign the certificate before submitting it to the
enforcement agency at plan check.

If registration of the certificate of compliance is required, it must be submitted to the
registry and signed electronically by both the designer and documentation author
before submitting to the enforcement agency. When document registration is
required, only registered certificates of compliance that display the registration
number assigned to the certificate by an approved HERS registry are acceptable for
submittal to the enforcement agency at plan check.

A list of recommended documentation authors is at the California Association of
Building Energy Consultants’ (CABEC), -CABEC Homepage (https://cabec.org/) at

2.4.3 Builder or General Contractor

Chapter 9 of the Business and Professions Code specifies thatforthatchapter,-the
term “contractor” is synonymous with the term “builder.” This manual uses “builder”
to refer to the general contractor responsible for construction. For additions and
alterations to existing homes, the contractor can act as the builder or general
contractor (typically for smaller projects). For production homes, the builder may also
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be the developer with-responsibleitity for arranging financing, acquiring the land,
subdividing the property, securing the necessary land planning approvals, and
attending to the other necessary tasks that are required before actual construction.
Many production builders are involved in marketing and sales of homes after they
are constructed.

During the construction process, the builder or general contractor usually hires
specialty subcontractors to provide specific services, such as installing insulation,
designing and installing HVAC systems, installing windows and skylights, installing
water heating systems, and others-services. For homes that do not require a
licensed design professional, the builder may sign the CF1R in the “Responsible
Building Designer's” signature block.

The builder or general contractor must ensure that eertificate(s)-ofinstallation

{CF2R) are submitted to the enforcement agency by the person(s) responsible for
the construction/installation of regulated features, materials, components, or
manufactured devices. The builder or general contractor may sign the eertificate-of
installationCF2R on behalf of the specialty subcontractors they hire, but the
preparation and signature responsibility residesreside with the specialty
subcontractor who provided the installation services. The ecertificate-of
installationCF2R identifies the installed features, materials, components, or
manufactured devices detailed in the plans and specifications, and the eertificate(s)

ofcomplianceCF 1R approved by the local-enforcement-ageneyenforcement agency.

If the installation requires field-verification-and-diaghosticHERS-testingHERS
Verification-by-a-HERS-Rater, the certificate-of-installationCF2R must report the

results of the installer's testing of the regulated installations to measure
performance. The eertificate-CF1R and the CF2R shall be submitted to an approved
HERS registry. A copy of the registered eertificate-of-installationCF2R is required to
be posted at the building site for review by the local-enforcement
ageneyenforcement agency in conjunction with requests for final inspection.

When the Energy-StandardsEnergy Code requires registration of the compliance
documents, the builder or general contractor must ensure the transmittal/submittal of

the required information to an approved HERS registry. The builder or general
contractor must arrange for the services of a certified HERS Rater if the certificate-of

complianceCF 1R indicates that third-party field verification and diagnosticHERS

testingHERS Verification by-aHERS Rrater-is required. The builder or general
contractor must ensure that a copy of the eertificate-CF 1R that was approved by the

designer/owner and submitted to the enforcement agency during the permitting
phase is transmitted to the HERS registry. The certificate should be made available
to the HERS Rrater who will perform any required HERSfield-verification-and

diagnestie testing.
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When installation work is complete, the builder or general contractor must ensure
that the persons responsible for the installation have transmitted/submitted the
required eertificate-of-installationCF2R information to the registry. The builder must
ensure that the HERS Rater receives a copy of the completed eertificate-of
installationCF2R or provide access to the HERS registry that has been registered
and signed by the builder or subcontractors responsible for the installation. When
registration of the certificate-of-installationCF2R is required, the completed and
signed copies that are posted at the building site for review by the local-enforcement
ageneyenforcement agency, in conjunction with requests for final inspection, are
required to be registered copies.

At final inspection, the builder or general contractor is required to leave in the
building all applicable completed, signed, dated, and registered (when applicable)
compliance documents (CF1R CF2R, and CF3R if appllcable) for the bU|Id|ng owner

e%ﬁea%e{s%ef—ve#ﬁeahen—(@%RQ—These forms must be in paper or electronlc

format and must conform to the applicable requirements of §10-103(a).

2.4.4 Specialty Subcontractors

Specialty subcontractors provide the builder with services from specific building
construction trades for installation of features such as wall and ceiling insulation,
windows, HVAC systems and/or duct systems, water heating systems, and plumbing
systems, and these subcontractors may perform other trade-specific specialty
services during building construction. The builder is responsible for all aspects of
building construction and has the authority to complete and sign/certify all sections

of the required certificate(s)-ofinstallation{CF2R)}forms. The licensed specialty

subcontractor, however, should be expected to complete and sign/certify all
applicable certificate{s)-of-installationCF2R that document the completion of the
work they have performed. The subcontractor's responsibility for documentation
should include providing a registered (when applicable) and signed copy of all
applicable CF2R’s to the builder and posting a registered (when applicable) and
signed copy of all applicable CF2Rs at the building site for review by the leeal
enforcement-ageneyenforcement agency. The subcontractors should make the
registered and signed copies of the applicable instaliationformsCF2R available to
the HERS Rater if third-party-field-verificationHERS testingHERS Verification is

required for compliance, as specified on the CF1R.

When the Energy-StandardsEnergy Code requires document registration, all copies
of the certificate(s)-of-installationCF2R submitted to the builder, the enforcement

agency, and the HERS Rater are required to be registered copies prepared by
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following the procedures in Reference Residential Appendix RA2, Reference Joint
Appendix JA7, and Section 2.3 of this manual.

2.4.5 Enforcement Agency
| §10-103 |

The local-enforcement-ageneyenforcement agency is the authority having jurisdiction
local-agency-with-responsibility-and-authority to issue building permits and verify

compliance with applicable codes and standards_(including the Energy Code). The
agency performs several key roles in the compliance and enforcement process.

2451 Plan Check

The enforcement agency performs plan check review of the eertificate{s)-of
compliance-documentationCF 1R and of the plans and specifications that define the
building design submitted to the lecal-enforcement-ageneyenforcement agency at
the building permit phase. During plan check, the agency compares eertificate-of
compliance-documentationCF 1R to the plans and specifications for the building
design to confirm that the building features are specified consistently in all the
submitted documents. If the specification for design features on the eertificateof
complianceCF 1R does not conform to the specifications on the designer's submitted
plans and specifications for the building, the designer must revise the submitted
documents to make the design specification consistent in all documents.

If the eertificate-of complianceCF 1R indicates the building complies, and they are
consistent with the features on the plans and specifications for the building design,

then the plan check process can confirm that the design complies with the building

energy-codeEnergy Code. If the local-enforecement-ageneyenforcement agency
determines that the building design complies with the Energy-StandardsEnergy
Code, in addition to all the other building-applicable codes and standards, it may
issue a building permit. When the Energy-StandardsEnergy Code requires document
registration, the eertificate-of compliance-documentationCF1R submitted for a plan

check must be a registered document from an approved HERS registry. The one
exception is the CF1R-ALT-02-E for HYAC changeouts. If approved by the local
enforcement-ageneyenforcement agency, permit applicants may use unregistered
CF1R-ALT-03-E or CF1R-ALT-04-E documents (dependent upon climate zone) to
apply for permits and present the registered CF1R-ALT-02-E to the inspector at the
time of the final permit.

