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Nonresidential Compliance Manual

Abstract

This manual is designed to help owners, designers, builders, inspectors, examiners, and energy
consultants comply with and enforce California’s energy efficiency standards for nonresidential
buildings. Written as both a reference and an instructional guide, this manual can be helpful for
anyone that is directly or indirectly involved in the design and construction of energy efficient
nonresidential buildings. This manual is intended to supplement several other documents that
are available from the California Energy Commission (Energy Commission). These are: (1)
2008 Title 24 Building Energy Efficiency Standards (Standards) which were adopted April 23,
2008 and become effective July 1, 2009; (2) Reference Appendices for the Standards; and (3)
Nonresidential Alternative Calculation Method Manual. This manual provides a summary of the
principle changes in the 2008 Standards relative to the 2005 Standards. The technical chapters
cover building envelope, mechanical systems, indoor lighting, outdoor lighting, sign lighting,
and refrigerated warehouses. Mandatory measures and prescriptive requirements are described
within each technical area, subsystem or component. Other subjects that are covered include the
compliance and enforcement process, compliance documentation, acceptance testing
requirements and whole building performance approach.

Keywords: standards, energy, efficiency, nonresidential, buildings, envelope, mechanical,
lighting, sign, warehouse, performance, prescriptive, mandatory, compliance, acceptance,
enforcement, budget
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1.Introduction

11

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 California Building
Energy Efficiency Standards for nonresidential buildings. The manual is written
as both a reference and an instructional guide and can be helpful for anyone
that is directly or indirectly involved in the design and construction of energy
efficient nonresidential buildings.

Ten chapters make up the manual:

» This chapter (Chapter 1) introduces the 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 design of the building
envelope.

» Chapter 4 covers the requirements for HVAC systems and water heating
systems.

» Chapter 5 addresses the requirements for indoor lighting.
e 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 refrigerated warehouses.
» Chapter 9 covers the whole building performance approach.
e Chapter 10 addresses the acceptance requirements.

Cross-references within the manual use the word ‘Section’ while references to
sections in the Standards are represented by “8.”

This chapter is organized as follows:

- 1.1 Organization and Content

e 1.2 Related Documents

« 13 The Technical Chapters

e 14 Why California Needs Energy Standards

e 15 What's New for 2008

- 16 Mandatory Measures and Compliance Approaches

2008 Nonresidential Compliance Manual November 2008



Introduction — The Technical Chapters Pagel-2

e 1.7 Scope and Application
e 1.8 About the Standards
1.2 Related Documents

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

» The Standards. This manual supplements and explains California Building
Energy Efficiency Standards; it does not replace them. Readers should have
a copy of the Standards to refer to while reading this manual.

» The Reference Appendices:

o0 Reference Joint Appendices contain information that is common
to both residential and nonresidential buildings.

o0 Reference Residential Appendices contain information that is for
residential buildings only.

» Reference Nonresidential Appendices contain information that is for
nonresidential buildings only. The Nonresidential ACM Manual. The
Nonresidential ACM Manual is primarily a specification for computer
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. Water heating information
is located in the Residential ACM Manual.

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

1.3 The Technical Chapters

Each of the six technical chapters (3 through 8) begins with an overview, which
is followed by a presentation of each subsystem. For the building envelope,
subsystems include fenestration, insulation, infiltration, etc. For HVAC, the
subsystems include heating equipment, cooling equipment, and ducts.
Mandatory measures and prescriptive requirements are described within each
subsystem or component. These determine the stringency of the Standards and
are the basis of the energy budget when the performance method is used.
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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.

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 electrical grid can operate in a more stable state.
The 2008 Standards (for residential and nonresidential buildings) are expected
to reduce the growth in electricity use by 561 gigawatt-hours per year (GWhly)
and reduce the growth in gas use by 19.0 million therms per year (thermsl/y).
The savings attributable to new nonresidential buildings are 459 GWh/y of
electricity savings and 11.5 million therms. Savings from the application of the
Standards on building alterations accounts for 270 GWh/y and 8.2 million
therms. These savings are cumulative, doubling in two years, tripling in three,
etc.

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 seriously disrupt business and cost the
economy billions of dollars.

Since the California electricity crisis, the Energy Commission has placed more
emphasis on demand reduction. The 2001 and 2005 standards resulted in 330
megawatts (MW) of demand reduction. The 2008 Standards are expected to
reduce electric demand by another 132 MW each year. Nonresidential buildings
account for 95 MW of these savings. Like energy savings, demand savings
accumulate each year.

