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Abstract

The Building Energy Efficiency Standards were first adopted in 1976 and have been updated
periodically since then as directed by statute. In 1975 the Department of Housing and Community
Development adopted rudimentary energy conservation standards under their State Housing Law
authority that were a precursor to the first generation of the Standards. However, the Warren-Alquist
Act was passed one year earlier with explicit direction to the Energy Commission (formally titled the
State Energy Resources Conservation and Development Commission) to adopt and implement the
Standards. The Energy Commission’s statute created separate authority and specific direction
regarding what the Standards are to address, what criteria are to be met in developing the Standards,
and what implementation tools, aids, and technical assistance are to be provided.

The Standards contain energy and water efficiency requirements (and indoor air quality requirements)
for newly constructed buildings, additions to existing buildings, and alterations to existing buildings.
Public Resources Code Sections 25402 subdivisions (a)-(b) and 25402.1 emphasize the importance
of building design and construction flexibility by requiring the Energy Commission to establish
performance standards, in the form of an “energy budget” in terms of the energy consumption per
square foot of floor space. For this reason, the Standards include both a prescriptive option, allowing
builders to comply by using methods known to be efficient, and a performance option, allowing
builders complete freedom in their designs provided the building achieves the same overall efficiency
as an equivalent building using the prescriptive option. Reference Appendices are adopted along with
the Standards that contain data and other information that helps builders comply with the Standards.

The 2016 update to the Building Energy Efficiency Standards focuses on several key areas to
improve the energy efficiency of newly constructed buildings and additions and alterations to existing
buildings. The most significant efficiency improvements to the residential Standards include
improvements for attics, walls, water heating, and lighting. The most significant efficiency
improvements to the nonresidential Standards include alignment with the ASHRAE 90.1 2013
national standards. New efficiency requirements for elevators and direct digital controls are included
in the nonresidential Standards. The 2016 Standards also include changes made throughout all of its
sections to improve the clarity, consistency, and readability of the regulatory language.

Public Resources Code Section 25402.1 also requires the Energy Commission to support the
performance standards with compliance tools for builders and building designers. The Alternative
Calculation Method (ACM) Approval Manual adopted by regulation as an appendix of the Standards
establishes requirements for input, output and calculational uniformity in the computer programs used
to demonstrate compliance with the Standards. From this, the Energy Commission develops and
makes publicly available free, public domain building modeling software in order to enable
compliance based on modeling of building efficiency and performance. The ACM Approval Manual
also includes provisions for private firms seeking to develop compliance software for approval by the
Energy Commission, which further encourages flexibility and innovation.

The Standards are divided into three basic sets. First, there is a basic set of mandatory requirements
that apply to all buildings. Second, there is a set of performance standards — the energy budgets —
that vary by climate zone (of which there are 16 in California) and building type; thus the Standards
are tailored to local conditions. Finally, the third set constitutes an alternative to the performance
standards, which is a set of prescriptive packages that are basically a recipe or a checklist
compliance approach.
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1. Introduction

1.1 Organization and Content

This manual is designed to help building owners, architects, engineers, designers, energy
consultants, builders, enforcement agencies, contractors and installers, and manufacturers
comply with and enforce the California Building Energy Efficiency Standards (Energy
Standards) for nonresidential buildings. The manual is written as both a reference and an
instructional guide and can be helpful for anyone that is involved in the design and
construction of energy efficient nonresidential buildings.

Thirteen chapters make up the manual:
Chapter 1 introduces the Energy Standards and discusses the application and scope.

Chapter 2 reviews the compliance and enforcement process, including design and the
preparation of compliance documentation through acceptance testing.

Chapter 3 addresses the requirements for the building envelope.

Chapter 4 covers the requirements for HVAC systems and water heating systems.
Chapter 5 addresses the requirements for indoor lighting.

Chapter 6 addresses the requirements for outdoor lighting.

Chapter 7 addresses the requirements for sign lighting (for both indoor and outdoor
applications).

Chapter 8 addresses the requirements for electrical power distribution.
Chapter 9 covers the solar ready requirements.

Chapter 10 addresses covered processes energy requirements.
Chapter 11 covers the performance approach.

Chapter 12 covers the commissioning requirements.

Chapter 13 covers the acceptance test requirements.

Cross-references within the manual use the word 'Section’ while references to sections in
the Energy Standards are represented by “§.”

The first chapter is organized as follows:
1.1 Organization and Content
1.2 Related Documents
1.3  The Technical Chapters
1.4  Why California Needs Energy Standards
1.5 What's New for 20167
1.6  Mandatory Measures and Compliance Approaches
1.7  Scope and Application
1.8 About the Energy Standards

2016 Nonresidential Compliance Manual January 2017
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1.2

Related Documents

This compliance manual is intended to supplement several other documents that are
available from the California Energy Commission (Energy Commission). These documents
include:

A. The 2016 Building Energy Efficiency Standards, Title 24, Part 6 (Energy Standards) -
This manual supplements and explains the California’s energy efficiency standards,
which is the main document that describes the requirements that all covered buildings,
must comply with; this manual explains those requirements in simpler terms, but it
does not replace or supersede them. Readers should have a copy of the Energy
Standards to refer to while reading this manual.

B. The Reference Appendices:

¢ Reference Joint Appendices contain information that is common to both residential
and nonresidential buildings.

¢ Reference Residential Appendices contain information that is for residential buildings
only.

e Reference Nonresidential Appendices contain information that is for nonresidential
buildings only.

e The Nonresidential Approval and Reference ACM Manuals are primarily a
specification for compliance software that is used for compliance purposes.

Note: High-rise residential and hotel/motel occupancies — For these occupancies’ location and
design data, opaque assembly properties are located in the Reference Joint Appendices; while
mechanical and lighting information is located in the Reference Nonresidential Appendices.
Residential water heating information is located in the Reference Residential Appendices.

Material from these documents is not always repeated in this manual. However, if you are
using the electronic version of the manual, there may be hyperlinks that will take you directly
to the document that is referenced.

1.3

The Technical Chapters

Each of the eleven technical chapters (3 through 13) begins with an overview, which is
followed by a presentation of each subsystem. For the building envelope, subsections
include fenestration, insulation, infiltration, etc. For HVAC, the subsections include heating
equipment, cooling equipment, and ducts. Mandatory measures and prescriptive
requirements are described within each subsection or component. These determine the
stringency of the Energy Standards and are the basis of the energy budget when the
performance method is used.

1.4 Why California Needs Energy Standards

Energy efficiency reduces energy costs for owners, increases reliability and availability of
electricity for the State, improves building occupant comfort, and reduces environmental
impact.

1.4.1 Energy Savings

Reducing energy use is a benefit to all. Building owners save money, Californians have a
more secure and healthy economy, the environment is less negatively impacted, and our

201
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electrical grid can operate in a more stable state. The 2016 Energy Standards (for
residential and nonresidential buildings) are expected to reduce the growth in electricity use
and reduce the growth in gas use.

1.4.2 Electricity Reliability and Demand

Buildings are one of the major contributors to electricity demand. We learned during the
2000/2001 California energy crisis, and the East Coast blackout in the summer of 2003, that
our electric distribution network is fragile and system overloads caused by excessive
demand from buildings can create unstable conditions. Resulting blackouts can disrupt
business and cost the economy billions of dollars.

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

1.4.3 Comfort

Comfort is an important benefit of energy efficient buildings. Energy efficient buildings
include high performance windows to reduce solar gains and heat loss, and properly
designed HVAC systems, which provide improved air circulation. Poorly designed building
envelopes result in buildings that are less comfortable. Oversized heating and cooling
systems do not assure comfort in older, poorly insulated, or leaky buildings.

1.4.4 Economics

For the building owner, energy efficiency helps create a more profitable operation. From a
broader perspective, the less California depends on depletable 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 benefits everyone. In
many ways, it is far more cost effective for Californians to invest in saving energy than it is to
invest in building new power plants.

1.4.5 Environment

The use of depletable energy has led to oil spills, acid rain, smog, and other forms of
environmental pollution that threaten the natural beauty of our planet. California is not
immune to these problems, but the Appliance Efficiency Regulations, the Energy Standards,
and utility programs that promote efficiency and conservation help to maintain environmental
quality. Other benefits include increased preservation of natural habitats which protect
animals, plants, and ecosystems.

1.4.6 Greenhouse Gas Emissions and Global Warming

Burning fossil fuel adds carbon dioxide (CO,) to the atmosphere and is a major contributor
to global warming; the atmosphere already contains 25 percent more CO, than it did two
centuries ago. Carbon dioxide and other greenhouse gasses create an insulating layer
around the earth that leads to global climate change. The Energy Commission's research
shows that most sectors of the State economy face significant risk from climate change,
including water resources (from reduced snow pack), agriculture, forests, and the natural
habitats of indigenous plants and animals.

Energy efficiency is a far-reaching strategy that is making an important contribution to the
reduction of greenhouse gasses. The National Academy of Sciences has urged the country
to follow California's lead on such efforts, saying that conservation and efficiency should be
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the chief elements in energy and global warming policy. Their first efficiency
recommendation was simple: Adopt nationwide energy efficiency building codes.

The Energy Standards are expected to have a significant impact on reducing greenhouse
gas and other air emissions.

1.5 What’s New for 2016

1.5.1 Envelope

1. Revisions to the mandatory requirements for metal framed and demising walls
(§120.7(b)).

2. Changes to the prescriptive envelope requirements (§140.3(a)).

3. Revisions to the roof/ceiling insulation tradeoff for aged solar reflectance (Table 140.3 of
the Energy Standards).

4. Significant changes to the total skylight area requirement (§140.3(c)4).

5. Revisions to the requirements for all fenestration alterations (§141.0(b)2A).

1.5.2 Lighting

1. Clarification and simplification of existing language; removing exceptions no longer
relevant (§130.0 through §130.5 and §140.6 through §140.8).

2. Reductions to Lighting Power Density (LPD) values in Tables 140.6-B, 140.6-C, and
140.6-G.

3. Removal/addition of Power Adjustment Factors (PAFs) (§140.6(a)2).

4. Significant reductions in outdoor lighting power allowances (Table 140.7-A).

5. Clarification and streamlining of alteration requirements, including addition of a new
compliance path that allows compliance by reducing the existing lighting power. For
indoor lighting, this path foregoes bi-level control requirements but is otherwise identical
to the 85 percent or less of lighting power allowance path.

1.5.3 Mechanical

1. Revision of the mandatory requirements for equipment efficiency in Tables 110.2-A
through 110.2-K of the Energy Standards.

2. Interlock controls requirements when operable wall or roof openings are present
(§140.4(n)).

3. Revisions to fan control system requirements in Table 140.4-D of the Energy Standards.

4. Energy Management Control System (EMCS) to comply with the thermostatic control
requirements (§120.2(a)).

5. Changes to the requirements for dampers installed on outdoor air supply and exhaust
equipment (§120.2(f)).

6. New section specifying direct digital controls (DDC) applications and qualifications

(§120.2(j)).
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7. Revisions to the requirements for space conditioning systems with DDC to the zone level
(§120.2(k)).

8. New general requirements for pipe insulation (§120.3(a)).

1.5.4 Electrical

1. New definitions of electrical metering, service equipment, plug load, and low voltage dry-
type distribution transformer are added to §100.1.

2. Revisions and clarifications of service electrical metering §130.5(a), separation of
electrical circuits in §130.5(b), voltage drop in §130.5(c), and circuit controls in
§130.5(d).

1.5.5 Covered Processes
1. New mandatory requirements for elevators, escalators and moving walkways
(§120.6(f) and §120.6(Q)).
1.5.6 Commissioning

1. Revisions to language and content to make §120.8 more clear.

1.6 Mandatory Measures and Compliance Approaches

In addition to the mandatory measures, the Energy Standards provide two basic methods for
complying with nonresidential energy budgets: the prescriptive approach and the
performance approach. The mandatory measures must be installed with either method, but
note that mandatory measures may be superseded by more stringent measures under the
prescriptive or performance approach.

1.6.1 Mandatory Measures

With either the prescriptive or performance compliance paths, there are mandatory
measures that must always be met. Mandatory measures include infiltration control, lighting
systems, minimum insulation levels, and equipment efficiency. The minimum mandatory
levels are sometimes superseded by more stringent prescriptive or performance
requirements.

1.6.2 Prescriptive Approach

The prescriptive approach (composed of prescriptive requirements described in Chapters 3,
4,5, 6,7, and 10) is the most direct approach of the two. Each individual 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, such as walls, where portions of the wall that do not meet
the prescriptive insulation requirement may still comply as long as the area-weighted
average wall performance complies. If the design fails to meet even one of the
requirements, then the system does not comply with the prescriptive approach. In this case,
the performance approach provides the most flexibility to the building designer for choosing
alternative energy efficiency features.

A. Building Envelope. The prescriptive envelope requirements are the required thermal
performance levels for each building component (walls, roofs, and floors). These
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requirements are described in detail in Chapter 3. The stringency of the envelope
requirements vary according to climate zone and occupancy type.

B. Mechanical. The prescriptive mechanical requirements are described in detail in
Chapter 4. The prescriptive approach specifies equipment, features, and design
procedures that must be followed, but does not mandate that a particular type of
HVAC system be installed.

C. Indoor Lighting. The prescriptive lighting power requirements are determined by one
of three methods: the complete building method, the area category method, or the
tailored method. These three approaches are described in detail in Chapter 5. The
allowed lighting under the Energy Standards varies according to the requirements of
the particular building occupancy or task requirements

D. Outdoor Lighting. The Outdoor Lighting Standards are described in Chapter 6. They
set power limits for various applications such as parking lots, pedestrian areas, sales
canopies, building entrances, building facades, and signs. The Energy Standards also
set minimum requirements for cutoff luminaires and controls. Outdoor lighting
compliance is prescriptive in nature and is determined by the lighting application type
(general and specific) and the lighting zone for each application. Detailed information
on the outdoor lighting power allowance calculations is found beginning in Section 6.4.

1.6.3 Performance Approach

The performance approach (Chapter 11) allows compliance through a wide variety of design
strategies and provides greater flexibility than the prescriptive approach. It is based on an
energy simulation model of the building. The Energy Standards specify the method for
determining an energy budget for the building.

The performance approach requires an approved computer software program that models a
proposed building, determines its allowed energy budget, calculates its energy use, and
determines when it complies with the budget. Design options such as window orientation,
shading, thermal mass, zonal control, and building configuration are all considered in the
performance approach. This approach is used because of its flexibility and because it
provides a way to find the most cost-effective solution for compliance.

The performance approach requires that the annual Time Dependent Valuation (TDV)
energy be calculated for the proposed building or space, and be compared to the TDV
energy budget. The performance approach may be used for:

e envelope or mechanical compliance;

e envelope and mechanical compliance;

¢ envelope and indoor lighting compliance; or

¢ envelope, mechanical, and indoor lighting compliance.

It is not applicable to outdoor lighting, or to indoor lighting in the absence of envelope
compliance. The performance path is not available for sign lighting, exempt process load,
some covered process loads (e.g. refrigerated warehouses), or solar ready applications.

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 also 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. Appendix JA3 of the
Reference Appendices has more information on TDV energy.
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Four basic steps are involved:

1. Design the building with energy efficiency measures that are expected to be sufficient
to meet the energy budget. (The prescriptive approach requirements in §140.0 through
§140.8 provide a good starting point for the development of the design.)

2. Demonstrate that the building complies with the mandatory measures (see Chapters 3
through 10).

3. Using an approved calculation method, model the energy consumption of the building
using the proposed features to create the proposed energy budget. The model will
automatically calculate the allowed energy budget for the proposed building.

4. If the proposed energy budget is no greater than the allowed energy budget, the
building complies.

1.6.3.1 Compliance Options

The Energy Standards have mandatory requirements, and prescriptive or performance
methods for compliance. They establish a minimum level of performance which can be
exceeded by advanced design and construction practices.

The Energy Commission has established a formal process for certification of compliance
options of new products, materials, designs or procedures that can improve building
efficiency levels established by the Energy Standards. §10-109 allows for the introduction of
new calculation methods and measures which cannot be properly accounted for in the
current approved compliance approaches.

The Energy Commission encourages the use of energy-saving techniques and designs for
showing compliance with the Energy Standards. The compliance options process allows the
Energy Commission to review and gather public input regarding the merits of new
compliance techniques, products, materials, designs or procedures to demonstrate
compliance for newly constructed buildings and additions and alterations to existing
buildings.

Approved compliance options encourage market innovation and allow the Energy
Commission to respond to changes in building design, construction, installation, and
enforcement.

If the performance approach will be used for additions and alterations, see Chapter 11 for
details.

1.7 Scope and Application

The Energy Standards apply to both nonresidential and residential buildings. This manual
addresses the requirements for nonresidential buildings, including hotels, motels, and high-
rise residential buildings (those over three stories above grade in height). The Residential
Manual addresses the requirements for low-rise residential buildings, which include single
family and duplex residential buildings.

1.7.1 Building Types Covered

The Nonresidential Standards apply to all buildings of the California Building Code (CBC)
occupancies of Group A, B, E, F, H, M, R, S, and U. If these buildings are directly or
indirectly conditioned, they must meet all mechanical, envelope, indoor, and outdoor lighting
requirements of the Standards. Those buildings that are not directly or indirectly conditioned
must only meet the indoor and outdoor lighting requirements of the Energy Standards.
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Page 1-8 Introduction — Scope and Application

The Energy Standards do not apply to CBC Group | or L. This group includes such buildings
as hospitals, daycare, nursing homes, and prisons. The Standards also do not apply to
buildings that fall outside the jurisdiction of CBC, such as mobile structures. If outdoor
lighting is associated with a Group | or L occupancy, it is exempt from the Energy Standards
requirement; however, if the outdoor lighting is part of any of occupancy groups listed
above, it must comply with the Standards requirements.

1.7.2 Historic Buildings

Exception 1 to §100.0(a) states that qualified historic buildings, as regulated by 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 Energy Standards. §140.6(a)3Q
and Exception 13 to §140.7(a) clarify that indoor and outdoor lighting systems in qualified
historic buildings are exempt from the lighting power allowances only if they consist solely of
historic lighting components or replicas of historic lighting components. If lighting systems in
qualified historic buildings contain some historic lighting components or replicas of historic
components, combined with other lighting components, only those historic or historic replica
components are exempt. All other lighting systems in qualified historic buildings must
comply with the Standards.

The California Historical Building Code (CHBC) Section 102.1.1 specifies that all non-
historical additions must comply with the regular code for new construction, including the
Energy Standards. CHBC Section 901.5 specifies that when new or replacement
mechanical, plumbing, and/or electrical (including lighting) equipment or appliances are
added to historic buildings; they should comply with the Energy 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
Standards apply to new and replacement equipment and other alterations to qualified
historic buildings. It should be noted that in enacting the CHBC 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 at:
http://www.dgs.ca.gov/dsa/AboutUs/shbsb.aspx.
Contact the State Historical Building Safety Board at (916) 445-7627.

1.7.3 Low-Rise Residential Buildings

The Residential Energy Standards cover single-family and low-rise residential buildings
(occupancy groups R1, R2, and R3) and CBC Group U buildings including:

1. All single-family dwellings of any number of stories.
2. All duplex (two-dwelling) buildings of any number of stories.

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

4. Additions and alterations to all of the above buildings.

5. Private garages, carports, sheds, and agricultural buildings.
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Table 1-1: Nonresidential vs. Residential Energy Standards

Nonresidential Standards

Residential Standards

These Standards cover all nonresidential occupancies
(Group A, B, E, F, H, M, R, 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.

These Standards cover all low-rise residential
occupancies including:

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

Apartment and multi-family buildings, and long-term care
facilities (Group R-2), with four or more habitable stories

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 multi-family buildings with three or fewer habitable
stories above grade (Groups R-1 and R-2)

Additions and alterations to all of the above buildings

Note: The Energy Standards define a habitable story as one that contains space in which humans may live or work
in reasonable comfort, and that has at least 50% of its volume above grade.

1.7.4 Scope of Improvements Covered

The Energy Standards apply to any new construction that requires a building permit,

whether for an entire building, for outdoor lighting systems, for signs, or for a modernization.
The primary enforcement mechanism is through the building permitting process. Until the
enforcement agency is satisfied that the building, outdoor lighting, or sign complies with all
applicable code requirements, including the Standards, it may withhold the building permit
(or, after construction, the occupancy permit).

The Energy Standards apply only to the construction that is the subject of the building permit
application (with the exception of existing spaces that are "conditioned" for the first time, in
which case existing envelope components, and existing lighting systems, whether altered or
not, must also show compliance with the Standards).

Other than for lighting, the Energy Standards apply only to buildings that are directly or
indirectly conditioned by mechanical heating or mechanical cooling.

1.7.5 Speculative Buildings

1.7.5.1

Speculative buildings of known occupancy are commonly built by developers. For example,
if a big box retail center or an office building were built on speculation, the owner would
usually know the ultimate occupancy of the space, but might not know the actual tenants.
For this type of building, the owner has two compliance choices:

Known Occupancy

1. Declare the building to be unconditioned space, forcing tenants to be responsible for
envelope, interior lighting, possibly some exterior lighting, and mechanical compliance.
This option may be very costly as most envelope and mechanical measures are far
more expensive when they are installed in the building after the shell is completed (see
discussion below).

2. Include envelope compliance as well as mechanical and/or lighting compliance, when
those systems are to be installed prior to leasing.
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There are several potential pitfalls with delaying envelope compliance. For example, tenants
may have a difficult time showing compliance, depending on fenestration areas and glass
efficiency. An energy code update between the time of shell construction and energy
compliance for a tenant improvement could make compliance even more difficult.
Constructing a “big box” style building without skylights, where skylights are required under
the prescriptive approach, will also create a compliance challenge (and possibly impose
large costs to retrofit skylights). In most instances, upgrading the envelope later increases
total construction costs, as it is easier to install envelope features at time of construction
than afterwards. And for buildings that are certain to be conditioned, some enforcement
agencies require envelope compliance at the time of shell construction.

For information about energy compliance for tenant improvements in existing buildings, see
Section 1.7.12.

An obvious example is declaring the shell to be unconditioned, not insulating the shell and
having to insulate the shell as part of the tenant improvement that adds air conditioning. This
increases the final cost of the building and should render the shell less valuable for spaces
that are ultimately going to be conditioned.

A less obvious example is the shell of a building that will ultimately become a big box retail
store or a warehouse with lighting power densities greater than 0.5 W/ft?, ceiling heights
greater than 15 feet, and an enclosed area greater than 5,000 ft2. Such occupancies are
prescriptively required to have skylights and daylighting controls. Installing skylights in the
roof of the speculative building shell is less expensive than retrofitting them later. This
should be considered when designing speculative shell buildings for big box retail or
warehouse markets, as they will be more saleable than those requiring skylight retrofits.

Because compliance may be demonstrated for each component separately, the owner can
simply demonstrate that the systems being built meet the Energy Standards. The remaining
construction and Standards compliance work can be dealt with as each tenant obtains
building permits for work in their individual spaces.

1.7.5.2 Unknown Occupancy

Speculative buildings are often built for which the ultimate occupancy is determined at the
time of leasing and not during construction of the building shell. The structure, for example,
could be used as an office, a warehouse, a restaurant, or retail space. Because the Energy
Standards treat these occupancies in a similar fashion, the fact that the ultimate occupancy
is unknown is not significant. The major items affected by the ultimate occupancy have to do
with lighting and ventilation requirements. If, at the time of permitting, a tenant is not
identified for a multi-tenant space, the “All other areas” lighting power density allowances
from Energy Standards Table 140.6-C shall be used.

The major problem that can occur with this type of building comes when the owner elects to
declare it an unconditioned building and defer Standards compliance until such time as a
tenant installs mechanical space conditioning equipment.

1.7.6 Mixed and Multiple Use Buildings

Because the Energy Standards are different for residential, high-rise residential, and
nonresidential buildings, and because mixed-use buildings occasionally include more than
one type of nonresidential occupancy, there is potential for confusion in application. The
Energy Standards address these circumstances regarding mixed-use buildings:
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1.7.6.1 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:

A. 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, the entire building may be
treated as if it is the major occupancy for the purpose of 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.

B. 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 documents of its respective Standards. Separate compliance for each
occupancy, to their respective Standards, is an option when one of the occupancies is
a minor occupancy, as discussed in the paragraph above.

1.7.6.2 Different Nonresidential Occupancies.

When multiple occupancies, such as office, restaurant, and retail fall under the
Nonresidential Standards, they would be treated under the same compliance approach as
separate occupancies. In general, all nonresidential occupancies have the same envelope
requirements and can be treated the same across all nonresidential occupancies. High-rise
residential and hotel-motel guest rooms have different envelope requirements from the
nonresidential envelope requirements and should be treated differently. Lighting and
mechanical requirements vary among the various types of space usage categories and
should also be treated differently according to each occupancy type.

A. Hotel/Motel and Nonresidential Occupancies. A hotel/motel with guest rooms,
restaurants, sports facilities, and/or other nonresidential occupancies is defined as
hotel/motel occupancy. The only variance is that the guestroom envelope and lighting
and HVAC control requirements are different from the nonresidential occupancy
energy requirements that would apply to the “common” areas of the building.

Example 1-1
Question

A 250,000 ft2 high-rise office building includes a small 900 ft> apartment on the first floor for use by visiting
executives. This is clearly a residential occupancy, so is the apartment required to meet the residential
requirements of the Energy Standards, and if so which ones — high rise residential or low rise residential?

Answer

No. First of all, the apartment occupies less than 20 percent of the total conditioned floor area, so itis a
minor occupancy and may be treated as part of the office occupancy. Second, since it is located on the first
floor of the building it is technically a low rise residential building. As a result, all of the residential
mandatory measures apply.
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1.7.7 High-rise Residential

High-rise residential buildings (four habitable stories or more) are covered by this manual
and the Nonresidential Energy Standards.

The Energy Standards apply separately to the living quarters and to other areas within the
building. Living quarters are those non-public portions of the building in which a resident
lives. High-rise residential dwelling units must incorporate the envelope and mechanical
elements of the Nonresidential Energy Standards, with the lighting and service hot water
needs of residential buildings. Outdoor lighting, including parking lots and garages for eight
or more vehicles, and for indoor or outdoor signs (other than exit signs), must comply with
the Nonresidential Energy Standards. Exit signs must comply with the Appliance Efficiency
Regulations.

The following subsections discuss the special compliance requirements that apply to high-
rise residential occupancies.

1.7.7.1 Mandatory Measures

The mandatory measures for nonresidential envelope, mechanical, indoor lighting, outdoor
lighting, and signs apply to high-rise residential buildings. Special requirements for high-rise
residential buildings are summarized below:

1. Living quarters must meet the applicable indoor lighting requirements for residential
buildings.

2. Outdoor lighting must meet the applicable outdoor lighting requirements of the
Nonresidential Energy Standards.

3. Indoor and outdoor signs (other than exit signs) must comply with the Nonresidential
Energy Standards. Exit signs must comply with the Appliance Efficiency Regulations.

4. High-rise residential occupancies must meet setback requirements applicable to
residential occupancies.

5. Readily accessible area switching controls are not required in public areas provided
switches that control the lights in public areas are accessible to authorized personnel.

6 Automatic lighting shut-off controls are not required for living quarters.

1.7.7.2 Prescriptive Compliance

The prescriptive requirements for envelope, mechanical, and lighting apply to high-rise
residences. The following summarizes the special prescriptive requirements for high-rise
residential buildings:

1. The envelope must meet the prescriptive envelope criteria for high-rise residential
buildings (Energy Standards Table 140.3-C).

2. High-rise residential living quarters are not required to have economizer controls.

3. High-rise residential living quarters are exempt from the nonresidential lighting power
density requirements. However, lighting within the dwelling units must meet the lighting
requirements of §150.0(k) that governs lighting in all spaces (including kitchen lighting
requirements) except closets less than 70 ft? floor area. See Chapter 6 of the
Residential Compliance Manual.

4. Each occupancy (other than living quarters) in the high-rise residence must comply
with the Nonresidential Lighting Standards.
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5. For compliance with water heating requirements, use the Residential Energy
Standards.

1.7.7.3 Performance Compliance

The rules for high-rise residential performance compliance are identical to the performance
compliance rules for all nonresidential buildings. The area of each function of a high-rise
residence is input into approved compliance software along with its corresponding envelope,
mechanical, and lighting features. The compliance software will automatically calculate an
energy budget for the standard design, and the proposed design's energy use.

1.7.8 Hotels and Motels

This section discusses both the similarities and differences between the requirements for a
hotel/motel and other nonresidential or high-rise residential buildings.

The design of a hotel or motel is unique in that the design must incorporate a wide variety of
occupancies and functions into one structure. The occupancies range from nonresidential
occupancies to hotel/motel guest rooms. Design functions that affect guests range from the
"experience of arrival" created through the main lobby's architectural features to the thermal
comfort of the guest rooms. Other functions that hotel/motel designs must address include
restaurants, kitchens, laundry, storage, light assembly, outdoor lighting, sign lighting, and
other items that are necessary to the hotel/motel function. In short, these structures can
range from simple guest rooms with a small office, to a structure encompassing a small city.

Like other occupancies, compliance is submitted for the features covered in the permit
application only. The nonresidential areas must meet the envelope, mechanical, indoor
lighting, outdoor lighting, and sign lighting portions of the Nonresidential Standards. The
guest room portions of hotels/motels must meet the envelope, mechanical, and lighting
provisions applicable only to hotels/motel guest rooms. In essence, each portion of the
building individually complies with the provisions applicable to that occupancy.

Since hotel/motels are treated as a mixture of occupancies covered by the Energy
Standards, the concepts presented at the beginning of each chapter apply to hotels/motels
as they would any other nonresidential occupancy.

1.7.8.1 Mandatory Measures

The mandatory measures for envelope, mechanical, indoor lighting, outdoor lighting, and
sign lighting apply to hotels/motels. The following bullets describe special requirements or
exceptions for hotel/motel buildings:

1. Hotel/motel guest rooms must meet the applicable Residential Lighting Standards.
2. Outdoor lighting must meet the applicable Outdoor Lighting Standards.

3. Indoor and outdoor signs (other than exit signs) must comply with the Nonresidential
Standards. Exit signs must comply with the Appliance Efficiency Regulations.

4. Hotel and motel guest room thermostats shall have numeric temperature settings.

5. Readily accessible area switching controls are not required in public areas provided
switches that control the lights in public areas are accessible to authorized personnel.

6. Automatic lighting shut-off controls are not required for hotel/motel guest rooms.
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1.7.8.2 Prescriptive Compliance

The prescriptive requirements for envelope, mechanical, and lighting apply to hotel/motels.
The following prescriptive requirements are specific to hotel/motels:

1. Hotel/motel guest rooms must meet the prescriptive envelope criteria for high-rise
residential buildings rather than the prescriptive criteria for nonresidential buildings.

2. Hotel and motel guest rooms are not required to have economizer controls.

3. Guest rooms in hotel/motels are exempt from the lighting power density requirements.
However, lighting must meet the residential requirements of §150.0(k).

4. Each occupancy (other than guest rooms) in the hotel/motel must comply with the
Nonresidential Lighting Standards.

5. For compliance with water heating requirements, use the residential compliance.

1.7.8.3 Performance Compliance

The rules for performance compliance are identical to the rules for complying for all other
nonresidential and high-rise residential buildings. The area of each function of a hotel/motel
is input into the approved compliance software along with its corresponding envelope,
mechanical, and indoor lighting features. The computer software program will automatically
calculate an energy budget for the standard design, and the proposed design’s energy use.
The proposed design must be less than or equal to the standard design for the building to
comply.

1.7.9 Live-Work Spaces

Live-work buildings are a special case of mixed occupancy buildings, as they combine
residential and nonresidential uses within individual units. In general, the low-rise or high-
rise residential requirements (depending on the number of habitable stories) apply since
these buildings operate (and are conditioned) 24 hours per day. Lighting in designated
workspaces is required to show compliance with the Nonresidential Lighting Standards
(§140.6).

1.7.10 Unconditioned Space

An unconditioned space is neither directly nor indirectly conditioned. Both the requirements
for lighting and minimum skylight area apply to unconditioned space. Some typical examples
of spaces that may be unconditioned:

o Enclosed parking structures

e Automotive workshops

e Enclosed entry courts or walkways

¢ Enclosed outdoor dining areas

e Greenhouses

e Loading docks

e Warehouses

e Mechanical/electrical equipment rooms

Keep in mind that these kinds of spaces are not always unconditioned. The specifics of each
case must be determined.
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1.7.11 Newly Conditioned Space

When previously unconditioned space becomes conditioned, the space is then considered
an “addition” and all the building’s components must then comply as if it were a new
building.

This situation has potentially significant construction and cost implications. For example, if
an unconditioned warehouse is upgraded with a heating system, thus becoming conditioned
space, the building envelope must comply with the current envelope requirements and the
lighting system must be brought into conformance with the current lighting requirements,
including mandatory wiring and switching. If the envelope has large windows, it is
conceivable that some would have to be eliminated or replaced with more efficient windows.
If the lighting system is inefficient, fixtures might have to be removed and new, more efficient
fixtures installed.

This requirement can cause difficulty when the owner of a building seeks exemption from
complying with the Energy Standards by erecting a shell with no plans to condition it.

For example, the owner of an office building obtains a permit for the structure and envelope,
but wishes to leave the space conditioning and lighting improvements to the tenants. If that
owner claims unconditioned status for that building, the owner does not have to demonstrate
compliance with the envelope requirements of the Standards, but does have to demonstrate
compliance with the lighting requirements. If at the time of permitting a tenant is not
identified for a multi-tenant space, the “All other areas” lighting power density allowances
from Energy Standards Table 140.6-C shall be used. However, as soon as the tenant
applies for a permit to install the HVAC equipment, the envelope and any existing lighting to
remain must then be brought into full compliance with the requirements for the occupancy
designated.

This is the only circumstance when systems, other than those subject to the current permit
application, fall under the Standards. If the building was initially designed in a way that
makes this envelope compliance difficult, the building envelope may require expensive
alterations to bring it into compliance.

Many enforcement agencies require the owner to sign an affidavit at the time of the initial
building permit for the shell, acknowledging the potential difficulties of future envelope or
lighting compliance.

To minimize Energy Standards compliance difficulties, the recommended practice is to
demonstrate energy compliance at the time the envelope is built, and to demonstrate
compliance for the lighting systems when lighting systems are installed.

1.7.12 New Construction in Existing Buildings

Tenant improvements, including alterations and repairs, may be considered new
construction in an existing building. For example, the base building has been constructed,
but the individual tenant spaces have not been completed. Tenant improvements can
include work on the envelope, mechanical, or lighting systems. Whatever the case, the
system or systems being installed are considered to be new construction, and must comply
with some or all of the current Standards, depending on the extent of the changes (see
following sections).

The only circumstance when systems other than those subject to the current permit
application come under scrutiny is when the tenant improvement results in the conditioning
of previously unconditioned space.
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1.7.13 Alterations to Existing Conditioned Spaces
| §7141.0() |

An alteration is any change to a building’s water heating system, space conditioning system,
indoor lighting system, outdoor lighting system, sign lighting, or envelope that is not an
addition. Alterations or renovations to existing conditioned spaces have their own rules for
energy compliance.

In summary, the alteration rules are:

1. The Energy Standards apply only to those portions or components of the systems
being altered (altered component); untouched portions or components need not
comply with the Standards.

2. If an indoor lighting, outdoor lighting, or sign lighting alteration increases the energy
use of the altered systems, the alteration must comply with the current Standards.

3. Alterations must comply with the mandatory measures for the altered components.
4. New systems in the alteration must comply with the current Standards.

5. In an existing unconditioned building, where evaporative cooling is added to the
existing unaltered envelope and lighting, does not need to be brought into compliance
with current Standards.

6. Mechanical system alterations are governed primarily by the mandatory measures.

Beyond meeting all mandatory requirements, alterations must also comply either with
applicable prescriptive requirements discussed in Chapters 3 through 8; or must comply
using the performance path. Within the performance approach, changes to the existing
building, such that the entire building (existing and alteration) may comply is explained in
Chapter 11. Keep in mind that performance credit is given only for systems that are actually
changed under the current permitted scope of work.

Example 1-2
Question

An owner wants to add less than 50 ft? of new glazing in an old nonresidential building in climate zone 3.
What are the applicable requirements for the new glazing?

Answer

Exception to §141.0(b)2Ai exempts up to 50 ft* of added windows from the RSHGC and VT requirements in
Table 141.0-A. Therefore, the new glazing must meet only the climate zone 3 U-factor requirement of 0.58.

Example 1-3
Question

A building owner wants to change existing lighting fixtures with new ones. Do the Energy Standards restrict
the change in any way?

Answer

If more than 10 percent of the fixtures are replaced in the permitted space (excluding enclosed spaces
where no new lighting fixtures are proposed), or the connected load is increased, the Standards will treat
this as a new lighting system that must comply with §141.0(b)2l. Any applicable mandatory requirement
affected by the alteration applies, and the mandatory switching requirements would apply to the improved
system if the circuiting were altered. Appliance Efficiency Regulations requirements for ballasts would also

apply.
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Example 1-4
Question

A building owner wants to rearrange some interior partitions and re-position the light fixtures in the affected
rooms. Do the Energy Standards apply to the work?

Answer

Each of the newly arranged rooms must have its own light switches. Since there is no change in the
connected lighting load or the exterior envelope, only the mandatory light switching requirements would

apply.

Example 1-5
Question

A building owner wants to rearrange some duct work and add some additional fan coils to an existing HVAC
system to improve comfort. Do the Standards apply to the work?

Answer

There would be no change in the load on the system nor any increase in its overall capacity, so the
Standards would not apply to the central system. Only the duct construction requirements apply to altered
ducting.

Example 1-6
Question

A building owner wants to replace an existing chiller. No other changes will be made to the HVAC system.
Do the Energy Standards restrict the change in any way?

Answer

The mandatory efficiency requirements would govern the efficiency of the new chiller. The other parts of the
system are unchanged and therefore unaffected by the Energy Standards.

Example 1-7
Question

A building has a high ceiling space and the owner wants to build a new mezzanine space within it. There
will be no changes to the building envelope or to the central HVAC system. There will be new lighting
installed. How do the Energy Standards apply?

Answer

Since a mezzanine does not add volume, it is an alteration, not an addition. The existing systems are not
affected unless they are altered. The new lighting must comply with all requirements of the Standards. The
envelope is unchanged, so there are no requirements for it. The mechanical system duct work is simply
extended without increase in system capacity, so only the duct construction and insulation requirements

apply.
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1.7.14 Additions
| §141.0(a) |

An addition is any change to a building that increases floor area and conditioned volume.
Additions involve either:

¢ the construction of new, conditioned space and conditioned volume;
e the installation of space conditioning in a previously unconditioned space; or
¢ the addition of unconditioned space.

The mandatory measures and either the prescriptive or the performance requirements
apply. For conditioned space, the heating, lighting, envelope, and water heating systems of
additions are treated the same as for new buildings.

If the existing mechanical system(s) is simply extended into the addition, Exception 1 to
§141.0(a) applies. Unconditioned additions shall only comply with indoor, outdoor lighting,
and sign lighting requirements of the Standards. Refer above to Section 1.7.11 for further
discussion of previously unconditioned space.

There are three options for the energy compliance of additions under the Energy Standards:

Option 1 — Addition Alone

Treat the addition as a stand-alone building with adiabatic walls to conditioned space,
(§141.0(a)1 and §141.0(a)2Bi). This option can use either the prescriptive or the
performance approach. Adiabatic means the common walls are assumed to have no heat
transfer between the addition and the adjacent conditioned space, and are ignored
entirely.

Option 2 — Existing-Plus-Addition

Model the combination of the existing building with the addition (§141.0(a)2Bii). This is a
performance approach option only. Under this scenario, the proposed energy use is
calculated based on existing building features that remain unaltered and all alterations
(actual values of the proposed alterations) plus the proposed addition. The standard
design (allowed) energy budget is calculated based on:

1. The existing building features that remain unaltered.; and
2. All altered features modeled to meet requirements of §141.0(b); and
3. The addition modeled to meet requirements of §141.0(a)1.

If the proposed building energy use is less than or equal to the standard design energy
budget, then the building complies. The standard design for any alterations to the existing
lighting or mechanical systems is based on the requirements for altered systems in
§141.0(b).

This compliance option will generally ease the energy requirements of the addition only if
there are energy improvements to the existing building. It may allow the designer to make
a relatively energy inefficient addition comply depending on the nature and scope of the
energy improvements to the existing building.

Option 3 — Whole Building as All New Construction

The existing structure combined with the addition can be shown to comply as a whole
building meeting all requirements of the Energy Standards for new construction for
envelope, lighting and mechanical. This method is only practical if the existing building is
at or will be improved to the overall level of the current Energy Standards.
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Example 1-8
Question

A restaurant adds a conditioned greenhouse-style dining area with very large areas of glazing. How can it
comply with the Standards?

Answer

Because of its large glass area, it will not comply on its own. By making substantial energy improvements to
the existing building (envelope, lighting, and mechanical features), or by upgrading the existing building so
that the entire building meets the requirements for new construction, it is possible for the combined building
to comply. The performance approach would be used to model the entire building as an existing-plus-
addition.

To accumulate enough energy credit that can be used to offset (trade off against) the large glazing area in
the addition, several design strategies are available including:

1) Envelope improvements to the existing building which exceed the performance of the requirements in
§141.0(b)1 and §141.0(b)2A and B; and/or

2) New indoor lighting in the existing building which has a lower Installed Lighting Power Density (LPD)
than the Allowed LPD in §140.6; and/or,

3) Existing building mechanical system improvements that exceed the requirements of §141.0(b)2C, D,
and E.

1.7.15 Changes of Occupancy

A change of occupancy alone does not require any action under the Energy Standards. If
changes (alterations) are made to the building, then the rules for alterations or additions
apply (see Sections 1.7.13 and 1.7.14).

If the change in occupancy involves converting from a residential to a nonresidential
occupancy or vice versa (changes defined by CBC occupancy), then the Standards
applicable to the new occupancy would govern any alterations made to the building. For
example, if a home is converted to law offices, and a new lighting system is installed, the
Nonresidential Lighting Standards would apply. If a new HVAC system is installed, all the
nonresidential HYAC requirements would have to be met.

If no changes are proposed for the building, it is advisable to consider the ventilation
requirements of the new occupancy. For example, if a residence is converted to a hair
salon, the ventilation rates of the building should be considered. With new sources of indoor
pollution, the existing residential ventilation rates would likely not be adequate for the new
uses. However, no change is required by the Energy Standards.

1.7.16 Repairs

A repair is the reconstruction or renewal of any part of an existing building for the purpose of
its maintenance. Repairs shall not increase the preexisting energy consumption of the
required component, system, or equipment. Therefore, the Energy Standards do not apply
to repairs.
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Example 1-9
Question

If a space were 1,000 ft?, how large would the heating system have to be to make the space directly
conditioned?

Answer

The heating system would have to be larger than 10 Btu/(hr-ft?) x 1,000 ft? = 10,000 Btu/hr output to meet
the definition of directly conditioned space.

Example 1-10
Question

A water treatment plant has a heating system installed to prevent pipes from freezing. The heating system
exceeds 10 Btu/(hr-ft?) and operates to keep the space temperature from falling below 50°F. Is this plant
directly conditioned?

Answer

Not if the heating system is sized to meet the building load at 50°F and is thermostatically controlled to
prevent operating temperatures above 50°F. The definition of directly conditioned space excludes Process
Spaces that have space conditioning designed and controlled to be incapable of operating at temperatures
above 55°F at design conditions. Under these conditions, the space is not directly conditioned.

Example 1-10
Question

A process load in a manufacturing facility is generating heat inside the building shell. The manufacturing
facility will install space cooling to keep the temperature from exceeding 90°F. If the thermostat will not
allow cooling below 90°F (i.e., the temperature is kept at 90°F all the time), is this facility directly
conditioned, if the mechanical cooling exceeds 5 Btuh/hr-ft*?

Answer

No, this facility is not a directly conditioned space. The definition of directly conditioned space excludes
spaces where the space conditioning system is designed and controlled to be incapable of operating at
temperatures below 90°F at design conditions.

Example 1-12
Question

A natural gas kiln in a factory is located within the building shell and its capacity exceeds 10 Btu/(hr-ft?). Is
the space within the shell considered directly conditioned space if there is no HVAC system installed in the
building?

Answer
No, since the heat from the kiln is an Exempt Process Load and not part of heat that is transferred across

the building envelope components, and there is no HVAC system installed, the space is not considered a
directly conditioned space and the shell does not have to meet the Energy Standards envelope
requirements; however, the space must still meet the lighting requirements of the Energy Standards.
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Example 1-13
Question

If in example above mechanical cooling with the capacity that exceeds 5 Btuh/hr-ft* is added to the building
to keep the temperature from exceeding 85°F, does the space considered directly conditioned and must the
envelope meet the Energy Standards requirements?

Answer

No, the definition of Directly Conditioned Space excludes conditioning for Process Loads.

Example 1-14
Question

If a computer room is cooled with the capacity that exceeds 5 Btuh/hr-ft® and is controlled to a temperature
of 75°F, does the space have to meet the envelope requirement of the Standards?

Answer

No. Computer rooms are a Covered Process. There are no envelope requirements in either §120.6 or
§140.9.

Example 1-15
Question

The accompanying sketch shows a building with three unconditioned spaces (none has a direct source of
mechanical heating or cooling). The air transfer rate from the adjacent conditioned spaces is less than three
air changes per hour. The area weighted heat transfer coefficients of the walls (UA) are shown on the
sketch. The roof/ceiling area weighted heat transfer coefficients (UA) for each of the three unconditioned
spaces is 90 Btu/Hr -°F.

Are any of these spaces indirectly conditioned?
UA=70

UA=75 UA=75
UA=70 A
_ - UA=75
ua=70| B |ua=75 UA=75

UA=70 UA=75 C UA=70

UA=70

Answer

Because the air change rate is low, we evaluate each space on the basis of heat transfer coefficients
through the walls and roof. It is further assumed that the floors are adiabatic. Therefore, the heat transfer
will be proportional to the area weighted heat transfer coefficients of the walls and roof/ceilings.

SPACE A: The area weighted heat transfer coefficient to directly conditioned space is 3 x (75 Btu/Hr-°F) =
225 Btu/Hr-°F. The area weighted heat transfer coefficient to the outdoors or to unconditioned space is 70
Btu/Hr-°F + 90 Btu/Hr-°F = 160 Btu/Hr-°F. Since the heat transfer coefficient from Space A to the
conditioned space is greater than heat transfer coefficient from Space A to outside, Space A is considered
indirectly conditioned.

SPACE B: The area weighted heat transfer coefficient to directly conditioned space is 75 Btu/Hr-°F. The
area weighted heat transfer coefficient to the outdoors or to unconditioned space is (3 x 70 Btu/Hr-°F) + 90
Btu/Hr-°F = 300 Btu/Hr-°F. Since the heat transfer coefficient from Space B to the conditioned space is less
than the heat transfer coefficient from Space B to outside, Space B is considered unconditioned.
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SPACE C: The area weighted heat transfer coefficient to directly conditioned space is (2 x 75 Btu/Hr-°F =
150 Btu/Hr-°F. The area weighted heat transfer coefficient to the outdoors or to unconditioned space is (2 x
70 Btu/Hr-°F) + 90 Btu/Hr-°F = 230 Btu/Hr-°F. Since the heat transfer coefficient from Space C to the
conditioned space is less than the heat transfer coefficient from Space C to outside, Space C is considered
unconditioned.

Example 1-116
Question

In a four-story building, first floor is retail, second and third floors are offices, and the fourth floor is
residential (as defined in the CBC). Is the residential space high-rise or low-rise?

Answer

It is a high-rise residential space. Even though there is only one floor of residential occupancy, the building
has four habitable stories, making it a high-rise building.

1.8 About the Energy Standards

1.8.1 History
| Section 25402 of the Public Resources Code |

The Legislature adopted the Warren-Alquist Act which created the California Energy
Commission (Energy Commission) in 1975 to deal with energy-related issues, and charged
the Energy Commission with the responsibility to adopt and maintain Energy Efficiency
Standards for new buildings. The first Standards were adopted in 1978 in the wake of the
Organization of Petroleum Exporting Countries (OPEC) oil embargo of 1973.

The Act requires that the Energy Standards be cost effective “when taken in their entirety
and amortized over the economic life of the structure.” It also requires that the Energy
Commission periodically update the Standards and develop manuals to support the Energy
Standards. Six months after publication of the manuals, the Act directs local building permit
jurisdictions to withhold permits until the building satisfies the Standards.

The “First Generation” Standards for nonresidential buildings took effect in 1978, and
remained in effect for all nonresidential occupancies until the late 1980s, when the “Second
Generation” Standards took effect for offices, retail, and wholesale stores.

The next major revision occurred in 1992 when the requirements were simplified and
consolidated for all building types. At this time, major changes were made to the lighting
requirements, the building envelope, and fenestration requirements, as well as the HVAC
and mechanical requirements. Structural changes made in 1992 led the way for national
standards in other states.

The Standards went through minor revisions in 1995, but in 1998, lighting power limits were
reduced significantly, because at that time, electronic ballasts and T-8 lamps were cost
effective and becoming common practice in nonresidential buildings.

The California electricity crisis of 2000 resulted in rolling blackouts through much of the
State and escalating energy prices at the wholesale market, and in some areas of the State
in the retail market as well. The Legislature responded with AB 970, which required the
Energy Commission to update the Energy Standards through an emergency rulemaking.
This was achieved within the 120 days prescribed by the Legislature and the 2001
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Standards (or the AB 970 Standards) took effect mid-year 2001. The 2001 Standards
included requirements for high performance windows throughout the State, more stringent
lighting requirements and miscellaneous other changes.

The Public Resources Code was amended in 2002 through Senate Bill 5X to expand the
authority of the Energy Commission to develop and maintain standards for outdoor lighting
and signs. The Energy Standards covered in this manual build from the rich history of
Nonresidential Energy Standards in California and the leadership and direction provided
over the years by the California Legislature.

The 2008 Standards were expanded to include refrigerated warehouses and steep-sloped
roofs for the first time.

The 2013 Energy Standards reflected many significant changes as well as expanded its
scope. Some changes included Fault Detection and Diagnostic devices, economizer damper
leakage and assembly criteria, air handler fan control for HVAC systems, updates to the
low-sloped cool roofs requirements for nonresidential buildings, and for the first time, set
minimum mandatory measures for insulation in nonresidential buildings. Expanding the
scope of the Standards included newly regulated covered processes such as: parking
garage ventilation, process boiler systems, compressed air systems, commercial
refrigeration, laboratory exhaust, data center (computer room) HVAC, and commercial
kitchens.

The 2016 Energy Standards are current with ASHRAE 90.1 national consensus standards.
Changes were made to clarify the Energy Standards and resolve compliance concerns.

Example 1-17

Question

If a building is LEED certified does it still need to meet the 2016 Energy Standards?
Answer

Yes.

1.8.2 California Climate Zones

Since energy use depends partly upon weather conditions, which vary throughout the State,
the Energy Commission has established 16 climate zones representing distinct climates
within California. These 16 climate zones are used with both the residential and the
nonresidential Standards. The boundaries are shown in and detailed descriptions and lists
of locations within each zone are available in Reference Joint Appendix JA2.

Cities may occasionally straddle two climate zones. In these instances, the exact building
location and correct climate zone should be verified before any calculations are performed.
If a climate zone boundary line splits a single building, it must be designed to the
requirements of the climate zone in which 50 percent or more of the building is contained.
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Figure 1-1: California Climate Zones
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2.

Compliance and Enforcement

2.1

Overview

Primary responsibility for compliance and enforcement with the Building Energy Efficiency
Standards (Energy Standards) rests with the local enforcement agency, typically associated
with a city or county government. A building permit must be obtained from the local
jurisdiction before the construction of:

e a new nonresidential or high-rise residential building,
¢ an outdoor lighting system,

® asign,

e an addition,

¢ significant alterations (including tenant improvements)

Before a permit is issued, the local jurisdiction examines the building plans and specifications
for the proposed building to verify compliance with all applicable codes and standards.
Verification of compliance with the Energy Standards is the responsibility of the enforcement
agency's plans examiner. This is done by comparing the requirements specified on the
Certificate(s) of Compliance with the building plans and specifications for the building.