2.4.5.2 Construction Inspection

During building construction, the lecal-enforcement-ageneyenforcement agency

should make several visits to the construction site to verify that the building is being
constructed in accordance with the approved plans, and-specifications, and energy
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comphance-documentationCF1R. At each site visit, the agency should review any
applicable eertificates(s)-ofinstallationCF2R that have been posted or made
available with the building permit(s). The local-erforcementageneyenforcement

agency should confirm that the energy efficiency features installed in the house are

consistent with the requirements given in the plans-and-specificationsCF 1r for the
building approved during plan check, that the installed features are described
accurately on the certificate{s)-of-installationCF2R, and that all applicable sections of
the certificate(s)-ofinstallationCF2R have been signed by the responsible licensed
person(s). The lecal-enforcement-ageneyenforcement agency shalt-should not
approve a dwelling unit until it has received all applicable certificate(s). When the
Energy-StandardsEnergy Code requires registration of the energy compliance
documents, the eertificate(s)-ofinstallationCF2R documents-must be registered with
an approved HERS registry.

2.45.3 Corroboration of Field Verification and Diagnostic Testing Procedures

As described in Reference Residential Appendix Section RA2.4.4, at its discretion,
the local-enforcementagencyenforcement agency may require that field-verification
and-diagnostictesting-performedHERS testingHERS Verification by the builder or
subcontractors or the certified-HERS Rater must be scheduled te-be-performed-ata
time-whenso that the lecal-enforcement-agenecyenforcement agency's field inspector
can observe the verification-orHERStestHERS Verification procedures to
corroborate the results reported/decumented on the certificate(s)-ofinstallation

{CF2R) andand/or-the-certificate(s)-of verification {CF3R).
2454 Sampling Within Lecal Enforecement-AgencyEnforcement agency

Jurisdictions

When sampling is used for HERS verification-compliancetesting for newly
constructed buildings, all dwellings in a designated sample group must be located
within the same lecal-enforcementagencyenforcement agency jurisdiction and

subdivision er-multifamily-housing-development;-as specified in Reference
Residential Appendix Section RA2.6.3.1

When sampling is used for HERS verification-compliancetesting for alterations, the
dwellings in a designated sample group are not required to be located within the

same enforcement agency jurisdiction. The building owner may choose for the field
verification-and-diagnosticHERStestingHERS Verification to be completed as part of
a designated sample group composed of dwelling units for which the same installing
company has completed the work that requires HERS field-verification-and

diagnostic-testing-forcompliance, as specified in Reference Residential Appendix
Section RA2.8. However, to enable the lecal-enforcement-ageneyenforcement

agency to schedule testing to accomplish the corroboration described in the previous
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section, it may choose to require that a separate dwelling unit from the sample group
that is located within the respective jurisdiction be tested.

2.4.5.5 Final Approval

The local-enforcement-ageneyenforcement agency may approve the dwelling at the
final inspection phase if all of the field inspector determines all of the following:

o tThe ageney-field-inspector-determines-that-the-dwelling conforms to the
requirements of the plans and specifications—asspecifications as approved by

the local-enforcementageneyenforcement agency.

The dwelling conforms with the efthe-building-and-certificate-of compliance
documentsCF 1R approved by the local-enforcement-ageneyenforcement
agency.

The dwelling conforms with at-plan-check-andcheck-and-meets-all other

applicable codes and standards requirements.

The local-enforcementagencyenforcement agency is in receipt of all CF2R

required by the Enerqv Code and as identified by the CF1 R for the dwelling

The CF1R and CF2R are signed, and registered (when applicable) by the
builder or subcontractor.

e For dwelling units requiring third-party-HERS field-verification-and-diagnostic
teshng—fer—eemphaneetestlnq the local-enforcementagencyenforcement
agency shallnot-approve-the-dwelling-unituntiHthe-ageney-has received a
Fegrsteredrcopy of the certificate-of-verificationCF3R as registered with a

HERS register that meets the requirements of §10-103(a) and
e The CF3R has been signed and dated by the HERS Rater.

The builder must ensure that all such required energy compliance documentation
has been completed properly and posted at the job site or submitted to the

enforcement agency in conjunction with any-efthe-ageney's-the required

inspections. However, the local-enforcementageneyenforcement agency, in
accordance with §10-103(d), as a prerequisite to approval of the building, must
examine all required copies of eertificate{s)-of-installation{CF2R}-documentationand
certificate(s) ol verification (CF3R ) doeumentationthe CF1R, CF2R, and CF3R

posted at the site or made available with the building permits for the required
inspections. This confirms that these compliance documentsy have been properly
prepared and are consistent with the plans and specifications and-thecertificate-of
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compliance-doeumentation-approved by the enforcement agency-fer-the-building-at
e

When an alteration has been performed by a participating Third_-Party Quality
Control Program (TPQCP) contractor (see Section 2.4.8 of this manual), the
enforcement agency may conditionally approve the building based on the eertificate
ofinstallation{CF2Rs) if the TPQCP data checking has indicated that the installation
complies. However, if subsequent HERS compliance-verification-procedurestesting
determines that resampling, full testing, or corrective action is necessary for such
conditionally approved dwellings in the group, the corrective work must be
completed_and re-tested. Additional information is in Reference Residential
Appendix RA2.4.3, RA2.7, and RA2.8.

2456 Corroboration of Information Provided for the Owner/Occupant

At final inspection, the enforcement agency shall require the builder to leave in the
building (for the building owner at occupancy) Energy Code compliance documents,
operating and maintenance manuals, and ventilation information, energy

specified by §10-103(b)4.
Compliance documents for the building shall_include all valid ;-ata-minimum,-include

information-indicated-on-forms:certificates of compliance (CF1R), certificate{s) of

installation (CF2R), and;fer-buildingsforwhich-compliancerequires HERSfield
venﬁea#en— certlflcateQS) of verlflcatlon (CF3R). These documents ferms-shall-be

and-the-copies-must conform to the appllcable reqwrements of §1O 103(a)

Operating information shall include instructions on how to operate or maintain the
building’s energy features, materials, components, and mechanical devices correctly
and efficiently. Such information shall be in a folder or manualotherwise bound that
providesto provide all information in §10-103(b). This operating information shall be
in paper or electronic format. For dwelling units, buildings or tenant spaces that are
not individually owned and operated, or are centrally operated, such information
shall be provided to the person(s) responsible for operating the feature, material,
component, or mechanical device installed in the building. This information shall be
in paper or electronic format.

Maintenance information shall be provided for all features, materials, components,
and manufactured devices that require routine maintenance for efficient operation.
Required routine maintenance actions shall be clearly stated and incorporated on a
readily accessible label. The label may be limited to identifying, by title andieror
publication number, the operation and maintenance manual for that particular model
and type of feature, material, component, or manufactured device. For dwelling
units, buildings or tenant spaces that are not individually owned and operated, or are
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centrally operated, such information shall be provided to the person(s) responsible
for maintaining the feature, material, component, or mechanical device installed in
the building. This information shall be in paper or electronic format.

Ventilation information shall include a description of the quantities of outdoor air that
the ventilation system(s) are designed to provide to the conditioned space of the
building, and instructions for proper operation and maintenance of the system. For
buildings or tenant spaces that are not individually owned and operated, or are
centrally operated, such information shall be provided to the person(s) responsible
for operating and maintaining the feature, material, component, or mechanical
ventilation device installed in the building. This information shall be in paper or
electronic format.

Example 2-5
Question

We are an enforcement agency with jurisdiction over the replacement of the outdoor
compressor/condenser unit of an HVAC unit (an alteration), and the HVAC contractor
who pulled the permit for replacing the unit has requested that we approve the final
inspection and close out the permit based only on the certificate of installation (CF2R) for
this job. This job requires HERS verification, and | thought it was necessary to receive the
HERS RaterHERS raterRater's completed and signed certificate of verification (CF3R)
before the job could comply as a condition to final approval of the installation. Is there an
allowance for compliance based only on the CF2R?