Comfort

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

Economics

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

Environment

The use of energy has led to oil spills, acid rain, smog, and other forms of
environmental pollution that have ruined the natural beauty people seek to
enjoy. California is not immune to these problems, but Appliance Efficiency
Regulations, the Standards, and utility programs that promote efficiency and
conservation help to maintain environmental quality. Other benefits include
reduced destruction of natural habitats, which in turn helps protect animals,
plants, and natural systems.

Greenhouse Gas Emissions and Global Warming

Burning fossil fuel is a major contributor to global warming; carbon dioxide is
being added to an atmosphere already containing 25 percent more 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. Energy
Commission research shows that most of the 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 a number 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 the chief elements in energy and
global warming policy. Their first efficiency recommendation was simple: Adopt
nationwide energy efficient building codes.

The Standards is expected to have a significant impact on reducing greenhouse
gas and other air emissions: carbon dioxide would be reduced by 473,000 tons
first year of construction, cumulative each year thereafter.

1.5 What's New for 2008

The process to develop the 2008 Standards began with a call for ideas in winter
of 2005, moved through a series of workshops and hearings in 2005 through
2007 and concluded at the adoption hearing on April 23, 2008. Energy
Commission staff, contractors, utilities and many others participated in the
process. The following paragraphs summarize the principle changes that
resulted.

All Buildings

» Revisions to: Administrative §10-103 to allow for electronic filing and
compliance documentation maintenance for future use, Administrative §10-
105 to clarify roles and responsibilities of state agencies for enforcement of
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the Standards, and Administrative 810-113 to clarify requirements for low-
sloped and steep-sloped roofs.

Revisions and clarifications to 8118, Mandatory Requirements for Insulation
and Roofing Products. These revisions include introduction of Solar
Reflectance Index (SRI) for cool roof compliance.

Revisions and clarifications to 8119, Mandatory Requirements for Lighting
Control Devices.

Nonresidential Buildings

Roofing Products (Cool Roofs). The 2008 Standards now has new
prescriptive cool roof requirements for steep-sloped applications, which
consist of high reflectance and high emittance for the roofing products. The
prescriptive standards already require high reflectance and high emittance
roof surfaces in all low-sloped applications.

The alteration requirements for roofing products have been changed to
clarify that all replacements, recovering or recoating of the exterior surface of
existing nonresidential roofs shall meet the requirements of 8118(i).

Overall Building Envelope Method §8143(b). The prescriptive overall building
envelope method has been revised to combine heating and cooling and to
provide simplified trade-offs for roofing alterations.

Site-Built Fenestration. Changes to site-built fenestration requirements
including the new NFRC Component Modeling Approach (CMA) certification,
new fenestration acceptance requirements and changes to CEC default
values in 8116 and Reference Nonresidential Appendix NA6 and NA7.4.

Insulation Levels §143(a). Revised prescriptive requirements for roof, wall,
and floor insulation levels in certain climate zones,

Acceptance Requirements. Basic “building commissioning”, at least on a
component basis, is required for electrical and mechanical equipment that is
prone to improper installation. The mechanical acceptance requirements
have been updated to meet the 2008 Standards requirements. There are
also new acceptance requirements for envelope (fenestration) and outdoor
lighting systems.

Demand Control Ventilation §121(c). Controls that measure CO,
concentrations and vary outside air ventilation are required for spaces such
as conference rooms, dining rooms, lounges, and gyms. The 2008
Standards expand the DCV requirements to multizone systems but exempt
high occupant density spaces from these requirements, and add new
requirements to ensure that adequate ventilation is provided to the spaces.

Refrigerated Warehouses §126. New mandatory envelope, lighting, and
mechanical requirements for refrigerated warehouses.

Water Heating 8113 and §145. New mandatory and prescriptive
requirement for Hotel/Motel occupancies to use residential water heating
models, and new prescriptive requirement for gas water heating in
nonresidential buildings.

VAV systems 8§144(L). New control requirements for single-zone variable
(adjustable) air volume equipment.
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» Control Systems. Expand direct digital control systems to zone level for
HVAC systems (8122), including demand shedding controls (8122), hydronic
pressure reset (8144(j), VAV zone minimums (8144(d), and supply air
temperature reset §144(f).

» Indoor Lighting.8146. The lighting power limits for some indoor lighting in the
Area Category and Complete Building type of uses are reduced in response
to advances in lighting technology. New function areas and type of uses
have been created. Updates for indoor lighting requirements for Tailored
Method, including wall and floor display lighting,

» Occupant Sensors 8131(d). Added new requirements for occupant sensors
in indoor areas, including offices less than 250 square feet, multipurpose
rooms of less than 1000 square feet, and classrooms and conference rooms
of any size,

 Demand Response §131(g). New demand response controls to reduce
indoor lighting when signaled including load shedding ballasts.