Once the enforcement agency has determined that the proposed building (as represented in
the building plans and specifications) complies with all applicable codes and standards, a
building permit may be issued at the request of the builder or the owner of the building. This
is the first significant milestone in the compliance and enforcement process. After building
construction is complete, if the enforcement agency's final inspection determines that the
building still conforms to the building plans and specifications; Certificate(s) of Compliance
are approved during plan check; and it complies with all applicable codes and standards, the
enforcement agency may approve the building and issue the Certificate of Occupancy. The
enforcement agency's final approval is also a significant milestone.

While obtaining the building permit and Certificate of Occupancy are important, the
compliance and enforcement process is significantly more involved and requires participation
by a number of other persons and organizations, including the architect or building designer,
specialty engineers (mechanical, electrical, civil, etc.), building developers, purchasing agent,
general contractor, subcontractors/installers, energy consultant, plans examiners, inspectors,
realtors, the building owner, and third-party inspectors (HERS raters). This chapter describes
the overall compliance and enforcement process and identifies the responsibilities for each
person or organization.

Where the building construction is under the jurisdiction of a state agency, no construction of
any state building can begin until the Department of General Services (DGS), or the state
agency that has jurisdiction over the property, determines that:

e The construction is designed to comply with the requirements of Title 24, Part 6
(Energy Standards).

e The documentation requirements of §10-103(a)1 have been met (Certificate(s) of
Compliance).

e The building plans indicate the features and performance specifications needed to
comply with the Energy Standards.
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The responsible state agency must notify the Commission’s Executive Director of its
determination.

211 Compliance Document Registration

§10-103
Reference Joint Appendix JA7
Reference Nonresidential Appendix NA1

When a data registry service provider has been established, requirements for a
documentation procedure called registration take effect. Registration documentation is
required for the construction and alteration of nonresidential buildings. Registration
requirements are described in this chapter and elsewhere in this manual. Also, Reference
Joint Appendix JA7 provides detailed descriptions of document registration procedures and
individual responsibilities for registration of Certificate(s) of Compliance, Certificate(s) of
Installation, and Certificate(s) of Acceptance Testing. More details regarding registration
requirements are also found in Reference Nonresidential Appendix NAT.

When registration is required, parties responsible for completing and submitting compliance
documents (Certificate(s) of Compliance, Certificate(s) of Installation, and Certificate(s) of
Acceptance) must submit the compliance document(s) electronically to an approved
nonresidential data registry for registration and retention. Registration of the nonresidential
compliance documentation is in addition to registering Certificate(s) of Field Verification and
Diagnostic Testing with an approved HERS provider data registry when HERS testing is
required. (See Section 2.2.)

Compliance documents submitted to an approved nonresidential data registry shall be
certified and signed by the applicable responsible person (§10-103). The nonresidential data
registry shall assign a unique registration number to the document(s), provided the
documents are completed correctly and a certification/signature is provided by the
responsible person. The registered document is retained by the nonresidential data registry
and copies are made available via secure internet website access to authorized registry
users. These are used to make electronic or paper copies of the registered document(s) for
submittal to the enforcement agency as required, including posting copies in the field for
enforcement agency inspections, and providing copies to the building owner. (See Section
2.3.2)

Examples of authorized registry users include energy consultants, builders, building owners,
construction contractors and installers, enforcement agencies, the Energy Commission, and
parties to the compliance and enforcement process that the documents support. Authorized
users of the nonresidential data registry will be granted read/write access rights to only the
electronic data that pertains to their project(s).

Note: Code compliance documents are considered public information.
This chapter is organized as follows:

2.1 Overview

2.2 The Compliance and Enforcement Process

2.3 Final Inspection by the Enforcement Agency and Issuance of the Certificate of
Occupancy

2.4 Compliance Documentation

2.5 Roles and Responsibilities
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2.2 The Compliance and Enforcement Process

The process of complying with and enforcing the Energy Standards involves many parties.
Those involved may include the architect or building designer, building developers,
purchasing agent, general contractor, subcontractors/installers, energy consultant, plans
examiners, inspectors, realtors, the building owner, and third party inspectors (HERS
Raters). Communication between these parties is essential for the compliance/enforcement
process to run smoothly.

The Energy Standards specify detailed reporting requirements that are intended to provide
design, construction, and enforcement parties with information needed to complete the
building process and ensure that the energy features are installed. Each party is accountable
for ensuring that the building’s energy features applicable to their area of responsibility are
installed correctly. This section outlines and discusses the responsibilities and requirements
during each phase of the compliance and enforcement process. (See Figure 2-1.)

Contingent upon approval of a nonresidential data registry by the Energy Commission, all
nonresidential energy compliance documents will need to be registered with a nonresidential
data regqistry prior to submittal to an enforcement agency. (See Section 2.1.1.) The
registration of documents prior to submittal to an enforcement agency accomplishes the
requirements for the retention of a completed and signed copy of the submitted energy
compliance documentation. §10-103 of the Energy Standards outlines the registration
requirements for compliance documents. Document retention is vital to compliance and
enforcement follow-up actions and other quality assurance processes that help to ensure
realization of energy savings from installed energy features. Although some local
enforcement agencies elect to retain copies of submitted energy compliance documents,
many jurisdictions do not retain these documents. Thus, the Energy Standards requirement
for registration of the energy compliance documentation in a nonresidential data registry
ensures that document retention is accomplished for all nonresidential construction projects.
General information describing registration procedures that are specific to the design,
construction, and inspection phases follow in this chapter. Refer also to Reference Joint
Appendix JA7 and Reference Nonresidential Appendix NA1 for more detailed descriptions of
these document registration procedures.
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2.21

<

Design

K

Permit
Application

K

Plan Check

K

Construction

L

Acceptance
Testing and
ommissionin

<

Operation

Figure 2-1: The Compliance and Enforcement Process

\
e At the design phase, architects, engineers, and designers must understand both the
requirements and the underlying intent of the Standards if they are to design buildings
and systems that are inherently energy effiecient and cost effective.
J
e At the permit application, the design team must make sure that the plans contain all
the information that the building official will need to verify that the building or system
satisfies the requirements. Compliance forms and worksheets are provided in this
manual to assist the applicant. )
. . K i )
eDuring plan check, the building department plans examiner must verify that the
building or system satisfies the requirements of the Standards and that the plans (no
just the compliance forms) contain the information to be verified during field
specifications.
J
\

eDuring construction, the contractor must carefully review the approved plans and
specification, and the building deparment field inspector(s) must verify that the building
or system is constructed according to the plans and specifications.
J

~\

e After completion of construction, the contractor and/or the design team must properly
commission the building and its systems and provide information and/or training to the
building operators on maintenance and operation of the building and its equipment.

<

J
~\
¢ After occupancy, the building and its sytems must be correctly operated and properly
maintained. In addition, the building user must be advised of their opportunities and
responsibilities for saving energy (turn off lights when possible, etc.)
J

Certificate(s) of Compliance

[ §10-103(a); §120.8

2211

Design Phase and Building Commissioning Certificate(s) of Compliance

During the design phase, the plans and specifications are developed that define the building
or system that will be constructed or installed. The building or system’s overall design must
be detailed in the construction documents and specifications, and these documents must be
submitted to the enforcement agency for approval. Parties associated with the design phase
must ensure that the building or system design specifications comply with the Energy
Standards, and that the energy features given on the construction documents are consistent
with the Certificate(s) of Compliance for the building or system.

The Design Review Kickoff Certificate(s) of Compliance and the Construction Document
Design Review Checklist Certificate(s) of Compliance must be reviewed and signed
depending on the size of the building by the following person(s) (See Table 2-1):
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¢ For buildings larger than 50,000 square feet, or for buildings with complex mechanical
systems - an independent third party engineer, architect, or contractor.

e Buildings between 10,000 and 50,000 square feet — an in-house engineer or architect
not associated with the project under review or a third party engineer.

¢ For buildings less than 10,000 square feet — the design engineer or architect of record.

The plans examiner will be responsible for verifying that these documents are submitted with
the building plans and are complete when required. More details regarding these Design
Review Certificate(s) of Compliance documents and the requirements for building
commissioning are provided in Chapter 12.

2.2.1.2 Building Plans and Specifications and Certificate(s) of Compliance

During the design phase, the architect, mechanical engineer, and lighting designer must
determine whether the building or system design complies with the Energy Standards. An
energy consultant or other professional (Documentation Author) may assist the building
designer(s) by providing calculations that determine the energy compliance impact of
building features proposed for the design. Additionally, throughout the design phase,
recommendations or alternatives may be suggested by energy consultants or energy
documentation authors to assist the designer in achieving compliance with the Standards.

The building or system design plans and specifications are required to be complete with
regard to specification of the energy efficiency features selected for compliance with the
Energy Standards, which must be detailed on the Certificate(s) of Compliance submitted to
the enforcement agency. (See Table 2-1 for a complete list of compliance documents.) It is
the responsibility of the builder/designer to ensure that the energy efficiency features detailed
on the Certificate(s) of Compliance are specified in the respective sections of the building
plans. Some examples of these features in the respective sections of the building plans
include:

1. Specifying the lighting fixtures and their wattages, lighting controls, etc., from the
Lighting Certificate(s) of Compliance for each room in a lighting schedule, lighting
fixture legend for the floor plan, etc., on the electrical plans.

2. Specifying the window and skylight U-Factor and SHGC values from the Envelope
Certificate(s) of Compliance in a window/skylight schedule, window/skylight legend for
the floor plan, etc., on the structural/architectural plans.

3. Specifying the wall, floor, and roof/ceiling insulation R-values from the Envelope
Certificate(s) of Compliance in a framing plan, the structural details, etc., on the
structural/architectural plans.

4. Specifying the HVAC equipment SEER, EER, AFUE, etc., and efficiency values, duct
insulation values, etc., from the Mechanical Certificate(s) of Compliance in an
equipment schedule on the mechanical plans.

Note: The builder/designer should consult with the enforcement agency regarding methods
of specifying energy features on the building plans for approval.

Any change in the design specifications, during any phase of design or construction that
changes the energy features specified for the design, necessitates recalculation of the
energy code compliance and issuance of a revised Certificate(s) of Compliance. If
recalculation indicates that the building no longer complies, alternate building features must
be selected that bring the design back into compliance with the Standards. The building
plans and specifications for the design must be revised to be consistent with the energy
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features shown on the revised Certificate(s) of Compliance, and must be resubmitted to the
enforcement agency for approval.

It is essential to coordinate energy efficiency feature selection with other building design
considerations as part of the overall design development process. This ensures that the
completed design specifications represented on the final construction documents submitted
to the enforcement agency are complete and consistent with the Certificate(s) of Compliance
and in compliance with the Energy Standards.

The next section on Integrated Design discusses briefly how concurrent development of
other aspects of the design can serve to improve the quality of the final design, and diminish
the need for revision of the construction documentation later in the plan review or
construction process.

2.21.3 Integrated Design

Integrated design is the consideration that brings the design of all related building systems
and components together. It brings together the various disciplines involved in designing a
building or system and reviews their recommendations as a whole. It recognizes that each
discipline's recommendations have an impact on other aspects of the building project. This
approach allows for optimization of both building performance and cost.

For example, many times HVAC systems are designed without regard for lighting
systems or lighting systems are designed without consideration of daylighting
opportunities.

The architect, mechanical engineer, electrical engineer, contractors, and other team
members each have their scope of work and often pursue the work without adequate
communication and interaction with other team members. This can result in improper system
sizing, or systems that are optimized for non-typical conditions.

Even a small degree of integration provides some benefit, allowing professionals working in
various disciplines to take advantage of design opportunities that are not apparent when they
are working in isolation. This can also point out areas where trade-offs can be implemented
to enhance energy efficiency. Design integration is the best way to avoid redundancy or
conflicts with aspects of the building project planned by others. The earlier that integration is
introduced in the design process, the greater the benefit that can be expected.

For a high performance school project, team collaboration and integration of design choices
should begin no later than the programming phase. In addition, the project team is likely to
be defined more broadly than in the past, and may include energy analysts, materials
consultants, lighting designers, life-cycle cost consultants, and commissioning agents.
Design activities may expand to include collaborative modeling exercises and simulations.

This manual provides details and implementation rules for individual design components and
systems. Though these individual strategies can improve building or system energy
efficiency, whole-building analysis and integrated design can balance energy and cost
concerns more effectively.

2.2.2 Permit Application — Certificate(s) of Compliance
| §10-103(a); §10-103(a)2 |

2.2.2.1 Submittal and Signatures

When the design is complete, construction documents are prepared, approvals (i.e., planning
department, water) are secured, and the owner, developer, or architect submits an
application for a building permit to the enforcement agency. Permit application is generally
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the last step in the process of planning and design. At this point, the infrastructure (i.e.,
streets, sewers, water lines, electricity, gas) is likely to be in place or is under construction,
and the process of preparation for the construction or installation of the building or system
design can begin.

Certificate(s) of Compliance must be submitted along with the construction documents, and
these documents must be approved by the enforcement agency. If the prescriptive method is
used for compliance, the Certificate(s) of Compliance documentation for the building
envelope, mechanical systems, and the lighting systems must all be submitted. If the
performance method is used for the entire building, a compiled set of Certificate(s) of
Compliance documentation pages is prepared (the PERF-1C document) using one of the
compliance software applications approved by the Energy Commission that summarizes the
energy features for the building. The compliance software will still produce Certificate(s) of
Compliance documentations for the building envelope, mechanical systems, and lighting
systems in addition to the PERF-1C document. Certificate(s) of Compliance documentation
requirements are specified in §10-103(a)1and §10-103(a)2 of the Energy Standards.

For all buildings, the Certificate(s) of Compliance must be signed by the person(s) eligible
under Division 3 of the Business and Professions Code to accept responsibility for the
building design to certify conformance with the Energy Standards. If more than one person
has responsibility for the building design, each person must sign the Certificate of
Compliance document(s) applicable to that portion of the design for which the person is
responsible. Alternatively, the person with chief responsibility for the building design may
prepare and sign the Certificate of Compliance document(s) for the entire design. The
signatures must be original signatures on paper documents or electronic signatures on
electronic documents when registration is required. (See Reference Joint Appendix JA7 for
details on electronic signatures.)

2.2.2.2 Design Review Certificate(s) of Compliance

The Design Review Kickoff Certificate(s) of Compliance and Construction Document Design
Review Certificate(s) of Compliance must be signed by the approved design reviewer,
specified in §10-103(a)1, and submitted for approval by the enforcement agency. These
documents are required for all projects regardless of the compliance method used
(prescriptive or performance). To demonstrate compliance, all projects are required to
complete Certificate(s) of Compliance documents NRCC-CXR-01 and NRCC-CXR-02. The
Certificate(s) of Compliance documents NRCC-CXR-03 and NRCC-CXR-04 are required
based on the HVAC system types included in the project, based on the definition of complex
mechanical systems. The building owner, or representative, design engineer and design
reviewer must all sign and date the Design Review Signature Certificate of Compliance
document NRCC-CXR-05 once the design review has been completed. Contractors
accepting the responsibilities of the engineer under the provision of the Business and
Profession Code may sign the documents in place of the design engineer. All applicable
design review compliance documents must be submitted. See Chapter 12 of for more details
regarding which Design Certificate of Compliance documents are required.

2.2.2.3 Preparation and Incorporation onto the Plans

The length and complexity of the Certificate(s) of Compliance documentation may vary
depending on the size and complexity of the building(s) or system(s) that are being
permitted, regardless of which compliance method is used. The Certificate(s) of Compliance
documents are commonly prepared by an energy consultant or energy compliance
professional (Documentation Author). An energy consultant should be knowledgeable about
the Standards and can benefit the design team by offering advice for the selection of the
compliance method (prescriptive or performance), and the selection of the energy features
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utilized for compliance with the Energy Standards. An energy consultant may also provide
recommendations for the most cost effective mix of building energy features for the design.

The Administrative Regulations, §10-103(a)2, require that the Certificate(s) of Compliance
and any applicable supporting documentation be submitted with permit applications and that
the Certificate(s) of Compliance be incorporated into the building plans. Many enforcement
agencies require that all of the energy compliance documents be incorporated electronically
onto the building plans. This enables the plans examiner to verify that the building or system
design specifications shown on construction documentation are consistent with the energy
features specified on the Certificate(s) of Compliance. The Certificate(s) of Compliance
documents submitted to the enforcement agency to demonstrate compliance shall conform
to a format and informational order and content approved by the Energy Commission. (See
§10-103(a)1A.) Samples of the Energy Commission-approved documents are located in
Appendix A of this manual. A listing of Certificate of Compliance documents is available in
Table 2-1.

2.2.2.4 Registration

Once the Energy Commission has established a data registry, registration will be required for
all Certificate(s) of Compliance submitted to the enforcement agency. The registration
process requires the builder or designer to submit the Certificate(s) of Compliance
information and an electronic signature to an approved nonresidential data registry in order
to produce a completed, dated, and signed electronic Certificate(s) of Compliance that is
retained by the registry. The Certificate of Compliance is assigned a unique registration
number, and then copies of the unique registered Certificate of Compliance documents are
made available to authorized users of the nonresidential data registry for use in making
electronic or paper copies of the registered document(s) for submittal to the enforcement
agency as required.

Examples of authorized users of the nonresidential data registry may include energy
consultants, builders, building owners, construction contractors and installers, enforcement
agencies, the Energy Commission, and other parties to the compliance and enforcement
process that the documents are designed to support. Authorized users of the nonresidential
data registry will be granted read/write access rights to only the electronic data that pertains
to their project(s).
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Table 2-1: Certificate of Compliance Documents

Design Review Electrical Envelope Lighting O.utd?or Sign Lighting
Lighting
NRCC-CXR-01-E NRCC-ELC-01-E NRCC-ENV-01-E NRCC-LTI-01-E NRCC-LTO-01-E NRCC-LTS-01-E

Design Review Kickoff Disaggregation of Envelope Certificate of Certificate of Certificate of
Electrical Circuits Component Compliance and Compliance and Compliance
NRCC-CXR-02-E Approach Field Inspection Field Inspection
Construction Checklist Checklist
Documents—All NRCC-ENV-02-E
Buildings Fenestration NRCC-LTI-02-E NRCC-LTO-02-E
Worksheet Lighting Controls Outdoor Lighting
NRCC-CXR-03-E Credit Worksheet Worksheet
Construction NRCC-ENV-03-E
Document Review — Roof Replacement NRCC-LTI-03-E NRCC-LTO-03-E
HVAC Simple Tradeoff Calculation | Indoor Lighting Outdoor Lighting
Power Allowance Power Allowance
NRCC-CXR-04-E NRCC-ENV-04-E
Construction Daylit Zone NRCC-LTI-04-E
Document Review — Worksheet Tailored Method
HVAC Complex Worksheet
NRCC-ENV-05-E
NRCC-CXR-05-E Fenestration NRCC-LTI-05-E
Design Review Certification Label Line Voltage Track
Signature Page Lighting Worksheet
NRCC-ENV-06-E
Area Weighted
Average Worksheet
Mechanical Plumbing Covered Processes Solar

NRCC-MCH-01-E
Certificate of Compliance
Declarations

NRCC-MCH-02-E
Dry ad Wet Systems

NRCC-MCH-03-E
Mechanical Ventilation and
Reheat

NRCC-MCH-04-E
Single Zone Systems
Declaration
NRCC-MCH-05-E
Single Zone Systems
Requirements

NRCC-MCH-06-E
Maximum Cycles of
Concentration Worksheet

NRCC-MCH-07-E
Prescriptive Requirements —
Fan Power Consumption

NRCC-PLB-01-E
Water Heating Systems

NRCC-PRC-01-E
Covered Process

NRCC-PRC-02-E
Garage Exhaust

NRCC-PRC-03-E
Commercial Kitchens

NRCC-PRC-04-E
Data Centers

NRCC-PRC-05-E
Prescriptive/
Performance
Commercial
Refrigeration

NRCC-PRC-06-E
Refrigerated
Warehouses

NRCC-PRC-07-E
Refrigerated
Warehouses 3,000 ft* or
greater

NRCC-PRC-08-E
Refrigerated
Warehouses
3,000 ft’ or
greater (served
by same
refrigeration
system)

NRCC-PRC-09-E
Laboratory
Exhaust

NRCC-PRC-10-E
Compressed Air
Systems

NRCC-PRC-11-E
Process Boilers

NRCC-PRC-12-E
Elevator Lighting
& Ventilation
Controls

NRCC-PRC-13-E
Escalators &
Moving
Walkways Speed

Control

NRCC-SRA-01-E

Solar Ready Areas

NRCC-SRA-2-E
Minimum Solar Zone
Area Worksheet

NRCC-STH-01-E
0G100 Solar Water
Heating Systems
Worksheet

Refer to Appendix A of this manual for a complete list and samples of Certificate of Compliance documents.
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2.2.3 Plan Check

| §10-103(0)1 |

2.2.3.1 Plans and Specifications

Local enforcement agencies are required to check submitted building plans and
specifications to determine whether the design conforms to the applicable codes and
standards, thus the plan check must include checking the energy efficiency specifications for
the design to confirm compliance with the Energy Standards. Vague, missing, or incorrect
information on the construction documents may be identified by the plans examiner as
requiring correction, and the permit applicant must revise the construction documents to
make the corrections or clarifications, and then resubmit the revised building plans and
specifications for verification by the plans examiner. When the permit applicant submits
comprehensive, accurate, clearly defined building plans and specifications, it helps to speed
the plan review process.

During plan review, the enforcement agency must verify that the building's design details
specified on the construction documents conform to the applicable energy code features
information specified on the submitted Certificate(s) of Compliance documents. This is
necessary since materials purchasing personnel and building construction craftsmen in the
field may rely solely on a copy of the building plans and specifications approved by the
enforcement agency for direction in performing their responsibilities.

It is worthwhile to mention that later in the construction/installation process, the person
responsible for construction will be required to sign a Certificate(s) of Installation confirming
that the installed features conform to the requirements specified in the building plans and the
Certificate(s) of Compliance approved by the enforcement agency. If at that time it is
determined that the actual construction/installation is not consistent with the approved
building plans and specifications or Certificate(s) of Compliance, the applicable
documentation is required to be revised to reflect the actual construction/installation
specifications, which must indicate compliance with the energy code requirements. If
necessary, corrective action must be taken to bring the construction/installation into
compliance. It is of utmost importance that the building design features represented on the
approved building plans and specifications for the proposed building comply with the Energy
Standards’ requirements specified on the approved Certificate(s) of Compliance, and that the
actual construction/installation is consistent with those approved documents.

2.2.3.2 Energy Plan Review

The enforcement agency is responsible for verifying that all required compliance documents
have been submitted for plan review and do not contain errors. When the compliance
documents are produced by an Energy Commission-approved computer software
application, it is unlikely that there will be computational errors on the Certificate(s) of
Compliance documents. However, it is essential that the plans examiner verifies that the
building design represented on the proposed building specifications is the same building
design represented in the Certificate(s) of Compliance documents. Some examples of how
the plans examiner will verify that the energy efficiency features detailed on the Certificate(s)
of Compliance are specified in the respective sections of the building plans include:

1. Verifying the lighting fixtures and their wattages, lighting controls, etc., from the Lighting
Certificate(s) of Compliance on the Electrical Plans in a lighting schedule, lighting
fixture legend for the floor plan, etc.

2016 Nonresidential Compliance Manual January 2017



Compliance and Enforcement - The Compliance and Enforcement Process Page 2-11

2. Verifying the window and skylight U-Factor and SHGC values from the Envelope
Certificate(s) of Compliance on the Structural/Architecture Plans in a window/skylight
schedule, window/skylight legend for the floor plan, etc.

3. Verifying the wall, floor, and roof/ceiling insulation R-values from the Envelope
Certificate(s) of Compliance on the Structural/Architecture Plans in a framing plan, the
structural details, etc.

4. Verifying the HVAC equipment SEER, EER, AFUE, etc. efficiency values from the
Mechanical Certificate(s) of Compliance on the Mechanical Plans in an Equipment
Schedule.

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

To obtain a list of Energy Commission-approved energy code compliance software
applications, visit the Commission Website at:
http://www.energy.ca.gov/title24/2016standards/2016 _computer prog list.html,

or call the Energy Standards Hotline at 1-800-772-3300.

2.2.4 Building Permit
| §10-103(d)1 |

After the plans examiner has reviewed and approved the building plans and specifications
and energy compliance documentation for the project, a building permit may be issued by
the enforcement agency at the request of the builder. Issuance of the building permit is the
first significant milestone in the compliance and enforcement process. The building permit is
the green light for the contractor to begin work. In many cases, building permits are issued in
phases. Sometimes there is a permit for site work and grading that precedes the permit for
actual construction. In large Type | or Il buildings, the permit may be issued in phases such
as site preparation or structural steel.

2.2.5 Construction Phase — Certificate(s) of Installation

| §10-103(a)3 |

2.2.5.1 Change Orders

Upon receiving a building permit from the local enforcement agency, the general contractor
can begin construction. The permit requires the contractor to construct the building or system
in compliance with the approved building plans and specifications, but often there are
variations. Some variations are formalized by the contractor through change orders. When
change orders are issued, the design team and the local enforcement agency must verify
that compliance with the energy code is not compromised by the change order. In some
cases, it is obvious that a change order could compromise energy code compliance; for
instance, when an inexpensive single glazed window is substituted for a more expensive
high performance dual glazed window.

However, it could be difficult to determine whether a change order would compromise
compliance; for instance, when the location of a window is changed or when the orientation
of the building with respect to direction north is changed. Field changes that result in non-
compliance require enforcement agency approval of revised building plans and energy
compliance documentation to confirm that the building is still in compliance.
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2.2.5.2 Completion and Submittal

During the construction process, the general contractor or specialty subcontractors are
required to complete various construction certificates. These certificates verify that the
contractor is aware of the requirements of the Energy Standards, and that the actual
construction/installation meets the requirements.

Certificate(s) of Installation are required to be completed and submitted to certify compliance
of regulated energy features such as windows and skylights, water heater, plumbing, HVAC
ducts and equipment, lighting fixtures and controls, and building envelope insulation. The
licensed person responsible for the building construction or for the installation of a regulated
energy feature must ensure their work is done in accordance with the approved building
plans and specifications for the building. The responsible 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 building plans,
specifications, and the Certificate(s) of Compliance documents approved by the enforcement
agency for the building. A copy of the completed, signed, and dated Certificate of Installation
must be posted at the building site for review by the enforcement agency, in conjunction with
requests for final inspection of the building.

If construction on any regulated portion of the building will be impossible to inspect because
of subsequent construction, the enforcement agency may require the Certificate(s) of
Installation to be posted upon completion of that feature/portion of the building. The
Certificate of Installation documents submitted to the enforcement agency shall conform to a
format and informational order and content approved by the Energy Commission. (See §10-
103(a)3A.) Samples of the Energy Commission-approved documents are located in
Appendix A. A listing of Certificate of Installation documents is presented in Table 2-2. A
copy of the Certificate(s) of Installation must be included with the documentation the builder
provides to the building owner at occupancy as specified in §10-103(b).

If for any reason the actual construction/installation performed does not conform to the
approved plans and specifications and Certificate(s) of Compliance, corrective action must
be performed to bring the documentation and installation into compliance prior to completion
and submittal of the Certificate(s) of Installation.

2.2.5.3 Registration

Once a data registry has been established, all of the Certificate of Installation documents
must be registered documents from an approved nonresidential data registry. When
registration is required, the builder or installing contractor must submit information to an
approved nonresidential data registry to produce a completed, dated, and signed electronic
Certificate of Installation that is retained by the registry for use by authorized users of the
registry. The Certificate of Installation is assigned a unique registration number and copies of
the unique registered Certificate of Installation documents are made available to authorized
users of the nonresidential data registry. These are used for making electronic or paper
copies of the registered document(s) for submittal to the enforcement agency as required,
including posting copies in the field for enforcement agency inspections, and providing
copies to the building owner. (See Section 2.3.2 of this chapter.)

Examples of authorized users of the nonresidential data registry may include energy
consultants, builders, building owners, construction contractors and installers, enforcement
agencies, the Energy Commission, and other parties to the compliance and enforcement
process that the documents are designed to support. Authorized users of the nonresidential
data registry will be granted read/write access rights to only the electronic data that pertains
to their project(s).
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Table 2-2: Certificate of Installation Documents

Certificate of Installation Document
Component ier
Identifier

Electrical Power Distribution NRCI-ELC-01-E
Envelope NRCI-ENV-01-E
Mechanical NRCI-MCH-01-E
Lighting
Validation of Certificate of Compliance NRCI-LTI-01-E
EMCS - Lighting Control System NRCI-LTI-02-E
Line Voltage Track Lighting NRCI-LTI-03-E
Two Interlocked Lighting Systems NRCI-LTI-04-E
Power Adjustment Factors NRCI-LTI-05-H
Additional Videoconference Studio Lighting NRCI-LTI-06
Outdoor Lighting

NRCI-LTO-01-E
Validation of Certificate of Compliance
EMCS - Lighting Controls System NRCI-LTO-02-E
Sign Lighting NRCI-LTS-01-E
Refrigerated Warehouse NRCI-PRC-01-E
Water Heating

NRCI-PLB-01-E
Validation of Certificate of Compliance
H!gh_Ris_e Residential/Hotel/Motel Central Hot Water System NRCI-PLB-02-E
Distribution
High Rise Resid_enti‘alll-_loteI/MoteI Single Dwelling Unit Hot NRCI-PLB-03-E
Water System Distribution
High Rise Multifamily Central Hot Water System Distribution NRCI-PLB-21-H
High Rise Single Dwelling Unit Hot Water System Distribution NRCI-PLB-22-H
Solar Photovoltaic NRCI-SPV-01-E
Solar Water Heating NRCI-STH-01-E
Refer to Appendix A of this manual for a complete list of the Nonresidential documents.

2.2.6 Building Commissioning - Certificate of Compliance

Building Commissioning is required for all new nonresidential buildings equal to or greater
than 10,000 ft2. The Certificate(s) of Compliance for Building Commissioning document (see
Chapter 12) must be signed by the owner/owner’s representative, architect, engineer or
designer of record, and the commissioning coordinator, and submitted for approval by the
enforcement agency. For buildings that are less than 10,000 ft?, only the design review
sections must be completed. More details regarding the Building Commissioning
Certificate(s) of Compliance documents and the requirements are provided in Chapter 12 of
this manual.
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2.2.7 Acceptance Testing — Certificate(s) of Acceptance
| §10-103(a)4; §10-103.1; §10-103.2 |

2.2.7.1  Acceptance Tests

Acceptance testing or acceptance criteria verification is required for certain lighting, HVAC
controls, air distribution ducts, and envelope features, and for equipment that requires proper
calibration at the time of initial commissioning to ensure that operating conditions that could
lead to premature system failure are prevented, and optimal operational efficiency is
realized. The features that require acceptance testing are listed in Table 2-3 on the next

page.

2.2.7.2 Acceptance Test Technician Certification Providers (ATTCP) and Certified
Technicians

Technicians who conduct acceptance testing for lighting and mechanical systems, when
required by the Energy Standards, will need to be trained and certified by an Energy
Commission-approved Acceptance Test Technician Certification Provider (ATTCP). The
Energy Commission verifies that the ATTCP applicant complies with the requirements of
§10-103.1 or §10-103.2 prior to the issuance of a certification. Builders and installers will
need to ensure that the technician conducting the required acceptance testing, and
completing the required Certificate(s) of Acceptance for lighting and mechanical systems is
certified by an approved ATTCP. Enforcement agency field inspectors will need to verify that
the submitted Certificate(s) of Acceptance for lighting and mechanical systems are signed by
a technician who is certified with an approved ATTCP at final inspection. More details
regarding the requirements and certification process for ATTCPs are provided in Chapter 13
of this manual.

2.2.7.3 Registration

Once a data registry has been established, all of the Certificate of Acceptance documents
must be registered documents from an approved nonresidential data registry. When
registration is required, the builder, installing contractor, or certified technician must submit
information to an approved nonresidential data registry in order to produce a completed,
dated, and signed electronic Certificate of Acceptance that is retained by the registry for use
by authorized users of the registry. The Certificate of Acceptance is assigned a unique
registration number, then copies of the unique registered Certificate of Acceptance
documents are made available to authorized users of the nonresidential data registry for use
in making electronic or paper copies of the registered document(s) for submittal to the
enforcement agency as required, including posting copies in the field for enforcement agency
inspections, and providing copies to the building owner. (See Section 2.3.2 of this chapter.)

Examples of authorized users of the nonresidential data registry may include energy
consultants, builders, building owners, construction contractors and installers, certified
technicians, enforcement agencies, the Energy Commission, and other parties to the
compliance and enforcement process that the documents are designed to support.
Authorized users of the nonresidential data registry will be granted read/write access rights
to only the electronic data that pertains to their project(s).
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Table 2-3: Measures Requiring Acceptance Testing

Category

| Measure

Envelope

Fenestration Acceptance

‘ Site-Built Fenestration — Label Certificate Verification

Mechanical

Outdoor Air

Variable Air Volume Systems Outdoor Air Acceptance
Constant Volume System Outdoor Air Acceptance

HVAC Systems

Constant- Volume Single Zone, Unitary A/C and Heat Pumps

Air Distribution Systems

Air Distribution Acceptance

Air Economizer Controls

Economizer Acceptance

Demand Control Ventilation
(DCV) Systems

Packaged Systems DCV Acceptance

Variable Frequency Drive
Systems

Supply Fan Variable Flow Controls

Hydronic System Controls
Acceptance

Valve Leakage Test
Hydronic Variable Flow Controls
Supply Water Temperature Reset Controls

Mechanical Systems

Automatic Demand Shed Control Acceptance

Fault Detection & Diagnostics for Packaged DX Units

Automatic Fault Detection & Diagnostics for Air Handling & Zone Terminal Units
Distributed Energy Storage DX AC Systems Test

Thermal Energy Storage (TES) Systems

Supply Air Temperature Reset Controls

Condenser Water Supply Temperature Reset Controls

Energy Management Control System

Indoor Lighting

Indoor Lighting Control Systems

Automatic Daylighting Controls Acceptance

» Occupancy Sensor Acceptance

» Manual Daylighting Controls Acceptance

» Automatic Time Switch Control Acceptance
Demand Responsive Controls

Outdoor Lighting

Outdoor Lighting Control

Outdoor Lighting Controls
» Qutdoor Photocontrol
 Astronomical Time Switch
« Standard (non-astronomical) Time Switch

Covered Processes

Compress Air Systems

Compressed Air System Acceptance

Commercial Kitchens

Commercial Kitchen Exhaust System Acceptance

Enclosed Parking Garages

Ventilation System Acceptance Testing

Refrigerated Warehouses

Evaporators and Evaporator Fan Motor Variable Speed Controls
Condensers and Condenser Fan Motor Variable Speed Controls
Air-Cooled Condensers and Condenser Fan Motor Variable Speed Controls
Variable Speed Screw Compressors

Electric Resistance Underslab Heating Systems

Commercial Refrigeration

Air-Cooled Condensers and Fluid Coolers
Evaporative Condensers, Fluid Coolers and Cooling Towers
Compressor Floating Suction Controls
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Liquid Subcooling
Display Case Lighting Controls
Refrigeration Heat Recovery

Elevators Elevator Lighting & Ventilation Controls

Escalators & Moving Walkways Escalators & Moving Walkways Speed Control

2.2.7.4 Verification and Documentation

Acceptance testing must be conducted and a Certificate(s) of Acceptance must be
completed and submitted before the enforcement agency can issue the Certificate of
Occupancy. The procedures for performing the acceptance tests are documented in
Reference Nonresidential Appendix NA7. Compliance with the acceptance requirements for
a construction/installation project is accomplished by three categories of verification and
documentation:

1. Plan review
2. Construction inspection and Certificate(s) of Installation verification

3. Functional testing and completion of the Certificate(s) of Acceptance

2.2.7.5 Plan Review

The installing contractor, engineer/architect of record, or owner’s agent is responsible for
reviewing the plans and specifications and ensuring they conform to the requirements of the
Certificate(s) of Compliance and the acceptance requirements. Plan Review should be done
prior to signing a Certificate(s) of Compliance for submittal to plan review, and also prior to
completing and signing the Certificate(s) of Installation. The required acceptance tests shall
be identified for the applicable building component or system on the respective Certificate(s)
of Compliance. Examples of identifying the required acceptance tests on the Certificate(s) of
Compliance include:

1. The fenestration acceptance test shall be identified as required for site-built
fenestration on the NRCC-ENV-01 document.

2. The air economizer controls acceptance test shall be identified as required for HVAC
systems with economizers on the NRCC-MCH-01 document.

3. The lighting controls acceptance test shall be identified as required for occupancy
sensors, automatic time switches, etc. on the NRCC-LTI-01 document.

4. The outdoor lighting controls acceptance test shall be identified as required for motion
sensors, photocontrols, astronomical time switches, etc. on the NRCC-LTO-01
document.

Since making changes on paper documents may be less costly as compared to the cost of
altering or replacing a completed but non-compliant building energy feature
construction/installation, attention should be given to plan review early in the process, and
also at critical decision points such as during subcontractor bid proposal review and
materials procurement activities. If design or material specification for the
construction/installation is changed subsequent to plan check, revised building plans and
Certificates of Compliance must be submitted for approval to the enforcement agency.
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2.2.7.6 Construction Inspection and Certificate(s) of Installation Verification

The installing contractor, engineer/architect of record, or the owner’s agent is responsible for
performing construction inspection and completing the required Certificate(s) of Installation to
confirm compliance of the regulated energy features. The certified technician (see Chapter
12) responsible for performing the acceptance tests is required to confirm that the
Certificate(s) of Installation have been properly completed and posted at the building site
prior to the issuance of a Certificate(s) of Acceptance.

All regulated components that were incorporated into the completed construction/ installation
must be inspected to confirm that they conform to the requirements detailed on the building
specifications and the Certificate(s) of Compliance approved by the local enforcement
agency. Corrective action must be taken if the installation/construction is not in compliance
with the building plans and specifications and Certificate(s) of Compliance approved by the
enforcement agency, or if a Certificate of Installation has not been properly completed and
posted. Corrective action must be performed prior to proceeding with the acceptance tests
and the submittal or posting of the Certificate(s) of Acceptance.

2.2.7.7 Functional Testing and Completion of the Certificate(s) of Acceptance

The installing contractor, engineer/architect of record or the owner’s agent is responsible for
ensuring that all applicable acceptance requirement procedures identified in the building
plans, on the Certificate(s) of Compliance, and in Reference Nonresidential Appendix NA7
are conducted by a certified technician. (See Chapter 12.) All performance deficiencies must
be corrected by the builder or installing contractor and the certified technician must repeat
the acceptance requirement verification procedures until the construction/installation of the
specified systems conform to the required performance criteria and in compliance with the
Energy Standards.

The certified technician who conducts the applicable acceptance testing is responsible for
documenting their results on the required Certificate(s) of Acceptance document. After
completion of the acceptance testing and documents, the certified technician shall provide
completed, dated, and signed copies of the Certificate(s) of Acceptance to the builder or
installing contractor. When registration is applicable, the Certificate(s) of Acceptance must be
registered with an approved nonresidential data registry. The builder or installing contractor
may facilitate the registration process by entering the certified technicians’ data results on
the Certificate(s) of Acceptance into the nonresidential data registry, but the certified
technician responsible for the acceptance test must provide their electronic signature in the
registry for the document to be complete and registered.

A copy of the Certificate(s) of Acceptance must be posted or made available to the
enforcement agency with the building permit(s) issued for the construction/installation. If
construction on any regulated feature or portion of the building will be impossible to inspect
because of subsequent construction, the enforcement agency may require the Certificate(s)
of Acceptance to be posted upon completion of that portion of the building. A copy of the
Certificate(s) of Acceptance must be included with the documentation the builder provides to
the building owner at occupancy as specified in §10-103(b).

2.2.7.8 Certificate(s) of Acceptance Documents

Acceptance tests are required to be documented using the applicable acceptance forms.
Table 2-4 lists the Certificate of Acceptance documents and provides references to the
applicable sections of the Energy Standards and in Reference Nonresidential Appendix NA7.
The Certificate(s) of Acceptance documents submitted to the enforcement agency to
demonstrate compliance shall conform to a format and informational order and content
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approved by the Energy Commission (see §10-103(a)1A for more details). Samples of the
Energy Commission-approved documents are located in Appendix A of this manual.

Table 2-4: Certificate of Acceptance Documents

Reference
Energy Standards Nonresidential
Component Document Name Reference Appendix
Envelope NRCA-ENV-02-F — Fenestration Acceptance §10-111 & §110.6 NA7.4
- _02-A — ; §10-103(b)4 & §120.1(b)2 NA7.5.1.1
NRCA-MCH-02-A — Outdoor Air & §120.5(a)1 NA7 5.1.2
NRCA-MCH-03-A — Constant Volume
Single §120.1(b)2 & §120.5(a)2 NA7.5.2
Zone HVAC
NRCA-MCH-04-A — Air Distribution Duct Leakage NA7.5.3
Testing §120.5(a)3 & §140.4(1) NA2 1
NRCA-MCH-05-A — Air Economizer Controls §120.5(a)4 & §140.4(e) NA7.5.4
NRCA-MCH-06-A — Demand Control Ventilation §120.1(c)3 & §120.5(a)5 NA7 55
(DVC)
NRCA-MCH-07-A — Supply Fan Variable Flow
Controls (VFC) §120.5(a)6 & §140.4(c) NA7.5.6
NRCA-MCH-08-A — Valve Leakage Test §120.5(a)7 & §140.4(k)6 NA7.5.7
NRCA-MCH-09-A — Supply Water Temperature
Reset Controls §120.5(a)9 & §144(k)4 NA7.5.8
NRCA-MCH-10-A — Hydronic System Variabl
Mechanical ydronic System Variable §120.5(a)7 & §144(K)1 NA7.5.9
Flow Controls
NRCA-MCH-11-A — Automatic D d Shed
utomatic Jemand she §120.2(h) & §120.5(a)10 NA7.5.10
Controls
NRCA-MCH-12-A — Fault Detection and
120.5(a)11 NA7.5.11
Diagnostics for DX Units § @
NRCA-MCH-13-A — Automatic Fault Detection
and DiagnOStiCS for Air 120.5 12 NA7.5.12
Handling and Zone Terminal §120.5() e
Units
NRCA-MCH-14-A — Distributed Energy Storage
DX AC Systems Test §120.5(2)13 NA7.5.13
NRCA-MCH-15-A — Thermal Energy Storage
120.5(a)14 NA7.5.14
(TES) Systems §120.5()
NRCA-MCH-16-A — Supply Air Temperature §120.5(a)15 NA7 5.15
Reset Controls
NRCA-MCH-17-A — Condenser Water
Temperature Reset Controls §120.5(2)16 NA7.5.16
NRCA-MCH-18-A — Energy Management Control §1205(a)17 |
System
I TLOOA | iahg §110.9(b) & §130.1(c) &
NRCA-LTI-02-A — Lighting Controls §130.4(a) NA7.6.2
Indoor NRCA-LTI-03-A — Automatic Daylighting §110.9(b) & §130.1(d) & NA7.6.1
Lighting §130.4(a)
NRCA-LTI-04-A — Demand Responsive Controls §130.1(e) & §130.4(a) NA7.6.3
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NRCA-LTO-02-A — Outdoor Motion Sensor and §110.9(b) & §130.2(c) & NA7.8
Outdoor . . §130 4(a)
Lighting Lighting Shut-off Controls -
Acceptance
NRCA-PRC-01-A — Compressed Air Systems §120.6(e) NA7.13
NRCA-PRC-02-A — Parking Garage Exhaust §120.6(c) & §120.6(c)8 NA7.12
NRCA-PRC-03-F — Commercial Kitchen Exhaust §140.9(b) NA7 11
System Acceptance
NRCA-PRC-04-A — Refrigerated Warehouse
Evaporator Fan Motor Controls §120.6(2)3 & §120.6(2)78 NA7.10.2
NRCA-PRC-05-A — Refrigerated Warehouse
Evaporative Condenser §120.6(a)4 & §120.6(a)7C NA7.10.3.1
Controls
covered NRCA-PRC-06-A — Refri ted Wareh Ai
Processes - -06-A — Refrigerated Warehouse Air-
Cooled Condenser Controls §120.6(a)4 & §120.6(a)7D NA7.10.3.2
NRCA-PRC-07-A — Refrigerated Warehouse
Variable Speed Compressor §120.6(2)5 & §120.6(a)7E NA7.10.4
NRCA-PRC-08-A — Refrigerated Warehouse
Electric Resistance Underslab §120.6(a) & §120.6(a)7A NA7.10.1
Heating System
NRCA-PRC-12-F — Elevator Lighting & Ventilation §120.6() NA7 14
Controls
NRCA-PRC-13-F — Escalators & Moving Walkways
Speed Control §120.6(g) NA7.15
Refer to Appendix A of this manual for a complete list of Certificate of Acceptance documents.

2.2.8

Testing

HERS Verification — Certificate of Field Verification and Diagnostic

When single-zone, constant volume space-conditioning systems (1) serving less than 5,000
ft? of floor area and (2) have more than 25 percent of the system surface duct area located in
unconditioned space, duct sealing is prescriptively required by §140.4(I) for newly
constructed buildings and by §141.0(b)2C, D, and E for HVAC alterations. A third-party
inspection and diagnostic test of the duct system must be conducted by a certified HERS

Rater to verify that the system’s air distribution duct leakage is within specifications required
by the Energy Standards.

2.29 HERS Providers

http.//www.cheers.org

http.//www.calcerts.com

http.//www.cbpca-hers.org

The Energy Commission approves Home Energy Rating System (HERS) providers, subject
to the Energy Commission’s HERS Regulations (Title 20, Chapter 4, Article 8, Sections 1670
through 1675). Approved HERS providers are authorized to train and certify HERS Raters
and are required to maintain quality control over HERS Rater field verification and diagnostic
testing activities. In California, the certified HERS providers are:

1. ConSol Home Energy Efficiency Rating Services (CHEERS)
2. California Certified Energy Rating & Testing Services (CalCERTS)
3. U.S. Energy Raters Association (USERA) (formerly CBPCA)
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The HERS provider must maintain a HERS provider data registry and database that
incorporates an internet website-based user interface that has functionality to accommodate
the needs of the authorized users of the data registry who must participate in the
administration of HERS compliance, document registration, and Energy Standards
enforcement activities.

The HERS provider data registry must receive and record information to identify and track
measures that require HERS verification in a specific building/system, and must be capable
of determining compliance based on the information from the results of testing or verification
procedures input to the registry for the building/system. When the compliance requirements
are met, the provider’s data registry must make a unique registered Certificate of Field
Verification and Diagnostic Testing available to enforcement agencies, builders, building
owners, HERS raters, and other interested parties to show compliance with the document
submittal requirements of §10-103. The HERS provider data registry must have the
capability to facilitate electronic submittal of the registered Certificate(s) of Field Verification
and Diagnostic Testing of an Energy Commission document repository for retention of the
certificates for use in enforcement of the regulations.

The HERS provider must make available (via phone or internet communications) a way for
building officials, builders, HERS raters, and other authorized users of the HERS provider
data registry to verify the information displayed on copies of the submitted Certificate of Field
Verification and Diagnostic Testing documentation. Refer to Reference Nonresidential
Appendix NA1 and Reference Joint Appendix JA7 for additional information on the HERS
provider’s role and responsibilities.

An approved HERS provider may also be approved as a Registration Provider and facilitate
the documentation registration process for nonresidential buildings and projects. Contingent
upon approval of a nonresidential data registry by the Energy Commission, all nonresidential
compliance documents will need to be registered. This requirement will apply to all
Certificate(s) of Compliance, Certificate(s) of Installation, and Certificate(s) of Acceptance.
The Registration Provider responsible for registering nonresidential compliance documents
does not have to be an approved HERS provider and can be managed by any entity or
organization meeting the nonresidential data registry requirements. However, an approved
HERS provider may also manage a nonresidential data registry as an approved Registration
Provider and register both residential and nonresidential compliance documentation.

2.2.10 HERS Raters

The HERS Rater is certified by an Energy Commission-approved HERS provider to perform
the field verification and diagnostic testing that may be required to demonstrate and
document compliance with the Energy Standards. HERS Raters receive special training in
diagnostic techniques and building science as part of the HERS Rater certification process
administered by the HERS provider. Thus, HERS Raters are considered special inspectors
by enforcement agencies and shall demonstrate competence, to the satisfaction of the
enforcement agency, to conduct the required visual inspections and diagnostic testing of the
regulated energy efficiency features installed in the dwelling. HERS Raters should be aware
that some enforcement agencies charge a fee for special inspectors to operate within their
jurisdictions. Since HERS Raters are deemed to be special inspectors for the enforcement
agency, a HERS Rater may be prohibited from performing HERS verifications within a
jurisdiction if the agency determines that a HERS Rater willingly or negligently does not
comply with the Energy Standards or the HERS Regulations’ requirements.

If the documentation author who produced the Certificate of Compliance documentation for
the building is not an employee of the builder or subcontractor, the documentation author for
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the building may also perform the responsibilities of a HERS Rater, provided the
documentation author has met the requirements, and has been certified as a HERS Rater by
an approved HERS provider.

The HERS Rater is responsible for:
¢ Conducting the field verification and diagnostic testing of the air distribution ducts.
e Transmitting all required data describing the results to a HERS provider data registry.

¢ Confirming that the air distribution ducts conform to the design detailed on the building
plans and specifications and the mechanical Certificate(s) of Compliance (NRCC-MCH-
01-E) approved by the enforcement agency for the building.

e Verifying that the information on the Certificate(s) of Installation and Certificate(s) of
Acceptance is consistent with the Certificate(s) of Compliance.

The test results reported on the Certificate of Acceptance (NRCA-MCH-04-A) by the certified
technician (see Chapter 12) for the air distribution ducts must be consistent with the test
results determined by the HERS Rater's diagnostic verification and meet the criteria for
compliance with the Energy Standards. HERS testing shall be conducted in accordance with
the HERS procedures in Nonresidential Reference Appendix NA2.

Results from the HERS Rater's field verification and diagnostic testing must be reported to
the HERS provider Data registry, including failures. If the results indicate compliance, the
HERS provider data registry will make available a registered copy of the Certificate of Field
Verification and Diagnostic Testing. A copy must be posted at the building site for review by
the enforcement agency, made available for all applicable inspections, and included with the
documentation that the builder provides to the building owner at occupancy as specified in
§10-103(b).

A listing of Certificate of Field Verification and Diagnostic Testing documents is available in
Table 2-5. The Certificate of Field Verification and Diagnostic Testing documents submitted
to the enforcement agency to demonstrate compliance shall conform to a format and
informational order and content approved by the Energy Commission (See §10-103(a)1A.)
Samples of the Energy Commission-approved documents are located in Appendix A.

Table 2-5: Certificate of Verification Documents

Energy Reference
Component Documents Name Standards Nonresidential
Reference Appendix
§10-103(a)5;
. NRCV-MCH-04-H Air Distribution System Leakage | §140.4()); .
Mechanical Diagnostic §141.0(b)2C, D, NA1; NA2
and E
NRCV-PLB-21-H High Rise Multifamily Central Hot §140.5; )
Water System Distribution §150.1(c)8 RA3.6:RA4.4
Plumbing c - o S - -
NRCV-PLB-22-H High Rise Single 'Dw'elllr?g Unit Hot | §140.5; RA3.6:RA4.4
Water System Distribution §150.1(c)8

2.211 Verification, Testing and Sampling

At the builder’s option, HERS field verification and diagnostic testing shall be completed
either for each constant volume, single zone, space conditioning unit in the building or for a
sample from a designated group of units. Field verification and diagnostic testing for
compliance credit for duct sealing shall use the diagnostic duct leakage from the fan
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pressurization of ducts procedure in Reference Nonresidential Appendix NA2. If the builder
chooses the sampling option, the applicable procedures described in NA1.6.1, NA1.6.2,and
NA1.6.3 shall be followed.