Answer

Yes. The enforcement agency may provide a conditional final approval of the installation
based upon the CF2R for alterations jobs only, and only if the installing contractor is an
approved Fhird-PartyThird-Party Quality Control Program (TPQCP) installing contractor.
The conditional final approval is allowed if TPQCP data checking has scrutinized the
diagnostic test data submitted by the approved contractor's diagnostic test for the
installation, and such data checking indicates the installation complies as shown on the
CF2R.

The permittee is still required to complete all HERS verification procedures and comply
with all HERS verification criteria. A CF3R is still required to be submitted to the
enforcement agency, builder, and homeowner for the documentation procedure to be
complete. If HERS verification of the approved TPQCP contractor's installation work
determines that resampling, full testing, or corrective action is necessary to bring the
installation into compliance, such work must be completed before issuing the CF3R.
Sampling procedures for HERS verification for installation work performed by an
approved TPQCP contractor allows for testing of one sample from a designated group of
up to 30 dwellingsfinstallations for which the work was performed by the same approved
TPQCP installing contactor. Refer to Reference Residential Appendix Sections RA2.4.3,
RA2.7 and RA2.8 (and Chapter 9 of this manual) for additional information.
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2.4.6 HERS Provider

http://www.enerqy.ca.qov/HERS/ ‘

A HERS Provider is an organization that the Energy-CommissionCEC has approved
to administer a HERS program. The provider certifies, and-trains, and oversees
HERS Rraters and maintain quality control over the activities performed by. HERS
Raters whe-provide HERS testingHERS Verification third-party-field-verification-and
diaghestic-testing-on installed energy efficiency features in dwellings when required

for compliance with the Erergy-StandardsEnergy Code. Visit the Energy
CommissionCEC website for the list of approved HERS Providers.

The HERS Provider must also maintain a database-{dataregisthpyHERS reqistry that
incorporates a website-based user interface that accommodates the needs of the
authorized users of the data registry who administer HERS compliance, document

registration,-and-Energy-StandardsEnergy Code-enforcement. The data-HERS

registry must receive and record information that-can-adequately-identify-and-track
measures-thatrequired by HERS verification-testing in a specific dwelling;

anddwelling. The HERS registry and-must have the capability to determineverify that

the recorded information is in compliance with the XML schema developed by the

1tlfreellvw,temngL When the Feqwmmenfesier—eemplraqeeapeumetmput data is verlfled

the HERS registry must make available a unique registered certificate available to
authorized users. These reqistered certificates (CF1R, CF2R, and CF3R) arefer
used in complying with document submittal requirements to local enforcement
agencies, builders, building owners, HERS Raters, and other interested parties. The
HERS registry helps to must-simplify electronic submittal of the registered
certificates to an Energy-CommissionCEC document repository for retention of the
certificates for use in regulations enforcement.

The HERS Provider must make available (via phone or Internet communications

interface) a way for building-officials;-builders,raters;-and-other-authorized users of

the registry to verify the information displayed on copies of the-submitted-compliance
doecumentationregistered documents. Refer to Reference Residential Appendices

Section RA2.4.2 and Reference Joint Appendix JA7 for additional information.

2.4.7 HERS Rater

The HERS Rater is trained and certified by an Energy-CommissiorCEC-approved
HERS Provider to perform the field-verification-and-diagnesticHERS testingHERS

Verification that may be required to demonstrate and document compliance with the
Energy-StandardsEnergy Code. HERS Raters receive special training in diagnostic
techniques and building science as part of the certification administered by the

HERS Providers. Therefore. HERS Raters-are considered-specialinspectors-by
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mguJa%ed—ene#gy—eiﬂee*wﬁea%wes—mstaﬂed—m%he—dwelhng—The HERS Raters

operate independently from the HERS Providers and are to act as independent,
third-party agents to the project contractor installing the energy efficiency measures
for the construction project. The Energy Code declares the HERS Raters as “special
inspectors,” which is not to be confused with the same term used by local
enforcement agencies regarding inspectors with specific ICC training and
certification. HERS Raters are not special inspectors for the local enforcement
agencies, they are special inspectors for the project proponents, including the
installing contractor.

PFewder—The Ene#ew—@emmrs&enCEC has determlned that a HERS Rater may act

as a document author for the CF2R for a residential project with no violation of the
provisions of Conflict of Interest (Title 20, Ssection 1673(j)).

If requested to do so by the builder or subcontractor, the HERS fRater may help the

builder or subcontractor transmit/submitregister the eertificate(s)-ofinstallation

{CF2R}informationto with athe HERS reqistryproviderforregistration. However, the
HERS Rater may not certify the information on a CF1Reertificate-of-installation_as

the responsible person (i.e., sign the CF21R as if they were the builder or
subcontractor). The builder or subcontractor responsible for the installation must
provide the certification/sighature by electronic signature to confirm the information
submitted to the registry;—even-if-the-ratertransmitted-the-data. Refer to Reference
Residential Appendix Section RA2.5 and Reference Joint Appendix JA7 for more
information.

The HERS Rater conducts the field-verification-and-diaghosticHERS-testingHERS
Verification of the installed speeial-energy efficiency features when required by the

certificate-of complianceCF1R. The HERS Rrater must transmit the results of the

field-verification-and-diagnosticHERStestingHERS Verification to the HERS registry.
The HERS Rrater must provide to the HERS registry all information required to
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complete the CF3Reertificate{s)-of verificationform and must submit-a-certify that
data as accurate and complete icationfsignrature-to the registry. The HERSdata
registry will make available registered copies of the CF3Reertificate{s)-of verification
to the rater-the builder-the-enforecement ageney,and-otherauthorized users-of-the
registry. Printed copies, electronic or scanned copies, and photocopies of the
completed, signed, and registered certificate(s)-ofverification(CF3R) are allowed for
document submittals, subject to verification that the information contained on the
copy conforms to the registered document information on file in the HERS registry

for the dwelling. A completed,signed.-and-registered-copy of the reqgistered CF3R

must be posted at the building site or made available to the inspector for review by

the local-enforcement-ageneyenforcement agency in conjunction with requests for
final inspection for each dwelling unit.

Go to Reference Residential Appendix Section RA2.4.2 for more information.

Example 2-6
Question

Can a certified HERS Rater who dees-performs and registers the field-verificationRHERS

Ftesting and-completes-and-signs-the-CE3R-for a dwelling also perform the HERS
testingHERS Verification required of the builder or installer to certify compliance with the

Title 24, Part 6, installation requirements on the CF2R?

Answer

Yes. This approach is allowed when the HERS Rater is doing field-verificationHERS
testingHERS Verification for every dwelling (100 percent testing), but it is not allowed
when the HERS Rrater performs verification using a designated sample group of
dwellings.

When 100 percent testing is used for HERS verification, the builder or the installer may
use the information from the HERS Rrater's HERS verification-or-diagnostic-test results
when completing the CF2R. When doing so, builders or installers signing the certification
statement on the CF2R are assuming responsibility for the information in the form and are
certifying that the installation conforms to all applicable codes and regulations. The HERS
Rrater may netsignsign using the installer’s delegated signature authority but the CE2R
foerm-and-cannot be assigned the responsibilities of the builder or installer, as stated on
the CF2R ferm-and as prescribed by the Energy Codeinreguiations. Refer to §10-
103(a)3A for authorized representation.