« Skylights for Daylighting in Buildings8131(c). For prescriptive compliance in
low-rise conditioned or unconditioned enclosed spaces that are greater than
8,000 ft* directly under a roof with ceiling heights greater than 15 ft and have
a lighting power density for general lighting equal to or greater than 0.5 W/ft?
shall meet §143(c)1-4.

» Side-Lighting 8131(c). Updates to require automatic daylighting controls
within daylit areas near windows for some types of buildings. The definition
of daylit area has been updated.

e Outdoor lighting (8147) LPDs have been revised to reflect new technologies
and IESNA recommendations. Outdoor lighting compliance has been
revised to introduce the “layered approach” to simplify compliance. Sign
Lighting 8148. Lighting power limits (or alternative equipment efficiency
requirements) apply to externally and internally illuminated signs used either
indoors or outdoors. The list of alternative light sources has been expanded
and reorganized to better reflect the state of technology.

1.6 Mandatory Measures and Compliance Approaches

In addition to the mandatory measures (Section 1.6.1), the 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.
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1.6.1 Mandatory Measures

With either the prescriptive or performance compliance paths, there are
mandatory measures that must always be met. Many of the mandatory
measures deal with infiltration control, indoor and outdoor lighting, or sign
lighting; other mandatory measures require minimum insulation levels and
equipment efficiency or requirements for refrigerated warehouses. The minimum
mandatory levels are sometimes superseded by more stringent prescriptive or
performance requirements.

1.6.2 Prescriptive Requirements
Prescriptive Approach

The prescriptive approach (composed of prescriptive requirements described in
Chapters 3, 4, 5, and 6) is the simpler 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 they are area-weighted with the rest of
the walls, and the 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.

» Building Envelope. The prescriptive envelope requirements are determined
either by the envelope component approach or the overall envelope
approach. These two approaches are described in detail in Chapter 3 of this
manual. The stringency of the envelope requirements varies according to
climate zone and occupancy type.

* Mechanical. The prescriptive mechanical requirements are described in
detail in Chapter 4. The prescriptive approach does not offer any alternative
approaches, but specifies equipment, features and design procedures that
must be followed.

» 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 Standards varies
according to the requirements of the particular building occupancy or task
requirements.

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
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canopies, building entrances, building facades and signs. The 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 9) 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
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 the flexibility and because it
provides a way to find the most cost-effective solution for complying with the
Standards.

The performance approach requires that the annual 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 envelope or mechanical
compliance, 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.

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 Joint Appendices has
more information on TDV energy.

Three 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 provide a good starting point for the development of the
design.)

2. Demonstrate that the building complies with the mandatory measures
(see Chapters 3, 4,56 7 and 8).

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

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

If performance approach will be used for additions and alterations see Chapter 9
for details.

1.7 Scope and Application

The California 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 the 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, Sor U . Ifthese
buildings are directly or indirectly conditioned, they must 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 Standards.

The Standards do not apply to CBC Group I. 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 California building codes,
such as mobile structures. If outdoor lighting is associated with a Group |
occupancy, it is exempt from the Standards requirement; however, if the outdoor
lighting is part of any of occupancy groups listed above, it must comply with the
Standards requirements.

Historic Buildings

Exception 1 to §100(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
Building Energy Efficiency Standards. Building Energy Efficiency Standards
8146(a)3Q and 8147 Exception 14 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,
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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 Building Energy Efficiency Standards.

The California Historical Building Code (CHBC) Section102.1.1 specifies that all
non-historical additions must comply with the regular code for new construction,
including the Building Energy Efficiency 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 Building Energy Efficiency Standards, including the
Appliance Efficiency Regulations.

The California State Historical Building Safety Board has final authority in
interpreting the requirements of the CHBC and determining to what extent the
requirements of the Building Energy Efficiency Standards apply to new and
replacement equipment and other alterations to qualified historic buildings. It
should be noted that in enacting the State Historical Building Code legislation,
one of the intents of the Legislature was to encourage energy conservation in
alterations to historic buildings (Health and Safety Code Section18951).

Additional information about the CHBC can be found on the following website:
http://www.dsa.dgs.ca.qov/StateHistoricalBuildingSafetyBoard/
Contact the State Historical Building Safety Board at (916) 445-7627.

Low-rise Residential Buildings

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

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

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

» Additions and alterations to all the above buildings.

» Private garages, carports, sheds and agricultural buildings.
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Table 1-1 — Nonresidential vs. Residential Standards
Nonresidential Standards Low-Rise Residential Standards

These Standards cover all nonresidential occupancies (Group These Standards cover all low-rise residential occupancies
A, B, E, F, H, M, R, S or U), as well as high-rise residential including:

(Groups R-1 and R-2 with four or more habitable stories), and

all hotel and motel occupancies.