The builder or subcontractor shall provide a copy of the Certificate(s) of Compliance signed
by the principal designer/owner and a copy of the Certificate(s) of Installation to the HERS
Rater as required in NA1.4. Prior to completing field verification and diagnostic testing, the
HERS rater shall confirm that the Certificate(s) of Installation and Certificate(s) of
Acceptance has been completed as required and shows compliance consistent with the
Certificate(s) of Compliance.

If field verification and diagnostic testing determines that the requirements for compliance are
met, the HERS rater shall transmit the test results to the HERS provider data registry,
whereupon the provider makes a copy of the registered Certificate of Field Verification and
Diagnostic Testing for the HERS rater, the builder, the enforcement agency, and other
authorized users of the data registry. Printed copies, electronic or scanned copies, and
photocopies of the completed, signed, and registered Certificate of Field Verification and
Diagnostic Testing shall 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 provider data registry for the space conditioning unit.

The HERS Rater shall provide copies of the registered Certificate of Field Verification and
Diagnostic Testing to the builder, and post a copy of the Certificate of Verification at the
building site for review by the enforcement agency in conjunction with requests for final
inspection.

The HERS provider shall make available (via phone or internet communications) a way for
enforcement agencies, builders, and HERS raters to verify that the information displayed on
copies of the submitted Certificate of Field Verification and Diagnostic Testing documents
conform to the registered document information currently on file in the provider data registry
for the registered Certificate of Field Verification and Diagnostic Testing.

2.212 Initial Model Field Verification and Diagnostic Testing

The HERS Rater shall diagnostically test and field verify the first constant, single zone,
space conditioning unit of each building. This initial testing allows the builder to identify and
correct any potential duct installation and sealing flaws or practices before other units are
installed. If field verification and diagnostic testing determines that the requirements for
compliance are met, the HERS rater shall transmit the test results to the HERS provider
registry, whereupon the provider shall make available a copy of the registered Certificate of
Field Verification and Diagnostic Testing to the HERS rater, the builder, and the enforcement
agency.

2.213 Re-sampling, Full Testing and Corrective Action

“Re-sampling” refers to the procedure that requires testing of additional units within a sample
group when the selected sample unit within a group fails to comply with the HERS
verification requirements. When a failure is encountered during sample testing, the failure
shall be entered into the provider’s data registry. Corrective action shall be taken and the unit
shall be retested to verify that corrective action was successful. Corrective action and
retesting on the unit shall be repeated until the testing indicates compliance and the results
have been entered into the HERS provider data registry. Whereupon, a registered Certificate
of Field Verification and Diagnostic Testing for the unit shall be made available to the HERS
rater, the builder, the enforcement agency, and other authorized users of the HERS provider
data registry.
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In addition, the HERS Rater shall conduct re-sampling to assess whether the first failure in
the group is unique or if the rest of the units in the group are likely to have similar failings.
The HERS rater shall randomly select for re-sampling one of the remaining untested units in
the group for testing of the feature that failed. If testing in the re-sample confirms that the
requirements for compliance credit are met, then the unit with the failure shall not be
considered an indication of failure in the other units in the group. The HERS rater shall
transmit the re-sample test results to the HERS provider data registry for each of the
remaining units in the group including the dwelling unit that was re-sampled.

If field verification and diagnostic testing in the re-sample results in a second failure, the
HERS rater shall enter the second failure into the HERS provider data registry, and report it
to the builder and the enforcement agency. All dwelling units in the group must thereafter be
individually field verified and diagnostically tested. The builder shall take corrective action in
all space conditioning units in the group that have not been tested. In cases where corrective
action would require destruction of building components, the builder may choose to
reanalyze compliance and choose different measures that will achieve compliance. In this
case, a new Certificate(s) of Compliance shall be registered to the HERS provider data
registry and a copy shall be submitted to the enforcement agency and HERS rater. The
HERS rater shall conduct field verification and diagnostic testing for each of these space
conditioning units to verify that problems have been corrected and that the requirements for
compliance have been met. Upon verification of compliance, the HERS rater shall enter the
test results into the HERS provider data registry. Whereupon, a copy of the Certificate of
Field Verification and Diagnostic Testing for each individual unit in the group is made
available to the HERS rater, the builder, the enforcement agency, and other authorized users
of the HERS provider data registry.

The HERS provider shall file a report with the enforcement agency explaining all action taken
(including field verification, diagnostic testing, and corrective action) to bring into compliance
units for which full testing has been required. If corrective action requires work not
specifically exempted by the California Mechanical Code (CMC) or the California Building
Code (CBC), the builder shall obtain a permit from the enforcement agency prior to
commencement of any of the work.

2.2.14 Third Party Quality Control Program (TPQCP)

The Energy Commission may approve Third Party Quality Control Programs (TPQCP) that
serve some of the functions of HERS Raters for field verification purposes, but do not have
the authority to sign compliance documentation as a HERS Rater. Third Party Quality
Control Programs do the following:

A. Provide training to installers, participating program installing contractors, installing
technicians and specialty TPQCP subcontractors regarding compliance requirements
for measures for which diagnostic testing and field verification is required.

B. Collect data from participating installers for each installation completed for compliance
credit.

C. Perform data checking analysis of information from diagnostic testing performed on
participating TPQCP contractor installation work to evaluate the validity and accuracy
of the data and to independently determine whether compliance has been achieved.

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

E. Require resubmission of data when retesting and correction is directed.
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F. Maintain a database of all data submitted by the participating TPQCP contractor in a
format that is acceptable and made available to the Energy Commission upon request.

The HERS provider must arrange for the services of an independent HERS rater to conduct
field verification and diagnostic testing of the installation work performed by the participating
TPQCP contractor. If group sampling is utilized for HERS verification compliance for jobs
completed by a participating TPQCP contractor, the sample from the group that is tested for
compliance by the HERS rater may be selected from a group composed of up to 30 units for
which the TPQCP contractor has performed the installation work. For alterations, the
installation work performed by TPQCP contractors may be approved at the enforcement
agency's discretion, based upon a properly completed Certificate(s) of Installation (NRCI-
MCH-01) and Certificate(s) of Acceptance (NRCA-MCH-04-A). If subsequent HERS
compliance verification procedures determine that re-sampling, full testing or corrective
action is necessary for such conditionally-approved dwellings in the group, and then the
corrective work must be completed. If the Energy Standards require registration of the
compliance documents, the Certificate(s) of Installation and Certificate(s) of Acceptance
must be a registered copy from a nonresidential data registry and a HERS provider data
registry, respectively.

Refer to Reference Nonresidential Appendix NA1 for additional information about the Third
Party Quality Control Program and for additional information about document registration.
2.215 For More Information

More details on field verification and diagnostic testing and the HERS provider data registry
are provided in the 2016 Reference Nonresidential Appendices and 2016 Reference Joint
Appendices, as described below:

¢ Reference Nonresidential Appendix NA1 — Nonresidential HERS Verification, Testing,
and Documentation Procedures

o Reference Nonresidential Appendix NA2 — Nonresidential Field Verification and
Diagnostic Test Procedures

¢ Reference Joint Appendix JA7 — Data Registry Requirements

2.3 Final Inspection by the Enforcement Agency and Issuance of the
Certificate of Occupancy

| §10-103(d)2 |

Local enforcement agencies or their representatives must inspect all new buildings and
systems to ensure conformance with applicable codes and standards. The inspector may
require that corrective action be taken to bring the construction/installation into compliance.
Thus, the total number of inspection visits and the timing of the inspections that may be
required before passing the final inspection may depend on the size and complexity of the
building or system.

Enforcement agencies are required to withhold issuance of a final Certificate of Occupancy
until all compliance documentation is submitted, certifying that the specified systems and
equipment conform to the requirements of the Energy Standards. When registration is
required, all Certificate(s) of Installation and Certificate(s) of Acceptance must be registered
copies from an approved nonresidential data registry. All Certificate(s) of Field Verification
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and Diagnostic Testing must be registered copies from an approved HERS provider data
registry.

2.3.1 Occupancy Permit

The final step in the compliance and enforcement process is when an Occupancy Permit is
issued by the enforcement agency. This is the green light for the building to be occupied.
Although a developer may lease space prior to the issuance of the occupancy permit, the
tenant cannot physically occupy the space until the enforcement agency issues the
occupancy permit. The building is not legally habitable until the Occupancy Permit is issued.

2.3.2 Occupancy — Compliance, Operating, and Maintenance Information

| §10-103(b) |

At the occupancy phase, the general contractor and/or design team is required to provide the
owner with copies of the energy compliance documents, including: Certificate(s) of
Compliance; Certificate(s) of Installation; Certificate(s) of Acceptance, and Certificate(s) of
Field Verification and Diagnostic Testing. Documents for the construction/installation,
operating, maintenance, ventilation information, and instruction for operating and maintaining
the features of the building efficiently shall also be included.

2.3.3 Compliance Documentation

Compliance documentation includes the documents, reports, and other information that are
submitted to the enforcement agency with an application for a building permit (Certificate of
Compliance). Compliance documentation also includes documentation completed by the
installing contractor, engineer/architect of record, owner’s agent, or certified technician to
verify that certain systems and equipment have been correctly installed and commissioned
(Certificate(s) of Installation and Certificate(s) of Acceptance). Compliance documentation
will also include reports and test/inspection results by third-party HERS raters (Certificate(s)
of Field Verification and Diagnostic Testing) when duct sealing/leakage testing is required.

Each portion of the applicable compliance documentation must be completed and/or
submitted during:

1. The building permit phase (Certificate of Compliance).
2. The construction phase (Certificate[s] of Installation).

3. The testing and verification phase (Certificate of Field Verification and Diagnostic
Testing).

4. The final inspection phase (Certificate[s] of Acceptance).

All submitted compliance documentation is required to be compiled by the builder or general
contractor. A copy of the compliance documentation is required to be provided to the building
owner so that the end user has information describing the energy features that are installed
in the building.

2.4 Construction Documents

Construction documentation consists of the building plans and specifications for construction
of the building or installation of the system, and also includes the energy calculations and the
energy compliance (Certificate(s) of Compliance) documents necessary to demonstrate that

the building complies with the Energy Standards. The plans and specifications, referred to as
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the construction documents, define the scope of work to be performed by the general
contractor and the subcontractors.

241 Signing Responsibilities

The Certificate(s) of Compliance must be signed by the documentation author and the
person responsible for the preparation of the building plans and specifications. The principal
designer is also responsible for the energy compliance documentation, even if the actual
work of filling out the documents for the energy compliance documentation is delegated to
someone else (the Documentation Author). See Section 2.5 for more details regarding the
roles and responsibilities of the designers and documentation author.

The Certificate(s) of Compliance is utilized by the building permit applicant, the enforcement
agency plans examiner, and the field inspector. This way, the permit application can call the
plans examiner’s attention to the relevant drawing sheets and other information and the
plans examiner can call the field inspector’s attention to items that may require special
attention in the field. The compliance documents and worksheets encourage communication
and coordination within each discipline. The Certificate(s) of Compliance documentation
approved by the enforcement agency is required to be consistent with the building plans and
specifications approved by the enforcement agency.

The Business and Professions Code specifies the requirements for professional
responsibility for design and construction of buildings. Energy code compliance
documentation certification require that a person who signs a compliance document shall be
a licensed professional who is eligible under Division 3 of the Business and Professions
Code to accept responsibility for the applicable design or construction information contained
on the submitted compliance document. The Certificate(s) of Compliance must be signed by
an individual eligible to accept responsibility for the design. Certificate(s) of Installation and
Certificate(s) of Acceptance (Envelope) must be signed by the individual eligible to take
responsibility for construction, or their authorized representative. Indoor Lighting, Outdoor
Lighting, and Mechanical, Certificate(s) of Acceptance must be signed by a certified
technician. (See Chapter 13.)

Applicable sections from the Business and Professions Code (based on the edition in effect
as of January 2011), are provided as follows:

2.4.1.1 5537 Structure exemption:

(a) This chapter does not prohibit any person from preparing plans, drawings, or
specifications for any of the following:

(1) Single-family dwellings of wood framed construction not more than two stories and
basement in height.

(2) Multiple dwellings containing no more than four dwelling units of wood frame construction
not more than two stories and basement in height. However, this paragraph shall not be
construed as allowing an unlicensed person to design multiple clusters of up to four dwelling
units each to document apartment or condominium complexes where the total exceeds four
units on any lawfully divided lot.

(3) Garages or other structures appurtenant to buildings described under subdivision (a), of
wood framed construction not more than two stories and basement in height.

(4) Agricultural and ranch buildings of wood framed construction, unless the building official
having jurisdiction deems that an undue risk to the public health, safety, or welfare is
involved.
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(b) If any portion of any structure exempted by this section deviates from substantial
compliance with conventional framing requirements for wood framed construction found in
the most recent edition of Title 24 of the California Code of Regulations or tables of limitation
for wood framed construction, as defined by the applicable building code duly adopted by the
local jurisdiction or the state, the building official having jurisdiction shall require the
preparation of plans, drawings, specifications, or calculations for that portion by, or under the
responsible control of, a licensed architect or registered engineer. The documents for that
portion shall bear the stamp and signature of the licensee who is responsible for their
preparation. Substantial compliance for purposes of this section is not intended to restrict the
ability of the building officials to approve plans pursuant to existing law and is only intended
to clarify the intent of Chapter 405 of the Statutes of 1985.

5537.2. This chapter shall not be construed as authorizing a licensed contractor to perform
design services beyond those described in Section 5537 or in Chapter 9 (commencing with
Section 7000), unless those services are performed by or under the direct supervision of a
person licensed to practice architecture under this chapter, or a professional or civil engineer
licensed pursuant to Chapter 7 (commencing with Section 6700) of Division 3, insofar as the
professional or civil engineer practices the profession for which he or she is registered under
that chapter.

However, this section does not prohibit a licensed contractor from performing any of the
services permitted by Chapter 9 (commencing with Section 7000) of Division 3 within the
classification for which the license is issued. Those services may include the preparation of
shop and field drawings for work which he or she has contracted or offered to perform, and
designing systems and facilities which are necessary to the completion of contracting
services which he or she has contracted or offered to perform.

However, a licensed contractor may not use the title "architect,” unless he or she holds a
license as required in this chapter.

5538. This chapter does not prohibit any person from furnishing either alone or with
contractors, if required by Chapter 9 (commencing with Section 7000) of Division 3, labor
and materials, with or without plans, drawings, specifications, instruments of service, or other
data covering such labor and materials to be used for any of the following:

(a) For nonstructural or nonseismic storefronts, interior alterations or additions, fixtures,
cabinetwork, furniture, or other appliances or equipment.

(b) For any nonstructural or nonseismic work necessary to provide for their installation.

(c) For any nonstructural or nonseismic alterations or additions to any building necessary to
or attendant upon the installation of those storefronts, interior alterations or additions,
fixtures, cabinetwork, furniture, appliances, or equipment, provided those alterations do not
change or affect the structural system or safety of the building.

24.1.2 6737.1. Structure exemption

(a) This chapter does not prohibit any person from preparing plans, drawings, or
specifications for any of the following:

(1) Single-family dwellings of wood framed construction not more than two stories and
basement in height.

(2) Multiple dwellings containing no more than four dwelling units of wood framed
construction not more than two stories and basement in height. However, this paragraph
shall not be construed as allowing an unlicensed person to design multiple clusters of up to
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four dwelling units each to form apartment or condominium complexes where the total
exceeds four units on any lawfully divided lot.

(3) Garages or other structures appurtenant to buildings described under subdivision (a), of
wood framed construction not more than two stories and basement in height.

(4) Agricultural and ranch buildings of wood framed construction, unless the building official
having jurisdiction deems that an undue risk to the public health, safety or welfare is
involved.

(b) If any portion of any structure exempted by this section deviates from substantial
compliance with conventional framing requirements for wood framed construction found in
the most recent edition of Title 24 of the California Code of Regulations or tables of limitation
for wood framed construction, as defined by the applicable building code duly adopted by the
local jurisdiction or the state, the building official having jurisdiction shall require the
preparation of plans, drawings, specifications, or calculations for that portion by, or under the
responsible charge of, a licensed engineer, or by, or under the responsible control of, an
architect licensed pursuant to Chapter 3 (commencing with Section 5500). The documents
for that portion shall bear the stamp and signature of the licensee who is responsible for their
preparation.

2.4.1.3 6737.3. Exemption of contractors

A contractor, licensed under Chapter 9 (commencing with Section 7000) of Division 3, is
exempt from the provisions of this chapter relating to the practice of electrical or mechanical
engineering so long as the services he or she holds himself or herself out as able to perform
or does perform, which services are subject to the provisions of this chapter, are performed
by, or under the responsible charge of a registered electrical or mechanical engineer insofar
as the electrical or mechanical engineer practices the branch of engineering for which he or
she is registered.

This section shall not prohibit a licensed contractor, while engaged in the business of
contracting for the installation of electrical or mechanical systems or facilities, from designing
those systems or facilities in accordance with applicable construction codes and standards
for work to be performed and supervised by that contractor within the classification for which
his or her license is issued, or from preparing electrical or mechanical shop or field drawings
for work which he or she has contracted to perform. Nothing in this section is intended to
imply that a licensed contractor may design work which is to be installed by another person.

2.5 Roles and Responsibilities

Effective compliance and enforcement requires coordination and communication between
the architects, engineers, lighting and HVAC designers, permit applicant, contractors, plans
examiner, and the field inspector.’ This manual recommends procedures to improve
communication and, therefore, compliance with the Energy Standards.

The building design and construction industry, as well as enforcement agencies are
organized around engineering disciplines:?

' For small projects, an architect or engineer may not be involved and the contractor may be the permit applicant.

2 Small enforcement agencies may not have this type of specialization.
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o The design of the building’s electrical and lighting system is typically the responsibility
of the lighting designer, electrical engineer, or electrical contractor. This person is
responsible for designing a system that meets the Energy Standards, producing the
building plans and specifications, and for completing the compliance documents and
worksheets.

¢ In larger enforcement agencies, an electrical plans examiner is responsible for
reviewing the electrical plans, specifications, and compliance documents and an
electrical field inspector is responsible for verifying the correct installation of the
systems in the field.

e The mechanical plans examiner is responsible for reviewing the mechanical plans.

¢ The mechanical field inspector is responsible for verifying correct construction in the
field.

e For the building envelope, the architect is typically responsible for designing the
building and completion of the documents.

¢ The enforcement agency is responsible for reviewing the design and documents.

e The enforcement agency field inspector is responsible for verifying the construction
in the field.

Unless the whole building performance approach is used, the compliance and enforcement
process can be completed separately for each discipline. This enables each discipline to
complete its work independently of others. To facilitate this process, compliance documents
have been grouped by discipline. These groupings include Energy Standards worksheets for
calculations and a summary document which includes a checklist.

2.51 Designer

| 5537 and 6737.1 of California Business and Professions Code |

The designer is the person responsible for the overall building design. As such, the designer
is responsible for specifying the building features that determine compliance with the Energy
Standards and other applicable building codes. The designer is required to provide a
signature on the respective Certificate(s) of Compliance (see Table 2-1.) to certify that the
building has been designed to comply with the Standards.

The designer may be an architect, engineer, or other California-licensed professional and
may personally prepare the Certificate(s) of Compliance documents. They may delegate
preparation of the energy analysis and Certificate(s) of Compliance documents to an energy
documentation author or energy consultant. If preparation of the building energy Certificate
of Compliance documentation is delegated, the designer must remain in responsible 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 responsibility for the information submitted on the Certificate of
Compliance. When the designer is a licensed professional, the signature block on the
Certificate(s) of Compliance must include the designer's license number.

When Certificate(s) of Compliance document registration is required, the Certificate(s) of
Compliance must be submitted to and registered with an approved nonresidential data
registry before submittal to the enforcement agency for approval. All submittals to the
nonresidential data registry must be made electronically.
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2.5.2 Documentation Author
[ §10-103(a)1 |

The person responsible for the design of the building may delegate the energy analysis and
preparation of the Certificate(s) of Compliance documentation to a building energy consultant
or documentation author. Completed Certificate(s) of Compliance documentation must be
submitted to the enforcement agency during the building permit phase. The Certificate(s) of
Compliance demonstrates to the enforcement agency plans examiner that the building
design complies with the Energy Standards. Moreover, the building energy features
information submitted on the Certificate(s) of Compliance must be consistent with the
building plans and specifications.

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
that must be incorporated into the building design plans and specification documents
submitted to the enforcement agency at plan check. The documentation author’s signature
on the Certificate(s) of Compliance certifies that the documentation he/she has prepared is
accurate and complete, but does not indicate his/her responsibility for the specification of the
features that define the building design. The documentation author provides completed
Certificate(s) of Compliance documents to the building designer who must sign the
Certificate(s) of Compliance prior to submittal of the Certificate(s) of Compliance to the
enforcement agency at plan check. If registration of the Certificate of Compliance is required,
the Certificate(s) of Compliance must be submitted to an approved nonresidential data
registry prior to submittal to the enforcement agency. When document registration is
required, only registered Certificates of Compliance that display the registration number
assigned to the certificate by a data registry are acceptable for submittal to the enforcement
agency at plan check.

For a list of qualified documentation authors, visit the California Association of Building
Energy Consultants (CABEC) website at: http://www.cabec.org/.

2.5.3 Builder or General Contractor

The term builder refers to the general contractor responsible for construction. 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. The builder or general contractor must ensure that the Certificate(s) of Installation
is submitted to the enforcement agency by the person(s) responsible for
construction/installation of regulated features, materials, components, or manufactured
devices. The builder or general contractor may sign the Certificate(s) of Installation (as the
responsible person) on behalf of the specialty subcontractors they hire, but generally,
Certificate(s) of Installation preparation and signature responsibility resides with the specialty
subcontractor who provided the installation services. The Certificate(s) of Installation
document identifies the installed features, materials, components, or manufactured devices
detailed in the building plans and specifications, and the Certificate(s) of Compliance
approved by the local enforcement agency. A copy of the Certificate(s) of Installation is
required to be posted at the building site for review by the enforcement agency in conjunction
with requests for final inspection.

When the Energy Standards require registration of the compliance documents, the builder or
general contractor must ensure the transmittal/submittal of the required Certificate(s) of
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Installation information to an approved nonresidential data registry. When registration of the
Certificate(s) of Installation is required, the completed and signed copies that are posted at
the building site for review by the enforcement 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 and signed compliance documents for the building owner at
occupancy. Such information must, at a minimum, include information indicated on the
following documents: Certificate(s) of Compliance; Certificate(s) of Installation; Certificate(s)
of Acceptance; and Certificates of Field Verification and Diagnostic Testing. These
documents may be in paper or electronic format and must conform to the applicable
requirements of §10-103(a).

2.5.4 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 and plumbing systems, and these
subcontractors may perform other trade-specific specialty services during the building
construction process. The builder has ultimate responsibility for all aspects of the building's
construction and has the authority to complete and sign/certify all sections of the required
Certificate(s) of Installation documents. However, the licensed specialty subcontractor should
be expected to complete and sign/certify all applicable Certificate(s) of Installation that
document the completion of the installation work they have performed for the builder. The
subcontractor's responsibility for Certificate(s) of Installation documentation should include
providing a signed and registered copy of all applicable Certificate of Installation documents
to the builder, and posting a signed and registered copy of all applicable Certificate of
Installation documents at the building site for review by the enforcement agency.

When the Energy Standards require document registration, all copies of the Certificate(s) of
Installation submitted to the builder and to the enforcement agency are required to be
registered copies from an approved nonresidential data registry and prepared in accordance
with the procedures described in Reference Joint Appendix JA7.

2.5.5 Enforcement Agency
| §10-103 |

The enforcement agency is the local agency with responsibility and authority to issue
building permits and verify compliance with applicable codes and standards. The
enforcement agency performs several key roles in the compliance and enforcement process.

A. Plan check: The enforcement agency performs plan review of the Certificate(s) of
Compliance documentation and the plans and specifications that define the building
design. During plan review, the Certificate(s) of Compliance documentation is
compared to the plans and specifications for the building design in order to confirm that
the building are specified consistently in all of the submitted documents. If the
specifications for the building design features shown on the Certificate(s) of
Compliance do not conform to the specifications shown on the designer's submitted
plans and specifications for the building, revision of the submitted documents must be
performed to make the design specification consistent in all documents. Thus, if the
features on the Certificate(s) of Compliance are consistent with the features given in
the plans and specifications for the building design and indicates that the building
complies, then the enforcement agency may issue a building permit.
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When the Energy Standards require document registration, the Certificate(s) of
Compliance documentation that is submitted to plan review must be a registered
document from an approved nonresidential data registry.

B. Construction inspection: During the construction of the building, the enforcement
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 compliance documentation. As part of this process, at each site visit, the
enforcement agency should review any applicable Certificate(s) of Installation that have
been posted or made available with the building permit(s). The enforcement agency
should confirm that:

e The energy efficiency features installed in the building are consistent with the
requirements given in the plans and specifications for the building approved during
plan review.

¢ The installed features are described accurately on the Certificate(s) of Installation.

¢ All applicable sections of the Certificate(s) of Installation have been signed by the
responsible licensed person(s).

The enforcement agency shall not approve a building until they have received all
applicable Certificate(s) of Installation.

When the Energy Standards require registration of the energy compliance documents,
the Certificate(s) of Installation must be registered with an approved nonresidential
data registry.

C. Final approval: The enforcement agency may approve the building at the final
inspection phase of the process if the enforcement agency field inspector determines
that the building conforms to the requirements of the building's plans and
specifications, the Certificate(s) of Compliance documents are approved by the
enforcement agency at plan review, and it meets the requirements of all other
applicable codes and standards. For buildings that have used an energy efficiency
compliance feature that requires Certificate(s) of Installation documentation, the
enforcement agency shall not approve the building until they have received a
Certificate(s) of Installation that meets the requirements of §10-103(a) and has been
completed and signed by the builder or subcontractor. The builder must ultimately take
responsibility to ensure that all required energy compliance documentation has been
completed properly and posted at the job site or submitted to the enforcement agency
in conjunction with any of the enforcement agency's required inspections. However, the
enforcement agency, in accordance with §10-103(d), as a prerequisite to the approval
of the building, must examine all required copies of Certificate(s) of Installation,
Certificate(s) of Acceptance, and Certificate(s) of Field Verification and Diagnostic
Testing documentation made available with the building permits for the required
inspections. They must confirm that these documents have been properly prepared
and are consistent with the plans and specifications and the Certificate(s) of
Compliance documentation approved by the enforcement agency for the building at
plan review.

D. Corroboration of information provided for the owner/occupant: At final inspection,
the enforcement agency shall require the builder to leave energy compliance,
operating, maintenance, and ventilation information documentation in the building (for
the building owner at occupancy) as specified by §10-103(b).

Compliance documents for the building shall, at a minimum, include information
indicated on:
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Certificate(s) of Compliance

Certificate(s) of Installation

Certificate of Acceptance

Certificate(s) of Field Verification and Diagnostic Testing

These documents shall be copies of the documentation submitted to or approved by the
enforcement agency, and the copies must conform to the applicable requirements of
§10-103(a).

Operating information shall include instructions on how to operate or maintain the
buildings energy features, materials, components, and mechanical devices correctly and
efficiently. Such information shall be contained in a folder or manual which provides all
information specified 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, this information shall be provided to the
person(s) responsible for operating the feature, material, component, or mechanical
device installed in the building.

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 and/or 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 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
maintenance 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 building’s conditioned space, and
instructions for proper operation and maintenance of the ventilation 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.

2.5.6 Permit Applicant
The permit applicant is responsible for:

1. Providing information on the plans and/or specifications to enable the enforcement
agency to verify that the building complies with the Energy Standards. It is important to
provide all necessary detailed information on the plans and specifications. The plans
are the official record of the permit. The design professional is responsible for certifying
that the plans and specifications are consistent with the energy features listed on the
Certificate(s) of Compliance, and that the design is in compliance with the Standards.

2. Performing the necessary calculations to show that the building or system meets the
Energy Standards. These calculations may be documented on the drawing or on the
worksheets provided in the manual and supported, when necessary, with data from
national rating organizations or product and/or equipment manufacturers.

3. Completing the Certificate(s) of Compliance. The Certificate(s) of Compliance is a
listing of each of the major requirements of the Standards. The summary document
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includes information from the worksheets and references to the plans where the plans
examiner can verify that the building or system meets the Energy Standards.

2.5.7 Plans Examiner
The plans examiner is responsible for:

1. Reviewing the plans and supporting material to verify that they contain the necessary
information for a plan review.

2. Checking the calculations and data contained on the worksheets.

3. Indicating by checking a box on the summary documents that the compliance
documentation is acceptable.

4. Making notes for the field inspector about which items require special attention.

2.5.8 Field Inspector
The field inspector is responsible for:
1. Verifying that the building or system is constructed according to the plans.
2. Checking off appropriate items on the summary document at each relevant inspection.

3. Verifying that all of the required compliance documentation (Certificate(s) of
Installation, Acceptance, and Field Verification and Diagnostic Testing) is completed,
dated, signed, and registered (when applicable).

The Certificate(s) of Compliance may be used by the building permit applicant, the plans
examiner and the field inspector. This way, the permit application can call the plans
examiner’s attention to the relevant drawings sheets and other information and the plans
examiner can call the field inspector’s attention to items that may require special attention in
the field. The compliance documents and worksheets encourage communications and
coordination within each discipline.
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3. Building Envelope

This chapter describes the requirements for efficiency measures used for the building
envelope of nonresidential, high-rise residential, and hotel/motel occupancy buildings.
Building energy use is affected by heating and cooling loads. Heating and cooling loads
reflect the amount of energy needed, such as HVAC equipment size (capacity), to provide
sufficient heating and cooling to meet inside temperature setpoints. The principal elements
affecting heating loads are infiltration through the building and conduction losses through
building envelope components, including walls, roofs, floors, slabs, windows, and doors.
Cooling loads, however, are dominated by solar gains through windows and skylights; from
internal gains due to lighting, plug loads, and occupant use; and from additional ventilation
loads needed for indoor air quality. For example, light entering the building through windows
and skylights for daylighting can add to the internal gains incurred by indoor lighting
specified for various occupancy uses if both are not properly controlled.

Outside air ventilation and lighting loads are addressed in Chapter 4, Mechanical Systems,
and Chapter 5 and 6, Lighting Systems.

The design of the building envelope is usually the responsibility of the architect, but the
design team may receive significant input from the contractor, engineer, or other design
professionals. The designer is responsible for making sure that the building envelope
complies with the Energy Standards. In addition, the building official is responsible for
making sure that the building envelope shown on construction documents is designed and
built in conformance with the Energy Standards. This chapter is written for the designer and
the building official, as well as other specialists who participate in the design and
construction of the building envelope.

3.1 Chapter Overview

3.1 Chapter Overview
3.1.1 What’s New for 2016
3.1.2 Envelope Definitions and Features
3.2 Opaque Envelope Assembly
3.2.1 General Envelope Requirements
3.2.2 Roofs
3.2.3 Exterior Walls
3.2.4 Demising Walls
3.2.5 Doors
3.2.6 Floors
3.3 Fenestration
3.3.1 General Mandatory Measures
3.3.2 Vertical Fenestration (Windows)
3.3.3 Skylights
3.4 Relocatable Public School Buildings

3.5 Performance Approach
3.5.1 Opaque Surface Mass Characteristics
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3.5.2 Opaque Surface

3.5.3 Fenestration Heat Transfer

3.5.4 Overhangs and Vertical Shading Fins

3.5.5 Slab-on-Grade Floors and Basement Floors
3.6 Additions and Alterations

3.6.1 Roofing Products (Cool Roofs)

3.6.2 Opaque Envelope

3.6.3 Performance Requirements

3.6.4 Historic Buildings

3.1.1 What’s New for 2016

The 2016 Building Energy Efficiency Standards (Energy Standards) include several
important changes to the building envelope component requirements, as described below:

A. Revised the minimum mandatory requirements for insulation (§120.7) that apply to
wall and roof/ceiling insulation:

a. Metal building.
b. Demising walls.

c. Placement of insulation in the roof/ceiling to limit heat loss and gain from
conditioned to unconditioned spaces.

B. Revised prescriptive requirements of §140.3 that apply to:
a. Metal building roofs, and wood-framed and other roofs.
b. Metal-framed walls and wood-framed walls.
C. Requirements for additions, alterations, and repairs (§141.0) that apply to:
a. Mandatory insulation requirements for alterations.
b. Maximum U-factor and shading requirements for fenestration in alterations.

c. Roof/ceiling insulation tradeoff for aged solar reflectance of roofing being
replaced, recovered, or recoated.

d. Window films.

D. Requirements for additions and alterations applying to covered processes, §141.1.

3.1.1.1  Mandatory Measures

| §120.7 |

When compliance is being demonstrated with either the prescriptive or performance
compliance paths, there are mandatory measures that must always be met. If the
prescriptive compliance approach is used, the prescriptive efficiency levels are required; if
the performance approach is used, the prescriptive requirements establish the baseline for
comparison for the proposed building.

The minimum mandatory levels are sometimes superseded by more stringent prescriptive or
performance approach requirements. For example, the mandatory measures specify a
weighted average U-factor of a metal framed wall insulation to be U-0.151 but, if compliance
is being demonstrated with the prescriptive approach for a nonresidential building, Table
140.3-B of the Energy Standards is used to establish the minimum wall thermal compliance
level, which in some cases exceeds the mandatory insulation requirements.
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3.1.1.2 Prescriptive Approach

| Energy Standards Table 140.3-B, C, and D |

The prescriptive requirements are the simplest way to comply with the building envelope
requirements, but offer little flexibility. If each and every prescriptive requirement is met, the
building envelope complies with the Energy Standards.

The prescriptive compliance approach consists of specific requirements for each envelope
component, in which minimum mandatory levels of insulation must be met. Prescriptive
requirements apply to:

¢ roofs and ceilings

exterior roofing products

exterior walls

demising walls

floors and soffits

o fenestration products

Envelope requirements vary by climate zone and occupancy type. The prescriptive
requirements are located in §140.3 which includes Table 140.3-B for all nonresidential
buildings; Table 140.3-C for high-rise residential buildings and hotel/motel buildings; and
Table 140.3-D for relocatable public school buildings.

3.1.1.3 Performance Approach

| §140.1 |

The performance approach is a more sophisticated compliance method that offers design
flexibility. It may be used for:

e Envelope-only compliance
e Envelope and lighting compliance

¢ Envelope and partial lighting compliance (where some tenant spaces are not yet
defined)

e Envelope and mechanical compliance
e Envelope, lighting, and mechanical compliance

The performance approach allows for energy tradeoffs between building features, such as
increasing envelope insulation levels or improving window performance to allow more
lighting power or a less efficient space-conditioning system. Under this method, energy use
of the building is modeled by compliance software approved by the Energy Commission.
See Section 3.5 and Chapter 11 for a more complete discussion of the performance
approach.

3.1.2 Envelope Definitions and Features

Elements of the building envelope contribute significantly to the energy efficiency of the
building and its design intent. Several features are important to note when a method is

chosen to demonstrate compliance. Components of the building shell include the walls,
floor, the roof or ceiling, doors, and fenestration. Details for fenestration compliance for
windows, skylights, and doors are addressed in Section 3.3.
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3.1.2.1 Walls and Space(s) Surrounding Occupancy Uses
Envelope and other building component definitions are listed in §100.1.

A. Envelope requirements vary by envelope component and are a function of their type of
construction and the space conditions on either side of the envelope surface.

B. An exterior partition is an envelope component (roof, wall, floor, window, etc.) that
separates conditioned space from ambient (outdoor) conditions. A demising partition
is an envelope component that separates conditioned space from an enclosed
unconditioned space.

C. A conditioned space is either directly conditioned or indirectly conditioned. (See
§100.1 for full definition.) Indirectly conditioned space is influenced more by directly
adjacent conditioned space than it is by ambient (outdoor) conditions. An
unconditioned space is an enclosed space within a building that is not directly
conditioned or indirectly conditioned.

Example — A plenum space below an insulated roof and above an uninsulated
ceiling is an indirectly conditioned space as there is less thermal resistance to the
directly conditioned space below than to the ambient air outside. In comparison, an
attic below an uninsulated roof having insulation on the attic floor is an
unconditioned space because there is less thermal resistance to the outside than
across the insulated ceiling to the conditioned space below.

D. An exterior wall is considered separate from a demising wall or demising partition and
has more stringent thermal requirements.

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

F. Floors and roof/ceilings do not differentiate between demising and exterior. Thus, an
exterior roof/ceiling “is an exterior partition, or a demising partition, that has a slope
less than 60 degrees from horizontal, that has conditioned space below,” ambient
conditions or unconditioned space above, “and that is not an exterior door or skylight.”

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

H. Windows are considered part of the wall because the slope is more than 60°. Where
the slope is less than 60°, the glazing indicated as a window is considered a skylight.
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Figure 3-1: Slope of a Wall or Window (Roof or Skylight Slope Is Less Than 60°)

Window

.
J

3.1.2.2 Roofing Products (Cool Roof)

Roofing products with a high solar reflectance and thermal emittance are referred to as “cool
roofs.” This roofing type absorbs less solar heat and gives off more heat to the surroundings
than traditional roofing material. The roofs are cooler and reduce air-conditioning loads by
reflecting and emitting energy from the sun. Roof radiative properties are rated and listed by
the Cool Roof Rating Council (CRRC) (http://www.coolroofs.org/).

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

More
than
60 degrees

Thermal emittance refers to the ability of heat to escape from a surface once heat energy is
absorbed. Both solar reflectance and thermal emittance are measured from 0 to 1; the
higher the value, the cooler the roof. There are numerous roofing materials in a range of
colors that have relatively good cool roof properties. Surfaces with low emittance (usually
shiny metallic surfaces) contribute to the transmission of heat into components under the
roof surface. Excess heat can increase the air-conditioning load of a building, resulting in
increased energy needed for maintaining occupant comfort. High-emitting roof surfaces
reject absorbed heat faster (upward and out of the building) than roof surfaces with low-
emitting properties that are usually darker.

The Energy Standards prescribe cool roof radiative properties differently for low-sloped and
steep-sloped roofs (§140.3(a)1A). A low-sloped roof is defined as a surface with a pitch less
than or equal to 2:12 (9.5 degrees from the horizon), while a steep-sloped roof is a surface
with a pitch greater than 2:12 (9.5 degrees from the horizon). Because heat solar gain is
based on the sun’s angle of incidence on a surface, low-sloped roofs receive more solar
radiation than steep-sloped roofs in the summer, when the sun is high in the sky.

The Energy Standards specify radiative properties that represent minimum “cool roof
performance” qualities of roofing products. Performance values are established based on
“initial” testing of the roofing product and for the “aged” value, which accounts for the effects
of weathering due to climate conditions:

e Solar reflectance: The fraction of solar energy that is reflected by the roof surface.

e Thermal emittance: The fraction of thermal energy that is emitted from the roof
surface.
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e Solar reflectance index (SRI): The relative surface temperature of a surface with
respect to standard white (SRI=100) and standard black (SRI=0) under the standard
solar and ambient conditions. This combined metric is a function of both solar
reflectance and thermal emittance. The same SRI can be achieved if the roofing
product has a higher solar reflectance but a lower thermal emittance. The SRI metric
is a prescriptive alternative to reflectance and emittance requirements and is not used
with the performance compliance method.

3.1.2.3 Infiltration and Air Leakage

Infiltration is the unintentional replacement of conditioned air with unconditioned air through
leaks or cracks in the building envelope. Poor construction detailing at interfacing points of
different construction materials, particularly in extreme climates, can significantly affect
heating and cooling loads. Air leakage can occur through holes and cracks in the building
envelope, and around doors and fenestration areas. Ventilation is the intentional
replacement of conditioned air with unconditioned air through open windows or mechanical
ventilation.

Reducing air leakage in the building envelope can result in significant energy savings,
especially in climates with more severe winters and summers. It can also result in improved
building comfort, reduced moisture intrusion, and fewer air pollutants.

An air barrier that inhibits air leakage is critical to good building design and is a prescriptive
requirement. (See Section 3.2.1.2.)

3.1.2.4 Thermal Properties of Opaque Envelope Components

Typical opaque envelope assemblies are made up of a variety of components, such as
wood or metal framing, masonry or concrete, insulation, and various membranes for
moisture and/or fire protection, and may have a variety of interior and exterior sheathings
even before the final exterior fagade is placed. Correctly calculating assembly U-factors is
critical to the selection of equipment to meet the heating and cooling loads of the building.
Performance compliance software automatically calculates the thermal effects of component
layers making up the envelope assembly, but software programs may use different user
input hierarchies. The Reference Appendices, Joint Appendix JA4, “U-factor, C-factor, and
Thermal Mass Data,” provide detailed thermal data for many wall, roof/ceiling, and floor
assemblies. However, this reference cannot cover every possible permutation of materials,
thickness, and so forth, that might be used in a building; thus, the Energy Commission has
incorporated a program for calculating material properties of typical envelope assemblies
that may not be found from the JA4 reference data into the public domain software CBECC-
COM.

Key terms of assembly thermal performance are:

A. Btu (British thermal unit): The amount of heat required to raise the temperature of 1
pound of water 1 F.

B. Btuh or Btu/hr (British thermal unit per hour): The rate of heat flow during an hour.
The term is used to rate the output of heating or cooling equipment or the load that
equipment must be capable of handling; that is, the capacity needed for satisfactory
operation under stated conditions.

C. R or R-value (thermal resistance): The ability of a material or combination of materials
to retard heat flow. As the resistance increases, the heat flow is reduced. The higher
the “R-value”, the greater the insulating value. R-value is the reciprocal of the
conductance, “C-value.”
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R-value = hr x ft? x °F/Btu
R = inches of thickness/k

D. U or U-factor (thermal transmittance or coefficient of heat transmission): The rate of
heat transfer across an envelope assembly per degree of temperature difference on
either side of the envelope component. U-factor is a function of the materials and
related thickness. U-factor includes air film resistances on inside and outside surfaces.
U-factor applies to heat flow through an assembly or system, whereas “C” has the
same dimensional units and applies to individual materials. The lower the “U” the
higher the insulating value.

U-factor = Btu/(hr x ft? x °F)

E. k or k-value (thermal conductivity): The property of a material to conduct heat in the
number of Btu that pass through a homogeneous material 1 inch thick and 1 square
foot in area in an hour with a temperature difference of 1°F between the two surfaces.
The lower the “k” the greater the insulating value.

k = Btu x in/(hr x ft* x °F)

F. C or C-value (thermal conductance): The number of Btu that pass through a material
of any thickness and 1 square foot in area in an hour with a temperature difference of
1°F between the two surfaces. The time rate of heat flow through unit area of a body
induced by a unit temperature difference between the body surfaces. The C-value
does not include the air film resistances on each side of the assembly. The term is
applied usually to homogeneous materials but may be used with heterogeneous
materials such as concrete block. If “k” is known, the “C” can be determined by
dividing “k” by inches of thickness. The lower the “C”, the greater the insulating value.

C = Btu/(hr. x ft® x °F) or C = k/inches of thickness

G. HC (heat capacity — thermal mass): The ability to store heat in units of Btu/ft> and is a
property of specific heat, density, and thickness of a given envelope component. High
thermal mass building components, such as tilt-up concrete walls, can store heat and
release stored heat later in the day or night. The thermal storage capability of high
mass walls, floors, and roof/ceilings can slow heat transfer and shift heating and
cooling energy affecting building loads throughout a 24-hour period, depending on the
design, location, and occupancy use of a building.

3.2 Opaque Envelope Assembly

This section addresses the requirements for thermal control of the opaque portion of the
building shell or envelope.

3.21 General Envelope Requirements
This section contains mandatory measures that are not specific to one envelope component.

3.2.1.1 Mandatory Requirements

A. Certification of Insulation Materials

| §7110.8(a), §140.3(2)1B |

Manufacturers must certify that insulating materials comply with the California Quality
Standards for Insulating Materials, which became effective January 1, 1982. It ensures
that insulation sold or installed in the state performs according to the stated R-value and
meets minimum quality, health, and safety standards.
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Builders may not install insulating materials, unless the product has been certified by the
Department of Consumer Affairs, Bureau of Electronic and Appliance Repair, Home
Furnishing and Thermal Insulation. Builders and enforcement agencies shall use the
Department of Consumer Affairs Directory of Certified Insulation Materials to verify
certification of the insulating material. If an insulating product is not listed in the most
recent edition of the directory, contact the Department of Consumer Affairs, Bureau of
Electronic and Appliance Repair, Home Furnishing and Thermal Insulation Program, at
(916) 999-2041 or by email: HomeProducts@dca.ca.gov.

Where applicable, the R-value of cavity and/or continuous insulation, or the overall
assembly U-factor, may be used to demonstrate compliance with required insulation
levels. Reference insulation values are provided in the Reference Appendix JA4, where
assembly U-factors are shown for various assemblies and components. U-factors
represent the actual thermal conductance of the assembly, including air film coefficients,
framing factors, and all layers used to construct the assembly. Assemblies not listed in
JA4 tables may calculate U-factors using the assembly calculator in the public domain
software, CBECC-COM.

B. Urea Formaldehyde Foam Insulation

| §110.8(b) |

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

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

C. Flame Spread Rating of Insulation

| §7110.8(c) |

The California Quality Standards for Insulating Materials also require that all exposed
installations of faced mineral fiber and mineral aggregate insulations use fire-retardant
facings that have been tested and certified not to exceed a flame spread of 25 and a
smoke development rating of 450. Insulation facings that do not touch a ceiling, wall, floor
surface, and faced batts on the underside of roofs with an air space between the ceiling
and facing are considered exposed applications.

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

D. Infiltration and Air Leakage

| §110.7 |

All joints and other openings in the building envelope that are potential sources of air
leakage must be caulked, gasketed, weatherstripped, or otherwise sealed to limit air
leakage into or out of the building. This applies to penetrations for pipes and conduits,
ducts, vents, and other openings. It means that all gaps between wall panels, around
doors, and other construction joints must be well sealed. Ceiling joints, lighting fixtures,
plumbing openings, doors, and windows should all be considered as potential sources of
unnecessary energy loss due to infiltration.
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No special construction requirements are necessary for suspended (T-bar) ceilings,
provided they meet the requirements of §110.8(e). Standard construction is typically
adequate for meeting the infiltration/exfiltration requirements unless an air barrier is
required. (See Section 3.2.1.2.)

E. Mandatory Insulation Requirements (Newly Constructed Buildings)

[ §120.7 |

Newly constructed nonresidential and high-rise residential buildings and hotels/motels
must meet mandatory insulation requirements for opaque portions of the building that
separate conditioned spaces from unconditioned spaces or ambient air. The U-factor for
each assembly type shall not exceed the values listed in Table 3-2. Determining the total
weight-averaged U-factor is allowed for all assembly types except for light and heavy
mass walls. Joint Appendix JA-4 of the Reference Appendices illustrates the allowed
procedure for calculating U-factors. The representative constructions that meet these
requirements are shown in parentheses. U-factors allow greater flexibility in the design
choice of components making up a given assembly that meet the maximum U-factor
requirement and design conditions of the envelope.

An exception is specified that exempts buildings designed as data centers with high,
constant server loads from the mandatory minimum requirements. To qualify for this
exception, it should have a design computer room process load of 750 kW or greater.

3.2.1.2 Prescriptive Requirements

A. Air Barrier

| §140.3(2)9 |

Table 140.3-B of the Energy Standards specifies requirements for air barriers in
nonresidential buildings. Air barrier requirements apply to nonresidential buildings, but not
relocatable public school buildings, and are effectively mandatory requirements, since they
cannot be traded off in the performance approach. These requirements reduce the overall
building air leakage rate. The reduction in air leakage can be met with a continuous air
barrier that seals all joints and openings in the building envelope and is composed of one
of the following:

1. Materials having a maximum air permeance of 0.004 cfm/ft2 (see Table 3-1 below).

2. Assemblies of materials and components having an average air leakage not
exceeding 0.04 cfm/ft2.

3. An entire building having an air leakage rate not exceeding 0.40 cfm/ft>.

The air leakage requirements stipulated in §140.3 must be met, either by demonstrating
that component air leakage or whole-building air leakage of 0.4 cfm/ft2 is not exceeded.
This requirement must be met regardless of the compliance path chosen, so it is
effectively mandatory.
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Table 3-1: Materials Deemed to Comply As Air Barrier

MATERIALS AND THICKNESS MATERIALS AND THICKNESS

1 Plywood — min. 3/8 inches thickness 9 Built up roofing membrane

2 Oriented strand board — min. 3/8 10 Modified bituminous roof membrane
inches thickness

3 Extruded polystyrene insulation board 11 Fully adhered single-ply roof
— min. %z inches thickness membrane

4 Foil-back polyisocyanurate insulation 12 A Portland cement or Portland sand
board — min. %2 inches thickness parge, or a gypsum plaster, each

with min. 5/8 inches thickness

5 Closed cell spray foam with a 13 Cast-in-place concrete, or-precast
minimum density of 2.0 pcf and a min. concrete
1% inches thickness

6 Open cell spray foam with a density 14 Fully grouted concrete block
no less than 0.4 pcf and no greater masonry
than 1.5 pcf, and a min. 5% inches
thickness

7 Exterior or interior gypsum board min. 15 Sheet steel or sheet aluminum
1/2 inches thickness

8 Cement board — min. 1/2 inches
thickness

3.2.2 Roofs

3.2.2.1 Mandatory Measures

A. Roof/Ceiling Insulation

| §120.7(a) |

1. Metal Building: Weighted average U-factor of U-0.098 (R-19 screw down roof, no
thermal blocks).

2. Wood-Framed and Others: Weighted average U-factor of U-0.075 (2x4 rafter, R-19
insulation).

B. Insulation Placement on Roof/Ceilings

| §7120.7(a)3 |

Insulation installed on top of suspended (T-bar) ceilings with removable ceiling panels may
not be used to comply with the Energy Standards unless the installation meets the criteria
described in the Exception to §120.7(a)3 below. Insulation may be installed in this location
for other purposes such as for sound control, but it will have no value in terms of meeting
roof/ceiling insulation requirements of the Energy Standards.

Acceptable insulation installations include placing the insulation in direct contact with a
continuous roof or ceiling that is sealed to limit infiltration and exfiltration as specified in
§110.7, including, but not limited to, placing insulation either above or below the roof deck
or on top of a drywall ceiling.

When insulation is installed at the roof in nonresidential buildings, the space between the
ceiling and the roof is considered to be either directly or indirectly conditioned space.
Therefore, this space must not include fixed vents or openings to the outdoors or to
unconditioned spaces. This space is not considered an attic for complying with California
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Building Code (CBC) attic ventilation requirements. Vents that do not penetrate the roof
deck and that are designed for wind resistance for roof membranes are acceptable.

Exception to §120.7(a)3: When there are conditioned spaces with a combined floor
area no greater than 2,000 square feet in an otherwise unconditioned building, and
when the average height of the space between the ceiling and the roof over these
spaces is greater than 12 feet, insulation placed in direct contact with a suspended
ceiling with removable ceiling panels shall be an acceptable method of reducing heat
loss from a conditioned space and shall be accounted for in heat loss calculations.

C. Wet Insulation Systems

| §110.8(h) |

Wet insulation systems are roofing systems where the insulation is installed above the
roof’s waterproof membrane. Water can penetrate this insulation material and affect the
energy performance of the roofing assembly in wet and cool climates. In Climate Zones 1
and 16, the insulating R-value of continuous insulation materials installed above the
waterproof membrane of the roof must be multiplied by 0.8 before choosing the table
column in Reference Appendix JA4 for determining assembly U-factor. See the footnotes
in the Reference Appendix JA4 for Tables 4.2.1 through 4.2.7.

D. Roofing Products: Solar Reflectance and Thermal Emittance
| §110.80) |

Roofing products must be tested and labeled by the Cool Roof Rating Council (CRRC),
and liquid-applied products must meet minimum standards for performance and durability
per §110.8(i)4. Installing cool roofs is not a mandatory measure. However, to receive
credit for product performance, the reflectance and thermal emittance of a roofing product
must be tested and certified according to CRRC procedures. If a CRRC rating is not
obtained for roofing products, default values for reflectance and emittance must be used.