If the HERS Rater determines that the compliance requirements are not met (i.e., the
HERS testsHERS Verification results in a failfailure), the HERS Rater will submit the data
of the failed verification/HERSsS testing into a HERS registry for retention. The builder or
installer must make the needed corrections. Once corrections have been made and the
HERS rRater determines that all compliance requirements are met, the builder or installer
may certify the work by completing and signing the applicable section of the CF2R. The
HERS Rater can complete the CF3R documentation for the dwelling.
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Example 2-7
Question
| heard that there are conflict_-of -interest requirements that HERS Raters must abide by

when doing field-verification-and-diagnesticHERS testing”HERS Verification. What are

these requirements?

Answer
Raters are expected to be objective, independent third parties as field verifiers and

diagnostic testers. They-are-speciabinspectorsforlocal-enforcementagencies—By law,
raters must be independent entities-from the builder or subcontractor installer of the
energy efficiency features being tested and verified. They can have no financial interest in
the installation of the improvements. Raters cannot be employees of the builder or
subcontractor whose work they are verifying. Also, they cannot have a financial interest in
the builder’s or contractor’s business, or advocate or recommend the use of any product
or service that they are verifying.

The Energy-CommissionCEC expects HERS Raters to enter into a contract with the
builder (not with subcontractors) to provide independent, third-party diaghestic HERS
testingHERS Verification and-field-verification. The procedures adopted by the Energy
CommissionCEC call for direct reporting of results to the HERS registry where the project
has been established by the builderbuilder-the- HERS-Provider—and-the-building-official.
Although not recommended by the Energy-CommissionCEC, a three-party contract
among builder, rater and subcontractor is possible, provided that the contract delineates
the independent responsibilities of the HERS Rrater and the responsibilities of a
subcontractor to take corrective action in response to deficiencies found by a HERS
Rrater. Such contracts may also establish the role for a subcontractor to serve as
administrator for the contract, including scheduling the HERS Reater, invoicing, and
payment, provided the contract ensures that money paid by the builder to the HERS
Rrater can be traced through audit. It is critical that such contractors preserve the HERS
rRater's independence in carrying out the responsibilities specified in Erergy
CommissionCEC-adopted HERS field-verification-and-diaghestic-testing procedures.
Even though such contracts do not violate the conflict of interest requirements-efthe
Energy-Commission, the closer that the working relationship is between the HERS Rrater
and the subcontractor whose work is being inspected, the greater the potential for
compromising the HERS Rrater’s independence.

Compliance cannot be shown using sampling if a three-party contract is used. One
hundred percent of homes must be tested by a HERS Rater when a three-party contract
is used. HERS Raters must use their own diagnostic equipment and not the installing
contractor's equipment when verifying work performed when a three-party contract is
used.
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HERS Providers must provide ongoing monitoring of the propriety and accuracy of HERS
Rraters in the performance of their duties and to respond to complaints about the HERS
Rrater’s performance. Where there may be real or perceived compromising of the HERS
Rrater’s independence, the HERS Pprovider is responsible for increasing scrutiny of the
HERS Rrater and take-actionact to ensure objective, accurate reporting of HERS

diagnostic-testing and-field-verification-results, in compliance with Enrergy-Commission-
adopted-proceduresthe Energy Code.

Enforcement agencies have authority to require HERS rRaters to demonstrate their
competence to the satisfaction of the building official. When the HERS fRater’s
independence is in question, building officials can prohibit a particular HERS Rrater from
being used in their jurisdiction or disallow practices that the building official believes will
compromise the HERS Rrater's independence. Building officials may require the use of a
three-party contract. For additional information please contact the Energy
CommissionCEC Hotline.

2.4.8 Third_-Party Quality Control Program

A Third Party Quality Control Program (TPQCRP) is a service that verifies the work of
participating installers by gathering extensive diagnostic data and flagging potentially
non-compliant installations.

The Energy-CommissionCEC may approve TPQCPs Fhird-party-Quality-Control
Programs{FRPQGCP)-that serve some of the functions of HERS Raters forfield

verificationHERS testingHERS Verification but do not have the authority to sign
compliance documentation as a HERS Rrater. Fhe-A programsTPQCP does the
following:

A. Trains installers, participating-program-installing-contractors, installing

technicians, and specialty third-party-quality-control-program-subcontractors
about compliance requirements for measures that require forwhich-field

verification and diagnostic testing-and-field-verificationisrequired.

B. Collects more data than would be required to demonstrate compliance with the
Energy Code from participating installers for each installation-cempleted-forin
" ith the E od it
C. Performs data-checking-validation and analysis of information from diagnostic
HERS testingHERS Verification performed on a participating FTRQGP
contractor’s installation work to evaluate the validity and accuracy of the data
and to independently determine whether compliance has been achieved.

D. Provides direction to the installer to retest and correct problems when data
checking determines-indicates that compliance has not been achieved.

E. Requires resubmission of data when retesting and correction areis directed.

F. Maintains a database of all data submitted by the participating TPQCP
contractor in a format that is acceptable and made available to the Energy
CommissionCEC upon request.
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The HERS Provider must arrange for an independent HERS Rrater to conduct
independent HERS testingHERS Verification field-verifications-of the installation

work performed by the participating TPQCP contractor-and-third-party-quality
controlFPPQCP program. If group sampling is used for HERStestingHERS

Verification verification-compliance-for jobs completed by a participating TPQCP
contractor, the sample from the group that is tested for compliance by the rater may

be selected from a group composed of up to 30 dwellings for which the same
participating contractor has performed the installation. For alterations, the installation
work performed by TPQCP contractors may be approved at the enforcement

agency's discretion, based upon a properly completed certificate of installation
{CE2R)-as-deseribedin-Section-24-5;and on the condition that if subsequent HERS
testingHERS Verification eempliance-verificationprocedures-determines that

resampling, full testing, or corrective action is necessary for such conditionally
approved dwellings in the group, the corrective work must be completed. H-the

Refer to Reference Residential Appendix RA2.4.3, RA2.7, and RA2.8 for additional
information.

249 Owner

Building owner means-refers to the owner of the dwelling unit. For production
homes, the owner is the builder or the person(s) erfamily-that the-buys the new
home-from-the buildersells-the-houseto. In custom homes and remodels, the owner
may be the homeowner, builder, er-developer, a general contractor, architect, or
engineer.

As part of the compliance process, the owner must receive compliance, operating,
maintenance, and ventilation information documents at the time of occupancy. The
local enforcement agency must require the builder to leave this information in the
building for the building owner at occupancy as specified in §10-103(b)._This applies
to newly constructed homes, additions, and alteration to existing home. The exact
compliance, operational, maintenance, and ventilation documents are based on the
scope of the construction project.

Example 2-8
Question
What is my responsibility with respect to the CF2R (certificate of installation) as {a) an

local-enforcementagenecyenforcement agency inspector and (b) as a builder?

Answer

(a) The field inspector for the local-enforcementagencyenforcement agency has two

general responsibilities according to the Energy Code (§10-103(d)2:
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1. The CF2Rs and CF3Rs (if applicable) are all consistent with the CF1Rs, plans,
specification and change orders as approved by the local-enforcement
agencyenforcement agency. This includes all installed features, materials,
components, or manufactured devices requlated by the Appliance Efficiency
Regulations or the Energy Code as indicated on the CF1Rs.

2. All required CF2Rs and CF3Rs are completed, signed, and posted or made
available with the permit issued for the construction project.