Offices All single family dwellings of any number of stories

Retail and wholesale stores (Group R-3)

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

Restaurants All multi-family buildings with three or fewer habitable stories

Assembly and conference areas above grade (Groups R-1 and R-2)

Industrial work buildings Additions and alterations to all of the above 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

Note: The 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.

1.7.2 Scope of Improvements Covered

The 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 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 Standards apply only to buildings that are directly or
indirectly conditioned by mechanical heating or mechanical cooling. Section
1.7.15 provides detailed definitions of these terms.

1.7.3 Speculative Buildings

Known Occupancy

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
several compliance choices:

2008 Nonresidential Compliance Manual November 2008



Introduction — Scope and Application Pagel-12

« Declare building to be unconditioned space, forcing tenants to
be responsible for envelope, interior lighting, possibly some
exterior lighting, and mechanical compliance.

« Include envelope compliance.

« Include envelope compliance as well as mechanical and/or
lighting compliance, when those systems are to be installed
prior to leasing.

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 of the shell 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 1.7.10.

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
WI/ft?, ceiling heights greater than 15 ft, and an enclosed area greater than 8,000
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 the big box retail or warehouse
market, 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 Standards.
The remaining construction and Standards compliance work can be dealt with
as each tenant obtains building permits for work in their individual spaces

(see Section 1.7.10).
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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 eventually be used as an office, a
warehouse, a restaurant, or retail space. Because the Standards treat these
occupancies in a similar fashion, the fact that the ultimate occupancy is
unknown is not a significant problem. 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 tenant leased
space lighting power allowances from Standards Table 146-F shall be used.

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

1.7.4 Mixed Use Buildings

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

 Minor Occupancy (exception to 8100(f)). When either residential
occupancy is mixed or one of those is mixed with a nonresidential
occupancy the envelope, mechanical requirements for each occupancy
differ. In these cases, if the minor occupancy or occupancies occupy less
than 20 percent of the total conditioned floor area, then they may optionally
be treated as if they were of the major occupancy for the purpose of
envelope, HVAC, and water heating. Lighting requirements in 8146 through
148 or 150(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.

« Different Nonresidential Occupancies. When both of these occupancies
fall under the nonresidential side of the Standards, they would be dealt with
together under the same compliance process.

» Hotel/Motel and Nonresidential Occupancies. A hotel/motel with guest
rooms, restaurants, sports facilities and/or other nonresidential occupancies
is defined as a 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.

» Mixed Residential and Nonresidential Occupancies. These occupancies
fall under different sets of Standards and are considered separately. Two
compliance submittals must be prepared, each using the calculations and
forms of its respective Standards.
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Example 1-1
Question

A 250,000ft? high-rise office building includes a small 500ft> 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 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 it
is a minor occupancy and may be treated as part of the office occupancy. Secondly 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 low-rise residential mandatory measures apply.

1.7.5 High-rise Residential

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

The 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 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
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.

Mandatory Measures

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

e Living quarters must meet the applicable indoor lighting requirements for
low-rise residential buildings.

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

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

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

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

Prescriptive Compliance

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

» The envelope must meet the prescriptive envelope criteria for high-rise
residential buildings (Standards Table 143-B).

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

» 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 8§150(k) that governs lighting in
all spaces (including kitchen lighting requirements) except closets less than
70 square feet floor area. See Chapter 6 of the 2008 Residential
Compliance Manual.

» Each occupancy (other than living quarters) in the high-rise residence must
comply with the nonresidential lighting requirements.

» For compliance with water heating requirements use the low-rise residential
compliance.

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 the program along with its
corresponding envelope, mechanical and lighting features. The computer
program will automatically calculate an energy budget for the standard design,
and the proposed design's energy use.

1.7.6 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,
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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, and 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
Standards, the concepts presented at the beginning of each chapter apply to
hotels/motels as they would any other nonresidential occupancy.

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.

» 90 percent of the hotel/motel guest rooms must meet the applicable lighting
requirements for low-rise residential buildings.

» Outdoor lighting must meet the applicable outdoor lighting requirements.

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

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

» 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.

e Automatic lighting shut-off controls are not required for hotel/motel guest
rooms.

Prescriptive Compliance

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

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

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

« Guest rooms in hotel/motels are exempt from the lighting power density
requirements. However, lighting must meet the low-rise residential
requirements of 8150 (k).