1. Rating and Labeling

| §10-113 |

When a cool roof is installed to meet the prescriptive requirement or when it is used for
compliance credit, the products must be tested and labeled by the CRRC as specified in
§10-113. The CRRC is the supervisory entity responsible for certifying cool roof
products. The CRRC test procedure is documented in CRRC-1, the CRRC Product
Rating Program Manual. This test procedure includes tests for both solar reflectance
and thermal emittance. See Figure 3-2 for an example of an approved CRRC product
label.
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Figure 3-2: Sample CRRC Product Label and Information
Initial Weathered
Solar Reflectance 0.00 Pending

=
N

Thermal Emittance 0.00  Pending
c R c Rated Product ID Number o

COOL ROOF Licensed Seller ID Number
RATING COUNCIL  ®)

Classification Production Line

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

Manufacturer of product stipulates that these ratings were deternuned in aceordance with the applicable
Cool Roof Rating Couneil procedures.

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

| §110.8()1,2, and 3 |

To demonstrate compliance with the Energy Standards, all cool roofing products must
be certified and labeled according to CRRC procedures. The CRRC certification
includes solar reflectance and thermal emittance. There are three kinds of solar
reflectance listed in the CRRC’s Rated Product Directory:

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

All requirements of the Energy Standards are based on the 3-year aged solar
reflectance. However, if the aged value for the reflectance is not available in the CRRC’s
Rated Product Directory, then the aged value shall be derived from the CRRC initial
value or an accelerated testing process. Until the appropriate aged rated value for the
reflectance is posted in the directory, the equation below can be used to calculate the
aged rated solar reflectance or a new method of testing is used to find the accelerated
solar reflectance.

Aged Reflectancecaicuiated=(0.2+ Blpinitia — 0-2])

Where,

pinitial = INitial Reflectance listed in the CRRC Rated Product Directory

= 0.65 for Field Applied Coating, or 0.70 for Not a Field-Applied Coating

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

a. For asphalt shingles, 0.08/0.75.
b. For all other roofing products, 0.10/0.75.

The temperature of a surface depends on the solar radiation incident, surface
reflectance, and emittance. The SRI measures the relative steady-state surface
temperature of a surface with respect to standard white (SRI=100) and standard black
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(SRI=0) under the standard solar and ambient condition. A calculator has been
produced by Lawrence Berkeley National Laboratory that calculates the SRI by
designating the solar reflectance and thermal emittance of the desired roofing material.
The calculator can be found at
http://www.energy.ca.gov/title24/2016standards/documents/solar_reflectance/. To
calculate the SRI, the 3-year aged value of the roofing product must be used. By using
the SRI calculator, a cool roof may prescriptively comply with an emittance lower than
0.85, as long as the aged solar reflectance is higher or a lower aged solar reflectance
with a much higher than 0.85 emittance.

3. Field-Applied Liquid Coatings
| §710.8()4, Table 110.8-C |

Liquid roof coatings applied to low-sloped roofs in the field as the top surface of a roof
covering shall comply with the following mandatory requirements and descriptions.
There are several liquid products, including elastomeric coatings and white acrylic
coatings that qualify for field-applied liquid coatings. The Energy Standards specify
minimum performance and durability requirements for field-applied liquid coatings in
Table 110.8-C. These requirements do not apply to industrial coatings that are factory-
applied, such as metal roof panels. The requirements address elongation, tensile
strength, permeance, and accelerated weathering. The requirements depend on the
type of coating and are described in greater detail below.

a. Aluminum-Pigmented Asphalt Roof Coatings

Aluminum-pigmented coatings are silver-colored coatings that are commonly applied
to modified bitumen and other roofing products. The coating has aluminum pigments
that float to the surface of the coating and provides a shiny, surface. Because of the
shiny surface and the physical properties of aluminum, these coatings have a thermal
emittance below 0.75, which is the minimum rating for prescriptive compliance. The
performance approach is typically used to achieve compliance with these coatings.

This class of field-applied liquid coatings shall be applied across the entire surface of
the roof and meet the dry mil thickness or coverage recommended by the coating
manufacturer, taking into consideration the substrate on which the coating will be
applied. Also, the aluminum-pigmented asphalt roof coatings shall be manufactured in
accordance with ASTM D28241. Standard specification is also required for aluminum-
pigmented asphalt roof coatings, nonfibered, asbestos-fibered, and fibered without
asbestos that are suitable for applying to roofing or masonry surfaces by brush or
spray. Use ASTM D6848, Standard Specification for Aluminum Pigmented Emulsified
Asphalt used as a Protective Coating for Roofing, installed in accordance with ASTM

1 A. This specification covers asphalt-based, aluminum roof coatings suitable for application to roofing or masonry surfaces

by brush or spray.

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

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

use.
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D38052, Standard Guide for Application of Aluminum-Pigmented Asphalt Roof
Coatings.

b. Cement-Based Roof Coatings

This class of coatings consists of a layer of cement and has been used for a number of
years in California’s Central Valley and other regions. These coatings may be applied
to almost any type of roofing product. Cement-based coatings shall be applied across
the entire roof surface to meet the dry mil thickness or coverage recommended by the
manufacturer. Also, cement-based coatings shall be manufactured to contain no less
than 20 percent Portland cement and meet the requirements of ASTM D8223, ASTM
C1583, and ASTM D5870.

c. Other Field-Applied Liquid Coatings

Other field-applied liquid coatings include elastomeric and acrylic-based coatings.
These coatings must be applied across the entire surface of the roof to meet the dry
mil thickness or coverage recommended by the coating manufacturer, taking into
consideration the substrate on which the coating will be applied. The field-applied
liquid coatings must be tested to meet performance and durability requirements as
specified in Table 110.8-C of the Energy Standards or the minimum performance
requirements of ASTM C836, D3468, D6083, or D6694, whichever are appropriate to
the coating material.

3.2.2.2 Prescriptive Measures

A. Insulation Requirements — Exterior Roofs and Ceilings

| §7140.3(2)1B |

Under the prescriptive requirements, roofs or ceilings must have an assembly U-factor
equal to or lower than the U-factor criterion for nonresidential or high-rise residential
buildings. (See Table 3-2.) The U-factor values for exterior roofs and ceilings from
Reference Appendix JA4 must be used to determine compliance with the maximum
assembly U-factor requirements. Alternatively, the assembly calculator that is
incorporated into CBECC-COM, the public domain program, can be used to determine U-
factors for assemblies and/or components not listed in JA4 tables.

The metal building roof prescriptive requirement has been updated in the 2016 Energy
Standards to require a filled cavity insulation technique for improved performance. In the
past, a common technique for standing seam metal roofs is to drape a layer of insulation

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

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

C. This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use. Specific precautionary statements are given in Section 4.

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

B. This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.
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over the purlins, using thermal blocks where the insulation is compressed at the supports.
(See Figure 3-3.)

Table 3-2: Roof/Ceiling U-Factor Requirements

Building Type Climate Zones
1 2 3 4 5 6 7 8

Nonresidential Metal
Bldg

Wood-
framing
& Other 0.034 | 0.034 0.034 0.034 0.034 0.049 0.049 0.049
framing
type

High-Rise Metal
Residential Bldg

Wood-
framing
& Other 0.028 | 0.028 0.034 0.028 0.034 0.034 0.039 0.028
framing
type

Relocatable Metal
Public School Bldg
Buildings

0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041

0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041

0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041

Non-
Metal 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
Bldg

Building Type Climate Zones
9 10 11 12 13 14 15 16

Nonresidential Metal
Bldg

Wood-
framing
& Other | 0.034 | 0.034 0.034 0.034 0.034 0.034 0.034 0.034
framing
type
High-Rise Metal
Residential Bldg

Wood-
framing
& Other 0.028 0.028 0.028 0.028 0.028 0.028 0.028 0.028
framing
type
Relocatable Metal
Public School Bldg
Buildings

0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041

0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041

0.041 0.041 0.041 0.041 0.041 0.041 0.041 0.041

Non-
Metal 0.034 0.034 0.034 0.034 0.034 0.034 0.034 0.034
Bldg

Summary of Tables 140.3-B, 140.3-C, and 140.3-D of the Energy Standards
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Figure 3-3: Standing Seam Metal Building Roof With Single Insulation Layer

Note: Diagrams not to scale.

Thermal Blocks
Vapor Retarder NAIMA 202-96°

(Rev. 2000)
Insulation

Source: North American Insulation Manufacturers Association (NAIMA)

Recent studies show that the thermal performance of this assembly is not as good as

estimated. Therefore, there are significant benefits to using the “filled cavity” approach,
shown below.

Figure 3-3A — Filled Cavity Insulation for Metal Building Roofs

MNote: Diagrams not to scale.

Thermal Blocks
NAIMA 202-96°

Vapor Retarder (Rev. 2000)
Insulation

Support Bands

Source: North American Insulation Manufacturers Association (NAIMA)

A rigid polyisoyanurate (“polyiso”) thermal block with a minimum R-value of R-3.5 should
be installed at the supports (a 1-inch-thick thermal block is recommended). The first rated
R-value of the insulation is for faced insulation installed between the purlins. The second
rated R-value of insulation represents unfaced insulation installed above the first layer,
perpendicular to the purlins and compressed when the metal roof panels are attached. A

2016 Nonresidential Compliance Manual January 2017



Building Envelope — Opaque Envelope Assembly Page 3-17

supporting structure retains the bottom of the first layer at the prescribed depth required
for the full thickness of insulation.

The bottom layer of insulation should completely fill the space between the purlins, and
the support bands should be installed tightly to prevent the insulation from sagging.

The configuration above, which corresponds to two layers of R-19 and R-10 insulation,
corresponds to the prescriptive requirement of U-0.041, but other insulation combinations
exceeding the minimum requirement are readily achievable.

B. Thermal Emittance and Solar Reflectance

| §140.3(a)1A |

The prescriptive requirements call for roofing products to meet the solar reflectance and
thermal emittance in both low-sloped and steep-sloped roof applications for nonresidential
buildings. A qualifying roofing product under the prescriptive approach for a nonresidential
building must have an aged solar reflectance and thermal emittance greater than or equal
to that the values indicated in Table 3-3 below. Table 3-4 is for high-rise residential
buildings and hotel/motel guest rooms, and Table 3-5 is for relocatable public school
buildings where the manufacturer certifies use in all climate zones.

Table 3-3: Prescriptive Criteria for Roofing Products for Nonresidential Buildings

Climate Zones

1 2 3 4 15 6 7 8 9 [ 1011|1213 |14 | 15| 16

Roofing Low-  |Aged

0.63|0.63| 0.63|0.63|0.63|0.63|0.63|0.63|0.63|0.63|0.63{0.63(0.63|0.63(0.63|0.63
Products |[sloped [Reflectance

Emittance |0 75|0.75| 0.75 [0.75[0.75|0.75|0.75[0.75|0.75| 0.75|0.75| 0.75| 0.75 | 0.75 | 0.75 | 0.75

SRI 75|75 | 75 | 75| 75|75 |75 |75 |75 |75 |75 |75 |75 |75 |75 |75

Steep- |Aged

0.20|0.20| 0.20{0.20/0.20|0.20|0.20|0.20|0.20{0.20|0.20{0.20{0.20(0.20 {0.20 | 0.20
Sloped |Reflectance

Emittance |0.75|0.75| 0.75|0.75/0.75|0.75|0.75|0.75]|0.75|0.75|0.75|0.75|0.75|0.75|0.75| 0.75

SRI 16 |16 | 16 |16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16 | 16

Energy Standards Table 140.3-B
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Table 3-4: Prescriptive Criteria for Roofing Products for High-Rise Residential Buildings and Guest

Rooms of Hotel/Motel Buildings (Energy Standards Table 140.3-C)

Climate Zones

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

Roofing |Low- IAged
Products [sloped Reflectance]

NR | NR | NR |[NR| NR |NR| NR | NR |0.55| 0.55 [0.55|NR | 0.55 | 0.55 |0.55] NR

Emittance | NR | NR | NR |[NR| NR |NR| NR | NR [0.75/0.75 [0.75|NR | 0.75 | 0.75 |0.75] NR

SRI 64 | 64 | 64 (64| 64 (64| 64 | 64 |64 | 64 |64 |64 | 64 | 64 |64 | 64

Steep-  Aged NR | 0.20 | 0.20 [0.20] 0.20 |0.20| 0.20 | 0.20 |0.20| 0.20 |0.20[0.20| 0.20 | 0.20 |0.20| NR
Sloped  |Reflectance

Emittance | 0.75|0.75|0.75 |0.75| 0.75 [0.75| 0.75 | 0.75 |0.75| 0.75 |0.75/0.75| 0.75 | 0.75 |0.75| 0.75

SRI 16 | 16 | 16 |16 | 16 |16 | 16 | 16 |16 | 16 |16 (16| 16 | 16 | 16| 16

Energy Standards Table 140.3-C

Table 3-5: Prescriptive Criteria for Roofing Products for Relocatable Public School Buildings, Where

Manufacturer Certifies Use in All Climate Zones

Roofing Products Rﬁﬁggtance Emittance
Low-Sloped 0.63 0.75

SRI 75

Steep-Sloped 0.20 0.75

SRI 16

If the aged value for the solar reflectance is not available in the CRRC Rated Product
Directory, then the equation in Section 3.2.2.1D (Aged Reflectance aicuiatea=(0.2+ B[pinitia —
0.2])) can be used until the aged rated value for the reflectance is posted in the directory.

There are three exceptions to the minimum prescriptive requirements for solar reflectance
and thermal emittance:

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

2. If the roof construction has a thermal mass like gravel, concrete pavers, stone, or
other materials with a weight of at least 25 Ib/ft> over the roof membrane, then it is
exempt from the above requirements for solar reflectance and thermal emittance.

3. Wood-framed roofs in climate zones 3 and 5 with a U- factor of 0.034 are exempt
from the low-sloped cool roof requirement.

Where a low-sloped nonresidential roof’'s aged reflectance is less than the prescribed
requirement, insulation tradeoffs are available. By increasing the insulation level of a roof,
a roofing product with a lower reflectance than the prescriptive requirements can be used
to meet the cool roof requirements. The appropriate U-factor can be determined from
Table 3-6 for nonresidential buildings based on roof type, climate zone and aged
reflectance of at least 0.25.
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Table 3-6: Roof/Ceiling Insulation Tradeoff for Aged Solar Reflectance

Metal Buildin Wood-Framed Wood Framed
. 9 and Other and Other
Aged Solar Climate Zone .
Climate Zone All Other
Reflectance 1-16 )
U-factor 6&7 Climate Zones
U-factor U-factor
0.62-0.56 0.038 0.045 0.032
0.55-0.46 0.035 0.042 0.030
0.45-0.36 0.033 0.039 0.029
0.35-0.25 0.031 0.037 0.028

3.2.2.3 Performance Approach — Compliance Options

Energy Standards Table 140.3

The compliance options process allows the Energy Commission to review and gather public
input regarding the merits of new compliance techniques, products, materials, designs, or
procedures to demonstrate compliance for newly constructed buildings and additions and
alterations to existing buildings.

A. Aggregate Default Roof Reflectance Properties

Some low-sloped roofs of nonresidential buildings use aggregate material made of gravel
or crushed stone that is 3/4" or smaller, as the surface layer under a ballasted roof. Such
roofing cannot be accurately tested via CRRC procedures because some of the aggregate

can become damaged in transit, affecting the performance.

The Energy Commission has stipulated aged reflectance and emittance values that can be
used for these types of products that have been tested via ASTM procedures. The default
reflectance and emittance values may be used below in the performance compliance
approach or prescriptive tradeoff with increased insulation (Table 140.3 of the Energy

Standards).
Table 3-7: Default Solar Reflectance on Thermal Emittance for Aggregate Materials Based on
Size
Aggregate Size Required Tested Initial Default Aged Solar Default Thermal
Solar Reflectance Reflectance Emittance

Built - Up Roofs

Size 6 - 8 conforming 0.50 0.48 0.85

to ASTM D448 and

ASTM D1863
Ballasted Roofs

Size 2 - 4 conforming 0.45 0.40 0.85
to ASTM D448

For example, aggregate with size 2-4 meeting the requirements must have a tested solar reflectance of at least
0.45 to use a default aged reflectance value of 0.40 in the performance method.

Eligibility criteria for aggregate used as the surface layer of low-sloped roofs:

1. Aggregate shall have a tested initial solar reflectance that meets or exceeds 0.50 for
built-up roofs and 0.45 for ballasted roofs using the ASTM E1918 test procedure
conducted by an independent laboratory meeting the requirement of §10-113(d)4

2. Aggregate shall have a label on bags or containers of the aggregate material stating
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(a) the tested initial solar reflectance of the material conforming to ASTM D1863, and
(b) the size of the material conforming to ASTM D448.

Example 3-1
Question:

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

Answer:

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

Example 3-2
Question:

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

Answer:

No, but it does depend on the compliance approach you are using. A roof repair, such as for a leak, does
not require the roofing product to be cool roof and/or certified by the CRRC.

If you are altering your roof, such as a new reroof, then either the prescriptive envelope component
approach or the performance approach can be used for compliance.

In these compliance cases, the answer is yes, the roof must be certified and labeled by CRRC for
nonresidential roofs. If you are using the performance approach to receive compliance credit, you can either
obtain a CRRC certification, or use a default solar reflectance of 0.10 and thermal emittance of 0.75. Using
default values instead of CRRC certificates may result in a significant energy penalty that must be made up
by increasing energy efficiency in other building features. The default reflectance for asphalt roofs is
different than tile and metal roofing products.

Example 3-3
Question:

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

Answer:

No. Only CRRC ratings from the product directory list can be used to establish cool roof product
qualification for standards compliance. The CRRC process requires use of a CRRC-accredited laboratory
(under most circumstances, an "Accredited Independent Testing Laboratory (AITL) defined by the CRRC
program.) Any testing laboratory can become an AITL by following the CRRC accreditation process and
satisfying the requirements. The roster of CRRC-accredited laboratories is posted on the CRRC website
(http://www.coolroofs.org).
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Example 3-4
Question:

Can the reflectance and emittance requirements of ENERGY STAR® cool roofs be substituted for
standards requirements?

Answer

No. Only roofing products which are listed by the CRRC in its Rated Product Directory can be used to the
standards. CRRC is the only organization that has met the criteria set in §10-113.

Example 3-5
Question:

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

Answer:

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

Example 3-6

Question:

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

Any party wishing to have a product or products certified by CRRC should contact the CRRC toll-free (866)
465-2523 from inside the United States or (510) 482-4420, ext. 215, or email info@coolroofs.org. In
addition, CRRC publishes the procedures in the CRRC-1 Program Manual, available for free on
http://www.coolroofs.org or by calling the CRRC. However, working with CRRC staff is strongly
recommended.

Example 3-7

Question:

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

No, alterations to the roof of an unconditioned building do not trigger cool roof requirements. In general, the
lighting requirements are the only requirements applicable for both newly constructed and altered
unconditioned buildings; this includes §140.3(c), the skylight requirements. Building envelope (other than
skylight requirements) and space-conditioning requirements do not apply to unconditioned buildings.

Example 3-8
Question:

What happens if | have a low-sloped roof on most of my buildings and steep-sloped roof on another portion
of the roof? Do | have to meet the two different sets of rules in §140.3(a)1Ai and ii?

Answer:

Yes, your building would have to meet both the low-sloped requirement and the steep-sloped roof
requirements for the respective area.
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Example 3-9
Question:

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

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

Under Exception 4 to §140.3(a)1Al, if a garden roof has a dry unit weight of 25 Ib/ft?, then the garden roof is
equivalent to cool roof.

3.2.3 Exterior Walls
3.2.3.1 Mandatory Requirements

A. Wall Insulation

| §120.7(b) |

1. Metal Building: Weighted average U-factor of U-0.113 (single layer of R-13 batt
insulation).

2. Metal-Framed: Weighted average U-factor of U-0.151 (R-8 continuous insulation, or
R-13 batt insulation between studs and 1/2” of continuous rigid insulation of R-2). It
may be possible to meet the area-weighted average U-factor without continuous
insulation, if the appropriate siding materials are used.

3. Light Mass Walls: 6 inches or greater hollow core concrete masonry unit having a U-
factor not exceeding 0.440 (partially grouted with insulated cells).

4. Heavy Mass Walls: 8 inches or greater hollow core concrete masonry unit having a U-
factor not exceeding 0.690 (solid grout concrete, normal weight, 125 Ib/ft3).

5. Wood-Framed and Others: Weighted average U-factor of U-0.110 (R-11 batt
insulation).

6. Glass Spandrel Panels and Glass Curtain Wall: Weighted average U-factor of U-
0.280.

Exception: Buildings designed as data centers with high, constant server loads from
the mandatory minimum requirements are exempt. To qualify for this exception, it
should have a design computer room process load of 750 kW or greater.

3.2.3.2 Prescriptive Requirements

| §140.3(a)2 |

Under the prescriptive requirements, exterior walls must have an assembly U-factor equal to
or lower than the U-factor criterion for nonresidential and high-rise residential buildings in
Table 3-8.

The U-factor for exterior walls from Reference Appendix JA4 must be used to determine
compliance with the assembly U-factor requirements. The Energy Standards no longer allow
using the R-value of the cavity or continuous insulation alone to demonstrate compliance
with the insulation values of Reference Appendix JA4; only U-factors may be used to
demonstrate compliance.
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For metal-framed walls with insulation between the framing sections, continuous insulation
may need to be added to meet the U-factor requirements of the Energy Standards. For light
mass walls, insulation is not required for buildings in South Coast climates but is required for
other climates. For heavy mass walls, insulation is not required for buildings in Central
Coast or South Coast climates but is required for other climates.
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Table 3-8: Wall U-Factor Requirements

Building Type 1 2 3 4 5 6 7 8
:g:lres'de Metal Bldg | 143 0.061 0.113 0.061 0.061 0.113 0.113 0.061
Metal- Frame|  0.069 0.062 0.082 0.062 0.062 0.069 0.069 0.062
Mass Light| 0.196 0.170 0.278 0.227 0.44 0.44 0.44 0.44
Mass Heavy | 0.253 0.650 0.650 0.650 0.650 0.690 0.690 0.690
Wood-Frame |  0.095 0.059 0.110 0.059 0.102 0.110 0.110 0.102
Residential Metal
High-Rise bidg| 0-061 0.061 0.061 0.061 0.061 0.061 0.061 0.061
Metal-frame |  0.069 0.069 0.069 0.069 0.069 0.069 0.105 0.069
Mass Light|  0.170 0.170 0.170 0.170 0.170 0.227 0.227 0.227
Mass Heavy| 0.160 0.160 0.160 0.184 0.211 0.690 0.690 0.690
Wood-Frame |  0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059
Relocatable | Metal 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057
Public Building
Schools Metal
etal - 0.057
Frame 0.057 0.057 0.057 0.057 0.057 0.057 0.057
Mass /7.0<HC| 0.170 0.170 0.170 0.170 0.170 0.170 0.170 0.170
Wood Frame| 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042
All Other Walls|  0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059
Building Type 9 10 1 12 13 14 15 16
:t‘i’:{es'de Metal Bidg|  0.061 0.061 0.061 0.061 0.061 0.061 0.057 0.061
Metal-Frame |  0.062 0.062 0.062 0.062 0.062 0.062 0.062 0.062
Mass Light|  0.44 0.170 0.170 0.170 0.170 0.170 0.170 0.170
Mass Heavy | 0.690 0.650 0.184 0.253 0.211 0.184 0.184 0.160
Wood-Frame |  0.059 0.059 0.045 0.059 0.059 0.059 0.042 0.059
Residential | \\ . Biag|  0.061 0.061 0.057 0.057 0.057 0.057 0.057 0.057
High-Rise
Metal-Frame |  0.069 0.069 0.069 0.069 0.069 0.069 0.048 0.069
Mass Light| 0.196 0.170 0.170 0.170 0.170 0.170 0.170 0.170
Mass Heavy | 0.690 0.690 0.184 0.253 0.211 0.184 0.184 0.160
Wood-Frame |  0.059 0.059 0.042 0.059 0.059 0.042 0.042 0.042
Relocatable | Metal 0.057
Public Building 0.057 0.057 0.057 0.057 0.057 0.057 0.057
Schools
',\:"eta' N 0.057 0.057 0.057 0.057 0.057 0.057 0.057 0.057
rame
Mass /7.0<HC| 0.170 0.170 0.170 0.170 0.170 0.170 0.170 0.170
Wood Frame | 0.042 0.042 0.042 0.042 0.042 0.042 0.042 0.042
All Other Walls|  0.059 0.059 0.059 0.059 0.059 0.059 0.059 0.059

2016 Nonresidential Compliance Manual

January 2017




Building Envelope — Opaque Envelope Assembly Page 3-25

The U-factor criteria for walls depend on the class of construction. U-factors used for
compliance must be selected from Reference Appendix JA4. Alternatively, the assembly
calculator that is incorporated into CBECC-COM can be used to determine U-factors for
assemblies and/or components not listed in JA4 tables.

There are five classes of wall constructions: wood-framed, metal-framed, metal building
walls, light mass, and heavy mass. The following provides additional information about each
type of wall system:

1. Wood-framed walls: As defined by the 2013 California Building Code, Type IV
buildings typically have wood-framed walls. Framing members typically consist of 2x4
or 2x6 framing members spaced at 24 inch or 16 inch OC. Composite framing members
and engineered wood products also qualify as wood framed walls if the framing
members are nonmetallic. Structurally insulated panels (SIPs) are another construction
type that qualifies as wood-framed. SIPs panels typically consist of rigid foam insulation
sandwiched between two layers of oriented strand board (OSB). Reference Appendix
JA4, Table 4.3.1 has data for conventional wood-framed walls, and Table 4.3.2 has
data for SIPs panels.

2. Metal-framed walls: Many nonresidential buildings and high-rise residential buildings
require noncombustible construction, and this is achieved with metal-framed walls.
Often metal-framed walls are not structural and are used as infill panels in rigid framed
steel or concrete buildings. Batt insulation is less effective for metal-framed walls
(compared to wood-framed walls) because the metal framing members are more
conductive. In most cases, continuous insulation is required to meet prescriptive U-
factor requirements. Reference Appendix JA4, Table 4.3.3, has data for metal-framed
walls.

For 2016, the continuous insulation requirements for steel-framed walls have increased
for climate zones 1, 6, and 7. Two inches of rigid polyisocyanurate insulation (with no
cavity insulation) will meet the new requirement.

3. Metal building walls: Metal building walls consist of a metal building skin that is
directly attached to metal framing members. The framing members are typically
positioned in a horizontal direction and spaced at about 4 ft. A typical method of
insulating metal building walls is to drape the insulation over the horizontal framing
members and to compress the insulation when the metal exterior panel is installed.

4. Light-mass walls: Light-mass walls have a heat capacity (HC) greater or equal to 7.0
but less than 15.0 Btu/°F-ft?. See the definition below for heat capacity. From Reference
Appendix JA4, Tables 4.3.5 and 4.3.6 have U-factor, C-factor, and heat capacity data
for hollow unit masonry walls, solid unit masonry and concrete walls, and concrete
sandwich panels.

5. Heavy-mass walls: Have an HC equal to or greater than 15.0 Btu/°F-ft2. See
Reference Appendix JA4 for HC data on mass walls.

Note: For light- and high-mass walls, heat capacity (HC) is the amount of heat
required to raise the temperature of the material by 1 degree F. In the Energy
Standards, it is defined as the product of the density (Ib/ft3), specific heat (Btu/lb-F),
and wall thickness (ft). For instance, a 6” medium weight concrete hollow unit
masonry wall has a heat capacity of 11.4 and is considered a light mass wall. The
same masonry wall with solid grout that is 10 inches thick has a heat capacity of 19.7
and is considered a heavy mass wall.
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6. Furred walls: Are a specialty wall component, commonly applied to a mass wall type.
See Figure 3-4 below. The Reference Appendix JA4 Table 4.3.5, 4.3.6, or other
masonry tables list alternative walls. Additional continuous insulation layers are
selected from Reference Appendix JA4 Table 4.3.13 and calculated using either
Equation 4-1 or 4-4 from the JA4. The effective R-value of the furred component
depends upon the framing thickness, type, and insulation level.

Figure 3-4: Brick Wall With Furring Details

7. Spandrel panels and glass curtain walls: These wall types consist of metalized or
glass panels often hung outside structural framing to create exterior wall elements
around fenestration and between floors. See Reference Appendix JA4, Table 4.3.8 for
U-factor data.

8. Continuous insulation: For some climate zones, mass walls and metal-framed walls
require continuous insulation to meet the prescriptive U-factor requirements. When this
is the case, the effect of the continuous insulation is estimated by Equation 4-1 in
Reference Appendix JA4.

Uprop =1/ [ (1/Uco|,A) + Rcont,insul]
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Example 3-10

Question :

An 8-inch (20 cm) medium-weight concrete block wall with uninsulated cores has a layer of 1 inch (25 mm)
thick exterior polystyrene continuous insulation with an R-value of R-5. What is the U-factor for this

assembly?

Answer:

From Reference Appendix Table 4.3.5, the U-factor for the block wall is 0.53. From Equation 4-1, the U-

factor is calculated as:
U=1/[(1/0.53) + 5] = 0.145

Figure 3-5: Classes of Wall Construction

Wood frame (Table 4.3.1- U-
factors of Wood Framed
Walls )

Concrete (Table 4.3.6 -
Properties of Solid Unit
Masonry and Solid
Concrete Walls)

SIPS (Table 4.3.2 - U-factors
of Structurally Insulated Wall
Panels (SIPS)

Wood Spacers OSB Spline

Conctrete sandwich panel
(Table 4.3.7 - Properties of
Concrete Sandwich
Panels)

Metal frame (Table 4.3.3 - U-
factors of Metal Framed
Walls)

Spandrel panel (Table
4.3.8 - U-factors for
Spandrel Panels and
Glass Curtain Walls)

Masonry (Table 4.3.5 -
Properties of Hollow Unit
Masonry Walls)

Metal walls (Table 4.3.9
U-factors for Metal
Building Walls)

Source: Reference Appendices JA4.3

Framed or block walls can also have insulation installed between interior or exterior furring
strips. The effective continuous R-value of the furring/insulation layer is shown in Table

4.3.13 of Reference Appendix JA4.
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3.2.4 Demising Walls
3.2.4.1 Mandatory Insulation for Demising Walls

| §120.7(b)7, §140.3(a)3 and Exception to §140.3(a)5A |

Demising walls separate conditioned space from enclosed unconditioned space. The
insulation requirements include:

o Wood-framed: minimum of R-13 insulation (or have an equivalent U-factor of 0.099)
between framing members.

¢ Metal-framed: minimum R-13 insulation (or a U-factor no greater than 0.151) between
framing members plus R-2 continuous insulation.

o [fitis not a framed assembly (constructed of brick, concrete masonry units, or solid
concrete), then no insulation is required.

This requirement applies to buildings meeting compliance with either the prescriptive or
performance approach.

3.2.5 Doors
3.2.5.1 Mandatory Requirements

1§110.6(a)1 |

Manufactured exterior doors shall have an air infiltration rate not exceeding:

¢ 0.3 cfm/ft2 of door area for nonresidential single doors (swinging and sliding).
¢ 1.0 cfm/ft2 of door area for nonresidential double doors (swinging).

3.2.5.2 Prescriptive Requirements

| §140.3(2)7 |

The Energy Standards define prescriptive requirements for exterior doors in Tables 140.3-B
and 140.3-C. For swinging doors, the maximum U-factor is 0.70, and for nonswinging doors,
the maximum allowed U-factor is 1.45 in Climate Zones 2 through 15 and 0.50 in Climate
Zones 1 and 16. (See Table 3-9)

The swinging door requirement corresponds to uninsulated double-layer metal swinging
doors. The 1.45 swinging door U-factor requirement corresponds to insulated single-layer
metal doors or uninsulated single-layer metal roll-up doors and fire-rated doors. The 0.50 U-
factor requirement for Climate Zones 1 and 16 corresponds to wood doors with a minimum
nominal thickness of 1 % inches. For more information, consult Reference Appendix JA4,
Table 4.5.1.

When glazing area exceeds one-half of the entire door area, it is then defined as a
fenestration product in the Energy Standards, and the entire door area is modeled as a
fenestration unit. (See Section 3.3.2.) If the glazing area is less than half the door area, the
glazing must be modeled as the glass area plus 2 inches in each direction of the opaque
door surface (to account for a frame). However, exterior doors are part of the gross exterior
wall area and must be considered when calculating the window-wall-ratio.
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Table 3-9: Door Requirements Summary

Building Door Type Climate Zones
Type 1 2 3 4 5 6 7 8
Nonresidential Non-Swinging 0.50 1.45 1.45 1.45 1.45 1.45 1.45 1.45
Swinging 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
High-Rise Non-Swinging 0.50 1.45 1.45 1.45 1.45 1.45 1.45 1.45
Residential o
Swinging 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Relocatable Public Non-Swinging 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Schools o
Swinging 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Building Door Type Climate Zones
Type 9 10 11 12 13 14 15 16
Nonresidential Non-Swinging 1.45 1.45 1.45 1.45 1.45 1.45 1.45 0.50
Swinging 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
High-Rise Non-Swinging 1.45 1.45 1.45 1.45 1.45 1.45 1.45 0.50
Residential o
Swinging 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Relocatable Public Non-Swinging 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Schools
Swinging 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70

Energy Standards Table 140.3-B, 140.3-C, and 140.3-D

3.2.6 Floors
3.2.6.1 Mandatory Requirements

A. Insulation Requirements for Heated Slab Floors
| §110.8(9) |

Heated slab-on-grade floors must be insulated according to the requirements in Table
110.8-A of the Energy Standards (Table 3-10). The top of the insulation must be protected
with a rigid shield to prevent intrusion of insects into the building foundation, and the
insulation must be capable of withstanding water intrusion.

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

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

Another option is to install the insulation inside the foundation wall and between the
heated slab. In this case insulation must extend downward to the top of the footing and
then extend horizontally inward, under the slab, a distance of 4 ft toward the center of the
slab. R-5 vertical insulation is required in all climates except Climate Zone 16, which
requires R-10 of vertical insulation and R-7 horizontal insulation.
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Figure 3-6: Perimeter Slab Insulation

Table 3-10: Slab Insulation Requirements for Heated Slab Floors

Insulafion Ins_ulatiqn Installation Requirements Climate | Insulation
Location Orientation Zone R-Value
From the level of the top of the slab,
down 16 inches or to the frost line, 1-15 5
Outside edge whichever is greater. Insulation may stop
gfarfitfﬁer at the top of the footing where this is less
inside or Vertical than the re?quir.ed depth. For below-grade
outside the slabs, vertical insulation shall be _
foundation extended from the top of the foundation 16 10
wall wall to the bottom of the foundation (or
the top of the footing) or to the frost line,
whichever is greater.
Vertical insulation from top of slab at 1-15 5
inside edge of outside wall down to the
Between top of the horizontal insulation. Horizontal
gﬁgtsgtz:gg Vertical and | insulation from the outside edge of the _
foundation Horizontal | vertical insulation extending 4 feet toward 16 106‘:%”'703'
wall the center of the slab in a direction horizontal
normal to the outside of the building in
plain view.

Energy Standards Table 110.8-A

B. Floor and Soffit Insulation

| §120.7(c) |

1. Raised Mass Floors: A minimum of 3 inches of lightweight concrete over a metal deck
or the weighted average U-factor of the floor assembly shall not exceed U-0.269.

2. Other Floors: Weighted average U-factor of U-0.071.

3. Heated Slab Floor: A heated slab floor shall be insulated to meet the requirements of
§110.8(g). See Section 3.2.6.1A above for more information.
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3.2.6.2 Prescriptive Requirements

A. Exterior Floors and Soffits

| §140.3(a)4 |

Under the prescriptive requirements, exterior floors and insulated soffits must have an
assembly U-factor equal to or lower than the U-factor criterion for nonresidential, high-rise
residential buildings and relocatable public school buildings in Table 3-11below. The U-
factor for exterior floors and soffits from Reference Appendix JA4 shall be used to
determine compliance with the maximum assembly U-factor requirements. The Energy
Standards no longer allow using the R-value of the cavity or continuous insulation to
demonstrate compliance with the insulation values of the Reference Appendix JA4; only
U-factors may be used to demonstrate compliance. For metal-framed floors, batt insulation
between framing section may need continuous insulation to be modeled and installed on
the interior or exterior to meet the U-factor requirements of the Energy Standards.

Table 3-11: Floor/Soffit U-Factor Requirements

Building Floor Climate Zones
Type Type 1 2 3 4 5 6 7 8
Nonresidential Mass 0.092 0.092 0.269 0.269 0.269 0.269 0.269 0.269
Other 0.048 0.039 0.071 0.071 0.071 0.071 0.071 0.071
High-Rise Mass 0.045 0.045 0.058 0.058 0.058 0.069 0.092 0.092
Residential
Other 0.034 0.034 0.039 0.039 0.039 0.039 0.071 0.039
Relocatable Public Al 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48
Schools
Building Floor Climate Zones
Type Type 9 10 11 12 13 14 15 16
Nonresidential Mass 0.269 0.269 0.092 0.092 0.092 0.092 0.092 0.058
Other 0.071 0.071 0.039 0.071 0.071 0.039 0.039 0.039
High-Rise Mass 0.092 0.069 0.058 0.058 0.058 0.045 0.058 0.037
Residential
Other 0.039 0.039 0.039 0.039 0.039 0.034 0.039 0.034
Relocatable Public Al 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48
Schools

Summary from Energy Standards Tables 140.3-B, 140.3-C, and 140.3-D

The U-factor criteria for concrete raised floors depend on whether the floor is a mass floor
or not. A mass floor is one constructed of concrete with a heat capacity (HC) greater than
or equal to 7.0 Btu/°F-ft2.

Insulation levels for nonresidential concrete raised floors with HC = 7.0 using

U-factor for compliance, from Reference Appendix JA4, Table 4.4.6, are equivalent to no
insulation in Climate Zones 3-10 and associated U-factors to continuous insulation of R-8
in Climate Zones 1, 2, 11 through 15; and R-15 in Climate Zone 16.

To determine the U-factor insulation levels for high-rise residential concrete raised floors,
use the U-factors that are associated with R-8 continuous insulation in Climate Zones 7
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through 9; R-15 in Climate Zones 3-5 and 11-13; with additional insulation required in the
desert and mountain Climate Zones 1, 2, 14 and 16.

Table 4.4.6 from Reference Appendix JA4 is used with mass floors while Tables 4.4.1
through 4.4.5 are used for nonmass floors. (See Figure 3-8.)

Figure 3-7: Requirements for Floor/Soffit Surfaces

Soffit must meet floor insulation
requirements

| I —

\\.

Window —»

Opaque ——

Slab on grade

Tespoes|
floor to be

not included in
exterior floor area

insulated

Slab edge
insulation

not required

<— Unconditioned

basement

Figure 3-8: Classes of Floor Constructions
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Source: Reference Appendix JA4.4
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3.3 Fenestration

Choosing the proper windows, glazed doors, and skylights is one of the most important
decisions for any high-performance project. The use of high-performance fenestration can
actually reduce energy consumption by decreasing the lighting and heating and cooling
loads in nonresidential and high-rise residential buildings. The size, orientation, and types of
fenestration products can dramatically affect overall energy performance.

This section will specify the mandatory and prescriptive features of fenestration products,
the performance of fenestration, ratings and labeling by the National Fenestration Rating
Council (NFRC), and details on daylighting through skylights.

3.3.1 General Mandatory Measures
|§110.6(a) |

The mandatory measures for windows, glazed doors, and skylights address the air-tightness
of the units (air leakage), how the U-factor and solar heat gain coefficient (SHGC) are
determined, as well as the visible transmittance (VT).

Any fenestration product or glazed door, other than field-fabricated fenestration products
and field-fabricated glazed doors, may be installed if the manufacturer has certified to the
Energy Commission by using a default label, or if an independent certifying organization

approved by the Energy Commission has certified that the product complies.

3.3.1.1 Determining Fenestration Performance

| §110.6 |

A. U-Factor

The U-factor describes the rate of heat flow through the entire unit, not just the glass or
plastic glazing material. The U-factor includes the heat flow effects of the glass, the frame,
and the edge-of-glass conditions. (There also may be spacers, sealants and other
elements that affect heat conduction.) The lower the U-factor, the lower the amount of
heat loss.

Reference Appendix JA1 lists many of the terms and product characteristics that relate to
fenestration U-factors. In particular, see the definitions for window, skylight, window area,
skylight area, site-built fenestration, and field-fabricated fenestration.

The preferred methods for determining fenestration U-factor are those in NFRC 100 for
manufactured windows and for site-built fenestration. The default U-factors in Table 110.6-
A of the Energy Standards (reproduced in Table 3-14 below) must be used when a NFRC
label for the U-factor is not available. The U-factors in Table 110.6-A represent the most
inefficient possible values, thereby encouraging designers to obtain ratings through NFRC
test procedures, when they are available.
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Table 3-12: Methods for Determining U-Factor

Fenestration Category
Site-Built
Fenestration Field-
SHGC Determination Manufactured Manufactured (Vertical& Fabricated Glass
Method Windows Skylights Skylight) Fenestration Block

NFRC’s Component
Modeling Approach v v v N/A N/A
(CMA)
NFRC-100 v v v N/A N/A
Default Table 110.6-A
of the Energy v v v v v
Standards
NA6' N/A N/A v N/A N/A
The Alternative Default U-factors from Nonresidential Reference Nonresidential Appendix NA6 may only be
used for site-built vertical and skylights having less than 1,000ft.

B. Solar Heat Gain Coefficient (SHGC)

The SHGC measures the rate of heat gain from solar energy passing through a product.
The lower the SHGC, the lower the amount of heat gain. SHGC is measured for the whole
window, including the effects of the frame. For the SHGC, the methods determining the
preferred values are in NFRC 200. If they are not available, Table 110.6-B of the Energy
Standards (Table 3-15 below) must be used for default values.

Table 3-13: Acceptable Methods for Determining SHGC

Fenestration Category
Site-Built
SHQC . Fenestration Field- Glass
Determination Manufactured | Manufactured (Vertical& Fabricated Block

Method Windows Skylights Skylight) Fenestration
NFRC’s Component
Modeling Approach v v v N/A N/A
(CMA)'
NFRC-200 v 4 v N/A N/A
Standards Default

v v v v v

Table 110.6-B
NA6° N/A N/A 4 N/A N/A
The NFRC Residential CMA method is an option that may be available in the Energy Standards.
The Alternative Default U-factors from Nonresidential Reference Nonresidential Appendix NA6 may only be
used for site-built vertical and skylights having less than 1 ,000ft.

C. Visible Transmittance (VT)

VT is the ratio of light that passes through the glazing material to the light that is incident
outside the glazing. VT affects the amount of daylight that enters the space and how well
views through windows are rendered. Glazing materials with a very low VT have little

daylighting benefit and views appear dark, even on bright days.

The VT of the fenestration shall be rated in accordance with NFRC 200 or ASTM E972.
More specifically, the NFRC 200 test method is appropriate only for flat, clear glazing and
does not cover curved glazing or diffusing glazing. NFRC 202 is the approved test method
for rating the visible transmittance of planar diffusing glazing such as is used in fiberglass
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insulating fenestration. NFRC 203 is the approved test method for rating the visible
transmittance of tubular skylights, also known as tubular daylighting devices (TDDs). For
other types of fenestration, including dome skylights, use ASTM E972 to rate the visible
transmittance.

Visible transmittance (VT) is a property of glazing materials that has a varying relationship
to SHGC (Figure 3-9). The ideal glazing material for most of California’s summer climates
would have a high VT and a low SHGC. Such a glazing material allows solar radiation in
the visible spectrum to pass while blocking radiation in the infrared and ultraviolet
spectrums. Materials that have this quality are labeled “spectrally selective” and have a VT
that is up to 2.2 times the SHGC.

Figure 3-9: Solar Heat Gain Coefficient and Visible Transmittance

Irradiance
vAg (heat) content @15
EUd 100 W/sf
DVQ
Solar Heat Gain Coefficient
_ SHGC = 40/100 = 40%
Light
llluminance
40 Wi/sf
10,000 Lumens/sf (fc)
Glazing VYith
Lovre coating 6,000 Lumens/sf (fc)
Visible light transmittance
VLT = 6,000/10,000 = 60%
Thermally —
Broken | &
boe [0

3.3.1.2 Field-Fabricated Fenestration Product or Exterior Door

Field-fabricated fenestration is fenestration assembled on site that does not qualify as site-
built fenestration. It includes windows where wood frames are constructed from raw
materials at the building site, salvaged windows that do not have an NFRC label or rating,
and other similar fenestration items.

For field-fabricated fenestration, the U-factor and SHGC are default values that can be
found in Table 3-14 and Table 3-15, respectively, below. Values are determined by frame
type, fenestration type, and glazing composition.

Exterior doors are doors through an exterior partition. They may be opaque or have a glazed
area that is less than or equal to one-half of the door area. U-factors for opaque exterior
doors are listed in Reference Appendix JA4, Table 4.5.1. Doors with glazing for more than
one-half of the door area are treated as fenestration products and must meet all
requirements and ratings associated with fenestration.

When a door has glazing of less than one-half the door area, the portion of the door with
fenestration must be treated as part of the envelope and fenestration independent of the
remainder of the door area.

A field-fabricated product may become a site-built product if all the requirements for
receiving a label certificate required of site-built products are met.
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Table 3-14: Default Fenestration Product U-Factors
FRAME |  PRODUCTTYPE |  pa\es4 |  paNE15.4 |  BLOCK23
Operable 1.28 0.79 0.87
Fixed 1.19 0.71 0.72
Metal \%{fgg\:‘/ouse/ garden 2.26 1.40 N.A.
Doors 1.25 0.77 N.A.
Skylight 1.98 1.30 N.A.
Operable N.A. 0.66 N.A.
Fixed N.A. 0.55 N.A.
'I\Iflti;?llnal \%{fgg\:‘/ouse/ garden N.A. 1.12 N.A.
Break
Doors N.A. 0.59 N.A.
Skylight N.A. 1.11 N.A.
Operable 0.99 0.58 0.60
Fixed 1.04 0.55 0.57
Nonmetal Doors 0.99 0.53 N.A.
Sirﬁggxguse/ garden 1.94 1.06 N.A.
Skylight 1.47 0.84 N.A.
1. For all dual-glazed fenestration products, adjust the listed U-factors as follows:
a. Add 0.05 for products with dividers between panes if spacer is less than 7/16 inch wide.
b. Add 0.05 to any product with true divided lite (dividers through the panes).
2. Translucent or transparent panels shall use glass block values when not rated by NFRC 100.
3. Visible transmittance (VT) shall be calculated by using Reference Nonresidential Appendix NAG.
t4H'V\{(int()j|OWS with window film applied that is not rated by NFRC 100 shall use the default values from
is table.

Table 110.6-A of the Energy Standards
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Table 3-15: Default Solar Heat Gain Coefficient (SHGC)

FENESTRATION PRODUCT SHGC
FRAME SINGLE DOUBLE GLASS
TYPE PRODUCT GLAZING PANE?® PANE?® BLOCK'?
Operable Clear 0.80 0.70 0.70
Fixed Clear 0.83 0.73 0.73
Metal
Operable Tinted 0.67 0.59 N.A.
Fixed Tinted 0.68 0.60 N.A.
Operable Clear N.A. 0.63 N.A.
Metal, Fixed Clear N.A. 0.69 N.A.
Thermal
Break Operable Tinted N.A. 0.53 N.A.
Fixed Tinted N.A. 0.57 N.A.
Operable Clear 0.74 0.65 0.70
Fixed Clear 0.76 0.67 0.67
Nonmetal
Operable Tinted 0.60 0.53 N.A.
Fixed Tinted 0.63 0.55 N.A.
Translucent or transparent panels shall use glass block values when not rated by NFRC 200.
Visible transmittance (V'T) shall be calculated by using Reference Nonresidential Appendix NAG6.
Windows with window film applied that is not rated by NFRC 200 shall use this table’s default values

Table 110.6-B of the Energy Standards

3.3.1.3 Certification and Labeling

§10-111 and §110.6
Reference Nonresidential Appendices NA6

The Administrative Regulations §10-111 and §110.6 require that fenestration products have
labels that list the U-factor, SHGC, VT and the method used to determine those values. The
label must also certify that the fenestration product meets the requirements for air leakage
from §110.6(a)1.

A. Manufactured (Factory-Assembled) Fenestration Label Certificates

Each manufactured (factory-assembled) fenestration product must have a clearly visible
temporary label attached to it, which is not to be removed before inspection by the
enforcement agency. For rating and labeling manufactured fenestration products, the
manufacturer rates its products for U-factor, SHGC and VT.

The manufacturer can choose to have the fenestration product rated and labeled in
accordance with the NFRC Rating Procedure (NFRC 100 for U-factors and NFRC 200 for
SHGC and VT) shown in Figure 3-10. If the manufactured fenestration product is rated
using the NFRC rating procedure, it must also be permanently labeled in accordance with
NFRC procedures.

Where possible, it is best to select a fenestration product that is NFRC-rated and to do so
before completing compliance documents. This selection enables the use of NFRC-
certified data for compliance.
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Figure 3-10: NFRC Manufactured Label

g@ World's Best

Ric Window Co.
Millennium 2000+

National Fenestration Vinyl-Clad Wood Frame

Rating Council ® Double Glazing * Argon Fill + Low E
Product Type: Vertical Slider
s
ENERGY PERFORMANCE RATINGS
U-Factor (U.S./I-P) Solar Heat Gain Coefficient

0.30 | 0.30

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S/I-P)

0.51 0.2

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

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

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

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

B. Default Temporary Label

Fenestration product manufacturers can choose to use default performance values listed
in Tables 110.6-A and 110.6-B in §110.6 for U-factors and SHGC in lieu of testing. For
fenestration products requiring a VT value, assume a value of 1.0 as specified in the
Reference Nonresidential Appendix NAG. If default values are used, the manufacturer
must attach a temporary label to each window (See Figure 3-11), and manufacturer
specification sheets or cut sheets must be included with compliance documentation. A
NRCC-ENV-05-E will be required to document the thermal performance if no default
temporary labels are attached to the window units.

Although there is no exact format for the default temporary label, it must be clearly visible
and large enough to be clearly visible from 4 feet so the enforcement agency field
inspectors are able to read easily, and it must include all information required by the
regulations.

The minimum suggested label size is 4 in. x 4 in., and the label must have the words at
the bottom of the label, as noted in the example in Figure 3-11.

“This product meets the air infiltration requirements of §110.6(a)1, U-factor criteria of
§110.6(a)2, SHGC criteria of §110.6(a)3 and VT criteria of §110.6(a)4 of the 2016
California Building Energy Efficiency Standards for Residential and Nonresidential
Buildings.”

If the product claims the default U-factor for a thermal-break product, the manufacturer
must certify that the thermal-break criteria upon which the default value is based are met
by placing a check in the check box:

1. Air space 7/16 in. or greater
2. For skylights, the label must indicate the product was rated with a built-in curb

3. Meets thermal-break default criteria
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Figure 3-11: Sample Default Temporary Label

2013 California Energy Commission Default Label

XYZ Manufacturing Co.

O Doors O Double-Pane
Key Features:
O Skylight O Glass Block
Frame Type Product Type: Product Glazing Type:
O Metal O Operable O Clear
O Non-Metal O Fixed O Tinted
O Metal, Thermal Break U Greenhouse/Garden O Single-Pane

Window

O Air space 7/16 in. or
greater

0O With built-in curb

O Meets Thermal-Break
Default Criteria

To calculate VT see NA6

California Energy
Commission

Default U-factor =

California Energy
Commission

Default SHGC =

California Energy
Commission

Calculated VT =

Product meets the air infiltration requirements of §110.6(a)1, U-factor criteria of
§110.6(a)2, SHGC criteria of §110.6(a)3 and VT criteria of §110.6(a)4 of the 2016 Energy
Standards for Residential and Nonresidential Buildings.

The person taking responsibility for fenestration compliance may choose to attach default
temporary labels to each fenestration product as described instead of providing a default
label certificate for each product line.

For the visible transmittance (VT) of diffusing skylights that is not covered by NFRC 200 or
NFRC 203, a test report should be included using the ASTM E972 method.
Manufacturers, specifiers, or a responsible party should include the report with the energy
documentation.