It should also be noted while the compliance documents (CF1R, CF2R, and CF3R) are

required to be submitted to the local-enforcementageneyenforcement agency, the
agency is not required to use the compliance documents in any way.

QemmssqenCEC recommends that the mspector sheeld—venfy eem#eaieeés)—ef

installationCF2R during the applicable site inspections. F{for example, verifying the
CF2Reertificates-ofinstallation for quality insulation installation;-QH; during at-the framing
and insulation inspections}. Do not wait until the final inspection to check all CF2R
documentation.

(b) The general contractor er-histheragent-{for-examplethe-installing-contracton)is
responsible to -must-complete and sign the CF2R form for the work performed. A

homeowner acting as the general contractor for a project is authorized to sign the CF2R.
The installing contractor should provide the CF2R eertification since the-GE2R-the
certification statement is an installer’s assurance to the owner that the work has been
completed properly and complies with applicable codes and regulations. The CF2R
certification statement and signature indicates that the equipment or feature 1) was
installed properly and confirms that the information provided on the form properly
identifies the installed building component or equipment, 2) is equivalent or more efficient
than required by the approved plans (as indicated on the CF1R), and 3) meets all
relevant certification or performance requirements.

Refer to §10-103(a)3 for more information about certificate of installation requirements.

2.5 HERS Field Verification and Diagnostic Testing

This section describes some procedures and requirements for field-verification

and/orand-diagnosticHERStestingHERS Verification of energy efficiency features.

HERS Field-verification-and-diagnestic-testing are-is performed by specialthird-party
inspectors called HERS Raters. The Energy Commission has given this

20192022 Residential-Single Family Compliance Manual Januvary-May

20192022
DRAFT




Page 2-38 Compliance and Enforcement — HERS Field Verification and Diagnostic Testing

2

responsibility-to-the-raters,-who-must-be-specially who are trained and certified to

perform these services. The HERS Rraters cannot be employees of the builder or
contractor whose work they are verifying. Also, they cannot have a financial interest
in the builder’s or contractor’s business, or advocate or recommend the use of any
product or service that they are verifying. The training, quality assurance, and
general oversight of the HERS Rraters are conducted by Energy-Commission-

approved-HERS Providers.

.5.1 Measures Requiring HERS Field Verification and Diagnostic Testing

Field-verification-and-diagnosticHERStestingHERS Verification isare required only

when certain regulated efficiency measures or equipment features are installed. If
such efficiency measures or equipment features are not installed, then field
verification-and-diagnosticHERStestingHERS Verification are not required. For
example, if a dwelling that must comply with the standardsEnergy Code does not
have air distribution ducts, then HERS-testHERS Verification for verifieation-of-duct
leakage is not required for compliance.

The following features require field-verification-and/orand-diagnesticHERS
testingHERS Verification:

e Duct sealing

e Duct location, surface area and R-value

e Low-leakage ducts entirely in conditioned space

e |Low-leakage air handlers

e Verification of return duct design

e Verification of air filter device design, filter MERV rating, and labeling

e Verification of prescriptive bypass duct requirements

e Refrigerant charge in ducted split-system and ducted packaged unit air conditioners
and heat pumps, and mini-split systems

e Refrigerant fault indicator display (FID)

o Verified system airflow

e Air handler fan efficacy

e Verified enerqy efficiency ratio (EER)

o Verified seasonal energy efficiency ratio (SEER)

e Heat Pump Rated Heating Capacity

e Evaporatively cooled condensers

e Variable Capacity Heat Pump credit

e Whole-house fan

e Central fan ventilation cooling systems

e Continuous whole-building mechanical ventilation airflow

e Intermittent whole-building mechanical ventilation airflow

e Kitchen range hood verification

e Building envelope air leakage

e Quality insulation installation (Qll)
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Quality insulation installation for spray polyurethane foam

Verified pipe insulation credit (PIC-H)

HRV/ERV system fan efficacy

Verified central parallel piping (PP-H)

Verified compact hot water distribution system expanded credit (CHWDS-H-EX)

Demand recirculation: manual control (R-DRmc-H)

Demand recirculation: sensor control (R-DRsc-H)

Multiple recirculation loop design for DHW systems serving multiple dwelling units

Verified drain water heat recovery system (DWHR-H)

—=venoratively—cocled condensars
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2.5.2 Verification, Testing, and Sampling
At the builder’s option, HERS field-verification-and-diagneostic-testing may be

completed for each dwelling unit or for a sample of dwelling units. Sampling for
newly constructed units is permitted only when multiple dwelling units of the same
type are constructed within the same subdivision by the same subcontractor.
Sampling may also be used, at the builder’s or installer’s option, for alterations for
groups composed of dwellings having the same measures installed that requires
HERS verificationtesting, and where the same installing contractor has installed the
measures. More details are in Reference Residential Appendix Section RA2.6 and
RA2.8.

To be included in the sample group, tFhe builder or subcontractor must provide te
the HERS Rrater W|th a copy of the eglstered eemﬂeateeﬁeemphaneeCH R and

subecontractors-as specified in Reference Residential Appendix Section RA2.5. The
building owner or installer must give the HERS Rrater project access on the reqgistry
to facilitate planning and execution of sampling.

When compliance requires document registration, priorPrior to performing field
verification-and-diagnosticany HERStestingHERS Verification, the HERS Rrater
must verify that transmittal-to-the-dataregistry-of-the CF1R and CF2R have been
registered with a HERS reqistry information-has-been-completed-for each dwelling

unit to be tested—fepthGh—eempla%e—Fe@*Fes—HERS—venﬁeanen

If field-verification-and-diagnosticHERStestingHERS Verification determines that the

requirements for compliance are met, the HERS Rater shalt-will transmit the test
results and certification/signature to the dataHERS registry. The HERS Pprovider
shallwill make available a registered copy of the completed and signed eertificate-of
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approved authorized users of the HERS registry. Printed copies, electronic or
scanned copies, and photocopies of the completed.-sighed-and-registered
CF3Reertificate-of-verification-shallwill be allowed for document submittals, subject
to verification that the information contained on the copy conforms to the registered

document information currently on file in the data registry. A completed;signed-and
registered copy of the CF3Reertificate-of-verification must be posted at the building

site or made available for review by the local-enforcementagenecyenforcement

agency in conjunction with requests for final inspection for each dwelling unit.

The HERS Provider shall-will make available, via phone or Internet, a way for

building-officialsbuilders, HERS Ratersand-otherauthorized users of the
dataHERS registry to verify that the information displayed on copies of the-submitted

certificate(s)-conforms-to-the-registered documents infoermation-on file in the HRES

registry for the dwelling unit.

-If the builder chooses the sampling option, the procedures in Reference Residential
Appendix Sections RA2.6 and RA2.8 must be followed.