« Each occupancy (other than guest rooms) in the hotel/motel must comply
with the nonresidential lighting requirements.
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» For compliance with water heating requirements use the low-rise residential
compliance

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 program along with its corresponding
envelope, mechanical and indoor lighting features. The computer program will
automatically calculate an energy budget for the standard design, and the
proposed design’s energy use.

1.7.7 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 requirement (depending on the number of
habitable stories) applies since these buildings operate (and therefore are
conditioned) 24 hours per day. Lighting in designated workspaces is required to
show compliance with the nonresidential lighting requirements (§146).

1.7.8 Unconditioned Space

Unconditioned space is neither directly nor indirectly conditioned, as defined in
the previous section. Both the requirements for lighting and minimum skylight
area apply to unconditioned space. Some typical examples of spaces that may
be unconditioned:

» Enclosed parking structures

e Automotive workshops

» Enclosed entry courts or walkways

» Enclosed outdoor dining areas

* 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. See Figure 1-1 to determine
whether a space is unconditioned or conditioned.
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Figure 1-1 — Type of Conditioned Space and Scope of Compliance

1.7.9 Newly Conditioned Space

) 4

Unconditioned space.
(Lighting only applies)

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
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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 be installed.

This requirement can cause difficulty when an owner of a building seeks
exemption from complying with the 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 tenant leased space lighting power
allowances from Standards Table 146-F shall be used. As soon as the tenant
applies for a permit to install the HVAC equipment, however, the envelope and
any existing lighting to remain must then be brought into full compliance with the
requirements for the occupancy designated at the time of the HVAC permit
application. 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 building departments 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 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.

1.7.10 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, the mechanical, or the 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.

1.7.11 Alterations to Existing Conditioned Spaces

[ §149(b)
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An alteration is any change to a building’s water heating system, space
conditioning system, indoor lighting system, outdoor lighting system, sign, or
envelope that is not an addition. Alterations or renovations to existing
conditioned spaces have their own set of rules for energy compliance. They are
covered in 8149(b). Additions are discussed in 8149(a).

In summary, the alteration rules are:

1. The Standards apply only to those portions of the systems being altered;
untouched portions need not comply with the Standards.

2. If an envelope, 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 changed
components.

4. New systems in the alteration must comply with the current Standards.

In an existing unconditioned building, outdoor lighting, or sign lighting
system, altered lighting must meet mandatory measures for the changed
lighting component.

6. Alterations that increase the connected lighting load or replace more than 50
percent of the lighting fixtures (counting existing and new fixtures only in the
enclosed spaces where light fixture alterations are proposed) must meet
current Standards. Replacement of parts of an existing lighting fixture,
including installing new ballasts or lamps, without replacing the entire
luminaires is not an alteration subject to the alteration requirements.

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

The effect of these rules is that, in most cases, the existing systems (envelope
and lighting) set the standard for the altered systems. For example, if the
existing lighting system is changed but does not increase the connected lighting
load, does not replace more than 50 percent (30 percent for outdoor lighting) of
fixtures in the spaces where lighting changes are proposed, but meets the
applicable mandatory measures, it complies. The same holds true for changes
to the envelope: if the overall heat loss or heat gain is not increased and it
meets its applicable mandatory measures, then it complies. Mechanical system
alterations are governed primarily by the mandatory measures.

The alternative alteration rule is to make changes to the existing building so that
the entire building (existing and alteration) complies with the performance
approach of the current Standards. Keep in mind that, under the performance
approach, credit is given only for systems that are actually changed in the
current construction process.
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Example 1-2
Question

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

Answer

Exception to 8149(b)1Aiii exempts up to 150 square feet of added windows from the requirements
8143(a)5, which includes the west facing windows limitations and U-factor requirements. The new
glazing must still meet the RSHG requirements for the 30-40 percent of WWR of Table 143-B.
Example 1-3

Question

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

Answer

If more than 50 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 8146. 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. Title 20 Appliance
Efficiency Regulations requirements for ballasts would also apply.

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 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 re-arrange 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
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A building owner wants to replace an existing chiller. No other changes will be made to the HVAC
system. Do the 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 Standards.

Example 1-7
Question

A building owner has a high ceiling space and 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 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.

1.7.12 Additions

[ §149(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, 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. The only
exception to this is if the existing mechanical system(s) are simply extended into
the addition: Standards Exception to §149(a). Refer above to Section 1.7.8 for
further discussion of previously unconditioned space. Note that unconditioned
additions need only comply with indoor, outdoor lighting, and sign lighting
requirements of the Standards.