C. Field-Fabricated Fenestration

Field-fabricated fenestration is not the same as site-built fenestration. Field-fabricated
fenestration is a very limited category of fenestration that is made at the construction site
out of materials that were not previously formed or cut with the intention of being used to
fabricate a fenestration product. No attached labeling is required for field-fabricated
fenestration products; only a NRCC-ENV-05-E is needed. Field-fabricated fenestration
and field-fabricated exterior doors may be installed only if the compliance performance
documentation has demonstrated compliance. The field inspector is responsible for
ensuring field-fabricated fenestration meets the specific U-factor, SHGC, and VT, as listed
on the NRCC-ENV-05-E. Thermal break values do not apply to field-fabricated
fenestration products.

D. Site-Built Label Certificates

The designer should select a U-factor, SHGC, and VT for the fenestration system that
meets the design objectives and occupancy needs for the building. Site-built fenestration
is field-assembled using specific factory-cut or factory-formed framing and glazing units
that are manufactured with the intention of being assembled at the construction site or
glazing contractor’s shop. Site-built certificates should be filed at the contractor’s project
office during construction or in the building manager’s office. (See the CMA sample on
Figures 3-12 and 3-12A and discussion of CMA in subsection F below.)
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Note: The highlighted circles in the figures indicate the field inspector’s area to inspect and
compare to the energy compliance submittal and building plans.

Figure 3-12: NFRC - CMA Label Certificate Page 1

NATIONAL FENESTRATION RATING COUNCIL

LABEL CERTIFICATE

PROJECT INFORMATION
LABEL CERTIFICATE ID: XYZ2-001 Issuance Date: mm/dd/yyyy
This is to ted by an NFRC Approved Calculation Entity (ACE), based on information
provi g Authority and calculated in accordance with NFRC procedures.
PROJECT LOCATION:
Add i
City: , State, , Zip code: .
Contact parson: , Title:
Phone: Facsimile: . Email:
Project name (optional): Designer (optional):

Figure 3-12A: NFRC - CMA Label Certificate Page 2
PRODUCT LISTING

LABEL CERTIFICATE ID: XYZ-001 Issuance Date: mm/dd/yyyy

NFRC CERTIFIED PRODUCT RATING INFORMATION:*
The NFRC Certified Product Rating Information listed here is to be used to verify that the ratings meet applicable energy
code reguirements.

PRODUCT LISTING:

CERTIFIED Performance Rating
at NFRC

Model Size

CPDID | Total Area Name Framing Ref | Glazing Ref | Spacer R u= SHGC™ ] VT
' . :

h" S
P-PL-010 83.89 PL-2200/ PL-2210 | FA-PL2210 GA-TT-001 SA-AM-001 0.53 0.58 0.66
P-PL-005 18267 PL-3400 / PL-3401 FA-PL340A GATT-001 SA-AM-002 0.56 0.57 0.65
P-PL-012 3g222 PL-5700/ PL-5720 | FA-PLS720 GA-TO-002 | SA-AM-001 0.52 o 0,30
P-PL-002 60.00 PL-1100/ PL-1152 | FA-PL1152 GATT-001 | SA-AM-001 0.42 0.5 1 0.62
P-PL-022 525.00 PL-9900/ PL-9915 | FA-PL9915 GA-TO-003 | SA-AM-002 0.45 0.15 ] 0.19
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1. For site-built fenestration totaling 1,000 ft* or greater, the glazing contractor or specifier
must generate a NFRC label certificate from either approach listed below:

a. A NFRC label certificate generated by the CMA computer program.

b. Default to the U-factor values from Table 110.6-A, the SHGC values from 110.6-
B, and for VT values, use the method specified in NAG.

2. For site-built fenestration totaling less than 1,000 ft? or any area of replacement of site-
built fenestration that includes vertical windows, glazed doors, and skylights, the
glazing contractor or specifier must comply with one of the following:

a. A NFRC label certificate generated by the CMA computer program.

b. The center-of-glass values from the manufacturer’s product literature to determine
the total U-factor, SHGC and VT. (See Reference Nonresidential Appendix NAG -
the Alternative Default Fenestration Procedure).

c. The U-factor values from Table 110.6-A and SHGC values from Table 110.6-B.
For VT values, use the method specified in NAG.

NAG calculations are based on center-of-glass (COG) values from the manufacturer. For
example, when using a manufacturer's SHGC center-of-glass specification of 0.27, the
NAG calculation results in an overall SGHC value of 0.312, which may be rounded to 0.31.
Rounding to the nearest hundredth decimal place is acceptable to determine the overall
fenestration efficiency value with either the prescriptive or performance approach.

E. Fenestration Certificate NRCC-ENV-05-E

For nonrated products where no default label certificates are placed on the fenestration
product, use Fenestration Certificate NRCC-ENV-05-E to document thermal performances
of each fenestration product that results in a different U-factor, SHGC, and VT.
Alternatively, one certificate will suffice when all the windows are the same.

The NRCC-ENV-05-E should indicate the total amount of non-NFRC-rated fenestration
products throughout the project. The locations and orientations where fenestration
products are being installed should be indicated on the drawings and in a fenestration
schedule that lists all fenestration products.

The NRCC-ENV-05-E should clearly identify the appropriate table or equation that is used
to determine the default U-factor and SHGC and, if applicable, the center of glass,
SHGC¢, used in calculating the SHGCyn. Manufacturer’s documentation of these product
characteristics that list the center-of-glass values must also be attached to the NRCC-
ENV-05-E and located at the job site for verification.

F. Component Modeling Approach (CMA)

NFRC has developed a performance base calculation, the component modeling approach
(CMA), to make the rating process quicker and simpler and serve as an energy ratings
certification program for windows and other fenestration products used in nonresidential
projects. This approach allows users to assemble fenestration products in a virtual
environment. The approach draws data for NFRC-approved components from online
libraries choosing from preapproved glazing, frame, and spacer components. CMA users
are able to obtain preliminary ratings for various configurations of their designs. CMA is a
fair, accurate, and credible method based on NFRC 100 and 200 program documents,
which are verified by third-party rating procedures.
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Architects and others can use this tool to:

1. Help design energy-efficient windows, curtain wall systems, and skylights for high-
performance building projects.

2. Determine whether a product meets the specifications for a project and local/state
building energy codes.

3. Model different fenestration designs to compare energy performance.

Once the user is satisfied with the product, he or she creates a bid report containing the
data for all fenestration products to be reviewed. This report can serve as an indication
that the products comply with the energy-related requirements of the project and building
energy codes. The windows are then built, either on-site or in a factory. The final products
are reviewed and are rated by an NFRC-approved calculation entity (ACE); then a license
agreement is signed with NFRC.

At this point, NFRC issues a CMA label certificate for the project. This label certificate,
unlike NFRC'’s residential window label that is applied to individual units, is a document
that lists the certified fenestration ratings at the NFRC standard testing size for the entire
building project. Once approved, the CMA label certificate is available online immediately.
This certificate serves as code compliance documentation for fenestration energy
performance, and the certified products may be applied to future projects without
repeating the certification process.

Benefits of CMA

CMA provides facility managers, specifiers, building owners, and design teams with a
simple method for designing and certifying the energy performance of fenestration
systems for their buildings without having to test every possible permutation of glazing and
framing. This is significantly less expensive than building sample wall sections and testing
them in a large test enclosure. However, there are several additional advantages gained
by using the CMA:

1. CMA’s online tool has the ability to output a file with values for use in building energy
analysis software programs.

2. The program can export detailed information for angular-dependent SHGC and VT
values, seamlessly transferring the data to the analytical software.

3. A 2010 study' conducted in California demonstrated that fenestration modeled with
the CMA program can provide an increase in compliance margins by as much as
11.7 percent over the Energy Commission’s default calculation methods.

4. CMA can help demonstrate above-code performance, which is useful for
environmental rating programs such as Leadership in Energy and Environmental
Design (LEED™) or local green building programs.

Use of the CMA can help lead to a more efficient building and enable cost savings due to
more accurate fenestration performances and potential energy benefits from above-code
utility incentives. Details are available at www.NFRC.org/.

1 Study conducted by the Heschong Mahone Group for NFRC, “Compared to alternative fenestration rating values
detailed in California’s Title 24, Using CMA provides a maximum increase of 11.7% in energy compliance margins.
This means that compared to other available options, CMA provides the most accurate values on window energy and
visible performance.”
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3.3.1.4 Air Leakage
| §110.6(a)1 |

Manufactured and site-built fenestration such as doors and windows must be tested and
shown to have infiltration rates not exceeding the values shown in Table 3-16. For field-
fabricated products or an exterior door, the Energy Standards require that the unit be
caulked, gasketed, weatherstripped, or otherwise sealed. Unframed glass doors and fire
doors are the two exceptions to these air leakage requirements. Field-fabricated fenestration
and field-fabricated exterior doors are not required to comply with Table 3-16.

Table 3-16: Maximum Air Infiltration Rates (§110.6(a)1)

Class Type Rate
Windows (cfm/ft?) of window area All 0.3
Residential Doors (cfm/ft?) of door area Swinging, Sliding 0.3
Sliding, Swinging (single door) 0.3

All Other Doors (cfm/ft?) of door area
Swinging (double door) 1.0

Example 3-11
Question:

A 150,000 ft? “big box” retail store has 800 ft? of site-built vertical fenestration at the entrance. An operable
double-pane aluminum storefront framing system is used without a thermal break. What are the acceptable
methods for determining the fenestration U-factor and SHGC? What are the labeling requirements
assuming a center of glass U-factor of 0.50 and SHGC of 0.70 and a center glass visible transmittance of
0.75?

Answer:

For site-built fenestration less than 1,000 ft* then one of the following three methods may be used:

1. The easiest method for site-built fenestration is to rate the fenestration using the component modeling
approach (CMA), which will yield the most efficient values possible.

2. In this case, use the default U-factor and SHGC values from equations in Reference Nonresidential
Appendix NAG6 as described in the following bullets:

e The Alternate U-factor may be calculated from the Reference Nonresidential Appendix NAG,
Equation NA6-1, Uy = C; + C, X Uc. From Table NA-1 for metal-framed, site-built fenestration, C;=
0.311 and C, = 0.872, therefore the overall U-factor is calculated to be 0.311 + 0.872 x 0.50 = 0.47.
e Likewise, the SHGC is determined from the Reference Nonresidential Appendix, NA6, Equation
NAG6-2, SHGC= 0.08 + 0.86 x SHGC. Therefore, the SHGC is calculated to be 0.08 + 0.86 x 0.70 =
0.68.

e For VT, from Appendix NAG, the visible transmittance of the frame is 0.88 for a curtain wall, so the
VT =VTgxVTc=0.88 X 0.75 = 0.66.

3. The third option for determining U-factor and SHGC may be to select from Default Table 110.6-A and
110.6-B of the Energy Standards. From these tables, the U-factor is 0.79 and the SHGC is 0.70. An Energy
Commission Default Label Certificate, NRCC-ENV-05-E, should be completed for each fenestration product
unless the responsible party chooses to attach a default temporary label to each fenestration unit
throughout the building.
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Example 3-12

Question:
What constitutes a “double-pane” window?

Answer:

Double-pane (or dual-pane) glazing is made of two panes of glass (or other glazing material) separated by
a space [generally ¥ inch (6 mm) to % inch (18 mm)] filled with air or other inert gases. Two panes of
glazing laminated together do not constitute double-pane glazing, but are treated as single pane.

3.3.2 Vertical Fenestration (Windows and Doors)

3.3.2.1. Site-Built Fenestration
| §110.6 |

Manufactured fenestration products are factory-assembled as a unit, and the manufacturer
is able to assume the burden of testing and labeling. However, with site-built fenestration,
multiple parties are responsible. The steps of producing site-built fenestration are as follows:

1. Architects and/or engineers design the basic glazing system by specifying the
components, the geometry of the components, and, sometimes, the assembly method.

2. An extrusion manufacturer provides the mullions and frames that support the glazing
and is responsible for thermal breaks.

3. A glazing manufacturer provides the glazing units, cut to size and fabricated as
insulated glass (IG) units. The glazing manufacturer is responsible for tempering or
heat strengthening, the tint of the glass, any special coatings, the spacers, and the
sealants.

4. A glazing contractor (usually a subcontractor to the general contractor) puts the
system together at the construction site, or the contractor’s shop and is responsible for
many quality aspects. Predetermining the energy performance of site-built fenestration
as a system is more challenging than for manufactured units.

5. One of the parties (architect, glazing contractor, extrusion manufacturer, |G fabricator,
or glass manufacturer) must take responsibility for testing and labeling of the site-built
fenestration system under the most recent NFRC 100 procedure. The responsible
party must obtain a label certificate as described in §10-111.

6. The glazing contractor or other appropriate party assumes responsibility for acquiring
the NFRC label certificate. Each label certificate has the same information as the
NFRC temporary label for manufactured products but includes other information
specific to the project, such as the name of the glazing manufacturer, the extrusion
contractor, the places in the building where the product line is used, and other details.

It is typical for the glazing contractor to assume responsibility for the team and to coordinate
the certification and labeling process. A common procedure is for the design team to include
language in the contract with the general contractor that requires that the general contractor
be responsible; the general contractor typically assigns this responsibility to the glazing
contractor, once the responsible party has established a relationship with an NFRC.

It is not necessary to complete the NFRC testing and labeling prior to completing the
compliance documentation and filing the building permit application. However, plans
examiners should verify that the fenestration performance shown in the plans and
specifications and used in the compliance calculations is “reasonable” and achievable. This
requires some judgment and knowledge on the part of the plans examiner. Generally,
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designers will know the type of glass that they plan to use and whether the frame has a
thermal break or is thermally improved. This information is adequate to consult the default
values for U-factor and SHGC in Reference Nonresidential Appendix NAG.

The label certificate remains on file in the construction office for the building inspector to
view. After construction is complete, the label certificate should be filed in the building office
with the as-built drawings and other operations and maintenance data. This will give building
managers the information needed for repairs or replacements.

3.3.2.2. Prescriptive Measures
There are four aspects of the envelope component approach for windows:
1. Maximum total area plus west-facing.
2. Maximum U-factor.
3. Maximum relative solar heat gain coefficient (RSHGC).
4. Minimum visible transmittance (VT).

A. Window Area
[§740.3(a)5.A. |

In the prescriptive approach, the total window area may not exceed 40 percent of the
gross wall area (encompassing total conditioned space) for the building. Likewise, the
west-facing window area may not exceed 40 percent of the west gross wall area
(encompassing total conditioned space for the building). This maximum area requirement
will affect those buildings with very large glass areas, such as high-rise offices, automobile
showrooms, or airport terminals.

The maximum area may be determined by multiplying the length of the display perimeter
(see definition below in this section) by 6 ft in height and use the larger of the product of
that multiplication or 40 percent of gross exterior wall area.

Glazing in a demising wall does not count toward the total building allowance. There is no
limit to the amount of glazing allowed in demising walls, but it must meet the prescriptive
U-factor, relative solar heat gain coefficient (RSHGC), and visible light transmittance (VT)
requirements for the climate zone.

As a practical matter, window area is generally taken from the rough opening dimensions.
To the extent this opening is slightly larger than the frame, the rough opening area will be
slightly larger than the formally defined window area.

For glazed doors, also use the rough opening area, except where the door glass area is
less than 50 percent of the door, in which case the glazing area may be either the entire
door area or the glass area plus 2 inches added to all four sides of the glass (to represent
the “window frame”) for a window in a door. Calculate the window area from the rough
opening dimensions and divide by the gross exterior wall area, which does not include
demising walls.

Display perimeter is the length of an exterior wall in a Group B; Group F, Division 1; or
Group M occupancy that immediately abuts a public sidewalk, measured at the sidewalk
level for each story that abuts a public sidewalk. This generally refers to retail display
windows, although other occupancies such as offices can also have a display perimeter.
Public sidewalks are accessible to the public at large (no obstructions, limits to access, or
intervening nonpublic spaces). Demising walls are not counted as part of the display
perimeter.
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In general, any orientation within 45° of true north, east, south, or west will be assigned to
that orientation. The orientation can be determined from an accurate site plan. Figure 3-13
demonstrates how surface orientations are determined and what to do if the surface is
oriented exactly at 45° of a cardinal orientation. For example, an east-facing surface
cannot face exactly northeast, but it can face exactly southeast. If the surface were facing
exactly northeast, it would be considered north-facing.

Figure 3-13: Four Surface Orientations
North

Northwest / Northeast

West \ \ East

Southwest / Southeast

South

B. Window U-Factor
| §140.3(a)5B |

Fenestration products are required to use default U-factors and SHGC (see Tables 110.6-
A (Table 3-14) and Table 110.6-B (Table 3-15) of the Energy Standards) or have the
performance characteristics certified by NFRC. However, each window must meet the
prescriptively required maximum U-factor criteria in Tables 140.3-B and 140.3-C of the
Energy Standards (see Table 3-17 below) for each climate zone. In general, most NFRC-
rated double-glazed windows with a low-e coating and a thermally broken frame will
comply with the U-factor criterion; however, other window constructions may also comply.
See http://www.nfrc.org/, Certified Product Directory database, or use Equation NA6-1in
Reference Appendix NAG.
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Table 3-17: Window Prescriptive Requirements U-factors

All Climate Zones

Space Type Criterion V\;:ilr:(de:w %?‘r:g‘:: Curtainwall/Storefront (ng;::
Max U-factor 0.36 0.46 0.41 0.45
Max Relative Solar
. 0.25 0.22 0.26 0.23
Nonresidential |Heat Gain (RSHGC)
Min VT 0.42 0.32 0.46 0.17
Maximum WWR% 40%
All Climate Zones
Max U-Factor 0.36 0.46 0.41 0.45
Max Relative Solar
Residential Heat Gain (RSHGC) 0.25 0.22 0.26 0.23
High-Rise
Min VT 0.42 0.32 0.46 0.17
Maximum WWR% 40%

From Energy Standards Tables 140.3-B and 140.3-C

C. Overhang Factor

| §7140.3(a)5C |

Relative solar heat gain (RSHGC) is essentially the same as SHGC, except for the
external shading correction. It is calculated by multiplying the SHGC of the fenestration
product by an overhang factor. If an overhang does not exist, then the overhang factor is
1.0. Relative solar heat gain is applicable only when using the prescriptive compliance
approach.

Tables 140.3-B and 140.3-C of the Energy Standards (Table 3-17 above) specify the
maximum area-weighted average RSHGC, excluding the effects of interior shading.

Overhang factors may either be calculated or taken from Table 3-18 below and depend
upon the ratio of the overhang horizontal length (H) and the overhang vertical height (V).
These dimensions are measured from the vertical and horizontal planes passing through
the bottom edge of the window glazing, as shown in Figure 3-14. An overhang factor may
be used if the overhang extends beyond both sides of the window jamb a distance equal
to the overhang projection (§140.3(a)5Cii). The overhang projection is equal to the
overhang length (H), as shown in Figure 3-14. If the overhang is continuous along the side
of a building, this restriction will usually be met. If there are overhangs for individual
windows, each must be shown to extend far enough from each side of the window.
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Figure 3-14: Overhang Dimensions

Overhang

|4—>| horizontal

height (H)

Overhang
vertical
height (V)

Equation 3-1 — Relative Solar Heat Gain Coefficient
RSHGC = SHGC,,;, x OHF
Where:
RSHGC = Relative solar heat gain Coefficient

SHGC,,i, = Solar heat gain coefficient of the window

Equation 3-2 — Overhang Factor

2
OHF = OverhangFactor =1+ % + b(%]

Where:

H = Horizontal projection of the overhang from the surface of the window in ft, but no greater
than V

V = Vertical distance from the windowsill to the bottom of the overhang, in ft.

a = -0.41 for north-facing windows, -1.22 for south-facing windows, and -0.92 for east- and
west-facing windows

b =0.20 for north-facing windows, 0.66 for south-facing windows, and 0.35 for east- and west-

facing windows
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Table 3-18: Overhang Factors

H/IV North South East/West
0.00 1.00 1.00 1.00
0.10 0.96 0.88 0.91
0.20 0.93 0.78 0.83
0.30 0.90 0.69 0.76
0.40 0.87 0.62 0.69
0.50 0.85 0.56 0.63
0.60 0.83 0.51 0.57
0.70 0.81 0.47 0.53
0.80 0.80 0.45 0.49
0.90 0.79 0.44 0.46
1.00 or greater 0.79 0.44 0.43

To use Table 3-18:

1. Measure the horizontal projection of the overhang (H) and the vertical height from
the bottom of the glazing to the shading cutoff point of the overhang (V).

2. Calculate H/V.

3. Enter the table at that point.

4. Choose the next higher value to the calculated H/V value if the calculated H/V falls

between two values in the table

5. Move across to the column that corresponds to the orientation of the window and
find the overhang factor.

Any value of H/V greater than 1 has the same overhang factor (for a given orientation)
shown in the last row of the table.

Figure 3-15 graphs the overhang factors of the various orientations as a function of H/V. It
shows that overhangs have only a minor effect on the north. (Maximum reduction in
SHGC is only about 20 percent.) East, west, and south overhangs can achieve reductions
of 55—60 percent. The benefits of the overhang level off as the overhang becomes larger.
(This graph is presented only to illustrate the benefits of overhangs.)
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Figure 3-15: Graph of Overhang Factors
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Example 3-13

Question:

An east-facing window has glass with a solar heat gain coefficient of 0.71. It has a fixed overhanging eave
that extends 3 ft out from the plane of the glass (H = 3) and is 6 ft above the bottom of the glass

(V = 6). The overhang extends more than 3 ft beyond each side of the glass, and the top of the window is
less than 2 ft vertically below the overhang. What is the RSHGC for this window?

Answer:
First, calculate H/V. This value is 3 /6 = 0.50. Next, find the overhang factor from Table 3-18. For east-

facing windows, this value is 0.63. Finally, multiply it by the solar heat gain coefficient to obtain the RSHGC:
0.63 x 0.71 = 0.45.

D. Visible Light Transmittance (VT)
| §140.3(a)5D |

The prescriptive requirements of Tables 140.3-B and 140.3-C (Table 3-17) of the Energy
Standards prescribe specific VT values for all climate zones and glass types. The visible
light transmittance is used in the performance method in the calculation of the interior
illumination levels and lighting energy savings due to daylight controls. This is discussed in
more detail in Chapter 5 of this manual.

Fenestration must meet the climate zone-specific prescriptive requirement of having an
area-weighted average VT of 0.42 or greater for fixed windows, 0.32 or greater for
operable windows, 0.46 or greater for curtain walls and 0.17 or greater for glazed doors.
Products with spectrally selective “low-e” coatings (also known as single, double or triple
silver low-e) are available to meet this requirement.

A combination of high VT glazing in the upper part of a window (clerestory) and lower VT
glazing at the lower part of the window (view window) can be used, as long as the area-
weighted average meets the prescriptive requirement. This allows daylight to enter the
space through the high VT glazing making a better daylighting design.

The Energy Standards also allow a slight variance if the window-to-wall ratio (WWR) is
greater than 40 percent. For this case, assume 0.40 for the WWR in the equation below,
or if the glazing can comply with the prescriptive requirements if the area-weighted
average VT meets the following minimum requirement:
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Equation 3-3 — Visible Light Transmittance
VT=20.11/WWR
Where:
VT = the visible transmittance of the framed window
WWR = the gross window-to-wall ratio

The graph below shows the allowed area weighted average minimum VT’s by gross WWR for
four types of windows

Figure 3-16: Area Weighted Average Minimum VT by Gross Window-to-Wall Ratio

Area Weighted Avg Min VT by Gross WWR
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The average VT requirements apply separately to chromatic (dynamic or color changing)
glazing and nonchromatic glazing. For chromatic glazing, higher ranges of VT can be
used to meet the prescriptive requirements. However, all glazing that is not chromatic
must separately meet the area-weighted VT prescriptive requirements.

Example 3-14
Question:

A space has a gross window-to-wall ratio of 30 percent and has a fixed window with a sill height of 2'6”
(30”) and a head height of 8'11” (107”), which runs 10’ wide (120”). The window has a break at 6’11” (83”)
such that the upper portion or clerestory portion of the window is 2’ (24”) tall and can have a glazing
different from that in the lower portion (view window). Can a designer use 0.30 VT glazing in the view
window?
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Answer:

Using the formula VT =2 0.11 / WWR, staff determines the minimum area weighted average VT for this
space,

VT =0.11/0.3 =0.367
So the area weighted minimum VT we need for this window is 0.367.

l.e. (View window Area x View window VT) + (Clerestory Area x Clerestory VT) / Total Window Area =
0.367

In this case:

Clerestory area = 24” height x 120” width = 2,880 sq.in

View window area = (83” - 30”) height x 120” width = 6,360 sq.in.

If the designer wants to use a 0.30 VT glazing in the view window then View window VT = 0.30
Total window area = (107" - 30”) height x 120” width = 9,240 sq.in.

Solving the above equation for Clerestory VT, staff gets:

Clerestory VT = 0.515

(6360 x 0.367) + (2880 x VT )/9240

So, to use a 0.3 VT glazing in the view window, the designer must use a 0.515 VT window in the clerestory.

3.3.2.3. Compliance Options

A. Dynamic Glazing — Chromatic Glazing

Chromatic-type fenestration has the ability to change performance properties (U-factor,
SHGC, and VT). The occupant can manually or automatically control his or her
environment by tinting or darkening a window with the flip of a switch or by
raising/lowering a shade positioned between panes of glass. Some windows and doors
change the performance automatically in response to a control or environmental signal.
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These “smart windows” provide a variety of benefits, including reduced energy costs due
to controlled daylighting and unwanted heat gain or heat loss. While still a relatively new
technology, high-performance windows are expected to grow substantially in the coming
years.

Look for the NFRC Dynamic Glazing Label to compare and contrast the energy
performance for these new products. See the example of a Dynamic Glazing NFRC label
in Figure 3-17 below. The unique rating identifiers help consumers understand the
“dynamics” of the product and allow comparison with other similar fenestration products.

If the product can operate at intermediate states, a dual directional arrow, (<), with the
word “variable” underneath will appear on the label. Some dynamic glazing is able to
adjust to intermediate states, allowing for a performance level between the endpoints. The
low value rating is displayed to the left (in the closed position), and the high value rating is
displayed to the right (in the open position). This lets the consumer know at a glance the
best and worst case performance of the product and what the default or de-energized
performance level will be.

Figure 3-17: Dynamic Glazing NFRC Label

@% World's Best
Window Co.

Millennium 2000t

National Fenestration Vinyl-Clad Wood Frame
__RatingCouncil® B pouyble Glazing * Dynamic Glazing * Argon Fill  Low E
Product Type: Vertical Slider
ENERGY PERFORMANCE RATINGS
U-Factor (U.S./I-P) Solar Heat Gain Coefficient

0.30+50.40 0.10+0.50

Off/Closed On/Open Off/Closed On/Open

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (U.S./I-P)

0.03<0.65 0.2

Off/Closed On/Open

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

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

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

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

The label references the following information:

1. U-factor measures the rate of heat loss through a product. Therefore, the lower the
U-factor, the lower the amount of heat loss. In cold climates where heating bills are a
concern, choosing products with lower U-factors will reduce the amount of heat that
escapes from inside the house.

2. The solar heat gain coefficient (SHGC) measures the rate of heat gain from solar
energy passing through a product. Therefore, the lower the SHGC, the less amount
of solar heat gain. In hot climates where air conditioning bills are a concern,
choosing products with a lower SHGC will reduce the amount of heat that comes in
from the outside.
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3. Visible transmittance (VT) measures the amount of light that comes through a
product. The higher the VT rating, the more light is allowed through a window or
door.

4. Air Leakage (AL) is a measurement of heat loss and gain by infiltration through
cracks in the window assembly which affects occupant comfort. The lower the AL,
the less air will pass through cracks in the window assembly.

To receive chromatic glazing credit, the following must be met:
1. Optional prescriptive — default to Table 140.3-B and 140.3-C, U-factor and SHGC
2. Performance approach compliance — maximum credit allowance for best rating
3. Automatic controls to receive best rating values or

4. NFRC Dynamic Glazing Compliance Label is required; otherwise, default to Table
110.6-A and 110.6-B values.

B. Window Films

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

Polyester film can be metalized and easily laminated to other layers of polyester film.
There are three basic categories of window films:

1. Clear (nonreflective) films are used as safety or security films and to reduce
ultraviolet (UV) light, which contributes to fading of finished surfaces and furnishings.
However, they are not normally used for solar control or energy savings.

2. Tinted or dyed (nonreflective) films reduce both heat and light transmission, mostly
through increased absorptance and can be used in applications where the primary
benefit desired is glare control with energy savings as secondary benefit.

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

Look for the NFRC—certified attachment ratings energy-performance label, which helps
consumers understand the contrast in energy performance of window films. An example of
a window film energy performance label is shown on Figure 3-18 given below.
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Window Film Compliance
To receive window film credit the, following must be met:
1. The performance approach must be used.
2. Use only the alteration to existing building compliance method.

a. The NFRC window film energy performance label is required for each film;
otherwise, use the Default Table 110.6-A and 110.6-B values.

b. Window films shall have a 10-year or longer warranty.

Figure 3-18: Window Film Energy Performance Label

4 NFRC
MGl \TTACHMENT

Risding Councl®

mmmm RATINGS

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

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

[ ENERGY PERFORMANCE RATINGS \
Solar Heat Visible
Reference Product U-Factor |Gain Coefficient Transmittance

. WO With Wio With Wio With

Type Glazing Film | Film | Film | Film | Film | Film

Single Glazed Clear | 1.09 | 1.01 | 0.71 0.40 0.74 0.57
Residential

Double Glazed Clear | 0.66 | 0.67 | 0.63 0.44 067 0.52

Single Glazed Clear 1.02 0.93 | 0.72 0.43 0.78 0.60

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

Double Glazed Clear | 0,60 0.53 | 0.62 0.47 0.69 0.54 /

Double Glazed Gray ( 0.60 | 0.53 | 0.41 0.32 0.35 0.2?/

Manufacturer stipulates that these ratings conform to applicable NFRC procedures for
determining whale product perfarmance. NFRC ratings are determined for a fixed
set of environmental conditions and a specific product size. NFRC does not
recommend any product and does not wamant the suitability of any
product for any specific use. Consult manufacturer's literature
for other praduct performance infarmation,
www.nfrc.ong

3.3.3 Skylights

There are two ways that skylights can be mounted into a roof system, either flush-mounted
or curb-mounted. To ensure water flows around them, skylights are often mounted on
"curbs" set above the roof plane. These curbs, rising 6 to 12 inches above the roof, create
additional heat loss surfaces.
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When skylights are specified, the designer must show the skylit daylight zones on the
building plans. Automatic daylighting controls are required when the installed power in the
daylit zones of a room is greater than 120W. See Chapter 5 of this manual for a detailed
discussion of the daylight zones.

3.3.3.1. Skylight Mandatory Measures

There are no mandatory measures for skylights, so the prescriptive or performance
approach must be used. However, there are mandatory requirements for lighting controls
related to daylighting, as discussed below.

A. Controls
| §130.1(d) |

Electric lighting in skylight daylit zones shall meet the mandatory control requirements in
§130.1(d). Chapter 5 contains information about lighting control requirements and
daylighting control requirements. As described above, obstructions are ignored for
evaluating the architectural area served by skylights. However, for controlling lighting, one
must consider the area shaded that is behind permanent obstructions that are greater than
half the ceiling height. As a result, those luminaires behind tall obstructions are not part of
the skylit daylit area and, therefore, not controlled by automatic daylighting controls.

3.3.3.2. Skylight Prescriptive Requirements

[140.3(a)6 |

As with windows, there are four aspects of the prescriptive envelope approach for skylights:
1. Maximum total area.
2. Maximum U-factor.
3. Maximum solar heat gain coefficient (SHGC).

4. Minimum visible transmittance (VT).

Table 3-19: Skylight Requirements (Area-Weighted Performance Rating)

All Climate Zones
Glass, Curb Mounted | Glass, Deck-Mounted Plastic, Curb-
Mounted

U-factor 0.58 0.46 0.88

SHGC 0.25 0.25 NR
Nonresidential |y 0.49 0.49 0.64

Maximum 5%

SRR%

U-factor 0.58 0.46 0.88

SHGC 0.25 0.25 NR

Maximum 5%

SRR%

Excerpt from Energy Standards Tables 140.3-B and 140.3-C, Skylight Roof Ratio, SRR
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A. Skylight Area
| §7140.3(a)6A |

Skylight area is defined in JA1 as the area of the rough opening of a skylight. The area
limit for skylights is 5 percent of the gross exterior roof area, sometimes called the skylight
roof ratio (SRR). The limit increases to 10 percent for buildings with an atrium more than
55 ft high. .) The 55-ft height is also the threshold at which the California Building Code
requires a mechanical smoke-control system for atriums (CBC Sec. 909). In practice, this
means that the 10 percent SRR is not allowed for atriums unless they also meet this
smoke control requirement.

Site-built monumental or architectural skylights equipped with integral built-in or site-built
curbs (that is not part of the roof construction) are often used for atrium roofs, malls, and
other applications that need large skylights. These are treated differently within the Energy
Standards: in these cases the skylight area is the surface area of the glazing and
frame/curb, not the area of the rough-framed opening. This is regardless of the geometry
of the skylight, that is, it could be flat pyramid, bubble, barrel vault, or other three-
dimensional shape — what matters is the anticipated heat exchanged through the glazing,
which is a function of its area. Also, for special cases such as clerestory, rooftop monitor
or tubular skylights, see Chapter 5 of this manual.

§140.3(c)4 also requires that the skylight area be at least 3 percent of the floor area (not
accounting for obstructions), or that the product of the skylight area and the area-weighted
average visible transmittance of the skylights be at least 1.5 percent of the floor area (not
accounting for obstructions). This assures that enough light reaches the skylighted
spaces. The visual transmittance option acknowledges that more skylight area is not
needed for buildings with highly transmitting skylights. For example, if plastic skylights are
installed with the prescriptive minimum transmittance of 0.64, the maximum ratio of
skylight area to floor area within 0.7 times the ceiling height of skylights is 2.3 percent.

Figure 3-19: Skylight Area
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B. Skylight U-Factor
| §7140.3(2)6B |

The U-factor for skylights is an inclusive measurement of its heat losses, and includes
heat losses through the glazing, the frame, and the integral curb (when one exists). If an
NFRC rating does not exist, such as for projecting plastic skylights, the designer can make
use of default fenestration U-factors found in Table 110.6-A of the Energy Standards.
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For skylights, the U-factor criteria depend on whether the skylight glazing material is
plastic or glass, and whether the skylight is curb-mounted, noting that plastic skylights are
assumed to be mounted on a curb. These criteria are shown in Tables 140.3-B, C, and D.

C. Skylight SHGC
| §7140.3(a)6C |

Skylights are regulated for SHGC rather than RSHGC because skylights cannot have
overhangs. The SHGC criteria vary with the SRR, and the criteria can be found in Tables
140.3-B, C, and D (Table 3-19). The designer can make use of default SHGC values in
Table 110.6-B of the Energy Standards, or can use the Nonresidential Reference
Appendix NAG if all site-built fenestration (skylights and vertical fenestration) is less than
1,000 ft2.

D. Visible Transmittance (VT)
| §740.3(a)6D |

Skylights shall have an area-weighted average visible transmittance (VT) of no less than
the value required by §140.3(a)6D.

E. Minimum Daylighting Prescriptive Requirements in Large Enclosed Spaces
| §7140.3(c) |

Appropriately sized skylight systems can dramatically reduce the lighting energy
consumption of a building when combined with appropriate daylighting controls.
Daylighting control requirements under skylights are discussed in Chapter 5 of this
manual. Sizing is important: with too little skylight area, insufficient light is available to turn
off electric lighting; with too much skylight area, solar gains and heat losses through
skylights negate the lighting savings by adding heating and cooling loads.

Figure 3-20: Present Value Savings of Skylight 50,000 ft> Warehouse in Sacramento
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Skylights and automatic daylighting controls are most cost-effective in large open spaces
and are prescriptively required in enclosed spaces (rooms) that:

Are larger than 5,000 ft2.
Are directly under a roof.

Have ceiling heights greater than 15 ft.
Have lighting power densities greater than 0.3 W/ft2.

The Energy Standards require that at least 75 percent of the floor area be within one or
more of the following:

1. A skylit daylit zone, meaning an area in plan view that is directly under a skylight or
within 0.7 times the average ceiling height in each direction from the edges of the
rough opening of the skylight (see Figure 3-21), or

2. A primary sidelit daylit zone, meaning an area in plan view that is directly adjacent to
vertical glazing, one window head height deep into the area, and window width plus
0.5 times window head height wide on each side of the rough opening of the window
based on §130.1(d).

Figure 3-21: Area Within 0.7 Times Ceiling Height of Rough Opening of Circular Skylight and
Rectangular Skylight
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The shape of the skylit daylit zone will be similar in shape to the rough opening of the
skylight, as shown in Figure 3-21.

Examples: If the skylight is circular, the area that is within a horizontal distance 0.7
times the average ceiling height from the edge of the rough opening, is also a circle,
with the radius of the circle being the radius of the skylight + 0.7 x the ceiling height.

If the skylight is rectangular, the zone is rectangular, with the edges increased in each
direction by 0.7 times the ceiling height.

2016 Nonresidential Compliance Manual January 2017



Page 3-60 Building Envelope — Fenestration

Figure 3-22: Comparison of Skylit Area for Calculating Minimum Skylit Area and the Skylit Daylit
Zone for Controlling Luminaires in §130.1(d)
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of skylights for meeting minimum daylit controlling luminaires is limited by racks
area (§140.3(c)) blocking daylight

The specifications for daylighting controls in §130.1(d) describe which luminaires must be
controlled, and consider the daylight obstructing effects of tall racks, shelves, and
partitions taller than one-half the distance from the floor to the bottom of the skylight when
determining if daylight will reach a given space. As shown in Figure 3-22, it is
considerably easier to calculate.

(a) The total floor area in the space within a horizontal distance of 0.7 times the
average ceiling height from the edge of rough opening of skylights.

Versus

(b) The total floor area in the space within a horizontal distance of 0.7 times the
average ceiling height from the edge of rough opening of skylights, minus any
area on a plan beyond a permanent obstruction that is taller than the following: A
permanent obstruction that is taller than one-half the distance from the floor to
the bottom of the skylight.

(a) is required to be calculated to comply with minimum skylight area requirements of
§140.3(c), and (b), is required to comply with the automatic daylighting control
requirements of §130.1(d) (essentially, to ensure that daylighting controls are not installed
where they would not be effective).

In §130.1(d), the skylit daylit areas are required to be drawn on the plans, and any general
lighting luminaires that are in the daylit zones must be separately controlled by automatic
daylighting controls. (See the daylighting requirements in Chapter 5 Lighting).

Two exemptions from §140.3(c) include:

1. Auditoriums, churches, museums and movie theaters due to the demanding lighting
control needs.

2. Refrigerated warehouses to minimize heat gains.

Since skylights paired with daylighting controls can significantly reduce energy demands
from lighting, they are mandatory on all nonresidential occupancies that meet the above
criteria whether the space is conditioned or unconditioned. Further information can be
found in Section 3.3.3.1.
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For large buildings with high ceilings, skylighting 75 percent of the floor area can be
achieved by evenly spacing skylights across the roof of the building. As a general rule, a
space can be fully skylighted by having skylights spaced so that the edges of the skylights
are not further than 1.4 times the ceiling height apart. For example, in a space having a
ceiling height of 20 feet, the space can be fully skylighted if the edges of skylights are no
more than 28 feet apart.

F. Rooftop Monitors

Rooftop monitors are considered vertical fenestration, and the daylight area next to them
is the same as the daylit area next to other vertical fenestration. The daylit area is from the
inward facing plane of the fenestration one window head height and in the direction
parallel to the fenestration 0.5 window head heights on either side.

Figure 3-23: Daylight Area Under Rooftop Monitors (Primary Sidelit Daylit Zone)
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G. Exceptions for Shading

Occasionally there is not a solar resource available for skylighting. This situation occurs,
for example, if a short building is shadowed by surrounding taller buildings. To account for
this, minimum daylighting requirements are exempted for spaces where permanent
architectural features of the building, existing structures or natural objects block direct
beam sunlight on at least half of the roof over the enclosed space for more than 1,500
daytime hours per year between 8 a.m. and 4 p.m. This can be documented to the local
building official using a variety of tools including equipment that superimposes the sun
path diagram on a photograph of the sky taken at the site*, hand calculation tools such as
the sun path calculator®, and computer-aided design software tools that automate this
calculation.

4 Resource noted for information only, not intended as an endorsement: http://www.solarpathfinder.com/

5 Resource noted for information only, not intended to be an endorsement
https://www.pilkington.com/resources/pilkingtonsunanglecalculatormanual.pdf
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3.3.3.3. Ignoring Partitions and Shelves

The rationale for ignoring the presence of partitions for specifying minimum skylight area
and spacing is that the design of the envelope may be developed before there is any
knowledge of the location of the partial height partitions or shelves, as is often the case for
core and shell buildings. Thus, the architectural daylit zone requirement of 75 percent of the
space area indicates the possibility of the architectural space being mostly daylit. By not
accounting for partial ceiling height partitions and racks, the Energy Standards are
consistent in addressing architectural daylit areas, regardless of whether the design is core
and the shell or a complete design development, including interior design. This approach
does not require the addition of extra skylights or windows if racks and partial height
partitions are added later.

Example 3-15
Question:

What is the maximum spacing and recommended range for skylights in a 40,000 ft* warehouse with 30-
foot-tall ceiling and a roof deck?

Answer:

From the definition of Skylit Daylit Zone in Section 130.1(d), the maximum spacing of skylights that will
result in the space being fully skylit is:

Maximum skylight spacing = 1.4 x Ceiling Height + Skylight width

Spacing skylights closer together results in more lighting uniformity and thus better lighting quality, — but
costs more as more skylights are needed. However as a first approximation, one can space the skylights
1.4 times the ceiling height. For this example, skylights can be spaced 1.4 x 30 = 42 feet. In general the
design will also be dictated by the size of roof decking materials (such as 4’ by 8’ plywood decking) and the
spacing of roof purlins so the edge of the skylights line up with roof purlins. For this example, staff assumes
that roof deck material is 4’ by 8 and skylights are spaced on 40-foot centers.

Each skylight is serving a 40-foot by 40-foot area of 1,600 sf. A standard skylight size for warehouses is
often 4’ by 8’ (so it displaces one piece of roof decking). The ratio of skylight area to daylit area is 2 percent
(32/1600 = 0.02). Assuming this is a plastic skylight and it has a minimally compliant visible light
transmittance of 0.64, the product of skylight transmittance and skylight area to daylit area ratio is

(0.64)(32/1,600) = 0.013 = 1.3%

This is a little less than the 2 percent rule of thumb described earlier for the product of skylight
transmittance and skylight area to daylit area ratio. If one installed an 8 ft by 8 ft skylight (two 4 ft by 8 ft
skylights) on a 40 foot spacing, it would yield a 2.6 percent product of skylight transmittance and skylight
area to daylit area ratio and provide sufficient daylight. With 64 square feet of skylight area for each 1,600
square feet of roof area, the skylight-to-roof area ratio (SRR) is 4 percent, which is less than the maximum
SRR of 5 percent allowed by Section 140.3(a) and thus complies with the maximum skylight requirement.

An alternate (and improved) approach would be to space 4 ft x 8 ft skylights closer together, which would
provide more uniform daylight distribution in the space and could more closely approach the desired
minimum VT skylight area product. A 32-foot center-to-center spacing of skylights results in (32 x 32) =
1,024 square feet of daylit area per skylight. By taking the product of the skylight VT and the skylight area
and dividing by 0.02 (the desired ratio), it yields the approximate area the skylight should serve. In this
case, with a VT of 0.65 and a skylight area of 32 square feet, each skylight should serve around:

(0.64 x 32 /0.02) = 1,024 sf.

For a minimally compliant 4 ft by 8 ft plastic skylight with a visible light transmittance of 0.65, the product of
skylight transmittance and skylight area to daylit area ratio is:

(0.64)(32/1,024) = 0.020 = 2.0%
Energy savings can be improved than this rule of thumb approach by using a whole-building energy

performance analysis tool that enhances the trade-offs among daylight, heat losses and gains, and electric
lighting energy consumption.
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3.3.3.4. Glazing Material and Diffusers
| §740.3(a)6E |

Skylights shall have a glazing material or diffuser that has a measured haze value greater
than 90 percent, tested according to ASTM D1003 (notwithstanding its scope) or other test
method approved by the Energy Commission.

For conditioned spaces the Energy Standards require the use of double-glazed skylights.
When the skylights are above unconditioned spaces, there is no limitation placed on the
maximum skylight area or the U-factor or SHGC.

Regardless of whether the space is conditioned, the code requires that the skylights diffuse
and bring in enough sunlight so that, when the electric lights are turned off, the occupants
have relatively uniform daylight in the space. If the space is unconditioned, single-glazed
skylights will comply with the code requirements as long as they are sufficiently diffusing
(that is, the glazing or diffuser material has a haze rating greater 90 percent) and the visible
transmittance is above the VT requirements in Table 140.3-B or C of the Energy Standards.
Products that have such a rating include prismatic diffusers, laminated glass with diffusing
interlayers, pigmented plastics, and so forth. This requirement assures that light is diffused
over all sun angles. Any unconditioned space that later becomes conditioned must meet the
new construction envelope requirements. Therefore, if the space may become conditioned
in the future, it is recommended that the envelope meet the conditioned envelope thermal
requirements.

Other methods of diffusion that result in sufficient diffusion of light over the entire year would
also be acceptable in lieu of using diffusing glazing. Acceptable alternatives are baffles or
reflecting surfaces that ensure direct beam light is reflected off a diffuse surface before
entering the space over all sun angles encountered during a year. This alternative method of
diffusion would have to be documented by the designer and approved by the code authority
in your jurisdiction.

Figure 3-24: Daylit Area Under Skylights
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Figure 3-25: Daylit Area Tradeoff Between Skylights
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Example 3-16
Question:

A designer is using a U-factor of 0.57 for compliance with a curtain wall system. The glazing system uses
two lites of 1/4 in (6mm) glass with a low-e= 0.1 coating on the second surface. The air gap is 1/2 in (12
mm). A standard metal frame is proposed for the curtain wall system. Is 0.57 a reasonable U-factor for
compliance, and can it reasonably be achieved by the glazing contractor through the NFRC process for
site-built fenestration?

Answer:

The default U-factor for this glazing combination from Reference Nonresidential Appendix NA6 is 0.59. If no
NFRC rating information is available, a U-factor of 0.59 must be used. The design U-factor of 0.57 cannot
be used.

3.4 Relocatable Public School Buildings

Table 140.3-D of the Energy Standards
Reference Nonresidential Appendix NA4

Public school building design is defined by these prescriptive requirements:

e Table 140.3-B covers prescriptive requirements for climate-specific relocatable public
school buildings.

o Table 140.3-D covers prescriptive requirements for relocatable public school buildings
that can be installed in any climate zone.
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¢ Building envelopes must meet the prescriptive requirements in §140.3. For additional
design requirements, refer to §140.3 and Reference Nonresidential Appendix NA4.

Manufacturers must certify compliance and provide documentation according to the chosen
method of compliance. Performance compliance calculations must be performed for multiple
orientations, with each model using the same proposed design energy features rotated
through the different orientations (north, east, south and west) and the 12 climate zones
(Reference Nonresidential Appendix NA4). Also see §140.3(a)8 and §141.0(b)2.

When the manufacturer/builder certifies a relocatable public school building for use in any
climate zone, the building must be designed and built to meet the energy budget for the
most severe climate zones (as specified in the Reference Nonresidential Appendix NA4),
assuming the prescriptive envelope criteria in Table 140.3-D of the Energy Standards.

However, when the relocatable building is manufactured for use in specific climate zones
and cannot be lawfully used in other climate zones, the energy budget must be met for each
climate zone that the manufacturer/building certifies, using prescriptive envelope criteria in
Table 140.3-B. The energy budget and the energy use of the proposed building must be
determined using the multiple orientation approach specified in the Reference
Nonresidential Appendix NA4. The manufacturer/builder shall meet the requirements for
identification labels specified in §140.3(a)8.

3.5 Performance Approach

| §140.1 Performance |

Under the performance approach, energy use of the building is modeled by compliance
software approved by the Energy Commission. The compliance software simulates the time-
dependent value (TDV) energy use of the proposed building, including a detailed accounting
of envelope heat transfers using the assemblies and fenestration input, and the precise
geometry of any exterior overhangs or side fins. The most accurate tradeoffs between
different envelope components — and among the envelope, the space-conditioning system,
and the installed lighting design — are accounted for and compared with the standard design
version of the building. The proposed design has to have TDV energy less than or equal to
the standard design.

This section presents some basic details on the modeling of building envelope components.
Program users and those checking for enforcement should consult the most current version
of the user’'s manuals and associated compliance supplements for specific instructions on
the operation of the program. All compliance software, however, are required to have the
same basic modeling capabilities. A discussion on the performance approach, and fixed and
restricted inputs, is included in Chapter 9.

The following modeling capabilities are required by all approved nonresidential compliance
software. These modeling features affect the thermal loads seen by the HVAC system
model. More information may be found in the ACM Reference Manual and the CBECC-Com
User Guide.

3.5.1 Opaque Surface Mass Characteristics

Heat absorption, retention, and thermal transfer characteristics associated with the heat
capacity of exterior opaque mass surfaces such as walls, roofs and floors are modeled.

Typical inputs are:

e Spacing
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Thickness
Standard U-factor
Reference Appendix JA4 table

Framed cavity R-value
e Proposed assembly U-factor.

The heat capacity of concrete masonry unit walls and solid concrete walls is provided in
Tables 4.3.5 and 4.3.6 of Reference Appendix JA4. Effective R-values for interior and
exterior insulation are provided in Table 4.3.13 of Reference Appendix JA4.

3.5.2 Opaque Surface

Heat gains and heat losses are modeled through opaque surfaces of the building envelope.
The following inputs or acceptable alternative inputs are used by this modeling capability:

1. Surface areas by opaque surface type.
2. Surface orientation and slope.

3. Thermal conductance of the surface. The construction assembly U-factor is developed
by specifying a construction as a series of layers of building materials, each of which
may be insulation, framing, homogenous construction material, or a combination of
framing and cavity insulation.

4. Surface absorptance = 1— solar reflectance. Surface absorptance is a restricted input
(except for roofs).

Note for roofs: Surface absorptance and emittance are variable inputs in the proposed
design for roofs to provide design flexibility where a cool roof is not specified. The roof
reference design is set with a cool roof surface absorptance for nonresidential buildings in
all climate zones. The difference in surface absorptance creates a credit that can be used
with the whole-building performance method. For more information on cool roofs, see
Section 3.2.2.1.

To model the proposed design as a cool roof, the roofing product must be listed in the
directory of the CRRC. If the roof is not rated, a default aged reflectance of 0.08 is used for
asphalt or composition shingles and 0.10 for other roofing products. If the proposed design
does not have a cool roof, the performance method may be used to trade off with other
measures, such as increased insulation or HVAC equipment efficiency, so that the TDV
energy of the proposed design does not exceed that of the standard design.

3.5.3 Fenestration Heat Transfer

Heat transfer through all fenestration surfaces of the building envelope are modeled using
the following inputs:

1. Fenestration areas. The glazing width and height dimensions are those of the rough-
out opening for the window or fenestration product. Window area of the standard
design is limited to the prescriptive limit of 40 percent of the gross exterior wall area
(that is adjacent to conditioned space) or six times the display perimeter, whichever is
greater. If the proposed design window area exceeds this limit, a trade-off may be
made with measures such as increased envelope insulation or increased equipment
efficiency to offset the penalty from fenestration.

2. Fenestration orientation and slope. Vertical windows installed in a building located in
any of the four cardinal orientations, north, south west, and east. Skylights are
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considered less than 60° from the horizontal, and all windows and skylights provide
solar gain that can affect the overall energy of the building unless they are insulated
glass.

3. Fenestration thermal conductance (U-factor). The overall U-factor shall be taken from
NFRC rating information, default values in Table 110.6-A of the Energy Standards, or
from Reference Nonresidential Appendix NAG if less than 1,000 ft2.