5.3 Initial Model Field Verification and DiagnosticHERS Testing for

Subdivisions Projects

The HERS Rater must diagnestically-test-and-field-verifyperform the required HERS

testsHERS Verification on the first dwelling unit of each model within a subdivision e
muttifamily-housing-development. To be considered the same model, dwelling units
must have the same basic floor plan layout, energy design, and compliance features
as shown on the eertificate-of complianee CF1R for each dwelling unit. Variations in
the basic floor plan layout, energy design, compliance features, zone floor area, or
zone volume, that do not change the HERS-features to be HERS-tested, the heating
or cooling capacity of the HVAC unit(s), or the number of HVAC units specified for
the dwelling units shal-will not cause dwelllng units to be considered a different

The initial model HERS-testingHERS Verification allows the builder to identify and
correct any potential construction flaws or practices in the build out of each model. If
field-verification-and-diagnosticHERS-testingHERS Verification determines that the
requirements for compliance are met, the HERS Rater will transmit the HERS
testHERS Verification results to the data-HERS registry. The HERS Pprovider will
make available a registered copy of the eertificate-of-verificationCF3R to therater;

the-builder-the-enforcementageney,—and-other-authorized users of the dataHERS
registry.
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2.5.4 Group Sample Field- \Verification-and-DiaghosticHERS Testing for

Subdivisions

After the initial model field-verification-and-diagneosticHERStestingHERS Verification

are completed, the builder or the builder’s authorized representative determines
which sampling procedure is to be used for the group of dwellings that require HERS
field-verificationtesting. There are two procedures for HERS verification
complianeetesting using group sampling: (1) sampling a closed group of up to seven
dwellings; and (2) sampling of an open group of up to five dwellings. The group
sampling requirements for each procedure will be discussed in this section.

Transmittal/submittal of the certificates(s)-ofinstallationCF2R information, for at least
one dwelling, to the HERS registry is required to open a new group. Additional
dwellings may be entered into the registry and included in an “open” group over a
specific period, subject to transmittal/submittal of the eertificates{s)-of
installationCF2R—information-_to the registry for each additional dwelling. However,
the group shall not remain open to receive additional dwellings for a period longer
than six months from the earliest date shown on any eertificate-of-installationCF2R
for a dwelling included in a group. A group may be closed at any time after the group
has been opened at the option of the builder or builder’s authorized representative.
The size of a closed group may range from a minimum of one dwelling to a
maximum of seven dwellings. When a group is closed, no additional dwellings shall
be added to the group.

A. Sampling of a closed group of up to seven dwellings requires the following

conditions to be met as prerequisite to receiving HERS-compliance
verificationCF 3R for the group:

1. All the dwelling units in the sample group have been identified. Up to seven
dwellings are allowed to be included in a closed sample group.

2. Installation of all the measures that require HERS verification has been
completed by the installer in all the-dwellings in the group, and-registration-of

theand all certificate(s) of installationCE2Rs for all the dwellings has been
completedare registered.

3. The group has been classified as a closed group in the data registry.

4. At the request of the builder or the builder’'s authorized representative, a
HERS Rrater will randomly select one dwelling unit from the closed sample
group for-to begin field-verification-and-diaghosticHERS-testingHERS
Verification. If the dwelling unit meets the compliance requirements, this
tested dwelling and each of the other nontested dwellings in the group will
receive a registered certificate of verification._Optionally, the rater may test
and verify measures in different dwelling units in the group.
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B. Sampling of an open group of up to five dwellings requires the following

conditions to be met as prerequisite toreceiving HERS-compliance
verificationGE3R HERStestingHERS Verification on-fer the group:

1. At least one dwelling unit from the sample group has been identified. Up to
five dwellings are allowed to be included in an open sample group.

2. Installation of all the measures that require HERS verification-testing shall be
completed by the installer in all the-dwellings. Registration of the ecertificate(s)
of-installationCF2Rs for all the dwellings has been completed.

3. At the request of the builder or the builder’s authorized representative, a
HERS Rrater will randomly select one dwelling unit from the open sample
group for field-verification-and-diaghosticHERS-testingHERS Verification. If
the dwelling unit meets the compliance requirements, the tested dwelling and
each of the other nontested dwellings shall receive a registered certificate-of
verificationCF3R. If there are fewer than five dwelling units, the group shall be
allowed to remain open and eligible to receive additional dwelling units.
Dwelling units entered into the open group after the successful HERS

compliance-verificationCF 3R of the tested dwelling shall also receive a
registered certificate-of-verificationCF3R as a nontested dwelling subject to

receipt of the registered eertificate({s)-of-installationCF2R by the data-HERS
registry for the dwelling. The group shall be closed when it reaches the limit of
five dwellings, when the six-month limit for open groups has been exceeded,
or when the builder requests that the group be closed.

The HERS Rrater must confirm that the certificates{s)-of-installationCF2Rs have
been completed-reqgistered asrequired-and are thatthe-installers-diagnostic-test
results and the certificates(s) of installationCE2R show compliance consistent with
the eertificate-of-compliareeCF 1R for the dwelling unit.

The HERS Rrater must diagnestically-test-and-field-verifyperform theone or more
HERS testsHERS Verification on the selected dwelling unit—andunit and enter the

test-andforfield-verification-results into the data-HERS registry regardless of whether
the results indicate a pass or fail. If the test fails, then the failure must be entered
into the providers-HERS registry, even if the installer immediately corrects the
problem. In addition, any applicable procedures for resampling, full testing, and
corrective action must be followed as described in Section 2.5.5 below.

If field-verification-and-diagnosticHERStestingHERS Verification determines that the

requirements for compliance are met, the HERS Rater will enter the test results into
the dataHERS registry. The HERS Pprovider will make available to the-rater-the
builder-the-enforcement-agency—and-otherapproved users of the dataHERS
registry a registered copy of the certificate-of-verificationCF3R for the tested dwelling
measure and for all other nontested dwelling-unitsmeasures in the group at the time
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of the sample test. In order nroet-to-ereateto avoid confusion by placing test results on
nontested dwelling-unitsmeasures, the dataHERS registry will not report the
testing/fverification-results of the-tested measureshome on the eertificate-of field
verification-and-diagneostic-testingcorresponding CF3Rs for nontested dwelling
measures units-in a-the sample group. The results will be reported only on the CF3R
for the tested dwelling-unit-efmeasures within the sample group. However, CE3R
fe#mseem#eate&ef—veﬂﬁeanenCRRs for nontested dwel#ngﬁmtsmeasures will stil}

fepth—and—wm—conform to all other reQ|strat|on requwements and will speC|fy that the

dwelling-unitmeasure was not tested and-but has passed compliance as is-part of a
sample group.

The HERS Pprovider must close any open group within six months after the earliest
signature date shown on any certificate-ofinstallationCF2R for a dwelling entered in
the group. When such group closure occurs, the provider shall notify the builder that
the group has been closed and require that a sample dwelling be selected for field
verification-and-diagnosticHERS testingHERS Verification by a HERS rater if field
verificationHERS testingHERS Verification has not yet been conducted on a sample
dwelling entered in the group.

2.5.5 Resampling, Full Testing, and Corrective Action

When a failure is encountered during sample testing, the failure must be entered into
the data-HERS registry for retention by the HERS Rater. Corrective action must then
be taken on the failed dwelling unit-and-. Tthe dwelling unit must subsequently be
retested to verify that corrective action was successful and the dwelling complies.
Corrective action and retesting on the dwelling unit must be repeated until the testing
determines that the dwelling eempliescomplies, and the successful compliance
results have been entered into the HERS registry. A registered eertificate-of
verificationCF 3R for the dwelling shall be made available to the-raterthe-builder-the

enforcement-agency—and-otherauthorized users of the dataHERS registry.

In addition, the HERS Rrater must resample and test a second randomly selected
dwelling within the sample group to assess whether the first failure is unique or if the
rest of the dwelling units are likely to have similar failings. Resampling is the
procedure that requires testing of additional dwellings within a group when the initial

selected sample dwelling from a group fails to eomply-with-verification
requirementspass HERS testingHERS Verification.