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

Option 1 — Addition Alone

Treat the addition as a stand-alone building with adiabatic walls to conditioned
space (8149(a)l and (8149(a)2.B.i). This option can employ 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.
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Option 2 — Existing-Plus-Addition

Combine the existing building with the addition (§149(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 (allowed) budget is calculated based on the existing
building features that remain unaltered, and all proposed alterations modeled to
meet the requirements of §149(b)2B (these are generally mandatory or
prescriptive requirements for mechanical, envelope, and lighting systems) plus
the addition modeled to meet the requirements of §141. If the proposed energy
use is less than or equal to the standard budget, then the building complies.
The Standard Design for any alterations to existing lighting and mechanical
systems must meet the requirements for altered systems in §149(b).

This option will generally work to ease the energy requirements of the addition
only if there are energy improvements to the existing building. It does allow the
designer to make a relatively energy inefficient addition comply.

Option 3 — Whole Building

The existing structure combined with the addition can be shown to comply as a
whole building with all requirements of the current Standards for new
construction for envelope, lighting and mechanical. This method is only
practical if the existing building is, or will be improved to be, consistent with
current Standards requirements.

Example 1-8
Question

A restaurant adds a greenhouse-style dining area with large areas of glazing. It is directly
conditioned space. 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 (lighting, mechanical or other envelope features), or
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 combined existing/new building.

1.7.13 Changes of Occupancy

A change of occupancy alone does not require any action under the Standards.
If changes (alterations) are made to the building, however, then the rules for
alterations or additions apply (see Sections 1.7.11 and 1.7.12).

If the change in occupancy involves converting from a residential to a
nonresidential occupancy or vice versa (changes defined by the California
Building Code occupancy definitions), 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

2008 Nonresidential Compliance Manual November 2008



Introduction — Scope and Application Pagel-24

nonresidential lighting requirements would apply. If a new HVAC system is
installed, all the nonresidential HVAC 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 Standards.

1.7.14 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.

1.7.15 Scope Concepts and Definitions

This section explains the definitions and terms necessary for understanding the
scope and application of the Nonresidential Standards. In most cases, a careful
reading of these definitions will resolve questions of interpretation. See also the
Glossary in Reference Joint Appendix JAL.

Building is any structure or space that is covered by 8100. By this definition, a
building is not necessarily a complete physical structure. For the Standards, a
building in this sense can be a lighting system recircuiting project, because this
would require an electrical permit.

Conditioned Floor Area (CFA) is the floor area (in square ft) of enclosed
conditioned space on all floors of a building, as measured at the floor level of the
exterior surfaces of exterior walls enclosing the conditioned space. Once the
spaces that are directly or indirectly conditioned are identified, then it is possible
to calculate the conditioned floor area of the building. This number is used for
various calculation purposes in complying with the Standards. The CFA is
generally calculated from dimensions on the floor plans of the building. It is
measured from the outside surfaces of exterior walls, with the dimensions taken
at floor level. This definition helps mitigate any complexity from sloping walls,
bay windows and other unique building details.

Conditioned Space is space in a building that is either directly conditioned or
indirectly conditioned. In most circumstances it is obvious whether a space is
conditioned or unconditioned. There are, however, special circumstances that
require a closer look at the definitions of directly and indirectly conditioned
space.

Directly Conditioned Space is an enclosed space that is provided with wood
heating, is provided with mechanical heating that has a capacity exceeding 10
Btu/(hr.xft.2), or is provided with mechanical cooling that has a capacity
exceeding 5 Btu/(hr.xft.?), unless the space-conditioning system is designed for
a process space. (See “Process space”).

Space-conditioning system that may consist of but not limited to
chiller/compressor, air handler unit, cooling and heating coils, air and water
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cooled condenser, economizer, and the air distribution systems, which provides
either collectively or individually heating, ventilation, or cooling within or
associated with conditioned spaces in a building.

Process Space is a space that is thermostatically controlled to maintain a
process environment temperature less than 55°F or to maintain a process
environment temperature greater than 90°F for the whole space that the system
serves, or is a space within a space-conditioning system designed and
controlled to be incapable of operating at temperatures above 55°F or incapable
of operating at temperature below 90°F unless the space conditioning is
designed and controlled to be incapable of operating at temperatures above
55°F or incapable of operating at temperatures below 90°F at design conditions.
These definitions contain several key ideas central to the Standards. First,
mechanically heated or mechanically cooled space (discussed below) may be
conditioned (i.e., it does not have to be both heated and cooled). Second, it
depends on how much heating or cooling is provided to determine if the space is
directly conditioned. It is not uncommon for an otherwise unheated space (such
as a warehouse) to have a small area with a unit heater, such as a desk on the
loading dock. This usually does not make the entire structure a heated space.
The total quantity of heating provided to the space has to exceed 10 Btu/(hr-ft).
Similar logic applies to a mechanical cooling system:; if it provides more than 5
Btu/(hr-ft?), it means the space is directly conditioned. Third, it matters at what
temperature the space is controlled. Many spaces, such as refrigerated
warehouses, are conditioned but are deliberately kept at very hot or cold
temperatures. The space conditioning is not for human comfort but to serve the
needs of some process, such as preventing vegetables from spoiling. If the
space conditioning system is specifically designed and operated to maintain a
temperature that is not within the range of 55°F through 90°F and is
thermostatically controlled not to operate within this temperature range, then the
space is not directly conditioned. Note that these spaces other than refrigerated
storage are treated like unconditioned spaces and therefore must meet the
lighting requirements.