4. Fenestration solar heat gain coefficient (SHGC). The SHGC shall be taken from NFRC
rating information default values in Table 110.6-B of the Energy Standards or from
Reference Nonresidential Appendix NAG if less than 1,000 ft2. The baseline building
uses a SHGC equal to the value from Tables 140.3-B, 140.3-C, or 140.3-D. The
baseline building has no overhangs, but overhangs can be modeled in the baseline
building, as described below.

3.5.4 Overhangs and Vertical Shading Fins

Approved compliance software programs are able to model overhangs and vertical fins.
Typical inputs for overhangs are:

¢ Overhang projection.

¢ Height above window.

o Window height.

e Overhang horizontal extension past the edge of the window.

o If the overhang horizontal extension (past the window jambs) is not an input, then
the program assumes that the extension is zero (that is, overhang width is equal to
window width), which results in fewer benefits from the overhang.

Vertical fins are modeled with inputs of horizontal and vertical position relative to the
window, the vertical height of the fin and the fin depth (projection outward perpendicular to
the wall).

3.5.5 Slab-on-Grade Floors and Basement Floors

Heat transfer through slab-on-grade floors and basement floors is modeled by calculating
perimeter heat losses and interior slab heat losses. The heat losses from the perimeter and
the interior are modeled by the use of an F-factor that accounts for the rate of heat transfer
from the slab to the soil. Reference Appendix JA4 contains F-factors for common insulation
conditions (vertical insulation outside or a combination of the two). The insulation depth and
insulation R-value affect heat loss through basement floors.

3.6

Additions and Alterations

The Energy Standards offer prescriptive approaches and a performance approach to
additions and alterations, but they do not apply to repairs. Relevant definitions from
§100.1(b) are provided below:

A. Addition is a change to an existing building that increases conditioned floor area and
volume. See §141.0(a) and §100.1(b) for a detailed definition.

When an unconditioned building or unconditioned part of a building adds heating or
cooling so that it becomes conditioned, this area is treated as an addition.
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B. Alteration is a change to an existing building that is not an addition. An alteration
could include a new HVAC system, lighting system, or change to the building
envelope, such as a new window. See §141.0(b) and §100.1(b). Roof replacements
(reroofing) and reconstructions and renewal of the roof are considered alterations and
are subject to all applicable Energy Standards requirements. For alterations, the
compliance procedure includes:

1. The prescriptive envelope component approach.

2. The addition alone approach.

3. The existing-plus-alteration performance approach.

4. The existing-plus-addition-plus alteration performance approach.

C. Repair is the reconstruction or renewal of any part of an existing building for
maintenance. Repairs must not increase the preexisting energy consumption of the
repaired component, system, or equipment; otherwise, it is considered to be an
alteration. See §141.0(b) and §100.1(b).

For example, a repair could include the replacement of a pane of glass in an
existing multilite window without replacing the entire window.

Additions and alterations to the building envelope must meet the prescriptive insulation
requirements in §141.0 or comply with the performance compliance approach.

3.6.1 Mandatory Requirements
3.6.1.1. Additions

All additions must meet the applicable mandatory measures from the following Energy
Standards sections:

¢ §110.6 — Mandatory Requirements for Fenestration Products and Exterior Doors
e §110.7 - Mandatory Requirements for Joints and Other Openings
¢ §110.8 - Mandatory Requirements for Insulation and Roofing Products (Cool Roofs)

e §120.7- Mandatory Requirements for Insulation.

3.6.1.2. Alterations
[ §141.0(b)1 |

All alterations must meet the mandatory requirements stated above for additions, with the
exception of the insulation requirement of §120.7 for opaque envelope components (roofs,
ceilings, walls, and floors).

A. Wall Insulation

Insulation for walls that separate conditioned space from either unconditioned space or the
exterior shall comply with the mandatory requirements of §141.0(b)1B. This section
provides two options for wall insulation compliance: either a minimum insulation R-value or
a maximum assembly U-factor. The mandatory requirements are determined by the wall

type:

¢ Light mass and heavy mass walls do not have mandatory requirements for minimum
R-value and maximum U-factor.
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o Metal buildings - A minimum of R-13 insulation between framing members or an area-
weighted average U-factor no greater than 0.113 is required.

¢ Metal-framed walls - A minimum of R-13 insulation between framing members or an
area-weighted average U-factor no greater than 0.217 is required.

¢ Wood-framed walls and other wall types - A minimum of R-11 insulation between
framing members, or an area-weighted average U-factor no greater than 0.110 is
required.

e Spandrel panels and glass curtain walls - A minimum of R-4 insulation or an area-
weighted average U-factor no greater than 0.280 is required.

B. Floor Insulation

Insulation for floors that separate conditioned space from either unconditioned space or
the exterior shall comply with the mandatory requirements of §141.0(b)1C. This section
provides two options for compliance with the mandatory requirements: either a minimum
insulation R-value or a maximum assembly U-factor. For floors, the mandatory
requirements are determined by both building type and floor type.

¢ Raised framed floors - A minimum of R-11 insulation between framing members or
the weighted average U-factor no greater than 0.071 is required.

¢ Raised mass floors in high-rise residential and hotel/motel guest rooms - A minimum
of R-6 insulation or an area-weighted average U-factor no greater than 0.111 is
required.

¢ Raised mass floors in all other occupancies - No minimum U-factor is required.
3.6.2 Prescriptive Requirements

3.6.2.1 Additions
|§141.0(a)1 |

Prescriptive compliance for the building envelope of additions is addressed in §141.0(a)1
and §140.3. §140.3(a) provides prescriptive compliance alternatives for the building
envelope, including tradeoffs between roofing insulation and the solar reflectance of roofing
products (cool roofs) in Table 140.3-A. Tradeoffs between other envelope components are
not allowed in the prescriptive method. The performance method may be used for tradeoff
for both new construction and alterations.

All additions must also comply with §140.3(c), Minimum Skylight Area, for large enclosed
spaces in buildings with three or fewer stories.

For more details on the prescriptive requirements for additions, see Section 3.2 for envelope
requirements and Section 3.3 for fenestration requirements.

Alternatively, the addition may meet compliance by using the performance compliance
approach of §140.1, which compares the TDV energy (space conditioning, lighting, and
water heating) of the proposed building addition to a TDV energy budget that complies with
prescriptive requirements.
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3.6.2.2 Alterations
[§141.0(p)2 |

In general, any alteration to an existing building that involves changes to a portion of the
building envelope triggers the Energy Standards. The prescriptive requirements for
alterations to building envelopes are in §141.0(b)2A and B of the Energy Standards.

The altered components of the envelope shall meet the applicable mandatory requirements
of §110.6 and §110.8.

A. Fenestration

When fenestration is altered that does not increase the fenestration area, it shall meet the
requirements of Table 141.0-A of the Energy Standards (Table 3-20 below) based on
climate zone.

When new fenestration area is added to an alteration, it shall meet the requirements of
§140.3(a) and Tables 140.3-B, C or D of the Energy Standards. Compliance with
§140.3(a) is not required when the fenestration is temporarily removed and then
reinstalled.

In cases where small amounts of fenestration area are changed, several options exist.

o If less than 150 ft2 of fenestration area is replaced throughout the entire building, then
the Energy Standards require that only the U-factor requirements in Tables 140.3-B,
C, or D are met. The SHGC, RSHGC, or VT requirements need not be met.

e The same requirements and exceptions apply if 50 ft? or less of fenestration (or
skylight) area is added. A typical example of this may be changing a door from a solid
door to a glass door.

Table 3-20: Altered Window Maximum U-Factor and Minimum RSHGC and VT

Climate
Zone 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
u- 047 | 047 | 0.58 | 0.47 | 0.58 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 | 0.47 0.47
factor
RSHGC | 0.41 | 0.31 | 0.41 | 0.31 | 0.41 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 | 0.31 0.41
. - Operable Curtain Wall/
Fixed Window Window Storefront Glazed Doors
Vertical 0.42 0.32 0.46 0.17
Glass, Curb- Glass, Deck- .
VT Mounted Mounted Plastic, Curb-Mounted
Skylights 0.49 0.49 0.64
Energy Standards Table 141.0-A
Example 3-17
Question:

The envelope and space conditioning system of an office building with 120,000 ft? of conditioned floor area
is being altered. The building has 24,000 ft? of vertical fenestration. Which of the following scenarios does
the NFRC label certificate requirement apply to?
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1. Existing glazing remains in place during the alteration.

2. Existing glazing is removed, stored during the alteration period, and then reinstalled (glazing is not
altered in any way).

3. Existing glazing is removed and replaced with new site-built glazing with the same dimensions and
performance specifications.

4. Existing glazing on the north fagade (total area 800 ft?) is removed and replaced with site-built
fenestration.

Answer:

NFRC label certificate or California Energy Commission default values requirements do not apply to
Scenarios 1 and 2 but do apply to Scenario 3.

1. Requirement does not apply because the glazing remains unchanged and in place.

2. Exception to §110.6(a)1 applies in this case. (This exception applies to fenestration products removed
and reinstalled as part of a building alteration or addition.)

3. Use either NFRC label certificate or use Table 110.6-A default values; applies in this case as 24,000 ft?
(more than the threshold value of 1,000 ft*) of new fenestration is being installed.

4. Since the site-built fenestration area is less than 1,000 ft2, use either the NFRC label certificate, the
applicable default U-factor or SHGC set forth in Reference Nonresidential Appendix NAG, or California
Energy Commission default values.

B. Walls and Floors

All nonresidential building alterations involving exterior walls, demising walls, external
floors, or soffits must either comply as a component with the requirements in Tables
140.3-B, C, or D in the Energy Standards, or by approved compliance software following
the rules of the ACM Reference Manual that demonstrates that the overall TDV energy
use of the altered building complies with the Energy Standards.

C. Roofs

Existing roofs being replaced, recovered, or recoated for nonresidential, high-rise
residential and hotels/motels buildings shall meet the requirements of §110.8(i). When the
alteration is being made to either 50 percent of the existing roof area or when more than
2,000 ft? of the roof is being altered, the requirements of this section apply. Thus, when a
small repair is made, these requirements do not apply. For example, the requirements of
regarding roof insulation would not be "triggered" if the existing roof surface were overlaid
instead of replaced.

These requirements do apply to roofs over conditioned, nonprocess spaces even if the
building has a portion that is a process space. These roof areas can be delineated by the
fire separation walls between process areas and conditioned, nonprocess areas.

The California Building Code and local amendments place limitations on the number of
new roof covering layers that are allowed to overlay an existing roof covering in
accordance with CBC 1510. When this limit is reached, the existing roof covering must be
removed down to the roof deck or to the insulation recover boards.

When a roof is exposed to the roof deck or to the roof recover boards, and alteration
complies with the prescriptive requirements for roofing products, the exposed roof area
shall be insulated to the levels specified in Table 141.0-C of the Energy Standards (Table
3-21 below).

The amount of insulation required varies by climate zone and building type. The
requirements are given in terms of a continuous layer of insulation (usually installed on top
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of the roof deck) or an overall roof U-factor based on the default tables and calculation
method in Reference Appendix JA4. The U-factor method provides the most flexibility, as
insulation can be added continuously on top of the roof deck, below the roof deck between
roof joists, or a combination of insulation above and below the roof deck.

Table 3-21: Insulation Requirements for Roof Alterations

Nonresidential High-Rise Residential and Guest
Rooms of Hotel/Motel Buildings
Climate Continuous Continuous
Zone Insulation R-value U-Factor Insulation R-Value U-Factor
1 R-8 0.082 R-14 0.055
2 R-14 0.055 R-14 0.055
3-9 R-8 0.082 R-14 0.055
10-16 R-14 0.055 R-14 0.055

Energy Standards Table 141.0-C

For reroofing, when roofs are exposed to the roof deck and meet the roofing products
requirements in §141.0(b)2Bi or ii, the exposed area must be insulated to levels specified
in the Energy Standards Table 141.0-C. For nonresidential buildings, this level is R-8
continuous insulation in Climate Zones 1 and 3 through 9 and R-14 continuous insulation
in Climate Zones 2 and 10 through 16. Several exceptions are provided:

1. No additional insulation is required if the roof is already insulated to a minimum level
of R-7.

2. When insulation is added on top of a roof, the elevation of the roof membrane is
increased. As shown in Figure 3-26, when insulation is added to a roof and the curb
height (or reglet or counterflashing for walls) is unchanged, the height of the base
flashing above the roof membrane will be reduced. In some cases when the
overhanging edge of the space-conditioning equipment is very close to the side of the
curb, this may also limit how far up the curb the base flashing may be inserted. Many
manufacturers and the National Roofing Contractors Association (NRCA) recommend
maintaining a minimum base flashing height of 8 inches above the roofing membrane.

Thus, when adding insulation on top of a formerly uninsulated or underinsulated roof, one
must consider the effects on base flashing height. It may be desirable to increase curb
heights or counterflashing heights to maintain the same or higher base flashing heights
above the roof membrane. In other cases, where leak risk is low, one can ask the roofing
manufacturer for a variance on installation requirements for a roofing warranty; this may
require additional waterproofing measures to obtain the manufacturer’s warranty. Installing
insulation under the roof deck when access is feasible doesn’t change the base flashing
height and, in some cases, may be the least expensive way to insulate the roof.
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Figure 3-26: Base Flashing on Rooftop Unit Curb Detail
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In some circumstances it is costly or difficult to increase the curb or counterflashing height
for maintaining the base flashing at a suitable height above the roof membrane. In the
following situations, added insulation is limited to the thickness that will still maintain a
base flashing height of 8 inches (20 cm) above the surface of the roof membrane.

If there is any space-conditioning equipment on the roof that is not disconnected and lifted
during reroofing, the condition of this “undisturbed” equipment will determine how much, if
any, insulation must be added to the entire roof. That is, if the equipment that is not
disconnected and lifted is situated on a curb that is 9 inches above the roof membrane,
only 1 inch of insulation must be added to the roof. If the undisturbed equipment is
situated on a curb that is 8 inches (20 cm) or less above the roof membrane, no additional
insulation is required.

If adding the required insulation will reduce the base flashing height to less than 8 inches
at penthouse or parapet walls, the insulation added may be limited to the maximum
insulation thickness that will allow a height of 8 inches from the roof membrane surface to
the top of the base flashing. For the above exemption to apply, the following conditions
must be met:

1. The penthouse or parapet walls are finished with an exterior cladding material other
than the roofing covering membrane material.

2. The penthouse or parapet walls have exterior cladding material that must be removed
to install the new roof covering membrane to maintain a base flashing height of 8
inches.

3. For nonresidential buildings, the ratio of the replaced roof area to the linear dimension
of affected penthouse or parapet walls shall be less than 25 square feet per linear
foot for Climate Zones 2 and 10 through 16, and less than 100 square feet per linear
foot for Climate Zones 1 and 3 through 9.

4. For high-rise residential buildings, hotels, or motels, the ratio of the replaced roof area
to the linear dimension of affected penthouse or parapet walls shall be less than 25
square feet per linear foot for all climate zones.
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5. Increasing the elevation of the roof membrane by adding insulation may also affect
roof drainage. The Energy Standards allow tapered insulation to be used that has a
thermal resistance less than that prescribed in Table 141.0-C at the drains and other
low points, provided that the thickness of insulation is increased at the high points of
the roof so that the average thermal resistance equals or exceeds the value that is
specified in Table 141.0-C.

For more details on the prescriptive requirements for alterations, see Section 3.2 for the
opaque envelope assembly requirements and Section 3.3.2.2 for the requirements for
fenestration.

1. Thermal Emittance and Solar Reflectance Prescriptive Requirements

| §141.0(b)2B |

For nonresidential buildings, the prescriptive requirements for roofing products are
based on roof slope and climate zone:

e Low-sloped roofs in Climate Zones 1 through 16 have a required minimum aged
solar reflectance of 0.63 and a minimum thermal emittance of 0.75, or a minimum
SRI of 75.

o Steep-sloped roofs in Climate Zones 1 through 16 have a minimum aged solar
reflectance of 0.20 and a minimum thermal emittance of 0.75, or a minimum SRI of
16.

For high-rise residential buildings and hotels and motels, the prescriptive requirements
for roofing products are based on roof slope and climate zone:

e Low-sloped roofs in Climate Zones 10, 11, 13, 14 and 15 have a required minimum
aged solar reflectance of 0.55 and a minimum thermal emittance of 0.75, or a
minimum SRI of 64.

o Steep-sloped roofs in Climate Zones 2 through 15 have a required minimum aged
solar reflectance of 0.20 and a minimum thermal emittance of 0.75, or a minimum
SRI of 16.

There are three exceptions to the prescriptive requirements:
Nonresidential buildings:

1. An aged solar reflectance less than 0.63 is allowed, provided that additional
insulation is installed.

High-rise residential buildings and hotels and motels:

1. For roof area covered by building integrated photovoltaic panels and building
integrated solar thermal panels, roofing products are not required to meet the
minimum requirements for solar reflectance, thermal emittance, or SRI.

2. For roof constructions that have thermal mass over the roof membrane with a
weight of at least 25 Ib/ft? roofing products are not required to meet the minimum
requirements for solar reflectance, thermal emittance, or SRI.

Table 141.0-B (Table 3-22 below) has been added to the Energy Standards to simplify
the process of making insulation/aged solar reflectance trade-off. The table expresses
the trade-off requirements in terms of overall roof U-factors, rather than in terms of
continuous insulation R-value.
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Table 3-22: Roof/Ceiling Insulation Trade-Off for Aged Solar Reflectance

Climate Zone Climate Zone
Aged Solar 1, 39 2,10-16
Reflectance U-factor U-factor
0.62 - 0.60 0.075 0.052
0.59 - 0.55 0.066 0.048
0.54 - 0.50 0.060 0.044
0.49-0.45 0.055 0.041
0.44 - 0.40 0.051 0.039
0.39-0.35 0.047 0.037
0.34 - 0.30 0.044 0.035
0.29-0.25 0.042 0.034

Energy Standards Table 141.0-B

U-factors measure the thermal performance of the entire roof assembly, both above and
below the roof deck. Utilizing U-factors provides flexibility. Trade-offs can be made by
installing additional insulation continuously above the roof deck, between the joists
below the roof deck, or a combination of both approaches.

Simplified trade-off process:

e Locate in Table 141.0-B of the Energy Standards the maximum roof/ceiling U-factor
that applies to the aged solar reflectance of the roofing products to be installed.

e Locate the climate zone of the building.

e Consult the U-factor tables in Reference Appendix JA4 and then determine what
configurations of above and/or below-deck insulation satisfy the trade-off.

o Reference Appendix JA4 contains U-factor tables for many common roof
constructions (wood-framed, metal-framed, span deck, and concrete roofs,
and others).

See the examples at the end of this section for illustrations of insulation/reflectance
trade-offs.

Table 141.0-B of the Energy Standards not only takes account of the amount of
insulation necessary to compensate for using a noncompliant roofing product, it also
accounts for the minimum insulation requirements that apply to roof alterations
generally.

Example 3-18
Question:

What are the Energy Standards requirements for cool roofs when reroofing an unconditioned warehouse
containing conditioned office space? The warehouse has a low-sloped roof.
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Answer:
Scenario 1.

In this situation (see picture below), there is either directly or indirectly conditioned space under the roof.
The cool roof requirements apply to just the portion(s) of the warehouse roof over the conditioned space(s).
The rest of the roof (over unconditioned warehouse space) is not required to be a cool roof.

The walls of the conditioned space go all the way up to the underside of the warehouse.

C00L ROOF
T0 HERE

!

SOLID WALL

/ AIR CONDITIONER

DROPPED CEILING
or NO CEILING

Scenario 2.

The walls of the conditioned space do not reach all the way to the warehouse roof. (See picture below.) In
this case, the roof requirements do not apply because the space directly below the roof is unconditioned
and communicates with the rest of the unconditioned portion of the warehouse.

I

Example 3-14
Question:

| have a barrel roof on nonresidential conditioned building that needs to be reroofed. Must | follow the
Energy Standards roofing product requirement?
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Answer:

Yes, the roof would need to meet the aged solar reflectance and thermal emittance for a steep-sloped roof.
The reason is that a barrel roof, although it has both low-sloped and steep-sloped roofing areas, has a
continuous gradual slope change that would allow the steep-sloped section of the roof to be seen from
ground level. This was the reason to allow barrel roofs to only meet the steep-sloped requirement for the
entire roof area.

Example 3-20
Question:

40 percent of the low-sloped roof on a 500 ft by 100 ft retail building in Concord, California (CZ12,) is being
reroofed. The roofing is removed down to the roof deck, and there is no insulation. The building has a
stucco-clad parapet roof, and the current base flashing is 9 inches above the level of the roof. Must
insulation be added before reroofing?

Total Building Length = 500°

Re-roof Area
100’ 20,000 sf

200°
Affected perimeter 500 linear ft

Figure 3-27: Plan View of Partial Building Re-roofing Project
Answer:

Yes, §141.0(b)2B requires when either 50 percent (or more) of the roof area or 2,000 ft? (whichever is less)
is reroofed down to the roof deck or recover boards, that insulation be installed if the roof has less than R-7
insulation. Though the reroofing covers only 40 percent of the roof area, the requirements still apply
because the 20,000 ft? of replacement roof area is greater than the threshold area of 2,000 ft2. As stated in
the question, the roof does not have any insulation and, therefore, is required to add insulation.
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Concord, California, is in Climate Zone 12°. As per Energy Standards Table 141.0-C “Insulation
Requirements for Roof Alterations,” for nonresidential buildings in Climate Zone 12, the requirement for
insulation is either R-14 continuous insulation or an effective roof U-factor of 0.055 Btu/h«ft>°F. If the ratio
of replaced roof area to affected clad wall length is less than 25 ft? of roof per linear ft of wall, then the
insulation thickness is allowed to be limited to the maximum thickness that will maintain a base flashing
height of no less than 8 inches above the roof membrane.

The ratio of the replaced roof to the affected wall area is 20,000 ft* / 500 linear ft = 40:1. Since this ratio is
greater than 25:1, the full required insulation must be installed regardless of the existing base flashing
height. This may require changing the height of the base flashing, removing some of the parapet wall
cladding and moving the counterflashing (or reglet) higher up on the wall. Alternatively, the installer may
ask for the roofing manufacturer to provide a variance in the warrantee to accept a slightly lower base
flashing height above the roof surface. The specific risk of roof leakage at a given site has to be considered
carefully before reducing the base flashing height. When access to the underside of the roof deck is
available, an alternative method of compliance that does not affect base flashing heights is to add insulation
below the roof deck to the overall U-factor levels given in Energy Standards Table 141.0-C.

Example 3-21
Question:

If the building in the question above was located in San Francisco, would the insulation requirements be
different on the building?

Answer:

Yes. San Francisco (as shown in Reference Appendix JA2 ) is in Climate Zone 3. In Energy Standards
Table 141.0-C from §141.0(b)2B, the insulation requirement for roof alterations for nonresidential buildings
in Climate Zone 3 is R-8 or a U-factor of 0.081.

The criteria for limiting the insulation thickness based on the existing base flashing height are different for
Climate Zone 3 than for Climate Zone 12. For nonresidential buildings in Climate Zone 3, if the ratio of
replaced roof area to affected clad wall length is less than 100 ft? of roof per linear foot of wall, then the
insulation thickness is limited to the thickness that will maintain a base flashing height of no less than 8
inches above the roof membrane. The ratio of the replaced roof to the affected wall area is 20,000 ft? / 500
linear ft = 40:1. Since this ratio is less than 100:1, only the amount of insulation (and recover board) that will
still maintain a base flashing height of 8 inches above the roofing membrane is required. Thus, one could
still add 1 inch of insulation board.

Example 3-22
Question:

A nonresidential building is having 5,000 ft? of roofing replaced. During roofing replacement the roof deck
will be exposed. This building has a rooftop air conditioner that is sitting on an 8-inch-high curb above the
roof membrane level. The roof is uninsulated. If the rooftop air-conditioner unit is not disconnected and not
lifted off the curb during reroofing, is adding insulation required?

6 A listing of climate zones by city is found in Reference Appendix JA2.
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Answer:

No, the exception to §141.0(b)2Biii, specifically exempts reroofing projects when space-conditioning
equipment is not disconnected and lifted. In this case, the requirements for adding insulation are limited to
the thicknesses that result in the base flashing height to be no less than 8 inches above the roofing
membrane surface, Adding insulation increases the height of the membrane surface and thus for a given
curb would reduce the base flashing height above the roof membrane. Since the base flashing height is
already 8 inches above the roof membrane, no added insulation is required.

Example 3-23
Question:

What if the rooftop air conditioner from Example 3-22 is lifted temporarily during reroofing to remove and
replace the roofing membrane? Is added insulation required?

Answer:
Yes, insulation is required.

The exception to §141.0(b)2Biii specifically applies when the space-conditioning equipment is not
disconnected and lifted. Since the roof membrane level will be higher after the addition of insulation, the
base flashing height will no longer be 8 inches above the roof membrane. When the rooftop unit is lifted as
part of the reroofing project, the incremental cost of replacing the curb or adding a curb extension is
reduced.

Thus to maintain the 8-inch base flashing height, one can replace the curb or add a curb extension before
reinstalling the roof top unit. Alternatively, one can ask for a roofing manufacturer’s variance to the warranty
from the typical minimum required 8 Inches base flashing height above the roof membrane to the reduced
amount after the roof insulation is installed. The specific risk of roof leakage at a given site has to be
considered carefully before reducing the base flashing height. An alternative method of compliance that
does not affect base flashing heights is to add insulation below the roof deck to the overall U-factor levels
given in Table 141.0-C of §141.0(b)2B.

Example 3-24
Question:

A nonresidential building is having 5,000 ft? of roofing replaced. During roofing replacement, the roof deck
will be exposed. This building has several unit skylights that are sitting on an 8—inch-high (20 cm) curb
above the roof membrane level. The roof is uninsulated. Is added insulation required?

Answer:

Yes, insulation is required. The exception to §141.0(b)2Biii specifically applies when space-conditioning
equipment is not lifted. Unit skylights are not space-conditioning equipment; thus, the exception does not
apply. Removing a unit skylight and increasing its curb height is substantially less effort than that for space-
conditioning equipment.

Example 3-25

The rooftop unit with the 9-inch base flashing is disconnected and lifted during reroofing. However, the
rooftop unit on the curb with the 14-inch (36 cm) base flashing is not lifted. In this situation, is the insulation
added limited to the amount of insulation that will result in an 8-inch base flashing on the unit with the lower
curb?
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: 1,800 sf !

i retrofit !

: 5 ,OOb sf total i
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i ] i retrofit

Figure 3-28: Building with Two Roof Configurations
Scenario 1:

A building has low-sloped roofs at two elevations (Figure 3-28). One roof is 18 feet above grade and has a
total area of 5,000 ft?; the other roof is 15 feet above grade and has a total area of 3,000 ft2. Both roofs are
uninsulated and are above conditioned space. If 1,800 ft? of the 3,000 ft? roof is being reroofed and the roof
deck is exposed, is that portion of the roof required to be insulated and be a “cool roof” (high reflectance
and emittance)?

Answer:

Yes, the reroofed section of the roof must be insulated and have a “cool roof”. Section 141.0(b)2B requires
insulation and cool roofs for low-sloped roof alterations if the alteration is greater than 2,000 ft or greater
than 50 percent of the roof area. Since 1,800 ft? is 60 percent of 3,000 ft?, the cool roof and insulation
requirements apply.

Scenario 2:

If the 1,800 ft? of roofing being replaced was on the 5,000 ft? uninsulated roof, would the portion of the roof
replaced be required to have “cool roof” radiative properties and have insulation installed?

Answer:

No. The 1,800 ft? retrofit is 36 percent of the 5,000 ft? roof. Thus, the 1,800 ft? retrofit is less than 50 percent
of the roof area and it is less than 2,000 ft?; thus, it is not required to comply with the insulation and cool
roof requirements in §141.0(b)2B.

Example 3-26

A 10,000 ft? building in Climate Zone 10 with an uninsulated roof above conditioned space is having roofing
removed so that the roof deck is exposed. There are two rooftop units on this section of the roof that is
being altered. One rooftop unit has a curb with a 9-inch base flashing, and the other has a modern curb with
a 14-inch base flashing. Consider the following three scenarios:
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Scenario 1:
Answer:

No. The unit with the 9 inches base flashing was disconnected and lifted and thus it does not qualify for the
exception to §141.0(b)2Biii:

“Not be disconnected and lifted as part of the roof replacement.” One could add as much as 6 inches or
more of insulation before the base flashing height would be reduced below 8 inches on the unlifted rooftop
unit with a 14-inch curb. The Climate Zone 10 roof insulation requirement is R-14. The thickness of rigid
insulation that provides this amount of R-value is substantially thinner than 6 inches. Thus, the full R-14
insulation would be required.

Scenario 2:

The rooftop unit with the 9-inch base flashing is not disconnected and lifted during reroofing. In this
situation, is the insulation that must be added limited to the amount of insulation that will result in an 8-inch
base flashing on the unit with the lower curb?

Answer:

Yes. The unit with the 9-inch (23 cm) base flashing was not disconnected and lifted, and thus it qualifies for
the exception to §141.0(b)2Biiia. One could add only 1 inch (2.5 cm) of insulation before the base flashing
height would be reduced below 8 inches (20 cm) on the unlifted rooftop unit with a - inch (23 cm) base
flashing. The insulation requirement is R-14, but the thickness of rigid insulation that provides this amount
of R-value is greater than 1 inch (2.5 cm). Therefore, only 1 inch (2.5cm) of additional insulation is required
because adding any more insulation would reduce the base flashing height below 8 inches (20 cm) on the
unlifted rooftop unit with a 9-inch (23 cm) base flashing.

Scenario 3:

In Scenario 2 above, does this reduced amount of required insulation apply only to the area immediately
surrounding the unlifted unit or to the entire roof?

Answer:

The added insulation for the entire roof would be limited to 1 inch (2.5 cm) so that the base flashing of the
unlifted unit is not reduced to less than 8 inches (20 cm). However, if a building has multiple roofs, the
limitation would apply only to any roof with a rooftop unit that was not disconnected and lifted and that has a
low curb.

Example 3-15
Question:

In reroofing, is existing roofing that is a rock or gravel surface equivalent to a gravel roof over an existing
cap sheet, and therefore qualify for the exception discussed in the previous question?

Answer:

No, the two roofs are not equivalent (rock or gravel roofs do not perform the same as gravel roofs over an
existing cap sheet), and, therefore, the gravel roof over existing cap sheet may not qualify for the exception.

Example 3-16

Question:

If | am doing a reroof, would Exceptions 1 through 4 to §140.3(a)1Ai apply to reroofing and roof alterations?
Answer:

Yes, these exceptions apply to reroofing and alterations, and the roofs that meet one or more of these
exceptions are exempt from the cool roof requirements.
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Example 3-17
Question:

What happens if | have a low-sloped roof on most of the building but steep-sloped on another portion of the
roof? Do | have to meet two sets of rules in §141.0(b)2Bi and ii?

Answer:

Yes, the low-sloped portion of the roof must comply with the requirements for low-sloped roofs, while the
steep-sloped portion of the roof must comply with the requirements for steep-sloped roofs. These
requirements are climate zone-based and vary based on the density of the outer roofing layer.

Example 3-18
Question:

A low-sloped nonresidential building in Santa Rosa needs to be reroofed. It has a wood-framed rafter roof.
The rafters are 2 x 4’s spaced 16 inches on center. The owner wants to install a roofing product with an
aged reflectance of 0.60, which is less than the prescriptive standard of 0.63. Can | install additional
insulation to make up for the shortfall in reflectance?

Answer:

Yes. There are two ways to make an insulation/reflectance trade-off when reroofing a low-sloped
nonresidential building.

Scenario1:

The Simplified Performance Tradeoff Approach has been modified for the 2013 Standards. It is a software
tool that allows users to make roof insulation/reflectance trade-offs through a simplified process. The user
enters a limited number of inputs, such as building type, building vintage, roof insulation, and reflectance
details. The software analyzes the inputs and generates for the user a range of compliant design options.
The software does all the work. There is no need for the user to consult reference appendices or make
manual calculations. The software tool can be accessed on the Energy Commission’s website at
http://www.enerqgy.ca.qov/title24/2013standards

Scenario 2:

Another way to make an insulation/reflectance trade-off is to use Table 141.0-B. First, look up in the table
the maximum roof/ceiling insulation U-factor for the aged solar reflectance of the roofing product and the

climate zone in which the building is located. In this case, the roofing product has an aged reflectance of

0.60, and Santa Rosa is in Climate Zone 2, so the appropriate U-factor is found in row 1, column 2 of the
table. It is 0.052.

Next, consult Section 4.2 (Roofs and Ceilings) of Reference Appendix JA4 to find the U-factor table for the
type of roof in question. Reference Appendix JA4 can be accessed on the Commission’s website at
http://www.energy.ca.gov/title24/2016standards/

The appropriate table in this case is Table 4.2.2, U-factors of Wood Framed Rafter Roofs. Locate the
section of the table that pertains to 2 x 4 rafters spaced 16 inches on center. There are several U-factors in
this area of the table that are equal to or less than 0.052. A combination of R-11 cavity insulation and R-8
continuous insulation, for example, has a U-factor of 0.050. Similarly, a combination of R-13 cavity
insulation and R-6 continuous insulation has a U-factor of 0.052. Any U-factor that is equal to or less than
0.052 represents a combination of above- and below-deck insulation that complies with the requirements
for the proposed trade-off.
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Example 3-19
Question:

There several exceptions to the minimum insulation requirements for roof alterations. Can these be used to
limit the insulation required to make a trade-off under Table 141.0-B?

Answer:

No. The exceptions to §141.0(b)2Biii do not apply to trade-off situations. They apply only when a compliant
roofing product is being installed and no trade-off is involved.

3.6.3 Performance Requirements
A. Additions

The envelope and indoor lighting in the conditioned space of the addition, and any newly
installed space-conditioning system or water-heating system serving the addition, shall
meet the applicable requirements of §110.0 through §130.5; and either 1 or 2 below:

1. The addition alone shall comply with §141.0(a).

2. Existing plus addition plus alteration. The standard design building is the reference
building against which the altered building is compared. The standard design
building uses equivalent building envelope, lighting, and HVAC components when
those components are not altered. For components that are altered or added, the
standard design uses either the prescriptive requirements for new construction or the
envelope baseline specified in §141.0. The proposed design energy use is the
combination of the unaltered components of the existing building to remain and the
altered component’s energy features, plus the proposed energy features of the
addition.

EXCEPTION to Additions - Performance Approach: Additions that increase the area of the
roof by 2,000 square feet or less are exempt from the requirements of §110.10.

B. Alterations

The envelope and indoor lighting in the conditioned space of the alteration shall meet the
applicable requirements of §110.0 through §130.5 and either A or B below:

1. The altered envelope, space—conditioning system, lighting and water heating
components, and any newly installed equipment serving the alteration, shall meet
the applicable requirements of §110.0 through §110.9, §120.0 through §120.6, and
§120.8 through §130.5.

EXCEPTION to §141.0(b)3A: Window Films. Applied window films installed as part of an
alteration complies with the U-factor, RSHGC and VT requirements of Table 141.0-D (Table
3-23 below).

2. The standard design for an altered component shall be the higher efficiency of
existing conditions or the requirements stated in Table 141.0-D. For components not
being altered, the standard design shall be based on the existing conditions. The
proposed design shall be based on the actual values of the altered components.

Notes to Alterations — Performance Approach:

1. If an existing component must be replaced with a new component, that component is
considered an altered component for determining the energy budget and must meet the
requirements of §141.0(b)3.

2. The standard design shall assume the same geometry and orientation as the proposed
design.
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Table 3-23: The Standard Design for an Altered Component

Altered Component

Standard Design Without Standard Design With Third-
Third-Party Verification of Party Verification of Existing
Existing Conditions Shall be Conditions Shall be Based
Based On On

Roof/Ceiling Insulation, Wall Insulation, and
Floor/Soffit Insulation

The requirements of §141.0(b)2.

Fenestration. The allowed glass area shall
be the smaller of the a. or b. below: a. The
proposed glass area: or b. The larger of:
1.The existing glass area that remains; or
2.The area allowed in §140.3(a)5A.

The U-factor and RSHGC The existing U-factor and
requirements of TABLE 141.0-A. | RSHGC levels

Window Film

The U-factor, RSHGC and VT shall be based on TABLE 140.1-A.
The existing fenestration in the alteration shall be based on TABLE
110.6-A and Table 110.6-B. Third Party verification not required.

Roofing Products

The requirements of §141.0(b)2B.

All Other Measures

The proposed efficiency levels.

Energy Standards Table 141.0-D

3.6.4 Historical Buildings

§100.0(a), Exception 1, states that qualified historic buildings, as defined 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 Energy Standards. However,
nonhistorical components of the buildings, such as new or replaced space-conditioning,
plumbing, and electrical (including lighting) equipment, additions and alterations to historic
buildings, and new appliances in historic buildings must comply with the Energy Standards
and Appliance Efficiency Regulations, as well as other codes. Additions and alterations to
historical buildings must also meet applicable requirements of the Energy Standards. For
more information about energy compliance requirements for historical buildings, see Section

1.7.1, Building Types Covered.
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4,

Mechanical Systems

4.1

Overview

The objective of the Building Energy Efficiency Standards (Energy Standards) requirements
for mechanical systems is to reduce energy consumption while maintaining occupant
comfort. These goals are achieved by:

1. Maximizing equipment efficiency, both at design conditions and during part load
operation

2. Minimizing distribution losses of heating and cooling energy

3. Optimizing system control to minimize unnecessary operation and simultaneous use of
heating and cooling energy

The Energy Standards also recognize the importance of indoor air quality for occupant
comfort and health. To this end, the Energy Standards incorporate requirements for outdoor
air ventilation that must be met during all operating conditions.

This chapter summarizes the requirements for space conditioning, ventilating, and service
water heating systems for non-process loads in nonresidential buildings. Chapter 10 covers
process loads in nonresidential buildings and spaces.

This chapter is organized as follows:

Section 4.1 provides an overview of the chapter and the scope of the mechanical
systems requirement in the Energy Standards.

Section 4.2 addresses the requirements for Heating, Ventilation, and Air Conditioning
(HVAC) and service water heating equipment efficiency and equipment mounted
controls.

Section 4.3 includes mechanical ventilation, natural ventilation, and demand controlled
ventilation.

Section 4.4 covers construction and insulation of ducts and pipes and duct sealing to
reduce leakage.

Section 4.5 covers control requirements for HVAC systems including zone controls and
controls to limit reheating and recooling.

Section 4.6 covers the remaining requirements for HVAC systems, including sizing and
equipment selection, load calculations, economizers, electric resistance heating
limitation, limitation on air-cooled chillers, fan power consumption, and fan and pump
flow controls.

Section 4.7 covers the remaining requirements for service water heating.
Section 4.8 covers the performance method of compliance.

Section 4.9 covers compliance requirements for additions and alterations.
Section 4.10 covers the glossary, reference, and definitions.

Section 4.11 describes the mechanical plan check documents, which includes
information that must be included in the building plans and specifications to show
compliance with the Energy Standards, including the mechanical compliance
documents.

2016 Nonresidential Compliance Manual January 2017



Page 4-2 Mechanical Systems - Overview

Acceptance requirements apply at all times to the systems covered regardless of whether
the prescriptive or performance compliance approach is used.

Chapter 12 describes mandated acceptance test requirements, which are summarized at
the end of each section.

The full acceptance requirements are in §120.5 of the Energy Standards and in the 2016
Reference Appendix NA7.

411 HVAC Energy Use

Mechanical and lighting systems are the largest consumers of energy in nonresidential
buildings. The amount of energy consumed by various mechanical components varies
according to system design and climate. For most buildings in lower elevation California
climates, fans and cooling equipment are the largest components of energy consumed for
HVAC purposes. Energy consumed for heating is usually less than fans and cooling,
followed by service water heating.

Figure 4-1: Typical Nonresidential Building Electricity Use

Indoor
33%

Heating
2%

Office
2%

Outdoor
6%

Cooling
16%

Cooking
1%

Refrigeration
7%
Water
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Fans

10% Miscellaneous

22%

Heating, cooling and ventilation account for about 28% of commercial building electricity use in California.
Source IEQ RFP, December 2002, California Energy Commission No. 500-02-501.

4.1.2 Mandatory Measures

Mandatory measures, covered in §110.0-110.5 and §120.0-120.9, apply to all nonresidential
buildings, whether the designer chooses the prescriptive or performance approach for
compliance and include:

1. Equipment certification and equipment efficiency - §110.1 and §110.2.

. Service water heating systems and equipment - §110.3.

. Spa and pool heating systems and equipment - §110.4.

. Restrictions on pilot lights for natural gas appliances and equipment - §110.5.
. Ventilation requirements - §120.1.

oo OB~ WDN

. Control requirements - §120.2.
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7. Pipe insulation - §120.3.

8. Duct construction and insulation - §120.4.

9. Acceptance tests in §120.5 and the 2016 Reference Appendices NA7.
10. Commissioning - §120.8.
11. Commercial Boilers - §120.9.

4.1.3 Prescriptive and Performance Compliance Approaches

The Energy Standards allow mechanical system compliance to be demonstrated by meeting
the mandatory requirements and the requirements of either the prescriptive or performance
compliance approaches.

4.1.3.1 Prescriptive Compliance Approach

The measures in the prescriptive compliance approach, §140.4, cover specific requirements
for individual components and systems that directly comply with the Energy Standards,
including:

1. Load calculations, sizing, system type and equipment selection - §140.4(a) and (b).
2. Fan power consumption - §140.4(c).

3. Controls to reduce reheating, recooling and mixing of conditioned air streams -
§140.4(d).

4. Economizers - §140.4(e).
5. Supply temperature reset - §140.4(f).
6. Restrictions on electric-resistance heating - §140.4(g).
7. Fan speed controls for heat rejection equipment - §140.4(h).
8. Limitation on centrifugal fan cooling towers - §140.4(h).
9. Minimum chiller efficiency - §140.4(i).

10. Limitation on air-cooled chillers - §140.4(j).

11. Hydronic system design - §140.4(k).

12. Duct sealing - §140.4(l).

13. Supply fan control - §140.4(m).

14. Mechanical System Shut-off control - §140.4(n).

4.1.3.2 Performance Compliance Approach

The performance compliance approach, §140.1, allows the designer to trade off energy use
in different building systems. This approach provides greater design flexibility, but requires
extra effort and a computer simulation of the building. The design must still meet all of the
mandatory requirements.

Performance approach trade-offs can be applied to the following disciplines: mechanical,
lighting, envelope, and covered processes. The performance approach requires creating two
models using Energy Commission-certified compliance software:
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1. Base-case building energy model which meets all of the mandatory and prescriptive
requirements.

2. Proposed building energy model that reflects the proposed building design.
The proposed model complies if it has a lower TDV value than the base-case model.

The performance approach may only be used to model the performance of mechanical
systems that are covered under the building permit application (see Section 4.8 and Chapter
11 for more detail).

4.2

Equipment Requirements

With the exception of chillers, all of the equipment efficiency requirements are mandatory
measures.

The mandatory requirements for mechanical equipment must be included in the system
design, whether compliance is shown by the prescriptive or the performance approach.
These features have been shown to be cost effective over a wide range of building types
and mechanical systems.

It is worth noting that most mandatory features for equipment efficiency are requirements for
the manufacturer. It is the responsibility of the designer, however, to specify products in the
building design that meet these requirements. Manufacturers of central air conditioners and
heat pumps, room A/C, package terminal A/C, package terminal heat pumps, spot air
conditioners, computer room air conditioners, central fan-type furnaces, gas space heaters,
boilers, pool heaters and water heaters are regulated through the Title 20 Appliance
Efficiency Regulations. Manufacturers must certify to the Energy Commission that their
equipment meets or exceeds minimum standards. The Energy Commission maintains a
database which lists the certified equipment and can be found at:
www.energy.ca.gov/appliances/database

Additionally, manufacturers of low leakage air-handling units must certify to the Energy
Commission that the air-handler unit meets the specifications in Reference Joint Appendix
JAO9.

4.2.1 Mandatory Requirements

Mechanical equipment must be certified by the manufacturer as complying with the
mandatory requirements in the following Sections:

¢ §110.1 - Mandatory Requirements for Appliances.

¢ §110.2 - Mandatory Requirements for Space Conditioning Equipment
o Efficiency
o Gas- and Oil-Fired Furnace Standby Loss Controls
o Low Leakage Air-Handling Units

¢ §110.3 - Mandatory Requirements for Service Water Heating Systems and Equipment
o Certification by Manufactures
o Efficiency

e §110.4 - Mandatory Requirements for Pool and Spa Systems and Equipment
o Certification by Manufactures
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¢ §110.5 - Natural Gas Central Furnaces, Cooking Equipment, and Pool and Spa
Heaters: Pilot Lights Prohibited

Mechanical equipment must be specified and installed in accordance with Sections:
¢ §110.2 - Mandatory Requirements for Space Conditioning Equipment
o Controls for Heat Pumps with Supplementary Electric Resistance Heaters
o Thermostats
o Open and Closed Circuit Cooling Towers (blowdown control)

§110.3 - Mandatory Requirements for Service Water Heating Systems and Equipment

§120.1 - Requirements for Ventilation

§120.2 - Required Controls for Space Conditioning Systems including
o Occupant Controlled Smart Thermostats (OCST)
o Direct Digital Controls (DDC)
o Optimum start/stop controls

§120.3 - Requirements for Pipe Insulation

§120.4 - Requirements for Air Distribution Ducts and Plenums

§120.5 - Required Nonresidential Mechanical System Acceptance

4.2.2 Equipment Efficiency
| §110.2(3) |

All space conditioning equipment installed in a nonresidential building subject to these
regulations must be certified as meeting certain minimum efficiency and control
requirements. These requirements are contained in §110.2. Minimum efficiencies vary
based on the type and capacity of the equipment. The following tables, which are duplicates
of Tables 110.2A-110.2K of the Energy Standards, list the minimum equipment efficiency
requirements.
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Table 4-1: Unitary Air Conditioners and Condensing Units

Equipment
Type Size Category Efficiency *° Test Procedure®
Before 1/1/2016 After 1/1/2016
265,000 Btu/h and 11.2 EER 11.2 EER
Al < 135,000 Btu/h 11.4 IEER 12.9 IEER
conditioners, >135,000 Btu/h and 11.0 EER 11.0 EER
air cooled < 240,000 Btu/h 11.2 IEER 12.4 IEER
gggh;ﬁgfe 240,000 Btu/h and 10.0 EER 10.0 EER ANSIAHRI 340/360
packaged < 760,000 Btu/h 10.1 IEER 11.6 IEER
9.7 EER 9.7 EER
>760,000 Btu/h 9.8 IEER 11.2 IEER
265,000 Btu/h and 12.1 EER 12.1 EER
< 135,000 Btu/h 12.3 IEER 13.9 IEER ANSI/AHRI 340/360
>135,000 Btu/h and 12.5 EER 12.5 EER
Air < 240,000 Btu/h 12.5 IEER 13.9 IEER ANSI/AHRI 340/360
conditioners,
water cooled 2240,000 Btu/h and 12.4 EER 12.4 EER
< 760,000 Btu/h 126 IEER 13.6 IEER ANSI/AHRI 340/360
12.2 EER 12.2 EER
>760,000 Btu/h 124 IEER 135 IEER ANSI/AHRI 340/360
265,000 Btu/h and 12.1 EER®
< 135,000 Btu/h 12.3 IEER ANSI/AHRI 340/360
: 135,000 Btu/h and 12.0 EER
Air , b ANSI/AHRI 340/360
conditioners, < 240,000 Btu/h 12.2 IEER
evaporatively 2240,000 Btu/h and 11.9 EER
cooled < 760,000 Btu/h 12.1 IEER’ ANSIAHRI 340/360
11.7 EER®
>760,000 Btu/h 119 IEER® ANSI/AHRI 340/360
Condensing
units, air > 135,000 Btu/h 10.5 EER ASNI/AHRI 365
11.8 IEER
cooled
Condensing 2> 135,000 Btu/h 13.5 EER
units, water 14.0 IEER
cooled
Condensing > 135,000 Btu/h ASNI/AHRI 365
units, 13.5 EER
evaporatively 14.0 IEER
cooled

@ |[EERs are only applicable to equipment with capacity control as specified by ANSI/AHRI 340/360 test procedures
® Deduct 0.2 from the required EERs and IEERs for units with a heating section other than electric resistance heat
° Applicable test procedure and reference year are provided under the definitions

Energy Standards Table 110.2-A
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Table 4-2: Unitary and Applied Heat Pumps

qu.jr'%:ent Size Category Efficiency™® Test Procedure®
Before 1/1/2016 After 1/1/2016
265,000 Btu/h and 11.0 EER 11.0 EER
Air Cooled < 135,000 Btu/h 11.2 IEER 12.2 IEER
(cooling mode), 135,000 Btu/h and 10.6 EER 10.6 EER
both split system < 240,000 Btu/h 10.7 IEER 11.6 IEER ANSI/AHRI 340/360
and single
package 9.5 EER 9.5 EER
2240,000 Btu/h 9.6 IEER 10.6 IEER
Water source 265,000 Btu/h and 86°F entering
(cooling mode) < 135,000 Btu/h water 13.0 EER 1S0-13256-1
Groundwater 59°F enterin
source (cooling < 135,000 Btu/h 9 18.0 EER 1ISO-13256-1
water
mode)
0 .
Ground source < 135,000 Btu/h 77°F entering 14.1 EER 1SO-13256-1
(cooling mode) water
Water source 86°F entering
water-to-water < 135,000 Btu/h water 10.6 EER 1ISO-13256-2
(cooling)
Groundwater 59°F entering
source water-to- < 135,000 Btu/h water 16.3 EER 1ISO-13256-1
water
Ground source 77°F entering
brint-to-water < 135,000 Btu/h water 12.1 EER ISO-13256-2
(cooling mode)
0 0
265,000 Btu/h and 4T°F db/43'F wb 3.3 COP
outdoor air
) < 135,000 Btu/h 17°F db/15°F wb
Air Cooled (cooling capacity) . 2.25 COP
(Heating Mode) oo ANSI/AHRI 340/360
Split system and 47°F db/43°F wb 3.2 COP
single package >135,000 Btu/h outdoor air
cooling capacit 0 0
( g capacity) 17°F db/15°F wb 9 05 COP
outdoor air
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(Cont.) Table 4-2: Unitary and Applied Heat Pumps

Equipment Type Size Category Rsa l:il::;agag:(?{t;; Efficiency® Test Procedure®
Water source < 135,000 Btu/h 68°F entering
(heating mode) (cooling capacity) water 4.3 COP 1SO.13256.1
2135,000 Btu/h and < 240,000 68°F entering 29 COP
Btu/h (cooling capacity) water )
Groundwater source < 13_5’000 Btu/h 50°F entering
(heating mode) (Coohng Capac|ty) water 3.7 COP 1ISO-13256-1
Ground source < 13_5’000 Btl{/h 32°F entering
(heating mode) (Coohng Capamty) water 3.2COP 1ISO-13256-1
0 .
Water source water-to- < 13_5,000 Btu./h 68°F entering 3.7 COP 1ISO-13256-2
water (heating mode) (cooling capacity) water
Groundwater source 0 .
. < 135,000 Btu/h 50°F entering
water-to-water (heating (cooling capacity) water 3.1 COP 1ISO-13256-2
mode)
Ground source brine- 0 .
: < 135,000 Btu/h 32°F entering
trg-ov&it)er (heating (cooling capacity) water 2.5 COP 1ISO-13256-2

a |EERs are applicable to equipment with capacity control as specified by ANSI/AHRI 340/360 test procedures.
b Deduct 0.2 from the required EERs and IEERs for units with a heating 'section other than electric resistance heat

¢ Applicable test procedure and reference year are provided under the definitions

Energy Standards Table 110.2-B

Table 4-3: Air Cooled Gas Engine Heat Pumps

Subcategory or
Equipment Type Size Category Rating Condition Efficiency Test Procedure®
Air-cooled gas-
engine heat pump All Capacities 95°F db Outdoor air 0.60 COP ANSI Z21.40.4A

(cooling mode)

Air-cooled gas- 0 °

engine heat pump All Capacities 47(;:“?3(/)4(')? ;er 0.72 COP ANSI Z21.40.4A

(heating mode)

@ Applicable test procedure and reference year are provided under the definitions

Energy Standards Table 110.2-C
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Table 4-4: Water Chilling Packages Minimum Efficiency
. . Path A Path B Test
Equipment Type Size Category Efficiency *° Efficiency *° Procedure
<150 tons 210.1 EER 29.7 EER
Air Cooled, With 213.7 IPLV 215.8 IPLV
Condenser
Electrically Operated > 150 tons >210.1 EER 29.7 EER AHRI 550/590
>14.0 IPLV >16.1 IPLV
Air Cooled, without Air-cooled chillers without condensers must be
condenser All Capacities rated with matching condensers and comply with
Electrically Operated the air-cooled chiller efficiency requirements.
Water Cooled, Reciprocating units must comply with the water-
Electrically Operated, All Capacities cooled positive displacement efficiency AHRI 550/590
(Reciprocating) requirements.
<75 tons < 0.750 kW/ton < 0.780 kW/ton
<0.600 IPLV <0.500 IPLV
=75 tons and < 0.720-kW/ton < 0.750 kW/ton
< 150 tons <0.560 IPLV <0.490 IPLV
pater C?f"éd' o > 150 tons and < 0.660 KWi/ton < 0.680 KWi/ton
ectnicaly perate < 300 tons <0.540 IPLV <0.440 IPLV
Positive Displacement
> 300 tons and <0.610 kW/ton < 0.625 kW/ton
< 600 tons <0.520 IPLV <0.410 IPLV
< 0.560 kW/ton < 0.585 kW/ton
> 600 tons <0.500 IPLV <0.380 IPLV AHRI 550/590
< 150 tons <0.610 kW/ton < 0.695 kW/ton
<0.550 IPLV <0.440 IPLV
=150 tons and <0.610 kW/ton < 0.635 kW/ton
< 300 tons <0.550 IPLV <0.400 IPLV
‘é‘{:é‘f;gﬁ;'gterate g > 300 tons and < 0.560 KWi/ton < 0.595 KWi/ton
Centrifugal <400 tons <0.520 IPLV <0.390 IPLV
=400 tons and < 0.560 kW/ton < 0.585 kW/ton
< 600 tons <0.500 IPLV <0.380 IPLV
> 600 tons < 0.560 kW/ton < 0.585 kW/ton
= <0.500 IPLV <0.380 IPLV
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(Cont.) Table 4-4: Water Chilling Packages Minimum Efficiency

Equipment Type

Size Category

Path A
Efficiency *°

Path B
Efficiency *°

Test Procedure®

Air Cooled

d
Absorption, Single All Capacities > (0.600 COP NA
Effect
Water Cooled
Absorption, Single All Capacities =2 0.700 COP NA®
Effect ANSI/AHRI 560
Absorption Double . = 1.000 COP d
Effect, Indirect-Fired All Capacities >1.050 IPLV NA
Absorption Double o =1.000 COP d
Effect, Direct-Fired All Capacities >1.000 IPLV NA
Water Cooled Gas e >1.2 COP d
Engine Driven Chiller All Capacities >20IPLV NA ANSI Z21.40.4A

@ No requirements for:

Centrifugal chillers with design leaving evaporator temperature < 360F; or
Positive displacement chillers with designed leaving fluid temperatures < 32°F; or
Absorption chillers with design leaving fluid temperature < 40°F

® Must meet the minimum requirements of Path A or Path B. However, both the full load (COP) and IPLV must be met

to fulfill the requirements of the applicable Path.