When resampling in a closed group, if the testing of a second randomly selected
dwelling in the group confirms that the requirements for compliance credit are met
for that unit, then the unit with the initial failure does not indicate failure in the
remaining untested units. A copy of the CF3R will be made available for the
remaining dwelling units in the group, including the unit in the resample. If the

20192022 Residential-Single Family Compliance Manual January-May

20192022
DRAFT




Page 2-46 Compliance and Enforcement — HERS Field Verification and Diagnostic Testing

second sample results in a failure, the HERS Rrater must report the second failure
to the dataHERS registry. All the nontested units in the group must be individually

field-verified-and-diagnesticallyHERStestHERS Verificationed.

Additional information is in Reference Residential Appendix RA2.6.

2.5.6 Installer Requirements and HERS Procedures for Alterations

When compliance for an alteration requires field-verificationand-diaghosticHERS
testingHERS Verification by a certified HERS Rater, the building owner may choose

for the field-verification-and-diagnosticHERStestingHERS Verification to be
completed for each dwelling unit or as part of a designated sample group of dwelling
units for which the same installing company has completed work that requires
testing-and-field-verificationHERS testingHERS Verification for compliance. The
dwelling units in a designated sample group are not required to be located within the
same local-enforcementagencyenforcement agency jurisdiction; however, an lecal
enforcement-ageneyenforcement agency may require that a separate dwelling unit
from the sample group that is located within its jurisdiction be tested. The only
alterations that will requwe HERS—teangHERS Verlflcatlon#venﬁea#en are HVAC
changeouts A

GHR—AL—'H—feFm—fePFHs—theFelmorate—zene—When compllance requires
verificationHERS testingHERS Verification, the building owner or agent must

arrange for transmittal/submittalregistration of the eertificate-of complianceCF1R
information to the dataHERS registry, identifying the altered HVAC system and

measures that require HERStestingHERS Verificationverification. The building
owner must also submit an appreved/signedregistered copy of the CF1Reertificate-of

compliance to the HERS Rrater.

When the installation is complete, the person responsible for the performance of the

installation must complete the certificate(s)-of-installation{CF2R). All required
certificate(s)-ofinstallationCF2R must be registered with an approved-dataHERS
registry when field-verification-and-diagnosticHERS-testingHERS Verification isare

required.

After verifying that the eertificate-of-complianee{CF1R-ALH and all required

certificate(s)-of-installationCF2R are completed;sighed;-and-registered, the HERS
Rrater must perform the HERS-testHERS Verificationverify-compliance. If group

sampling is used for compliance, the sampling procedures described in Reference
Residential Appendix RA2.6.3.3 and RA2.8, for sampling of a closed group of up to
seven dwellings must be used. It requires that all dwelling units (HVAC systems)
within the group have been serviced by the same installing company. The installing
company may request a group for sampling that is smaller than seven dwelling units

2019 Residential2022 Single Family Compliance Manual January-2019May

2022
DRAFT




Compliance and Enforcement — HERS Field Verification and Diagnostic Testing Page 2-47

(HVAC systems). Resampling, full testing, and corrective action must be completed,
if necessary, as specified by Reference Residential Appendix RA2.6.4.

Whenever the HERS Rater for the group is changed, a new group must be
established.

The local-enforcement-agencyenforcement agency(ies) cannot approve the
alteration until the agency has a verified-completed,-sighed-and-registered certificate

of compliance (CF1R-ALT), Cf2Rcertificate(s) of installation, and CF3Rcertificate(s)
of-verification-documentation for the altered HVAC system. The agency shal-will

also verify that the installing contractor provides copies of all of these forms to the
homeowner.

TPQCP, as specified in Reference Residential Appendix RA2.7, may also be used
with alterations and must be limited to closed sample group sizes of 30 dwelling
units (HVAG-systems)-or fewer. When a TPQCP is used, the local-enforcement
ageneyenforcement agency may approve compliance based on the certificate{s)-of
installation-OCF2Rs where data checking has indicated that the unit complies, on the
condition that if the required HERS verification-testing procedures determine that
resampling, full testing, or corrective action is necessary, such work shall be
completed.

2.5.7 For More Information

More details on field-verification-and/or-diagnosticHERStestingHERS Verification
and the HERS providerProvider-data-registry are in the 2019-2022 Reference

Residential Appendices and 2019-2022 Reference Joint Appendices, as described
below:

1. Reference Joint Appendix JA7 — Data Registry Requirements

2. Reference Residential Appendix RA2 — Residential HERS Verification,
Testing, and Documentation Procedures

3. Reference Residential Appendix RA3 — Residential Field Verification and
Diagnostic Test Protocols

Example 2-9
Question

Given a two-story multifamily building that has ducted HVAC systems and HERS verified
duct leakage verification for all the dwelling units in the building, what is the correct
sampling procedure for HERS field verification and diagnostic testing for the air
distribution ducts?

Answer
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If the builder of a multifamily building chooses to comply using sampling, then the
sampling is done using groups composed of dwelling units that have used the same
HERS measures for compliance, but also share the same basic floor plan layout and
energy design (these similar features define the model). Dwellings that do not have the

same HERS measures specified for compllance are not aIIowed to be placed in the same
HERS sample group = :

For multifamily buildings, variations in exterior surface areas caused by location of
dwelling units within the building do not cause dwelling units to be considered a different
model floor plan. When verifying a dwelling unit, all the duct systems associated with
every HVAC unit in the dwelling must be tested to determine compliance for that dwelling.

For this example, since duct testing is the only HERS measure specified for all the
dwelling units, all the dwelling units in the building can be grouped together for HERS
verification requirements. The procedures for assigning dwellings to groups and the
HERS verification of a sample from each group must follow the same procedure as for
single-family dwellings described in Section 2.5.2 in this chapter and in Reference
Residential Appendix RAZ2.

FhefirstThe installer will designate a dwelling unit for each model fleerplan-in the building
must-to be verified by the rater before the start-ef-formation of sample groups.

After the verification of the first dwelling of each model floor plan is complete, the rater
must randomly select a sample dwelling unit from each group of dwellings that have been
formed. These samples must be tested according to applicable procedures in Reference
Residential Appendix RA3 and documented according to procedures in Reference
Residential Appendix RA2. In a sampled dwelling unit that is to be tested to confirm
compliance, the duct system associated with every HVAC unit in that dwelling unit must
be tested. However, duct systems do not have to be tested in dwelling units that are not
selected for sampling (nontested dwelling), provided the dwelling that was tested
complies.

If the tested dwelling in the group complies with the verification, the remaining dwellings
in the sample group are certified for compliance based on the results of the sample
dwelling test result. Testing must be done on every duct system in a dwelling unit,
regardless of whether it appears that the HVAC and duct system are in conditioned
space. This is akin to a single-family residence with one HVAC unit serving upstairs with
ducts in the attic and another serving downstairs with ducts between floors.
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3. Building Envelope Requirements

3.1 Overview
This chapter covers building envelope features and compliance strategies and
highlights the energy code requirements that affect the design of the building
envelope for newly constructed lew-rise-single family residential buildings. See
Chapter 9 for more information on alterations and additions.

The design of envelope components can significantly affect the energy demand
needed to meet heating and cooling loads to maintain the desired internal inside

comfort-temperature-of-the-building_ temperature.

Heating and cooling load calculations are used to determine the mechanical system
design needed for space heating and cooling.

e Heating Loads: The principal components of heating loads are infiltration
and conduction losses through building envelope components, including
walls, roofs, floors, slabs, windows, and doors.

o Example: A dwelling unit located in Climate Zone 16 typically has a
large heating load due to moderate summers, cool temperatures, and
snow cover that predominates for more than half of the year.

e Cooling Loads: Cooling loads are dominated by solar gains through
windows, skylights, and roof/attic assemblies.

o Example: A dwelling unit located in Climate Zone 15 typically has a
large cooling load due to extremely hot and dry summers and
moderately cold winters.