Enclosed Space is space that is substantially surrounded by solid surfaces
such as walls, ceilings or roofs, doors, fenestration areas, and floors or ground.
Spaces that are not enclosed are spaces that are open to the outdoors, such as
covered walkways, parking structures that are open or have fenced mechanical
enclosures.

Entire Building is the ensemble of all enclosed space in a building, including
the space for which a permit is sought, plus all existing conditioned and
unconditioned space within the structure. This definition affects lighting
compliance within the complete building method.

Habitable Story is a story that contains space in which humans may work or
live in reasonable comfort, and that has at least 50 percent of its volume above
grade. This definition is important in distinguishing between high-rise and low-
rise residential buildings, which are covered by different Standards and are
described in separate manuals. Basement floors with more than 50 percent of
their volume below grade are not counted as habitable stories regardless of their
actual use. In buildings on sloping ground, the calculation of volume below
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grade can become cumbersome, but for most buildings it will be obvious
whether the floor is at least 50 percent above grade.

Indirectly Conditioned Space is enclosed space including, but not limited to,
unconditioned volume in atria, that (1) is not directly conditioned space; and (2)
either (a) has an area-weighted heat transfer coefficient to directly conditioned
space exceeding that to the outdoors or to unconditioned space, or, (b) is a
space through which air from directly conditioned spaces is transferred at a rate
exceeding three air changes per hour. This definition is important because the
Standards treat indirectly conditioned space the same as conditioned space; in
other words, indirectly conditioned spaces must meet the requirements of the
Standards. As a guide, professional judgment should be exercised when
determining whether a space is indirectly conditioned, especially as it relates to
door placement in the space. When an enclosed space that is not directly
conditioned has openings only into a conditioned space, it should be considered
indirectly conditioned. Likewise, when an enclosed space that is not directly
conditioned has openings only to the outdoors, it should be considered to be
unconditioned. When enclosed spaces that are not directly conditioned have
openings both to the outdoors and to conditioned spaces, an evaluation of
relative heat transfer and air change rate (UA) should be used to determine the
status of the space. A typical example of an indirectly conditioned space might
be the stairwell of a high-rise office building. The first part of the definition is that
it not be directly conditioned. This is not uncommon in stairwells. The second
part of the definition is that it be provided with space conditioning energy from a
space that is directly conditioned. This can be done one of two ways. The first is
by conduction heat transfer. If heat is transferred in from directly conditioned
space (e.g., through the walls of the stairwell) faster than it is transferred out to
the unconditioned surroundings, then the space is considered to be indirectly
conditioned. The second way is for the space to be ventilated with air from
directly conditioned spaces. For example, if exhaust hoods draw air through a
kitchen from the dining room at a rate exceeding three air changes per hour,
then the kitchen will be considered indirectly conditioned space.

Mechanical Cooling is lowering the temperature within a space using
refrigerant compressors or absorbers, desiccant dehumidifiers, or other systems
that require energy from depletable sources to directly condition the space. In
nonresidential, high-rise residential, and hotel/motel buildings, cooling of a
space by direct or indirect evaporation of water alone is not considered
mechanical cooling (see also “directly conditioned space”). For buildings
covered by this manual, evaporative cooling is not considered mechanical
cooling. This means, for example, that a warehouse with only evaporative
coolers does not meet the definition of mechanical cooling. Nonresidential
buildings with evaporate cooling are unconditioned spaces.

Mechanical Heating is raising the temperature within a space using electric
resistance heaters, fossil fuel burners, heat pumps, or other systems that
require energy from depletable sources to directly condition the space. If the
only source of the heat is a nondepletable source, then the system is not
considered mechanical heating. Nondepletable sources would include solar
collectors, geothermal sources, and heat recovered from a process, such as
refrigeration chillers.
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Unconditioned Space is enclosed space within a building that is not directly
conditioned or indirectly conditioned space. Unconditioned spaces are required
to meet the Indoor Lighting Standards.