¢ See §100.1 for definitions

4 NA means not applicable

Energy Standards Table 110.2-D
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Table 4-5: Packaged Terminal Air Conditioners and Heat Pumps

Size Category

Subcategory or

Test Procedure®

Equipment Type (Input) Rating Condition Efficiency
PTAC (cooling mode)
newly constructed or i 0 . 14.0-(0.300 x
newly conditioned or All Capacities 95°F db Outdoor air Cap/1000) *EER
additions
PTAC (cooling mode) s 0 . 10.9-(0.213 x
Replacementsb All Capacities 95°F db Outdoor air Cap/1000) °EER ANSI/AHRI/CSA
PTHP (cooling mode) 310/380
Newly constructed or i 0 . 14.0-(0.300 x
newly conditioned or All Capacities 95°F db Outdoor air Cap/1000) *EER
additions
PTHP (Cooling mode) " 0 . 10.8-(0.213 x
Replacements% All Capacities 95°F db Outdoor air Cap/1000) °EER
PTHP (Heating
mode) Newly
constructed or newly All Capacities 3'7_(0'05512 X Cap/1000)
" COP
conditioned or
additions
PTHP (Heating
mode) All Capacities 2.9-(0.026 x Cap/1000)
b COP
Replacements
0 0
< 65,000 Btu/h 95 F db/75F wo 10.0 EER
Outdoor air
SPVAC (Cooling 265,000 Btu/hand | 95°F db/75°F wb 10.0 EER
mode) < 135,000 Btu/h Outdoor air ’
> 135,000 Btu/h and | 95°F db/75°F wb
< 240,000 Btu/h Outdoor air 10.0EER
0 0
SPVAC (Cooling < 30,000 Btuh 95 F db/75'F wo 9.20 EER
’ Outdoor air
Mode)
nonweatherized 0 0
; > 30,000 Btu/h and 95°F db/75°F wb
space constrained <36.000 Btu/h Outdoor air 9.00 EER
0 0
< 65,000 Btu/h 95 F db/75°F wb 10.0 EER
Outdoor air
SPVHP (Cooling 265,000 Btuhand | 95°F db/75°F wb ANSVAHRI
mode) < 135,000 Btu/h Outdoor air 10.0EER SVAHRI 390
> 135,000 Btu/h and | 95°F db/75°F wb
< 240,000 Btu/h Outdoor air 10.0EER
0 0
SPVHP (Cooling < 30,000 Btu/h 95 F db/75°F wb 9.20 EER
Outdoor air
mode)
nonweatherized > 30,000 Btuh and | 95°F db/75°F wb 9.00 EER
space constrained <36,000 Btu/h Outdoor air '
0 0
< 65,000 Btu/h 47 F db/a3'F wb 3.0 COP
Outdoor air
SPVHP (Heating 265,000 Btu/h and | 47°F db/43°F wb 3.0 COP
mode) < 135,000 Btu/h Outdoor air ’
> 135,000 Btu/h and | 47°F db/43°F wb
< 240,000 Btu/h Outdoor air 3.0cop

2016 Nonresidential Compliance Manual

January 2017



Page 4-12

Mechanical Systems - Equipment Requirements

. 0 0
SPVHP (Heating < 30,000 Btu/h 47°F db/43 F wb 3.00 COP
mode) Outdoor air
nonweatherized > 30,000 Btu/hand | 47°F db/43°F wb 3.00 COP
space constrained <36,000 Btu/h Outdoor air )

@ cap means the rated cooling capacity of the product in Btu/h. If the unit's capacity is less than 7000 Btu/h, use

7000 Btu/h in the calculation. If the unit's capacity is greater than 15,000 Btu/h, use 15,000 Btu/h in the calculation.
Replacement units must be factory labeled as follows: “MANUFACTURED FOR REPLACEMENT APPLICATIONS

ONLY; NOT TO BE INSTALLED IN NEWLY CONSTRUCTED BUILDINGS.” Replacement efficiencies apply only to

units with existing sleeves less than 16 inches high or less than 42 inch wide and having a cross-sectional area less

than 670 square inches.

° Applicable test procedure and reference year are provided under the definitions

Energy Standards Table 110.2-E

Table 4-6: Heat Transfer Equipment

Equipment Type Subcategory Minimum Efficiency ? Test Procedure °
Liquid-to-liquid heat Plate type NR ANSI/AHRI 400
exchangers

NR = no requirement
Appllcable test procedure and reference year are provided under the definitions

Energy Standards Table 110.2-F

Table 4-7: Performance Requirements for Heat Rejection Equipment

Total System
Heat Rejection
Capacity at
Rated Conditions

Performance

Subcategory or Rating
Required, > ©¢

e
Condition Test Procedure

Equipment Type

Propeller or axial fan open- 95 F entering water

circuit cooling towers All 85 F leaving water 2421 gpm/hp
9 75°F entering air wb
Centrifugal fan open-circuit 95 F entering water
cooling towers All 85 F leaving water = 20.0 gpm/hp CTI ATC-105 and
9 75°F entering air wb CTI STD-201
Propeller or axial fan 102 F entering water
L ; All 90°F leaving water = 14.0 gpm/hp
closed-circuit cooling towers 0
75°F entering air wb
. o 102 F entering water
Centrifugal fan closed-circuit All 90°F leaving water >7.0 gpm/hp

cooling towers 75°F entering air wb
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(Cont.) Table 4-7: Performance Requirements for Heat Rejection Equipment

R-507A test fluid
Al 165'F entering gas temp | > 157,000 Btu/h x hp
105°F condensing temp
Propeller or axial fan 75°F entering air wb

evaporative condensers

Amrg]onia test fluid
Al 140 F entering gas temp | > 134,000 Btu/h x hp
96.3"F condensing temp
75°F entering air wb

R-507A test fluid

All 1652F entering gas temp | > 135,000 Btu/h x hp
105°F condensing temp

75°F entering air wb

CTI ATC-106

Centrifugal fan evaporative

condensers Ammonia test fluid

Al 140°F entering gas temp | > 110,000 Btu/h x hp
96.3"F condensing temp
75°F entering air wb

125°F condensing
temperature

R22 test fluid

Air cooled condensers All 190°F entering gas = 176,000 Btu/h x hp| ANSI/AHRI 460
temperature
15°F subcooling
95°F entering db

a Open-circuit cooling tower performance is defined as the water flow rating of the tower at the given rated conditions
divided by the fan motor nameplate power.

b Closed-circuit cooling tower performance is defined as the process water flow rating of the tower at the given rated
conditions divided by the sum of the fan motor nameplate rated power and the integral spray pump motor nameplate
power.

¢ Air-cooled condenser performance is defined as the heat rejected from the refrigerant divided by the fan motor
nameplate power.

d Open cooling towers shall be tested using the test procedures in CTI ATC-105. Performance of factory assembled
open cooling towers shall be either certified as base models as specified in CTlI STD-201 or verified by testing in the
field by a CTl approved testing agency. Open factory assembled cooling towers with custom options added to a CTI
certified base model for the purpose of safe maintenance or to reduce environmental or noise impact shall be rated at
90 percent of the CTI certified performance of the associated base model or at the manufacturer’s stated
performance, whichever is less. Base models of open factory assembled cooling towers are open cooling towers
configured in exact accordance with the Data of Record submitted to CTl as specified by CTlI STD-201. There are no
certification requirements for field erected cooling towers.

e Applicable test procedure and reference year are provided under the definitions.

For refrigerated warehouses or commercial refrigeration applications, condensers shall comply with requirements
specified by §120.6(a) or §120.6(b)

Energy Standards Table 110.2-G
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Table 4-8: Electrically Operated Variable Refrigerant Flow Air Conditioners

Sub-Category

. . Heating - Minimum a
Equipment Type Size Category Section Type g(r) [?:ittlir:)% Efficiency Test Procedure
< 65,000 Btuh Al VRFS';,"S‘ig'rfp“t 13.0 SEER
= 65,000 Btu/h Electric CQnl 11.2 EER

; and < 135,000 Resistance (or VRF Multi-Split
Variable Btuh System 13.1 IEER®
Refrigerant Flow U none) .

(VRF) Air > 135,000 Btu/h Electric ANSIAHRI 1230

- . 2 ) i Qpli 11.0 EER

Conditioners, Air and < 240,000 Resistance (or VRFSMSL:letImSp“t X

Cooled Btu/h none) Y 12.9 IEER

Electric Can; 10.0 EER

> 240,000 Btu/h Resistance (or VRFSMSLt"et:,nSp“t b

none) y 116 IEER

a Applicable test procedure and reference year are provided under the definitions.
b IEERSs are only applicable to equipment with capacity control as specified by ASNI/AHRI 1230 test procedures.

Energy Standards Table 110.2-H

Table 4-9: Electrically Operated VRF Air to Air and Applied Heat Pumps

Equipment Heating Sub-Category Minimum b
T Size Category - or Rating . Test Procedure
ype Section Type Condition Efficiency
< 65,000 Btu/h All VRg;;‘t“e't'n;aSp"t 13 SEER
2> 65,000 Btu/h Electric L
and < 135,000 | Resistance (or VR;;Q;‘;“n;?p"t 1121 QOEEEC
VRF Air Cooled, Btu/h none) '
(cooling mode) = 135,000 Btu/h Electric "
and < 240,000 Resistance (or VRE rztueltlnaspllt 1120'36IEEEC
Btu/h none) Y )
Electric L
> 240,000 Btu/h | Resistance (or VR; ”;t“e't'n;?p"t 1?'3 EEEE'_?;C
none) Y )
VRF multi-split
a
< 65,000 Btu/h Al 8603Fysetr‘ft';‘rin . 12.0 EER AHRI 1230
water
VRF Water > 65,000 Btu/h VRE =it
source (cooling and < 135,000 All 86°Fyenterin 12.0 EER
mode) Btu/h water 9
VRF multi-split
a
> 135,000 Btu/h All 8633"2?{2“” i 10.0 EER
water
VRF VRF multi-split
a
Groundwater < 135,000 Btu/h Al System’ 16.2 EER
source (cooling 59°F entering
mode) water
2016 Nonresidential Compliance Manual January 2017
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(Cont.) Table 4-9: Electrically Operated VRF Air to Air and Applied Heat Pumps

VRF VRF multi-split
a
Groundwater > 135,000 Btu/h Al System® 13.8 EER
source (cooling 59°F entering
mode) water
VRF multi-split
a
< 135,000 Btu/h Al oraem 13.4 EER
VRF Ground entering
. water
source (cooling VRF multi-split
mode) system®
= 135,000 Btu/h All 77°F entering 11.0 EER
water
< 65,000 Btu/h A
(cooling VRF multi-split 7.7 HSPF
. system
capacity)
VRF multi-split
system
265,000 Btu/h 47°F db/ 43°F 3.3 COP
and wb outdoor air
< 135,000 Btu/h VRF multi-split
(cooling ¢
VRF Air cooled capacity) 170§V§b‘7”1‘50F 2.25 COP
(heating mode) .
wb outdoor air
VRF multi-split
system
> 135,000 Btu/h 47°F db/ 43°F 32C0P
(cooling wb outdoor air
Capac|ty) VRF multl-spllt
system
17°F db/ 15°F 2.05 COP
wb outdoor air
< 135,000 Btu/h VRF muIti—s(PIit
(cooling system 68°F 4.2 COP
VRF Water capacity) entering water
source (heating
mode) > 135,000 Btu/h VRF muIti—s(PIit
(cooling system 68°F 3.9 COP
capacity) entering water
< 135,000 Btu/h VRF multi-s(PIit
VRF (cooling system 50°F 3.6 COP
Groundwater capacity) entering water
source (heating | > 135,000 Btu/h VRF multi-split
mode) (cooling system 50°F 3.3COP
capacity) entering water
< 135,000 Btu/h VRF multi-s(PIit
(cooling system 32°F 3.1 COP
VRF Ground capacity) entering water
source (heating
mode) = 135,000 Btu/h VRF muIti-s(PIit
(cooling system 32°F 2.8 COP
capacity) entering water

AHRI 1230

@ Deduct 0.2 from the required EERs and IEERs for VRF multi-split system units with a heating recovery section.
bApplicable test procedure and reference year are provided under the definitions.
° IEERs are only applicable to equipment with capacity control as specified by ANSI/AHRI 1230 test procedures.

Energy Standards Table 110.2-1
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Table 4-10: Warm-Air Furnaces and Combination Warm-Air Furnaces/Air-Conditioning Units,
Warm-Air Duct Furnaces, and Unit Heaters

Equipment Type

Size Category
(Input)

Subcategory or
Rating Condition®

Minimum Efficiency

Test Procedure?

Warm-Air Furnace,

DOE 10 CFR Part

_Fi o, o, 0
Gas-Fired < 225,000 Btu/h Maximum Capacityb 78% AFUE or 80% 430 or Sectlorl 2.39,
E: Thermal Efficiency,
ANSI 721.47
Section 2.39,
= 225,00 Btu/h Maximum Capacityb 80% E; Thermal Efficiency,
ANSI 721.47
Warm-Air Furnace, o o DOE 10 CFR Part
Oil-Fired < 225,000 Btu/h Maximum Capacity” 8% AFLéE or80% | 430 or Section 42,
! Combustion, UL 727
2 225,000 Btu/h . b o Section 42,
Maximum Capacity 81% E¢ Combustion, UL 727
Warm-Air Duct Section 2.10,
Furnaces, Gas-Fired | All Capacities Maximum Capacityb 80% E. Efficiency, ANSI
Z83.8
Warm-Air Unit Section 2.10,
Heaters, Gas-Fired All Capacities Maximum Capaci’[yb 80% E. Efficiency, ANSI
Z83.8
Warm-Air Unit All Capacities Maximum Capaci’tyb 81% E. Section 40,

Heaters, Qil-Fired

Combustion, UL 731

@ Applicable test procedure and reference year are provided under the definitions.

b Compliance of multiple firing rate units shall be at maximum firing rate.

E: = thermal efficiency, units must also include an interrupted or intermittent ignition device (IID), have jacket losses not
exceeding 0.75 percent of the input rating, and have either power venting or a flue damper. A vent damper is an
acceptable alternative to a flue damper for those furnaces where combustion air is drawn from the conditioned space.

E. = combustion efficiency (100% less flue losses). See test procedure for detailed discussion.

As of August 8, 2008, according to the Energy Policy Act of 2005, units must also include interrupted or intermittent
ignition device (1ID) and have either power venting or an automatic flue damper.
Combustion units not covered by NAECA (3-phase power or cooling capacity greater than or equal to 19 kW) may

comply with either rating.

Energy Standards Table 110.2-J
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Table 4-11: Gas and Oil Fired Boilers

Equipment

Size Category

Type Sub Category (Input) Minimum Efficiency®® Test Procedure®
Before 3/2/2020 | After 3/2/2020
< 300,000 Btu/h 82% AFUE 82% AFUE DOPirlagoFR
> 300,000 Btu/h
H ) )
Gas Fired and SB%Q%)‘?’OOO 80% E; 80% E; DOE 10 CFR
> 2.500,000 Part 431
e 82% Eo 82% E.
Boiler, hot water DOE 10 CFR
< 300,000 Btu/h 84% AFUE 84% AFUE 450
> 300,000 Btu/h
H 1 0, )
Qil Fired and sBi,jr(])?,ooo 82% E; 82% E; DOE 10 CFR
Part 431
z 2;58%900 84% Es 84% E,
Gas Fired < 300,000 Btu/h 80% AFUE 80% AFUE D%irlagoFR
> 300,000 Btu/h
Gas Fired —all, | and < 2,500,000 79% Eq 79% Eq D%irlang
except natural Btu/h®
draft z 2,’58%900 79% E; 79% Eq DOPirlasch
> 300,000 Btu/h
Gas Fired and < 2,500,000 77% Eq 79% Eq D%irlang
Boiler, steam natural dra;‘t Btu/h®
> 2,500,000 DOE 10 CFR
e 77% E 79% E, 431
< 300,000 Btu/h 82% AFUE 82% AFUE DOPirlagoFR
> 300,000 Btu/h
Oil-Fired and < 2,500,000 81% E; 81% E; DOE 10 CFR
B Part 431
> 2,500,000 DOE 10 CFR
e 81% E, 81% E; 431

@ Applicable test procedure and reference year are provided under the definitions.
® E. = combustion efficiency (100% less flue losses). See reference document for detail information

° Et = thermal efficiency. See test procedure for detailed information.
4 Maximum capacity — minimum and maximum ratings as provided for and allowed by the unit’s controls.
® Included oil-fired (residual).

Energy Standards Table 110.2-K

In the above tables, where more than one efficiency standard or test method is listed, the
requirements of both shall apply. For example, unitary air-cooled air conditioners have an
EER requirement for full-load operation and an IEER for part-load operation. The air
conditioner must have both a rated EER and IEER equal to or higher than that specified in
the Energy Standards at the specified Air-Conditioning, Heating, and Refrigeration Institute
(AHRI) standard rating conditions. Similarly, where equipment serves more than one
function, it must comply with the efficiency standards applicable to each function.

When a requirement is for equipment rated at its “maximum rated capacity” or “minimum
rated capacity,” the capacity shall be as provided for and allowed by the controls during
steady state operation. For example, a boiler with high/low firing must meet the efficiency
requirements when operating at both its maximum capacity and minimum capacity.
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Exceptions exist to the listed minimum efficiency for specific equipment. The first exception
applies to water-cooled centrifugal water-chilling packages, which are not designed for
operation at ANSI/AHRI Standard 550/590 test conditions, which are:

1. 44°F leaving chilled water temperature.
2. 85°F entering condenser water temperature.
3. 3 gallons per minute per ton condenser water flow.

Packages not designed to operate at these conditions must have maximum adjusted Full
Load and NPLYV ratings. These ratings can be calculated, in kW/ton, using Equation 4-1 and
Equation 4-2.

Equation 4-1
(Full Load Rating)

Kadj

Full Load Rating . adj =

Equation 4-2

, (IPLV Rating)
NPLV Ratingmay, qaj = ———F
Kadj

The values for the Full Load and IPLV Ratings are found in Table 4-4. K,,; is the product of

A and B, as in Equation 4-3. A is calculated by entering the value for LIFT determined using
Equation 4-5 into the fourth level polynomial in Equation 4-4. B is found using Equation 4-6.

Equation 4-3
Kadj - A X B

Equation 4-4

A = (14592 x 1077)(LIFT*) — (3.46496 X 1075)(LIFT?) + (3.14196 x 10~3)(LIFT?)
— (0.147199)(LIFT) + 3.9302

Equation 4-5
LIFT = LvgCond — LvgEvap
Where:

LvgCond = Full-load leaving condenser fluid temperature (°F)

LvgEvap = Full-load leaving evaporator fluid temperature (°F)

Equation 4-6
B = (0.0015)(LvgEvap) + 0.934
Where:

LvgEvap = Full-load leaving evaporator fluid temperature (°F)
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The adjusted maximum adjusted Full Load and NPLV rating values are only applicable for
centrifugal chillers meeting all of the following full-load design ranges:

1. Minimum Leaving Evaporator Fluid Temperature: 36°F
2. Maximum Leaving Condenser Fluid Temperature: 115°F
3. LIFT = 20°F and < 80°F

Centrifugal chillers designed to operate outside of these ranges are not covered by this
exception and therefore have no minimum efficiency requirements.

Exception 2 is for positive displacement (air- and water-cooled) chillers, with a leaving
evaporator fluid temperature higher than 32°F, which shall show compliance with Table 4-4
when tested or certified with water at standard rating conditions, per the referenced test
procedure.

Exception 3 is for equipment primarily serving refrigerated warehouses or commercial
refrigeration systems. These systems must comply with the efficiency requirements of
Energy Standards §120.6(a) or (b). For more information see Chapter 10.

4.2.3 Equipment Not Covered by the Appliance Efficiency Regulations
| §710.2and §110.3. |

To comply, equipment specified in the plans and specifications must meet the minimum
standards mandated in that section. Manufacturers of equipment not regulated by the
Appliance Efficiency Regulations are not required to certify their equipment to the Energy
Commission; it is the responsibility of the designer and contractor to specify and install
equipment that complies.

To verify certification, use one of the following options:

1. The Energy Commission’s website includes listings of energy efficient appliances for
several appliance types. The website address is http://www.energy.ca.gov/appliances/.
The Energy Commission’s Hotline staff can provide further assistance, at 1-800-772-
3300 or (916) 654-5106, if appliance information is not found on the website.

2. The complete appliance database can be downloaded. This requires spreadsheet
programs compatible with Microsoft Excel. To use the data, a user must download the
database file (or files), download a brand file and a manufacturer file, and then
decompress the files. Next, the user will need to download a description file that
provides details on what is contained in each of the data fields. With these files, and
using database software, the data can be sorted and manipulated.

3. The Air Conditioning, Heating and Refrigeration Institute (AHRI) Directory of Certified
Products can be used to verify certification of air-conditioning equipment. This
information is available on their website at www.ahrinet.org.

4.2.4 Controls for Heat Pumps with Supplementary Electric Resistance
Heaters

| §110.2(b) |

The Energy Standards discourage use of electric resistance heating when an alternative
method of heating is available. In the case of a heat pump, these systems may contain
electric resistance heat strips which act as a supplemental heating source. If this system is
used, then controls must be put in place that prevents use of the electric resistance
supplementary heating when the heating load can be satisfied with the heat pump alone.
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This includes the requirement that the thermostat must be able to provide step up controls
that will incrementally adjust the indoor temperature setting so that the heat pump can
gradually raise the temperature until the final desired indoor temperature is reached. Also,
the controls must set a “cut-on” temperature for compressor heating which is higher than the
“cut-on” temperature for electric resistance heating, and the “cut-off temperature for
compression heating is higher than the “cut-off” temperature for electric resistance heating.

Exceptions exist for this requirement:

1. If the electric resistance heating is for defrost, and during transient periods such as
start-ups and following room thermostat set points (or another control mechanism
designed to preclude the unnecessary operation).

2. If the heat pump is a room air-conditioner heat pump.

4.2.5 Thermostats
| §7110.2(c) and §120.2(b)4 |

When a central energy management control system (EMCS) is not included in the design of
the HVAC system, then a thermostat with setback capabilities must be installed. The
requirement is for all unitary heating or cooling systems to have a thermostat that is capable
of at least 4 set points in a 24 hour period. In the case of a heat pump, the control
requirements of Section 4.2.4 must also be met. In addition, per §120.2(b)4, the thermostats
on all unitary single zone, air conditioners, heat pumps must comply with the requirements
of Reference Joint Appendix JA5, also known as the Occupant Controlled Smart
Thermostats, which are capable of receiving demand response signals in the event of grid
congestion and shortages during high electrical demand periods.

There are two exceptions to §120.2(b)4 Occupant Controlled Smart Thermostats:

1. Systems serving zones that must have constant temperatures to protect a process or
product (e.g. a laser laboratory or a museum).

2. The following HVAC systems do not need to comply with the setback or Occupant
Controlled Smart Thermostat requirement:

a. Gravity gas wall heaters

. Gravity floor heaters

Gravity room heaters

. Non-central electric heaters

. Fireplaces or decorative gas appliance
Wood stoves

. Room air conditioners

Q@ 0o a o T

. Room heat pumps

Packaged terminal air conditioners

j- Packaged terminal heat pumps
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4.2.6 Furnace Standby Loss Controls
| §110.2(d) |

Forced air gas- and oil-fired furnaces with input ratings = 225,000 Btu/h are required to have
controls and designs that limit their standby losses:

1. They must have either an intermittent ignition or interrupted device (lID). Standing pilot
lights are not allowed.

2. They must have either power venting or a flue damper. A vent damper is an
acceptable alternative to a flue damper for furnaces where combustion air is drawn
from the conditioned space.

Any furnace with an input rating 2225,000 Btu/h that is not located within the conditioned
space must have jacket losses not exceeding 0.75 percent of the input rating. This includes
electric furnaces as well as fuel-fired units.

4.2.7 Open and Closed Circuit Cooling Towers
[ §110.2 (e) |

All open and closed circuit cooling towers with rated capacity of 150 tons or greater must
have a control system that maximizes the cycles of concentration based on the water quality
conditions based on either conductivity or flow. If the controls system is conductivity based,
then the system must automate bleed and chemical feed based on conductivity. The
installation criteria for the conductivity controllers must be in accordance with the
manufacturer’s specifications in order to maximize accuracy. If the control system is flow
based, then the system must be automated in proportion to metered makeup volume,
metered bleed volume, recirculating pump run time or bleed time.

The makeup water line must be equipped with an analog flow meter that is either wired or
wireless and an overflow alarm to prevent overflow of the sump in the event of water valve
failure. The alarm system may send an audible signal or an alert through an EMCS.

Drift eliminators are of a louvered or comb like design that is installed at the top of the
cooling tower to capture water particles that become entrained in the air stream. These drift
eliminators are now required to achieve drift reduction to 0.002 percent of the circulated
water volume for counter-flow towers and 0.005 percent for cross-flow towers.

Additionally, maximum achievable cycles of concentration must be documented based on
local water supply (which is reported annually by the local utility) and Langelier Saturation
Index (LSI) of 2.5 or less. A calculator that is approved by the Energy Commission must be
used in this process and the compliance document must be reviewed and approved by the
Professional Engineer (P.E.) of record. The Energy Commission’s website includes an
approved LSI calculator in the form of an excel file. The website address is
http://www.energy.ca.gov/title24/2013standards/documents/maximum_cycles calculator.xls

4.2.8 Pilot Lights
| §110.5 |

Pilot lights are prohibited in:

1. Fan type central furnaces. This includes all space-conditioning equipment that
distributes gas-heated air through duct work §110.5(a). This prohibition does not apply
to radiant heaters, unit heaters, boilers or other equipment that does not use a fan to
distribute heated air.
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2. Household cooking appliances unless the appliance does not have an electrical
connection, and the pilot consumes less than 150 Btu/h §110.5(b).

3. Pool and spa heaters §110.5(c) and §110.5(d) respectively.

Example 4-1
Question

If a 15 ton (180kBtuh) air-cooled packaged AC unit with a gas furnace rated at 260,000 Btu/h maximum
heating capacity has an EER of 10.9, an IEER of 11.2, and a heating thermal efficiency of 78 percent, does
it comply?

Answer

No. The cooling side complies because both the EER and IEER exceed the requirements of Table
4-1(11.0-0.2=10.8 EER and 11.2-0.2=11.0 IEER for a 15 ton unit). The EER and IEER in this table are for
units with electric heat. Footnote b reduces the required EER and IEER by 0.2 for units with heating
sections other than electric resistance heat. With gas heat, an EER of 10.9 (>10.8) and an IEER of 11.2
(>11.0), this unit complies. Note that the 0.2 deduction provided in Table 4-1and Table 4-2compensate for
the higher fan power required to move air over the heat exchangers for fuel-fired heaters.

From Table 4-10, the heating efficiency must be at least 80 percent thermal efficiency. This unit has a
78percent thermal efficiency (<80%); therefore the unit does not comply.

Example 4-2
Question

A 500,000 Btu/h gas-fired boiler with high/low firing has a full load combustion efficiency of 82 percent, 78
percent thermal efficiency and a low-fire combustion efficiency of 80 percent. Does the unit comply?

Answer

No. Per Table 4-11, the thermal efficiency must be greater than 80 percent. This boiler’'s thermal efficiency
is 78percent (<80%) so it doesn’t comply.

Example 4-3
Question

A 300 ton centrifugal chiller is designed to operate at 44°F chilled water supply, 90°F condenser water
return and 3 gpm/ton condenser water flow. What is the maximum allowable full load kW/ton and NPLV?

Answer

As the chiller is centrifugal and is designed to operate at a condition different from AHRI Standard 550/590
standard rating conditions, the appropriate efficiencies can be calculated using the Kadj equations.

From Table 4-4 (Equipment Type: Water Cooled, Electrically Operated, Centrifugal; Size Category: = 300
tons and < 600 tons), this chiller at AHRI rating conditions has a maximum full load efficiency of 0.576
kW/ton and a maximum IPLV of 0.549 kW/ton for Path A and a maximum full load efficiency of 0.600
kW/ton and a maximum IPLV of 0.400 kW/ton for Path B.

The Kadj is calculated as follows:
LIFT =LvgCond — LvgEvap = 90F-44F = 46F

A = (0.00000014592 x (46)*) — (0.0000346496 x (46)° )+ (0.00314196 x (46)2) — (0.147199 x *(46)) +
3.9302=1.08813

B = (0.0015 x 44) + 0.934 = 1.000
Kadj=A x B=1.08813
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For compliance with Path A, the maximum Full load kW/ton = 0.576 / 1.08813 = 0.529 kW/ton and the
maximum NPLV=0.549 / 1.08813 = 0.505 kW/ton

For compliance with Path B the maximum Full load kW/ton = 0.600 / 1.08813 = 0.551 kW/ton and the
maximum NPLV=0.400/1.08813 = 0.388 kW/ton

To meet the mandatory measures of 4.2.2 (Energy Standards §110.2) the chiller can comply with either the
Path A or Path B requirement (footnote b in Table 4-4). To meet the prescriptive requirement of 4.6.2.8
(Energy Standards §140.4(i)) the chiller would have to meet or exceed the Path B requirement.

Example 4-4
Question

A 300 ton water cooled chiller with a screw compressor that serves a thermal energy storage system is
designed to operate at 34°F chilled water supply, 82°F condenser water supply and 94°F condenser water
return, does it have a minimum efficiency requirement and if so, what is the maximum full load kW/ton and
NPLV?

Answer

As the chiller is positive displacement (screw and scroll compressors are positive displacement) and is
designed to operate at a chilled water temperature above 32°F it does have a minimum efficiency
requirement per 4.2.2 (Exception 2 to §110.2(a)). From Table 4-4(Equipment Type: Water Cooled,
Electrically Operated, Positive Displacement; Size Category: = 300 tons) this chiller at AHRI rating
conditions has a maximum full load efficiency of 0.620 kW/ton and a maximum IPLV of 0.540 kW/ton for
Path A and a maximum full load efficiency of 0.639 kW/ton and a maximum IPLV of 0.490 kW/ton for Path
B.

The Kadj is calculated as follows:

LIFT = LvgCond — LvgEvap = 94F-34F = 60F

A =(0.00000014592 x (60)4) — (0.0000346496 x (60)3 )+ (0.00314196 x (60)2) — (0.147199 x *(60)) +
3.9302=0.81613

B = (0.0015 x 34) + 0.934 = 0.98500

Kadj=A x B=0.80388

For compliance with Path A, the maximum Full load kW/ton = 0.620 / 0.80388 = 0.771 kW/ton and the
maximum NPLV= 0.540 / 0.80388 = 0.672 kW/ton. For compliance with Path B the maximum Full load
kW/ton = 0.639 / 0.80388 = 0.795 kW/ton and the maximum NPLV= 0.490 / 0.80388 = 0.610 kW/ton. To
meet the mandatory measures of 4.2.2 (Energy Standards §110.2) the chiller can comply with either the
Path A or Path B requirement (footnote b in Table 4-4). To meet the prescriptive requirement of 4.6.2.8
(Energy Standards §140.4(i)) the chiller would have to meet or exceed the Path B requirement.

Example 4-5
Question
Are all cooling towers required to be certified by CTI?

Answer

No. Per footnote d in Table 4-7, field-erected cooling towers are not required to be certified. Factory-
assembled towers must either be CTl-certified or have their performance verified in a field test (using ATC
105) by a CTl-approved testing agency. Furthermore only base models need to be tested; options in the air-
stream, like access platforms or sound traps, will derate the tower capacity by 90 percent of the capacity of
the base model or the manufacturer’s stated performance, whichever is less.
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Example 4-6

Question

Are there any mandatory requirements for a water-to-water plate-and-frame heat exchanger?
Answer

Yes, Table 4-6 requires that it be rated per ANSI/AHRI 400. This standard ensures the accuracy of the
ratings provided by the manufacturer.

4.2.9 Commercial Boilers

| §120.9 |

A commercial boiler is a type of boiler with a capacity (rated maximum input) of 300,000 Btu
per hour (Btu/h) or more and serving a space heating or water heating load in a commercial
building.

A. Combustion air positive shut-off shall be provided on all newly installed commercial
boilers as follows:

1. All boilers with an input capacity of 2.5 MMBtu/h (2,500,000 Btu/h) and above, in
which the boiler is designed to operate with a non-positive vent static pressure.
This is sometimes referred to as natural draft or atmospheric boilers. Forced draft
boilers, which rely on a fan to provide the appropriate amount of air into the
combustion chamber, are exempt from this requirement.

2. All boilers where one stack serves two or more boilers with a total combined input
capacity per stack of 2.5 MMBtu/h (2,500,000 Btu/h). This requirement applies to
natural draft and forced draft boilers.

Combustion air positive shut-off is a means of restricting air flow through a boiler
combustion chamber during standby periods, used to reduce standby heat loss. A flue
damper and a vent damper are two examples of combustion air positive shut-off
devices.

Installed dampers can be interlocked with the gas valve so that the damper closes and
inhibits air flow through the heat transfer surfaces when the burner has cycled off, thus
reducing standby losses. Natural draft boilers receive the most benefit from draft
dampers because they have less resistance to airflow than forced draft boilers. Forced
draft boilers rely on the driving force of the fan to push the combustion gases through
an air path that has relatively higher resistance to flow than in a natural draft boiler.
Positive shut-off on a forced draft boiler is most important on systems with a tall stack
height or multiple boiler systems sharing a common stack.

B. Boiler combustion air fans with motors 10 horsepower or larger shall meet one of the
following for newly installed boilers:

1. The fan motor shall be driven by a variable speed drive, or

2. The fan motor shall include controls that limit the fan motor demand to no more
than 30 percent of the total design wattage at 50 percent of design air volume.

Electricity savings result from run time at part-load conditions. As the boiler firing rate
decreases, the combustion air fan speed can be decreased.

C. Newly installed boilers with an input capacity of 5 MMBtu/h (5,000,000 Btu/h) and
greater shall maintain excess (stack-gas) oxygen concentrations at less than or equal
to 5.0 percent by volume on a dry basis over firing rates of 20 percent to 100 percent.
Combustion air volume shall be controlled with respect to firing rate or measured flue
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gas oxygen concentration. Use of a common gas and combustion air control linkage or
jack shaft is prohibited.

Boilers with steady state full-load thermal efficiency 85 percent or higher are exempt
from this requirement.

One way to meet this requirement is with parallel position control. Boilers mix air with
fuel (usually natural gas although sometimes diesel or oil) to supply oxygen during
combustion. Stoichiometric combustion is the ideal air/fuel ratio where the mixing
proportion is correct, the fuel is completely burned, and the oxygen is entirely
consumed. Boilers operate most efficiently when the combustion air flow rate is slightly
higher than the stoichiometric air-fuel ratio. However, common practice almost always
relies on excess air to ensure complete combustion, avoid unburned fuel and potential
explosion, and prevent soot and smoke in the exhaust. Excess air has a penalty, which
is increased stack heat loss and reduced combustion efficiency.

Parallel positioning controls optimize the combustion excess air to improve the
combustion efficiency of the boiler. It includes individual servo motors allowing the fuel
supply valve and the combustion air damper to operate independently of each other.
This system relies on preset fuel mapping (i.e., a pre-programmed combustion curve) to
establish proper air damper positions (as a function of the fuel valve position)
throughout the full range of burner fire rate. Developing the combustion curve is a
manual process, performed in the field with a flue-gas analyzer in the exhaust stack,
determining the air damper positions as a function of the firing rate/fuel valve position.
Depending on type of burner, a more consistent level of excess oxygen can be
achieved with parallel position compared to single-point positioning control, since the
combustion curve is developed at multiple points (firing rates), typically 10 to 25 points.
Parallel positioning controls allow excess air to remain relatively low throughout a
burner’s firing range. Maintaining low excess air levels at all firing rates provides
significant fuel and cost savings while still maintaining a safe margin of excess air to
insure complete combustion.

4.3 Ventilation Requirements

| §120.1 |

All of the ventilation requirements are mandatory measures. Some measures require
acceptance testing, which is addressed in Section 4.3.11.

Within a building, all enclosed spaces that are normally used by humans must be
continuously ventilated during occupied hours with outdoor air, using either natural or
mechanical ventilation An exception is provided for refrigerated warehouses or other
buildings or spaces that are not normally used for human occupancy or work.

The Energy Standards allow for ventilation to use transfer air as long as it doesn’t have any
“unusual sources of indoor air contaminants” and “the outdoor air that is supplied to all
spaces combined, is sufficient to meet the requirements for each space individually. Good
practice dictates that sources of contaminants be isolated and controlled with local exhaust.
The designation and treatment of such spaces is subject to the designer’s discretion.
Spaces needing special consideration include:

e Commercial and coin-operated dry cleaners.

e Bars and cocktail lounges.

e Smoking lounges and other designated smoking areas.
e Beauty and barbershops.
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e Auto repair workshops.

o Print shops, graphic arts studios and other spaces where solvents are used in a
process.

e Copy rooms, laser printer rooms or other rooms where it is expected that equipment
may generate heavy concentrations of ozone or other contaminants.

¢ Blueprint machines.

“Spaces normally used by humans” refers to spaces where people can be reasonably
expected to remain for an extended period of time. Spaces where occupancy will be brief
and intermittent, and that do not have any unusual sources of air contaminants, do not need
to be directly ventilated. For example:

¢ A closet does not need to be ventilated, provided it is not normally occupied.

e A storeroom that is only infrequently or briefly occupied does not require ventilation.
However, a storeroom that can be expected to be occupied for extended periods for
clean-up or inventory must be ventilated, preferably with systems controlled by a local
switch so that the ventilation system operates only when the space is occupied.

“Continuously ventilated during occupied hours” implies that the design ventilation must be
provided throughout the entire occupied period. This means that VAV systems must provide
the code-required ventilation over their full range of operating supply airflow. Some means
of dynamically controlling the minimum ventilation air must be provided.

4.3.1 Natural Ventilation
[ §120.1(b)1 |

Natural outdoor ventilation may be provided for spaces where all normally occupied areas of
the space are within a specific distance from an operable wall or roof opening through which
outdoor air can flow. This distance is 20 ft. for most spaces and 25 ft. for hotel/motel
guestrooms and high-rise residential spaces. The sum of the operable open areas must total
at least 5 percent of the floor area of each space that is naturally ventilated. The openings
must also be readily accessible to the occupants of the space at all times.

Airflow through the openings must come directly from the outdoors; air may not flow through
any intermediate spaces such as other occupied spaces, unconditioned spaces, corridors,
or atriums. Also, high windows, operable skylights, and other operable openings need to
have a control mechanism accessible from the floor.

Example 4-7

Question

What is the window area required to ventilate a 30 ft. x 32 ft. classroom?
Answer

In order for all points to be within 20 ft. of an opening, windows must be distributed and run at least along
two of the opposite walls. The area of the openings must be:

(32 ft. x 30 ft.) x 5 percent = 48 ft2
The actual window area must be at least 96 ft? if only half the window can be open at a time.

Calculations must be based on free area, taking into account framing and bug screens; the actual window
area is approximately 100 ft? without bug screens and 110 ft* with bug screens.
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Example 4-8
Question

Naturally ventilated classrooms are located on either side of a doubly-loaded corridor and transoms are
provided between the classrooms and corridor. Can the corridor be naturally ventilated through the
classrooms?

Answer

No. The corridor cannot be naturally ventilated through the classrooms and transom openings. The Energy
Standards require that naturally ventilated spaces have direct access to properly-sized openings to the
outdoors. The corridor would require mechanical ventilation using either supply or exhaust fans.

4.3.2 Mechanical Ventilation
[ §720.1(b)2 and (d) |

Mechanical outdoor ventilation must be provided for all spaces normally occupied that are
not naturally ventilated. The Energy Standards require that a space conditioning system
provide outdoor air equal to or exceeding the ventilation rates required for each of the
spaces that it serves. At the space, the required ventilation can be provided either directly
through supply air or indirectly through transfer of air from the plenum or an adjacent space.
The required minimum ventilation airflow at the space can be provided by an equal quantity
of supply or transfer air. At the air-handling unit, the minimum outside air must be the sum of
the ventilation requirements of each of the spaces that it serves. The designer may specify
higher outside air ventilation rates based on the owner’s preference or specific ventilation
needs associated with the space. However, specifying more ventilation air than the
minimum allowable ventilation rates increases energy consumption and electrical peak
demand and increases the costs of operating the HVAC equipment. Thus the designer
should have a compelling reason to specify higher design minimum outside air rates than
the calculated minimum outside air requirements in the Energy Standards.

The minimum OSA provided is required to be within 10 percent of the calculated minimum
for both VAV and constant volume units.

In summary:
1. Ventilation compliance at the space is satisfied by providing supply and/or transfer air.

2. Ventilation compliance at the unit is satisfied by providing, at minimum, the outdoor air
that represents the sum of the ventilation requirements at each space that it serves.

For each space requiring mechanical ventilation the ventilation rates must be the greater of
either:

1. The conditioned floor area of the space, multiplied by the applicable minimum
ventilation rate from Table 4-12. This provides dilution for the building-borne
contaminants like off-gassing of paints and carpets, or

2. 15 cfm per person, multiplied by the expected number of occupants. For spaces with
fixed seating (such as a theater or auditorium), the expected number of occupants is
the number of fixed seats. For spaces without fixed seating, the expected number of
occupants is assumed to be no less than one-half that determined for egress purposes
in the California Building Code (CBC). The Energy Standards specify the minimum
outdoor ventilation rate to which the system must be designed. If desired, the designer
may, with documentation, elect to provide more ventilation air. For example, the design
outdoor ventilation rate may be determined using the procedures described in
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ASHRAE 62, provided the resulting outdoor air quantities are no less than required by

the Energy Standards.

Table 4-12: Minimum Ventilation Rates

Type of Use CFM per ft? of Conditioned Floor Area
Auto repair workshop 1.50
Barber shop 0.40
Bars, cocktail lounges, and casinos 0.20
Beauty shop 0.40
Coin-operated dry cleaning 0.30
Commercial dry cleaning 0.45

High-rise residential

Ventilation Rates Specified by the CBC and CMC

Hotel guest room (less than 500 ft?)

30 cfm/guest room

Hotel guest room (500 ft? or greater) 0.15
Retail store 0.20
All Others 0.15

Energy Standards Table 120.1-A

Table 4-13 shows the typical maximum occupant loads for various building uses (upon
which minimum ventilation calculations are based). This provides dilution for the occupant-
borne contaminants (or bioeffluents) like body odor and germs.

Table 4-14 summarizes the combination of these two rates for typical spaces.

As previously stated, each space-conditioning system must provide outdoor ventilation air

as follows.

1. For a space-conditioning system serving a single space, the required system outdoor
airflow is equal to the design outdoor ventilation rate of the space.

2. For a space-conditioning system serving multiple spaces, the required outdoor air
quantity delivered by the space-conditioning system must not be less than the sum of
the required outdoor ventilation rate to each space. The Energy Standards do not
require that each space actually receive its calculated outdoor air quantity. Instead, the
actual supply to any given space may be any combination of recirculated air, outdoor
air, or air transferred directly from other spaces, provided:

a. The total amount of outdoor air delivered by the space-conditioning system(s) to
all spaces is at least as large as the sum of the space design quantities.

b. Each space always receives supply airflow, including recirculated air and/or
transfer air, no less than the calculated outdoor ventilation rate.

c. When using transfer air, none of the spaces from which air is transferred has any

unusual sources of contaminants.
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Table 4-13: CBC Maximum Floor Area Allowances Per Occupant

Function of Space | Occupant Load Factor
Accessory storage areas, mechanical equipment room 300 gross
Agricultural building 300 gross
Aircraft hangers 500 gross
Airport terminal
Baggage claim 20 gross
Baggage handling 300 gross
Concourse 100 gross
Waiting areas 15 gross
Assembly
Gaming floors (keno, slots, etc.) 11 gross
Exhibit Gallery and Museum 30 net
Assembly with fixed seats See Section 1004.4
Assembly without fixed seats
Concentrated (chairs only — not fixed) 7 net
Standing space 5 net
Non-concentrated (tables and chairs) 15 net
Bowling centers and all other spaces 7 net
Bowling lanes (including 15 feet of approach) 5 person per lane
Business areas 100 gross
Courtrooms — other than fixed seating areas 40 net
Day care 35 net
Dormitories 50 gross
Educational
Classroom area 20 net
Shops and other vocational room areas 50 net
Exercise rooms 50 gross
H-5 Fabrication and manufacturing areas 200 gross
Industrial areas 100 gross

Institutional areas

Inpatient treatment areas 240 gross

Outpatient areas 100 gross

Sleeping areas 120 gross
Kitchens, commercial 200 gross
Library

Reading rooms 50 net

Stack area 100 gross
Locker Rooms 50 gross
Mercantile

Area on other floors 60 gross

Basement and grade floor areas 30 gross

Storage, stock, shipping areas 300 gross
Parking garages 200 gross
Residential 200 gross
Skating rinks, swimming pools

Rink and pool 50 gross

Decks 15 gross
Stages and platforms 15 net
Warehouses 500 gross

Source: Table 1004.1.2 of the California Building Code
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Where:

Floor Area, Gross - The floor area within the inside perimeter of the exterior walls of the
building under consideration, exclusive of vent shafts and courts, without deduction for
corridors, stairways, closets, the thickness of interior walls, columns or other features. The
floor area of a building, or portion thereof, not provided with surrounding exterior walls shall
be the usable area under the horizontal projection of the roof or floor above. The gross floor
area shall not include shafts with no openings or interior courts.