3.1.1. Navigating This Chapter

This chapter is organized by building envelope component as seen in the Table of
Contents.

This chapter includes:

e An overview of changes to building envelope requirements for the 202249
Energy Standards

e A description of fenestration terminology, requirements and labeling, U-factor;
and solar heat gain coefficient (SHGC) requirements, and credits that can be
used under the performance approach

e Description of opaque envelope terminology, requirements related to
insulation, roof products, radiant barriers, air barriers, vapor retarders, and
attic ventilation

e Compliance approaches for alternative construction assemblies such as log
homes, straw bale, structural insulated panels (SIPs) and insulated concrete
form (ICF) construction
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3.2 New Envelope Requirements for 20192022

The 2049-2022 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.

MANDATORY §1 50.0 - Mandatory roof deck insulation in newly constructed attic systems in
Climate Zones 4 and 8-16 to meet an area-weighted average U-
factor no greater than 0.184.
- Mandatory minimum U-factor for Fenestration products including
skylight decreased to 0.45
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3.3 Fenestration (Window/Skylight/Glazed Door) and Opaque Doors

Fenestration products such as windows, glazed doors, dynamic glazing, window
films, and skylights have a significant impact on energy use and heating and cooling
loads in a home. The 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 energy
use of a building, but can affect the operation of the lighting system, HVAC system,
and comfort of occupants.

Table 3-1: Relevant Sections in the Energy Standards

MANDATORY PRESCRIPTIVE PERFORMANCE
Fenestration and §1 10-112, §@3, §1f:\
Opaque Doors §1 50.0(q), § 4, §1 ge
Tables=110.6-A and §150:1(c)5 .
110.6-B Table 150.1-A and
Table-150-4-B
Limit Air Leakage §110.7 - -

3.3.1. Fenestration Types

3.3.2. 3.31.1 Windows and Glazed Doors
A window is a vertical fenestration product that is an assembled unit consisting of a
frame and sash component holding one or more pieces of glazing. Window
performance is measured with the U-factor and solar heat gain coefficient (SHGC).

Glazed doors are an exterior door having a glazed area of 25 percent or more of the
area of the door. Glazed doors are treated the same as windows and must meet the
U-factor and SHGC requirements for windows. Most sliding glass doors, French
doors, and some entry doors with large amounts of glazing will meet the definition to
be treated as glazed doors.

3.3.3. 3.3.1.2 Opaque Doors
When the door has less than 25 percent glazing material, it is considered an opaque
door and is subject to the door U-factor requirements. Doors between the garage
and conditioned space that are required to have fire protection are not required to
meet the U-factor requirement.

3.3.4. 3.3.1.3 Skylights and Tubular Daylight Devices
Skylights and tubular daylight devices (TDD) are an exceptional source of daylight
and passive solar heating, illuminating rooms with direct and indirect sunlight. When
used appropriately, daylighting can increase the quality of light in a room and reduce
dependence upon electrical lighting.

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 building designer optimizes the whole envelope glazing
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arrangement for daylight and thermal control, significant heating and cooling energy
savings can be realized, especially when skylights and TDDs are as efficient as
other vertical windows used.

Windows are considered part of an exterior wall when the slope is 60° or more as
measured from the horizontal. Where the slope of fenestration is less than 60°, the
glazing indicated as a window is considered a skylight and part of the roof.

3.3.5. 3.31.4 Fenestration Subcategories

A. Manufactured fenestration is a fenestration product constructed of materials
that 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 §10-111, or as a site-built
fenestration product when not provided with temporary and permanent labels,
as described in §10-111.

B. Site-built fenestration is designed to be field-glazed or field-assembled units,
using specific factory-cut or other factory-formed framing, and glazing units that
are manufactured with the intention of being assembled at the construction site.
These include storefront systems, curtain walls or large-track sliding glass walls,
and atrium roof systems.

C. Field-fabricated fenestration is when the windows are fabricated at the
building site from elements that are not sold together as a fenestration product
(that is, separate glazing, framing, and weatherstripping 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).

3.3.6. 3.3.1.5 Fenestration Definitions

A. Center of glass. U-factor, solar heat gain coefficient (SHGC), and visible
transmittance (VTT are measured only through glass at least 2.5 inches from
the edge of the glass or dividers.

B. Clear glass has little, if any, observable tint with an_insulated glass (IG) unit with
an SHGC of 0.5 or greater.

C. Chromogenic is a class of glazing that can change the optical properties by
including active materials (e.g., electrochromic) and passive materials (e.g.,
photochromic and thermochromic) permanently integrated into the glazing
assembly.

Electrochromatic is a class of glazing that tints on demand using a small amount
of electricity.

D. Divider (muntin). An element that physically 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.

2019 2022 Residential-Single Family Compliance Manual Januan-May 20192022

DRAFT




Page 3-6

Building Envelope Requirements

E.

Double-pane window. 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

. Dynamic glazing. Glazing systems that have the ability to reversibly change the

performance properties, including U-factor, solar heat gain coefficient (SHGC),
and/or visible transmittance (VT) between well-defined end points. Includes
active materials (fer-examplee.q., electrochromic) and passive materials (for
examplee.q., photochromic and thermochromic) permanently integrated into the
glazing assembly.

With appropriate controls, electrochromic glass can be darkened or lightened to
adjust the levels of daylight and solar heat gain. These products have the ability
to reversibly change the SHGC and VT between well-defined endpoints.

Integrated shading systems is a class of fenestration products including an
active layer (ferexamplee.q., shades, louvers, blinds, or other materials)
permanently integrated between two or more glazing layers and that has the
ability to reversibly change performance properties, including U-factor, SHGC,
and/or VT between well-defined end points.

. Fixed. The fenestration product cannot be opened.

Gap width. The distance between glazing 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.

Grille. See Divider.

Insulating glass unit (IG unit or IG). An |G unit includes the glazing, coatings,
tinting, spacer(s), films (if any), gas infills, and edge caulking.

Light or lite. A layer of glazing material, especially in a multilayered 1G unit.
Referred to as panes in §110.6 when the lites are separated by a spacer from
inside to outside of the fenestration.

Low emissivity (Low-e) coatings. Low-emissivity coatings are special coatings
applied to the second, third, or fourth surfaces in double-glazed windows or
skylights. As the name implies, the surface has a low emittance, meaning that
radiation from that surface to the surface it “looks at” is reduced. Since radiation
transfer from the hot side to the cool side of the window 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.

Low-e coatings can be engineered to have different levels of solar heat gain.

Generally, there are two kinds of low-e coatings:

1. Low-solar-gain low-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
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the infrared and ultraviolet 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.

. Mullion. A frame member that is used to join two windows into one fenestration

unit.

Muntin. See Dividers.

. Nonmetal frame. Includes vinyl, wood, fiberglass, and other low-conductance

materials. 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. Nonmetal
frames may have metal strengthening bars entirely inside the frame extrusions
or metal-cladding only on the surface.

Operable. The fenestration product can be opened for ventilation.

Solar heat gain coefficient (SHGC). A measure of the relative amount of heat
gain from sunlight that passes through a fenestration product. SHGC is a
number 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 window. 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.

SHGC or SHGC: is the SHGC for the total fenestration product and is the value
used for compliance with the standards.

Spacer or gap space. A material that separates multiple panes of glass in an

nsulating-glass|G unit.

. Thermal break frame. Includes metal frames that are not solid metal from the

inside to the outside but are separated in the mi