Floor Area, Net - The actual occupied area not including unoccupied accessory areas such
as corridors, stairways, toilet rooms, mechanical rooms and closets.
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Table 4-14: Required Minimum Ventilation Rate per Occupancy
Required
Ventilation
(larger of
CBC CBC Ventilation | CBC or
Occupancy Based | from Table | Table
CBC Occupancy Load Ventilation | 120.1-A 120.1-A)
Occupancy Use Load (ft?/occ) (0cc/1000 ft2)* | (cfm/ft?)® (cfml/ft?) (cfml/ft?)
1) | Aircraft Hangars 500 2 0.02 0.15 0.15
2) | Auction Rooms See Section 1004.4 0.15 n.a.
3) | Assembly Areas (Concentrated Use)
Auditoriums See Section 1004.4 0.15 n.a.
Bowling Lane 5 persons per lane 0.15 n.a.
Bowling Center® (all other spaces) 7 142.86 1.07 0.15 1.07
\C/:Vrl)‘g‘;:g)s & Chapels (Religious 7 142.86 1.07 0.15 1.07
Dance Floors 5 200 1.50 0.15 1.50
Lobbies 15 66.67 0.50 0.15 0.50
Lodge Rooms 7 142.86 1.07 0.15 1.07
Reviewing Stands 15 66.67 0.50 0.15 0.50
Stadiums See Section 1004.4 0.15 n.a.
Theaters - All See Section 1004.4 0.15 n.a.
Waiting Areas 15 66.67 0.50 0.15 0.50
4) | Assembly Areas (Non-concentrated Use)
Conference & Meeting Rooms’ 15 66.67 0.50 0.15 0.50
Dining Rooms/Areas 15 66.67 0.50 0.15 0.50
Drinking Establishments? 15 66.67 0.50 0.20 0.50
Exhibit/Display Areas 15 66.67 0.50 0.15 0.50
Gymnasiums/Sports Arenas 15 66.67 0.50 0.15 0.50
Lounges 15 66.67 0.50 0.20 0.50
Stages and Platform 15 66.67 0.50 0.15 0.50
Gaming, Keno, Stot Machine and 11 90.91 0.68 0.20 0.68
5) | Auto Repair Workshops 100 10 0.08 1.50 1.50
6) |Barber & Beauty Shops 100 10 0.08 0.40 0.40
7) | Children's Homes & Homes for Aged 120 8.33 0.06 0.15 0.15
8) | Classrooms 20 50 0.38 0.15 0.38
9) | Courtrooms 40 25 0.19 0.15 0.19
10) | Dormitories 50 20 0.15 0.15 0.15
11) | Dry Cleaning (Coin-Operated) 100 10 0.08 0.30 0.30
12) | Dry Cleaning (Commercial) 100 10 0.08 0.45 0.45
13) | Exercise Rooms 50 20 0.15 0.15 0.15
14) | Garage, Parking 200 5 0.04 0.15 0.15
15) Eea.'t.r?ca,re Sleeping Rooms 120 8.33 0.06 0.15 0.15
acilities:
Treatment Rooms 240 4.17 0.03 0.15 0.15
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(Cont) Table 4-14: Required Minimum Ventilation Rate per Occupancy

Required
Ventilation
(larger of
CBC CBC Ventilation | CBC or
Occupancy Based | from Table | Table
CBC Occupancy Load Ventilation | 120.1-A 120.1-A)
Occupancy Use Load (ft?/occ) (0cc/1000 ft2)* | (cfm/ft?)® (cfml/ft?) (cfml/ft?)
16) | Hotels and Apartments
Hotel Function Area 7 142.86 1.07 0.15 1.07
Hotel Lobby 100 10 0.08 0.15 0.15
Hotel Guest Room (<500 ft2)° 200 5 0.04 n.a.’ n.a.’
Hotel Guest Room (2500 ft?) 200 5 0.04 0.15 0.15
High-rise Residential* 200 5 0.04 n.a.* n.a.*
17) | Kitchen (Commercial) 200 5 0.04 0.15 0.15
18) | Library: Reading Rooms 50 20 0.15 0.15 0.15
Stack Areas 100 10 0.08 0.15 0.15
19) | Locker Rooms 50 20 0.15 0.15 0.15
20) | Manufacturing 200 5 0.04 0.15 0.15
21) | Mechanical Equipment Room 300 3.33 0.03 0.15 0.15
22) | Nurseries for Children - Day Care 35 28.57 0.21 0.15 0.21
23) | Offices: Office 100 10 0.08 0.15 0.15
Bank/Financial Institution 100 10 0.08 0.15 0.15
Medical & Clinical Care 100 10 0.08 0.15 0.15
24) | Retail: Sales, Wholesale Showrooms 30 33.33 0.25 0.20 0.25
Basement and Ground Floor 30 33.33 0.25 0.20 0.25
Upper Floors 60 16.67 0.13 0.20 0.20
Grocery 30 33.33 0.25 0.20 0.25
Malls, Arcades, & Atria 30 33.33 0.25 0.20 0.25
25) | School Shops & Vocational Rooms 50 20 0.15 0.15 0.15
26) |Skating | gy ate Area 50 20 0.15 0.15 0.15
Rinks:
On Deck 15 66.67 0.50 0.15 0.50
27) | Swimming | b1 Area 50 20 0.15 0.15 0.15
Pools:
On Deck 15 66.67 0.50 0.15 0.50
28) | Transportation Function Area 30 33.33 0.25 0.15 0.25
29) | Warehouses, Industrial & Commercial 500 2 0.02 0.15 0.15
Storage/Stockrooms
30) | All Others -- Including Unknown,
Corridors, Restrooms, & Support Areas 100 10 0.08 0.15 0.15
Commercial & Industrial Work
Footnotes: Equations:
1. Includes Convention & Civic Meeting Areas. A. CBC Occupancy Load Equation:
i i i 1000
2. Bars, Cocktail & Smoking Lounges, Casinos. Number of occupants/1000ft? = —
3. Guestrooms less than 500 ft? use 30 cfm/guestroom. ft2/occupant
4. High-rise Residential - for habitable areas not ventilated — —
with Natural Ventilation, cfm=(0.06 cfm/ft2 + 5 cfm/occ). B. CBC Based Ventilation Equation:
Default occupancy for dwelling units shall be two persons
for studio and one-bedroom units, with one additional Occupants /1000 ft?
person for each additional bedroom. Fm/ft? = 15 cfm x ( 2 )
5. Bowling centers, allow 5 persons for each lane including 15 om = ham 1000
feet of approach.
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Example 4-9
Question
Ventilation for a two-room building:

Consider a building with two spaces, each having an area of 1,000 ft2. One space is used for general
administrative functions, and the other is used for classroom training. It is estimated that the office will
contain 7 people, and the classroom will contain 50 (fixed seating). What are the required outdoor
ventilation rates?

Answer

1. For the office area, the design outdoor ventilation air is the larger of:
7 people x 15 cfm/person = 105 cfm; or
1,000 ft2 x 0.15 cfm/ft> = 150 cfm
For this space, the design ventilation rate is 150 cfm.

2.  For the classroom, the design outdoor ventilation air is the larger of:
50 people x 15 cfm/person = 750 cfm; or
1,000 ft2 x 0.15 cfm/ft> = 150 cfm
For this space the design ventilation rate is 750 cfm.

Assume the total supply air necessary to satisfy cooling loads is 1,000 cfm for the office and 1,500 cfm for
the classroom. If each space is served by a separate system, then the required outdoor ventilation rate of
each system is 150 cfm and 750 cfm, respectively. This corresponds to a 15 percent outside air (OA)
fraction in the office HVAC unit, and 50 percent in the classroom unit.

If both spaces are served by a central system, then the total supply will be (1,000 + 1,500) cfm = 2500 cfm.
The required outdoor ventilation rate is (150 + 750) = 900 cfm total. The actual outdoor air ventilation rate
for each space is:

Office OA = 900 cfm x (1,000 cfm /2,500 cfm) = 360 cfm
Classroom OA =900 cfm x (1,500 cfm / 2,500 cfm) = 540 cfm

While this simplistic analysis suggests that the actual OA cfm to the classroom is less than design (540 cfm
vs. 750 cfm), the analysis does not take credit for the dilution effect of the air recirculated from the office.
The office is over-ventilated (360 cfm vs. 150 cfm) so the concentration of pollutants in the office return air
is low enough that it can be used, along with the 540 cfm of outdoor air, to dilute pollutants in the
classroom. The Energy Standards allow this design provided that the system always delivers at least 750
cfm to the classroom (including transfer or recirculated air), and that any transfer air is free of unusual
contaminants.

4.3.3 Direct Air Transfer

The Energy Standards allow air to be directly transferred from other spaces in order to meet
a part of the ventilation supply to a space, provided the total outdoor quantity required by all
spaces served by the building’s ventilation system is supplied by the mechanical systems.
This method can be used for any space, but is particularly applicable to conference rooms,
toilet rooms, and other rooms that have high ventilation requirements. Transfer air must be
free from any unusual contaminants, and should not be taken directly from rooms where
such sources of contaminants are anticipated. It is typically taken from the return plenum or
directly from an adjacent space.

Air may be transferred using any method that ensures a positive airflow. Examples include:
dedicated transfer fans, exhaust fans, and fan-powered VAV boxes. A system having a
ducted return may be balanced so that air naturally transfers into the space. Exhaust fans
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serving the space may discharge directly outdoors, or into a return plenum. Transfer
systems should be designed to minimize recirculation of transfer air back into the space;
duct work should be arranged to separate the transfer air intake and return points.

When each space in a two-space building is served by a separate constant volume system,
the calculation and application of ventilation rate is straightforward, and each space will
always receive its design outdoor air quantity. However, a central system serving both
spaces does not deliver the design outdoor air quantity to each space. Instead, one space
receives more than its allotted share, and the other less. This is because the training room
has a higher design outdoor ventilation rate and/or a lower cooling load relative to the other
space.

4.3.4 Distribution of Outdoor Air to Zonal Units
[ §120.1(d) |

When a return plenum is used to distribute outside air to a zonal heating or cooling unit, the
outside air supply must be connected either:

1. Within 5 ft. of the unit; or

2. Within 15 ft. of the unit, with the air directed substantially toward the unit, and with a
discharge velocity of at least 500 ft. per minute.

Water source heat pumps and fan coils are the most common application of this
configuration. The unit fans should be controlled to run continuously during occupancy in
order for the ventilation air to be circulated to the occupied space.

A central space-conditioning system(s) augmented by a few zonal units for spot conditioning
may use transfer air from spaces served by the central system. A direct source of outdoor
air is not required for each zonal unit. Similarly, transfer air may be used in buildings having
central interior space-conditioning systems with outdoor air, and zonal units on the
perimeter (without outdoor air).

While not required, the Energy Standards recommend that sources of unusual contaminants
be controlled through the use of containment systems that capture the contaminants and
discharge them directly outdoors. Such systems may include exhaust hoods, fume hoods,
small space exhausts and differential pressure control between spaces. The designer is
advised to consult ASHRAE standards or other publications for guidance in this subject.

4.3.5 Ventilation System Operation and Controls
| §720.1(c) |

4.3.5.1 Outdoor Ventilation Air and VAV Systems

Except for systems employing Energy Commission-certified demand controlled ventilation
(DCV) devices or space occupancy sensors, the Energy Standards require that the
minimum rate of outdoor air calculated per §120.1(b)2 be provided to each space at all
times when the space is normally occupied §120.1(c)1. For spaces served by variable air
volume (VAV) systems, this means that the minimum supply setting of each VAV box should
be no less than the design outdoor ventilation rate calculated for the space, unless transfer
air is used. If transfer air is used, the minimum box position, plus the transfer air, must meet
the minimum ventilation rate. If transfer air is not used, the box must be controlled so that
the minimum required airflow is maintained at all times (unless demand controlled
ventilation or occupant sensor are employed).
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The design outdoor ventilation rate at the system level must always be maintained when the
space is occupied, even when the fan has modulated to its minimum capacity §120.1(c)1.
Section 4.3.11 describes mandated acceptance test requirements for outside air ventilation
in VAV air handling systems. In these tests, the minimum outside air in VAV systems will be
measured both at full flow and with all boxes at minimum position.

Figure 4-2 shows a typical VAV system. In standard practice, the testing and balancing
(TAB) contractor sets the minimum position setting for the outdoor air damper during
construction. It is set under the conditions of design airflow for the system, and remains in
the same position throughout the full range of system operation. Does this meet code? The
answer is no. As the system airflow drops, so will the pressure in the mixed air plenum. A
fixed position on the minimum outdoor air damper will produce a varying outdoor airflow. As
depicted in Figure 4-2, this effect will be approximately linear (in other words, outdoor air
airflow will drop directly in proportion to the supply airflow).

The following paragraphs present several methods used to dynamically control the minimum
outdoor air in VAV systems, which are described in detail below.

Regardless of how the minimum ventilation is controlled, care should be taken to reduce the
amount of outdoor air provided when the system is operating during the weekend or after
hours with only a fraction of the zones active. §120.2(g) requires provision of “isolation
zones” of 25,000 ft2 or less. This can be provided by having the VAV boxes return to fully
closed when their associated zone is in unoccupied mode. When a space or group of
spaces is returned to occupied mode (e.g. through off-hour scheduling or a janitor’s
override), only the boxes serving those zones need to be active. During this partial
occupancy, the ventilation air can be reduced to the requirements of those zones that are
active. If all zones are of the same occupancy type (e.g. private offices), simply assign a
floor area to each isolation zone and prorate the minimum ventilation area by the ratio of the
sum of the floor areas presently active divided by the sum of all the floor areas served by
the HVAC system.

Figure 4-2: VAV Reheat System with a Fixed Minimum Outdoor Air Damper Setpoint

Mixed Supply Duct static tip
air —
out plenum R fan ]
ut- ! .
side >E Igl N ) ‘ ( Supply air duct
ar Fiter — 1 T
oolin
pank =il
VAV [ VAV
box U box™
100%
=
S
o
8 2L PERE
3 50% f ?
<
[0]
<4
[0}
o
0%

0% 50% 100%
Percent Supply Air

2016 Nonresidential Compliance Manual January 2017



Page 4-36 Mechanical Systems - Ventilation Requirements

A. Fixed Minimum Damper Setpoint

This method does not comply with the Energy Standards; the airflow at a fixed minimum
damper position will vary with the pressure in the mixed air plenum. It is explicitly
prohibited in §120.1(e)2.

B. Dual Minimum Setpoint Design

This method complies with the Energy Standards. An inexpensive enhancement to the
fixed damper setpoint design is the dual minimum setpoint design, commonly used on
some packaged AC units. The minimum damper position is set proportionally based on
fan speed or airflow between a setpoint determined when the fan is at full speed (or
airflow) and minimum speed (or airflow). This method complies with the letter of the
Energy Standards but is not accurate over the entire range of airflow rates and when there
are wind or stack effect pressure fluctuations. But with DDC, this design has very low
costs.

C. Energy Balance Method

The energy balance method uses temperature sensors in the outside, as well as return
and mixed air plenums to determine the percentage of outdoor air in the supply air stream.
The outdoor airflow is then calculated using the equations shown in Figure 4-3. This
method requires an airflow monitoring station on the supply fan.

While technically feasible, it may be difficult to meet the outside air acceptance
requirements with this approach because:

1. Itis difficult to accurately measure the mixed air temperature, which is critical to the
success of this strategy. Even with an averaging type bulb, most mixing plenums
have some stratification or horizontal separation between the outside and mixed
airstreams.”

2. Even with the best installation, high accuracy sensors, and field calibration of the
sensors, the equation for percent outdoor air will become inaccurate as the return air
temperature approaches the outdoor air temperature. When they are equal, this
equation predicts an infinite percentage outdoor air.

3. The accuracy of the airflow monitoring station is likely to be low at low supply
airflows.

4. The denominator of the calculation amplifies sensor inaccuracy as the return air
temperature approaches the outdoor air temperature.

' This was the subject of ASHRAE Research Project 1045-RP, “Verifying Mixed Air Damper Temperature and Air Mixing
Characteristics.” Unless the return is over the outdoor air there are significant problems with stratification or airstream
separation in mixing plenums.

2016 Nonresidential Compliance Manual January 2017



Mechanical Systems —Ventilation Requirements Page 4-37

Figure 4-3: Energy Balance Method of Controlling Minimum Outdoor Air
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D. Return Fan Tracking

This method is also technically feasible, but will likely not meet the acceptance
requirements because the cumulative error of the two airflow measurements can be large,
particularly at low supply/return airflow rates. It only works theoretically when the minimum
outdoor air rate equals the rate of air required to maintain building pressurization (the
difference between supply air and return air rates). Return fan tracking (Figure 4-4) uses
airflow monitoring stations on both the supply and return fans. The theory behind this is
that the difference between the supply and return fans has to be made up by outdoor air,
and controlling the flow of return air forces more ventilation into the building. Several
problems occur with this method:

1. The relative accuracy of airflow monitoring stations is poor, particularly at low
airflows;

2. The cost of airflow monitoring stations;

3. It will cause building pressurization problems unless the ventilation air is equal to the
desired building exfiltration plus the building exhaust.

ASHRAE research has also demonstrated that in some cases this arrangement can cause
outdoor air to be drawn into the system through the exhaust dampers due to negative
pressures at the return fan discharge.
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Figure 4-4: Return Fan Tracking
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E. Airflow Measurement of the Entire Outdoor Air Inlet

This method is technically feasible but will likely not meet the acceptance requirements
depending on the airflow measurement technology. Most airflow sensors will not be
accurate to a 5-15 percent turndown (the normal commercial ventilation range).
Controlling the outdoor air damper by direct measurement with an airflow monitoring
station (Figure 4-5) can be an unreliable method. Its success relies on the turndown
accuracy of the airflow monitoring station. Depending on the loads in a building, the
ventilation airflow can be between 5 and 15 percent of the design airflow. If the outdoor
airflow sensor is sized for the design flow for the airside economizer, this method has to
have an airflow monitoring station that can turn down to the minimum ventilation flow
(between 5 and 15 percent). Of the different types available, only a hot-wire anemometer
array is likely to have this low-flow accuracy while traditional pilot arrays will not. One
advantage of this approach is that it provides outdoor airflow readings under all operating
conditions, not just when on minimum outdoor air. For highest accuracy, provide a damper
and outdoor air sensor for the minimum ventilation air that is separate from the
economizer outdoor air intake.
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Figure 4-5: Airflow Measurement of 100% Outdoor Air
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F. Injection Fan Method

This method complies with the Energy Standards, but it is expensive and may require
additional space. Note that an airflow sensor and damper are required since fan airflow
rate will vary as mixed air plenum pressure varies. The injection fan method (Figure 4-6)
uses a separate outdoor air inlet and fan sized for the minimum ventilation airflow. This
inlet contains an airflow monitoring station, and a fan with capacity control (e.g., discharge
damper; VFD), which is modulated as required to achieve the desired ventilation rate. The
discharge damper is recommended since a damper must be provided anyway to shut off
the intake when the AHU is off, and also to prevent excess outdoor air intake when the
mixed air plenum is very negative under peak conditions. (The fan is operating against a
negative differential pressure and thus cannot stop flow just by slowing or stopping the
fan.) This method works, but the cost is high and often requires additional space for the
injection fan assembly.
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Figure 4-6: Injection Fan with Dedicated Minimum Outdoor Air Damper
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G. Dedicated Minimum Ventilation Damper with Pressure Control

This approach is low cost and takes little space. It can be accurate if the differential
setpoint corresponding to the minimum outdoor air rate is properly set in the field. An
inexpensive but effective design uses a minimum ventilation damper with differential
pressure control (Figure 4-7). In this method, the economizer damper is broken into two
pieces: a small two position damper controlled for minimum ventilation air and a larger,
modulating, maximum outdoor air damper that is used in economizer mode. A differential
pressure transducer is placed across the minimum outdoor air damper. During start-up,
the air balancer opens the minimum outside air (OA) damper and return air damper,
closes the economizer OA damper, runs the supply fan at design airflow, measures the
OA airflow (using a hand-held velometer) and adjusts the minimum OA damper position
until the OA airflow equals the design minimum OA airflow. The linkages on the minimum
OA damper are then adjusted so that the current position is the “full open” actuator
position. At this point the design pressure (DP) across the minimum OA damper is
measured. This value becomes the DP setpoint. The principle used here is that airflow is
constant across a fixed orifice (the open damper) at fixed DP.

As the supply fan modulates when the economizer is off, the return air damper is
controlled to maintain the DP setpoint across the minimum ventilation damper.

The main downside to this method is the complexity of controls and the potential problems
determining the DP setpoint in the field. It is often difficult to measure the outdoor air rate
due to turbulence and space constraints.
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Figure 4-7: Minimum Outdoor Air Damper with Pressure Control
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Example 4-10
Question
Minimum VAV cfm:

If the minimum required ventilation rate for a space is 150 cfm, what is the minimum allowed airflow for its
VAV box when the design percentage of outdoor air in the supply is 20 percent?

Answer

The minimum allowed airflow may be as low as 150 cfm provided that enough outdoor air is supplied to all
spaces combined to meet the requirements of §120.1(b)2 for each space individually.

4.3.6 Pre-Occupancy Purge
| §120.1(c)2 |

Since many indoor air pollutants are out-gassed from the building materials and furnishings,
the Energy Standards require that buildings having a scheduled operation be purged before
occupancy §120.1(c)2. Immediately prior to occupancy, outdoor ventilation must be
provided in an amount equal to the lesser of:

1. The minimum required ventilation rate for 1 hour.
2. 3 complete air changes.

Either criterion can be used to comply with the Energy Standards. Three complete air
changes means an amount of ventilation air equal to 3 times the volume of the occupied
space. This air may be introduced at any rate provided for and allowed by the system, so
that the actual purge period may be less than an hour.

A pre-occupancy purge is not required for buildings or spaces that are not occupied on a
scheduled basis, such as storage rooms. Also, a purge is not required for spaces provided
with natural ventilation.
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Where pre-occupancy purge is required, it does not have to be coincident with morning
warm-up (or cool-down). The simplest means to integrate the two controls is to simply
schedule the system to be occupied one hour prior to the actual time of anticipated
occupancy. This allows the optimal start, warm-up or pull-down routines to bring the spaces
up to (or down to) desired temperatures before opening the outdoor air damper for
ventilation. This will reduce the required system heating capacity and ensure that the
spaces will be at the desired temperatures and fully purged at the start of occupancy.

Figure 4-8: Pre-Occupancy Purge Flowchart
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Example 4-11
Question

Purge Period:

What is the length of time required to purge a space 10 ft. high with an outdoor ventilation rate of 1.5

cfm/ft2?

Answer

For 3 air changes, each ft? of space must be provided with:

OA volume = 3 x 10 = 30 cf/ft?
At a rate of 1.5 cfm/ft?, the time required is:
Time = 30 cf/ft? / 1.5 cfm/ft? = 20 minutes
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Example 4-12
Question
Purge with Natural Ventilation:

In a building with natural ventilation, do the windows need to be left open all night to accomplish a building
purge?

Answer

No. A building purge is required only for buildings with mechanical ventilation systems.

Example 4-13
Question
Purge with Occupancy Timer:

How is a purge accomplished in a building without a regularly scheduled occupancy whose system
operation is controlled by an occupancy sensor?

Answer

There is no purge requirement for this building. Note that occupancy sensors and manual timers can only
be used to control ventilation systems in buildings that are intermittently occupied without a predictable
schedule.

4.3.7 Demand Controlled Ventilation
| §7120.1(c)3 and 4 |

Demand controlled ventilation (DCV) systems reduce the amount of ventilation supply air in
response to a measured level of carbon dioxide (CO,) in the breathing zone. The Energy
Standards only permit CO, sensors for the purpose of meeting this requirement; VOC and
so-called “IAQ” sensors are not approved as alternative devices to meet this requirement.
The Energy Standards only permit DCV systems to vary the ventilation component that
corresponds to occupant bioeffluents (this is basis for the 15 cfm/person portion of the
ventilation requirement). The purpose of CO, sensors is to track occupancy in a space;
however, there are many factors that must be considered when designing a DCV system.
There is often a lag time in the detection of occupancy through the build-up of CO,. This lag
time may be increased by any factors that affect mixing, such as short circuiting of supply air
or inadequate air circulation, as well as sensor placement and sensor accuracy. Build-up of
odors, bioeffluents, and other health concerns may also lag changes in occupancy;
therefore, the designers must be careful to specify CO, based DCV systems that are
designed to provide adequate ventilation to the space by ensuring proper mixing, avoiding
short circuiting, and proper placement and calibration of the sensors.

A. The Energy Standards requires the use of DVC systems for spaces with all of the
following characteristics:

1. Served by single zone units with any controls or multiple zone systems with Direct
Digital Controls (DDC) to the zone level, and

2. Has a design occupancy of 40 ft*/person or smaller (for areas without fixed seating
where the design density for egress purposes in the CBC is 40 ft*/person or
smaller), and

3. Has an air economizer.
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B. There are five exceptions to this requirement:

1. The following spaces are permitted to use DCV but are not required to: classrooms,
call centers, office spaces served by multiple zone systems that are continuously
occupied during normal business hours with occupant density greater than 25
people per 1000 ft2 per §120.1(b)2B (Table 4-13 and Table 4-14 above), healthcare
facilities and medical buildings, and public areas of social services buildings.

These spaces are exempted either due to concerns about equipment maintenance
practices (schools and public buildings) or concerns about high levels of pathogens
(social service buildings, medical buildings, healthcare facilities and to some extent
classrooms).

2. Where the space exhaust is greater than the required ventilation rate minus 0.2
cfm/ft2.

This relates to the fact that spaces with high exhaust requirements won’t be able to
provide sufficient turndown to justify the cost of the DCV controls. An example of
this is a restaurant seating area where the seating area air is used as make-up air
for the kitchen hood exhaust.

3. DCV devices are not allowed in the following spaces: Spaces that have processes
or operations that generate dusts, fumes, mists, vapors, or gases and are not
provided with local exhaust ventilation, such as indoor operation of internal
combustion engines or areas designated for unvented food service preparation, or
beauty salons.

This exception recognizes that some spaces may need additional ventilation due to
contaminants that are not occupant borne. It addresses spaces like theater stages
where theatrical fog may be used or movie theater lobbies where unvented popcorn
machines may be emitting odors and vapors into the space in either case justifying
the need for higher ventilation rates. DCV devices shall not be installed in spaces
included in Exception 3.

4. Spaces with an area of less than 150 ft?, or a design occupancy of less than 10
people per §120.1(b)2B (Table 4-13 and Table 4-14 above).

This recognizes the fact that DCV devices may not be cost effective in small spaces
such as a 15 ft x 10 ft conference room or spaces with only a few occupants at
design conditions.

5. Spaces less than 1500 ft? that comply with §120.1(c)5 - Occupant Sensor
Ventilation Control Devices.

This exception states that an occupant sensor is allowed to reduce the amount of
ventilation supply air in a vacant room.

Although not required, the Energy Standards permit design professionals to apply DCV on
any intermittently occupied spaces served by either single-zone or multiple-zone equipment.
§120.1(b)2 requires a minimum of 15 cfm of outdoor air per person times the expected
number of occupants; however, it must be noted that these are minimum ventilation levels
and the designers may specify higher ventilation levels if there are health related concerns
that warrant higher ventilation rates.

CO, based DCV is based on several studies (Berg-Munch et al. 1986, Cain et al. 1983,
Fanger 1983 and 1988, Iwashita et al. 1990, Rasmussen et al. 1985) that concluded that
about 15 cfm of outdoor air ventilation per person will control human body odor such that
roughly 80 percent of unadapted persons (visitors) will find the odor to be at an acceptable
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level. As activity level increases and bioeffluents increase, the rate of outdoor air required to
provide acceptable air quality increases proportionally, resulting in the same differential CO2
concentration.

Note that CO, concentration only tracks indoor contaminants that are generated by
occupants themselves and, to a lesser extent, their activities. It will not track other
pollutants, particularly volatile organic compounds (VOCs) that off-gas from furnishings and
building materials. Hence, where permitted or required by the Energy Standards, demand
controlled ventilation systems cannot reduce the outdoor air ventilation rate below the floor
rate listed in Energy Standards Table 120.1-A (typically 0.15 cfm/ft?) during normally
occupied times.

DCV systems save energy if the occupancy varies significantly over time. Hence they are
most cost effective when applied to densely occupied spaces like auditoriums, conference
rooms, lounges or theaters. Because DCV systems must maintain the floor ventilation rate
listed in Energy Standards Table 120.1-A, they will not be applicable to sparsely occupied
buildings such as offices where the floor rate always exceeds the minimum rate required by
the occupants (See Table 4-14).

C. Where DCV is employed (whether mandated or not) the controls must meet all of the
following requirements:

1. Sensors must be provided in each room served by the system that has a design
occupancy of 40 ft*/person or less, with no less than one sensor per 10,000 ft? of
floor space. When a zone or a space is served by more than one sensor, signal
from any sensor indicating that CO, is near or at the setpoint within a space, must
trigger an increase in ventilation to the space. This requirement ensures that the
space is adequately ventilated in case a sensor malfunctions. Design professional
should ensure that sensors are placed throughout a large space, so that all areas
are monitored by a sensor.

2. The CO, sensors must be located in the breathing zone (between 3 and 6 ft. above
the floor or at the anticipated height of the occupant’s head). Sensors in return air
ducts are not allowed since they can result in under-ventilation due to CO,
measurement error caused by short-circuiting of supply air into return grilles and
leakage of outdoor air (or return air from other spaces) into return air ducts.

3. The ventilation must be maintained that will result in a concentration of CO, at or
below 600 ppm above the ambient level. The ambient levels can either be assumed
to be 400 ppm or dynamically measured by a sensor that is installed within four feet
of the outdoor air intake. At 400 ppm outside CO, concentration, the resulting DCV
CO, setpoint would be 1000 ppm. (Note that a 600 ppm differential is less than the
700 ppm that corresponds to the 15 cfm/person ventilation rate. This provides a
margin of safety against sensor error, and because 1000 ppm CO, is a commonly
recognized guideline value and referenced in earlier versions of ASHRAE Standard
62.)

4. Regardless of the CO, sensor’s reading, the system is not required to provide more
than the minimum ventilation rate required by §120.1(b). This prevents a faulty
sensor reading from causing a system to provide more than the code required
ventilation for system without DCV control. This high limit can be implemented in the
controls.

5. The system shall always provide a minimum ventilation of the sum of the Energy
Standards Table 120.1-A values for all rooms with DCV and §120.1(b)2 (Table
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4-13) for all other spaces served by the system. This is a low limit setting that must
be implemented in the controls.

6. The CO, sensors must be factory-certified to have an accuracy within plus or minus
75 ppm at 600 and 1000 ppm concentration when measured at sea level and 25°C
(77°F), factory calibrated or calibrated at start-up, and certified by the manufacturer
to require calibration no more frequently than once every 5 years. A number of
manufacturers now have “self-calibrating” sensors that either adjust to ambient
levels during unoccupied times or adjust to the decrease in sensor bulb output
through use of dual sources or dual sensors. For all systems, the manufacturers of
sensors must provide a document to installers that their sensors meet these
requirements. The installer must make this certification information available to the
builder, building inspectors and, if specific sensors are specified on the plans, to
plan checkers.

7. When a sensor failure is detected, the system must provide a signal to reset the
system to provide the minimum quantity of outside air levels required by §120.1(b)2
to the zone(s) serviced by the sensor at all times that the zone is occupied. This
requirement ensures that the space is adequately ventilated in case a sensor
malfunctions. A sensor that provides a high CO, signal on sensor failure will comply
with this requirement.

8. For systems that are equipped with DDC to the zone level, the CO, sensor(s)
reading for each zone must be displayed continuously, and recorded. The EMCS
may be used to display and record the sensors’ readings. The display(s) must be
readily available to maintenance staff so they can monitor the systems
performance.

4.3.8 Occupant Sensor Ventilation Control Devices
[ §120.1(c)5 |

The use of occupant sensor ventilation control devices are mandated for multipurpose
rooms less than 1000 ft? ; classrooms over 750 ft*; and conference, convention, auditorium
and meeting center rooms greater than 750 ft* that do not have processes or operations that
generate dusts, fumes, vapors or gasses(by reference to §120.2(e)3). They are also an
alternate method of compliance for spaces mandated to have DCV that are less than 1,500
ft? (Exception 5 to §120.1(c)3).

There are a few spaces where it appears that both DCV and occupant sensor ventilation
controls are mandated (e.g. auditoriums greater than 750 ft?). Exception 1 to §120.1(c)5
exempts occupant sensor ventilation controls if DCV is implemented as required by
§120.1(c)4.

Where occupant sensor ventilation control devices are employed (whether mandated or not)
the controls must meet all of the following requirements:

1. Sensors must meet the requirements of §110.9(b)4 and shall have suitable coverage
to detect occupants in the entire space.

2. Sensors that are used for lighting can be used for ventilation as well as long as the
ventilation system is controlled directly from the occupant sensor and is not subject to
lighting overrides.

3. If a terminal unit serves several enclosed spaces, each space shall have its own
occupant sensor and all sensors must indicate lack of occupancy before the zone
airflow is cut off.
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4. The occupant sensor override shall be disabled during preoccupancy purge (i.e. the
terminal unit and central ventilation shall be active regardless of occupant status).

5. Supply fans on systems with all zones provided with occupant sensor ventilation
control devices can cycle off if all zones are vacant provided that minimum ventilation
to all zones is provided as follows:

6. For spaces with a design occupant density greater than or equal to 25 people per 1000
ft2 (40 square foot or less per person); 25 percent of the rate listed in Table 120.1-A:
Minimum Ventilation Rates.

To implement the last provision the supply fan on the unit serving the zones would have to
cycle on for at least 15 minutes of every hour with the outside air damper at or above
minimum position.

4.3.9 Fan Cycling
| §120.1(c)5E |

While §120.1(c)1 requires that ventilation be continuous during normally occupied hours
when the space is usually occupied, Exception 2 allows the ventilation to be disrupted for
not more than 30 minutes at a time. In this case the ventilation rate during the time the
system is ventilating must be increased so the average rate over the hour is equal to the
required rate.

It is important to review any related ventilation and fan cycling requirements in Title 8, which
is the Division of Occupational Safety and Health (Cal/lOSHA) regulations. Section 5142
specifies the operational requirements related to HVAC minimum ventilation. It states:

Operation:

1. The HVAC system shall be maintained and operated to provide at least the quantity of
outdoor air required by the State Building Standards Code, Title 24, Part 2, California
Administrative Code, in effect at the time the building permit was issued.

2. The HVAC system shall be operated continuously during working hours except:
a. During scheduled maintenance and emergency repairs;

b. During periods not exceeding a total of 90 hours per calendar year when a serving
electric utility by contractual arrangement requests its customers to decrease
electrical power demand; or

c. During periods for which the employer can demonstrate that the quantity of outdoor
air supplied by nonmechanical means meets the outdoor air supply rate required
by (a)(1) of this Section. The employer must have available a record of calculations
and/or measurements substantiating that the required outdoor air supply rate is
satisfied by infiltration and/or by a nonmechanically driven outdoor air supply
system.

Title 8 Section 5142(a)(1) refers to Title 24, Part 2 (the California Building Code) for the
minimum ventilation requirements. Section 1203 in the California Building Code specifies
the ventilation requirements, but simply refers to the California Mechanical Code, which is
Title 24, Part 4.

Chapter 4 in the California Mechanical Code specifies the ventilation requirements. Section
402.3 states, “The system shall operate so that all rooms and spaces are continuously
provided with the required ventilation rate while occupied.” Section 403.5.1 states,
“Ventilation systems shall be designed to be capable of providing the required ventilation
rates in the breathing zone whenever the zones served by the system are occupied,
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including all full and part-load conditions.” The required ventilation rates are thus not
required whenever the zones are unoccupied. This section affirms that ventilation fans may
be turned off during unoccupied periods. In addition, Section 403.6 states, “The system shall
be permitted to be designed to vary the design outdoor air intake flow or the space or zone
airflow as operating conditions change.” This provides further validation to fan cycling as
operating conditions change between occupied and unoccupied. A vacant zone has no
workers present and is thus not subject to working hour’s requirements until the zone is
actually occupied by a worker. Finally, Title 24, Part 4, states; “Ventilation air supply
requirements for occupancies regulated by the California Energy Commission are found in
the California Energy Code.” Thus, it refers to Title 24, Part 6 as the authority on ventilation.

Title 8 Section 5142(a)(2) states, “The HVAC system shall be operated continuously during
working hours.” This regulation does not indicate that the airflow, cooling, or heating needs
to be continuous. If the HVAC system is designed to maintain average ventilation with a fan
cycling algorithm, and is active in that mode, providing average ventilation air as required
during working hours, it is considered to be operating continuously per its mode and
sequence. During unoccupied periods, the HVAC system is turned off except for setback
and it no longer operates continuously. During the occupied period, occupant sensors or
CO2 sensors in the space provide continuous monitoring and the sequence is operating,
cycling the fan and dampers as needed to maintain the ventilation during the occupied
period. The HVAC system is operating with the purpose of providing ventilation, heating,
and cooling continuously during the working hours. The heater, air conditioner, fans, and
dampers all cycle on and off subject to their system controls to meet the requirements
during the working hours.

Exceptions A, B, and C to Title 8 Section 5142(a)(2) all refer to a complete system
shutdown where the required ventilation is not maintained.

Example 4-14
Question

Does a single zone air-handling unit serving a 2,000 ft? auditorium with fixed seating for 240 people require
demand controlled ventilation?

Answer
Yes if it has an air-side economizer. There are three tests for the requirement.

The first test is whether the design occupancy is 40 ft?/person or less. This space has 2,000 ft>/240 people
or 8.3 ft? /person.

The second test is that the unit is single zone.
The third is that it has an air-side economizer.

A single CO, sensor could be used for this space provided it is certified by the manufacturer to cover 2,000
ft? of space. The sensor must be placed directly in the space.

Example 4-15
Question

If two separate units are used to condition the auditorium in the previous example, is demand controlled
ventilation required?

Answer

Yes, if they each meet the three tests.
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Example 4-16
Question

The 2,000 ft* auditorium in the previous examples appears to require both demand controlled ventilation per
Section 4.3.7 and occupant sensor ventilation control devices per Section 4.3.87 Is this the case?

Answer

No, the exception in Section 4.3.8 exempts occupant sensor ventilation controls if implemented as required
in Section 4.3.7. Only demand controlled ventilation is required.

Example 4-17
Question

If a central AHU supplies five zones of office space (with a design occupant density of 100 ft*/person and
two zones with conference rooms (with a design occupant density of 35 ft?/person) is it required to have
demand controlled ventilation and if so, on which zones?

Answer

If the AHU has DDC controls to the zone and an airside economizer it is required to have DCV controls in
both of the conference room zones.

The minimum OSA will be set for 0.15 cfm/ft? times the total area of all seven zones (the office and
conference room zones) and the maximum required OSA does not need to exceed the sum of 0.15 cfm/ft?
for the 5 office zones plus 15 cfm per person for the two conference rooms.

4.3.9.1 Variable Air Volume (VAV) Changeover Systems

Some VAV systems provide conditioned supply air, either heated or cooled, through a single
set of ducting. These systems are called VAV changeover systems or, perhaps more
commonly, variable volume and temperature (VVT™) systems, named after a control
system distributed by Carrier Corp. In the event that heating is needed in some spaces at
the same time that cooling is needed in others, the system must alternate between
supplying heated and cooled air. When the supply air is heated, for example, the spaces
requiring cooling are isolated (cut off) by the VAV dampers and must wait until the system
switches back to cooling mode. In the meantime, they are generally not supplied with
ventilation air.

Systems of this type may not meet the ventilation requirements if improperly applied. Where
changeover systems span multiple orientations, the designer must make control provisions
to ensure that no zone is shut off for more than 30 minutes at a time and that ventilation
rates are increased during the remaining time to compensate. Alternatively, minimum
damper position or airflow setpoints can be set for each zone to maintain supply air rates,
but this can result in temperature control problems since warm air will be supplied to spaces
that require cooling, and vice versa. Changeover systems that are applied to a common
building orientation (e.g., all east or all interior) are generally the most successful since
zones will usually have similar loads, allowing minimum airflow rates to be maintained
without causing temperature control problems.

4.3.10 Adjustment of Ventilation Rate

§120.1(b) specifies the minimum required outdoor ventilation rate, but does not restrict the
maximum. However, if the designer elects to have the space-conditioning system operate at
a ventilation rate higher than the rate required by the Energy Standards, then the Energy
Standards require that the space-conditioning system must be adjustable so that in the
future the ventilation rate can be reduced to the amount required by the Energy Standards
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or the rate required for make-up of exhaust systems that are required for a process, for
control of odors, or for the removal of contaminants within the space §120.1(e).

In other words, a system can be designed to supply higher than minimum outside air
volumes provided dampers or fan speed can be adjusted to allow no more than the
minimum volume if, at a later time, someone decides it is desirable. The Energy Standards
preclude a system designed for 100 percent outdoor air, with no provision for any return air,
unless the supply air quantity can be adjusted to be equal to the designed minimum outdoor
air volume. The intent is to prevent systems from being designed that will permanently over-
ventilate spaces.

4.3.11 Acceptance Requirements
| §120.5 |

The Energy Standards have acceptance test requirements for:

1. Ventilation quantities at design airflow for constant volume systems §120.5(a)1 and
NA7.5.1.2.

2. Ventilation quantities at design and minimum airflow for VAV systems §120.5(a)1 and
NA7.5.1.1.

3. Ventilation system time controls §120.5(a)2 and NA7.5.2.
4. Demand controlled ventilation systems §120.5(a)5 and NA7.5.5.

These test requirements are described in Chapter 13 and the Reference Nonresidential
Appendix NA7.5. They are described briefly in the following paragraphs.

Example 4-18
Question
Maintenance of Ventilation System:

In addition to these commissioning requirements for the ventilation system, are there any periodic
requirements for inspection?

Answer

The Energy Standards do not contain any such requirements since they apply to the design and
commissioning of buildings, not to its later operation. However, Section 5142 of the General Industry Safety
Orders, Title 8, California Safety Code: Mechanically Driven Heating, Ventilating and Air Conditioning
(HVAC) Systems to Provide Minimum Building Ventilation, states the following:

Inspection and Maintenance

(1) The HVAC system shall be inspected at least annually, and problems found during these inspections
shall be corrected within a reasonable time.

(2) Inspections and maintenance of the HVAC systems shall be documented in writing. The employer
shall record the name of the individual(s) inspecting and/or maintaining the system, the date of the
inspection and/or maintenance, and the specific findings and actions taken. The employer shall ensure that
such records are retained for at least five years.

(3) The employer shall make all records required by this section available for examination and copying,
within 48 hours of a request, to any authorized representative of the Division (as defined in Section 3207 of
Title 8), to any employee of the employer affected by this section, and to any designated representative of
said employee of the employer affected by this Section.
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4.3.11.1 Ventilation Airflow
| NA7.5.1 |

Ventilation airflow has to be certified to be measured within 10 percent of the design airflow
quantities at two points of operation: full design supply airflow (all systems) and (for VAV
systems) at airflow with all VAV boxes at or near minimum position.

If airflow monitoring stations are provided, they can be used for these measurements.

4.3.11.2 Ventilation System Time Controls and Preoccupancy Purge

| NA7.5.2 |

Programming for preoccupancy purge and HVAC schedules are checked and certified as
part of the acceptance requirements. The sequences are also required to be identified by
specification section paragraph number (or drawing sheet number) in the compliance
documents.

4.3.11.3 Demand Controlled Ventilation System

| NA7.5.5 |

Demand controlled ventilation systems are checked for compliance with sensor location,
calibration (either factory certificate or field validation) and tested for system response with
both a high signal (produced by a certified calibration test gas applied to the sensor) and low
signal (by increasing the setpoint above the ambient level). A certificate of acceptance must
be provided to the enforcement agency that the demand control ventilation system meets
the Acceptance Requirements for Code Compliance. The certificate of acceptance must
include certification from the manufacturers of sensor devices that they will meet the
requirements of §120.1(c)4F and that they will provide a signal that indicates the CO, level
in the range required by §120.1(c)4, certification from the controls manufacturer that they
respond to the type of signal that the installed sensors supply and that they can be
calibrated to the CO, levels specified in §120.1(c)4, and that the CO, sensors have an
accuracy of within plus or minus 75 ppm at 600 and 1,000 ppm concentrations, and require
calibration no more frequently than once every 5 years.

4.4 Pipe and Duct Distribution Systems

441 Mandatory Measures

4.4.1.1 Requirements for Pipe Insulation

§120.3
Energy Standards Table 120.3-A

Most piping conveying either mechanically heated or chilled fluids for space conditioning or
service water heating must be insulated. The required thickness of piping insulation
depends on the temperature of the fluid passing through the pipe, the pipe diameter, the
function of the pipe within the system, and the insulation’s thermal conductivity.

Table 4-15 specifies the requirements in terms of inches of insulation with conductivity
within a specific range. These conductivities are typical for fiberglass or foam pipe
insulation. In this table, runouts are defined as being less than 2 inches in diameter, less
than 12 ft long, and connected to fixtures or individual terminal units. Piping within fan coil
units and within other heating or cooling equipment may be considered runouts for the
purposes of determining the required pipe insulation.
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Piping that does not require insulation includes the following:

1. Factory installed piping within space-conditioning equipment certified under §110.1 or
§110.2, see Section 4.2 of this chapter. Nationally recognized certification programs
that are accepted by the Energy Commission for certifying efficiencies of appliances
and equipment are considered to meet the requirements for this exception.

2. Piping that conveys fluid with a design operating temperature range between 60°F and
105°F, such as cooling tower piping or piping in water loop heat pump systems.

3. Piping that serves process loads, gas piping, cold domestic water piping, condensate
drains, roof drains, vents or waste piping.

Note: Designers may specify exempt piping conveying cold fluids to be insulated in
order to control condensation on the surface of the pipe. Examples may include cold
domestic water piping, condensate drains and roof drains. In these cases, the
insulation R-value is specified by the designer and is not subject to these regulations.

4. Where the heat gain or heat loss, to or from piping without insulation, will not increase
building source energy use. For example, piping connecting fin-tube radiators within
the same space would be exempt, as would liquid piping in a split system air
conditioning unit.

This exception would not exempt piping in solar systems. Solar systems typically have
backup devices that will operate more frequently if piping losses are not minimized.

5. Piping that penetrates framing members shall not be required to have pipe insulation
for the distance of the framing penetration. Metal piping that penetrates metal framing
shall use grommets, plugs, wrapping or other insulating material to assure that no
contact is made with the metal framing.

Conductivities and thicknesses listed in Table 4-15 are typical for fiberglass and foam.
When insulating materials are used that have conductivities different from those listed here
for the applicable fluid range, such as calcium silicate, Equation 4-1 may be used to
calculate the required insulation thickness.

When a pipe carries cold fluids, condensation of water vapor within the insulation material
may impair the effectiveness of the insulation, particularly for applications in very humid
environments or for fluid temperatures below 40°F. Examples include refrigerant suction
piping and low-temperature Thermal Energy Storage (TES) systems. In these cases,
manufacturers should be consulted and consideration given to low permeability vapor
barriers, or closed-cell foams.

The Energy Standards also require that exposed pipe insulation be protected from damage
by moisture, UV and physical abrasion including but not limited to the following:

1. Insulation exposed to weather shall be installed with a cover suitable for outdoor
service. The cover shall be water retardant and provides shielding from solar radiation
that can cause degradation of the material. Insulation must be protected by an external
covering unless the insulation has been approved for exterior use using a recognized
federal test procedure. Adhesive tape should not be used as insulation protection
because during preventive maintenance, removal of the tape will damage the integrity
of the original insulation.

2. Insulation covering chilled water piping and refrigerant suction piping located outside
the conditioned space shall have a Class | or Class Il vapor retarder. All penetrations
and joints of which shall be sealed.
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If the conductivity of the proposed insulation does not fall into the conductivity range listed in
Table 4-15, the minimum thickness must be adjusted using the following equation:

Equation 4-7: Insulation Thickness
T=PR[(1 +t/PR)K/k-1]

Where:
T = Minimum insulation thickness for material with conductivity K, inches.
PR = Pipe actual outside radius, inches.
t = Insulation thickness, inches (Table 4-15 for conductivity k).

K = Conductivity of alternate material at the mean rating temperature indicated in Table 4-15
for the applicable fluid temperature range, in Btu-in./(h-ft? -°F).

k = The lower value of the conductivity range listed in Table 4-15 for the applicable fluid
temperature, Btu-in/(h-ft2 -°F).

Table 4-15: Pipe Insulation Thickness

NOMINAL PIPE DIAMETER (in inches)

CONDUCTIVITY
RANGE
(in Btu-inch per INSULATION 15t0 4to
FLUID hour per MEAN RATING <1 110 <15 <4 <8 >8
TEMPERATURE square TEMPERATURE
RANGE (°F) foot per °F) (°F) INSULATION THICKNESS REQUIRED (in inches)
Space heating and service water heating systems (steam, steam condensate and hot water);

Above 350 0.32-0.34 250 4.5 5.0 5.0 5.0 5.0
251-350 0.29-0.32 200 3.0 4.0 45 4.5 45
201-250 0.27-0.30 150 25 25 25 3.0 3.0
141-200 0.25-0.29 125 1.5 1.5 2.0 2.0 2.0
105-140 0.22-0.28 100 1.0 1.5 1.5 1.5 1.5

Space cooling systems (chilled water, refrigerant and brine)
Nonres | Res | Nonres | Res
40-60 0.21-0.27 75 0.5 0.75 0.5 0.75 1.0 1.0 1.0
Below 40 0.20-0.26 50 1.0 1.5 1.5 1.5 1.5
Energy Standards Table 120.3-A
Example 4-19
Question

What is the required thickness for calcium silicate insulation on a 4 inches diameter pipe carrying a 300°F
fluid?

Answer

From Table 4-15, the required insulation thickness is 4.5 inches for a 4 inches pipe in the range of 251-
350°F.
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The lower of the range for mean conductivity at this temperature is listed as 0.29 (Btu-in.)/(h-ft>-°F). From
manufacturer’'s data, it is determined that the conductivity of calcium silicate at 300°F is 0.45 Btu-in./(h-ft>-
°F). The required thickness from equation 4-2 is therefore:

T = PR[(1 + /PR)* - 1]
T = 4[(1 + 4.5/4) #031_1]
T = 8.9 inches

When insulation is not available in the exact thickness calculated, the installed thickness should be the next
larger available size.

4.41.2 Requirements for Air Distribution System Ducts and Plenums
[ §120.4 |

Poorly sealed or poorly insulated duct work can cause substantial losses of air volume and
energy. All air distribution system ducts and plenums, including building cavities, mechanical
closets, air handler boxes and support platforms used as ducts or plenums, are required to
be installed, sealed, and insulated in accordance with the California Mechanical Code
(CMC) Sections 601, 602, 603, 604, 605 and ANSI/SMACNA-006-2006 HVAC Duct
Construction Standards Metal and Flexible 3rd Edition.

A. Installation and Insulation

[ §120.4(a) |

Portions of supply-air and return-air ducts ductwork conveying heated or cooled air located

in one or more of the following spaces shall be insulated to a minimum installed level of
R-8:

1. Outdoors, or
2. In a space between the roof and an insulated ceiling; or

3. In a space directly under a roof with fixed vents or openings to the outside or
unconditioned spaces; or

4. In an unconditioned crawlspace; or
5. In other unconditioned spaces.

Portions of supply-air ducts ductwork that are not in one of these spaces shall be insulated
to a minimum installed level of R-4.2 (or any higher level required by CMC Section 605) or
be enclosed in directly conditioned space.

B. CMC insulation requirements are reproduced in Table 4-16. The following are
also required:

1. Mechanically fasten connections between metal ducts and the inner core of flexible
ducts.

2. Joint and Seal openings with mastic, tape, aerosol sealant or other duct closure
system that meets the applicable requirements of UL 181, UL 181A, UL 181B or UL
723 (aerosol sealant).

All joints must be made airtight by use of mastic, tape, aerosol sealant, or other duct-
closure system that meets the applicable requirements of UL 181, UL 181A, UL 181B, or
UL 723. Duct systems shall not use cloth-back, rubber adhesive duct tape regardless of
UL designation, unless it is installed in combination with mastic and clamps.
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When mastic or tape is used to seal openings greater than 1/4 in., a combination of mastic
and mesh or mastic and tape must be used.

The Energy Commission has approved two cloth-backed duct tapes with special butyl or
synthetic adhesives rather than rubber adhesive to seal flex duct to fittings. These tapes
are:

1. Polyken 558CA or Nashua 558CA, manufactured by Berry Plastics, Tapes and
Coatings Division; and

2. Shurtape PC 858CA, manufactured by Shurtape Technologies, Inc.

These tapes passed Lawrence Berkeley National Laboratory (LBNL) tests comparable to
those that cloth-back rubber-adhesive duct tapes failed (the LBNL test procedure has
been adopted by the American Society of Testing and Materials as ASTM E2342-03).
These tapes are allowed to be used to seal flex duct to fittings without being in
combination with mastic. These tapes cannot be used to seal other duct system joints,
such as the attachment of fittings to plenums and junction boxes. These tapes have on
their backing the phrase "CEC Approved," and a drawing of a fitting to plenum joint in a
red circle with a slash through it (the international symbol of prohibition) to illustrate where
they are not allowed to be used, and installation instructions in their packing boxes that
explain how to install them on duct core to fittings and a statement that the tapes cannot
be used to seal fitting to plenum and junction box joints.

C. Factory-Fabricated Duct Systems

| §120.4(b)1 |

Factory-fabricated duct systems must meet the following requirements:

1. All factory-fabricated duct systems shall comply with UL 181 for ducts and closure
systems, including collars, connections and splices, and be labeled as complying
with UL181. UL181 testing may be performed by UL laboratories or a laboratory
approved by the Executive Director.

2. Pressure-sensitive tapes, heat-activated tapes, and mastics used in the manufacture
of rigid fiberglass ducts comply with UL 181 and UL181A.

3. Pressure-sensitive tapes and mastics used with flexible ducts comply with UL181
and UL181B.

4. Joints and seams of duct systems and their components shall not be sealed with
cloth back rubber adhesive duct tapes unless such tape is used in combination with
mastic and drawbands.

D. Field-Fabricated Duct Systems
[ §120.4(b)2 |

Field-fabricated duct systems must meet the following requirements:

1. Factory-made rigid fiberglass and flexible ducts for field-fabricated duct systems
comply with UL 181. Pressure-sensitive tapes, mastics, aerosol sealants or other
closure systems shall meet applicable requirements of UL 181, UL 181A and UL
181B.

2. Mastic Sealants and Mesh:

a. Sealants comply with the applicable requirements of UL 181, UL 181A, and UL
181B, and shall be non-toxic and water resistant.
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b. Sealants for interior applications shall pass ASTM C 731 (extrudability after aging)
and D 2202 (slump test on vertical surfaces), incorporated herein by reference.

c. Sealants for exterior applications shall pass ASTM C 731, C 732 (artificial
weathering test) and D 2202, incorporated herein by reference.

d. Sealants and meshes shall be rated for exterior use.

3. Pressure-sensitive tapes shall comply with the applicable requirements of UL 181,
UL 181A and UL 181B.

4. Drawbands used with flexible duct shall:
a. Be either stainless-steel worm-drive hose clamp