High-Rise Residential is a building, other than a hotel/motel, of occupancy
group R-1 with four or more habitable stories. California Building Code
Occupancy Group R-1 includes apartment houses, convents and monasteries
(accommodating more than 10 persons). (See definition of Unconditioned Space
above). If a building has four or more habitable stories, any residential
occupancy in the building is considered high-rise residential, regardless of the
number of stories that are residential.

Hotel/Motel is a building or buildings incorporating six or more guest rooms or a
lobby serving six or more guest rooms, where the guest rooms are intended or
designed to be used, or which are used, rented, or hired out to be occupied, or
which are occupied for sleeping purposes by guests, and all conditioned spaces
within the same building envelope. Hotel/motel also includes all conditioned
spaces that are (1) on the same property as the hotel/motel, (2) served by the
same central HVAC system as the hotel/motel, and (3) integrally related to the
functioning of the hotel/motel as such, including, but not limited to, exhibition
facilities, meeting and conference facilities, food service facilities, lobbies and
laundries. A key part of this definition is that the hotel/motel includes all spaces
within the same building envelope as the lobby or the guest rooms. This is
because hotel/motel buildings are generally multi-purpose facilities. They may
include such diverse spaces as restaurants, auditoriums, retail stores, offices,
kitchens, laundries and swimming pools. All are treated as hotel/motel spaces.
For hotels/motels with five or less guest rooms low rise residential compliance
should be used instead of nonresidential compliance. All hotels/motels should
use the low rise residential water heating calculation approach.

This concept extends to other buildings associated with the hotel/motel that
pass the three tests:

e Same property.
e Same central HVAC system.
» Integrally related to the hotel/motel.

Mixed Occupancies. The Standards apply to mixed occupancies in the same
way they apply to single occupancy buildings. The Low-Rise Residential
Standards apply to applicable occupancies; the Nonresidential Standards apply
to appropriate occupancies. If these two types occur in the same building, the
building must be treated as two separate buildings for purposes of energy
compliance, with each part meeting its applicable requirements. An exception
provides that if one occupancy makes up 80 percent of the building, the entire
building may comply with the envelope and mechanical provisions of the
dominant occupancy. The interior lighting requirements and mandatory
measures for the actual occupancy will apply.

Other Occupancy Definitions. There are over 35 additional occupancy
definitions in the Standards. They are used primarily to assign lighting area
categories. Refer to the Glossary in Reference Joint Appendix JA1 for these
definitions (found alphabetically under “Occupancy Type)”.
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Example 1-9
Question

If a space were 1,000 ft2, 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
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 1-11
Question

A manufacturing facility will have space cooling to keep the temperature from exceeding 90°F. If the
thermostat will not allow cooling below 90°F, is this facility directly conditioned?

Answer

No, this facility is not directly conditioned. 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

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?
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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.

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 1-13
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 UBC). 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 Standards
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
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were adopted in 1978 in the wake of the Organization of Petroleum Exporting
Countries (OPEC) oil embargo of 1973.

The Act requires that the 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 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 so-called “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 set the way for national standards and other states.

The Standards went through minor revisions in 1995, but in 1998, the 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 Efficiency
Standards through an emergency rulemaking. This was achieved within the 120
days prescribed by the Legislature and the 2001 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 Standards covered in this manual
(the 2008 Standards) 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.

Example 1-14
Question

If a building is LEED certified does it still need to meet the 2008 Building Energy Efficiency
Standards?
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Answer

1.8.1 California Climate Zones

Since energy use depends partly upon weather conditions, which differ
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 Figure 1-2 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 1-2 — California Climate Zones

Four basic steps are involved:

Design the building with energy efficiency measures that are expected to be
sufficient to meet the energy budget. The prescriptive approach
requirements provide a good starting point for the development of the
design.

Demonstrate that the building complies with the mandatory measures.

Using an approved calculation method (state-approved energy compliance
software.)

Model the energy consumption of the building using the proposed features to
create the proposed energy budget. The model will also automatically
calculate the allowed energy budget for the proposed building.

If the proposed energy budget is no greater than the allowed energy budget,
the building complies.
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2. Compliance and Enforcement

2.1 Overview

Primary responsibility for compliance and enforcement with the Energy Commission
Building Energy Efficiency 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 a new nonresidential or high-rise residential building,
outdoor lighting system, or a sign may be constructed, before constructing an addition,
and before significant alterations may be made to existing buildings or systems. Before
a permit is issued, the local jurisdiction examines the plans and specifications for the
proposed building to verify compliance with all applicable codes and standards.
Verification of compliance with the Building Energy Efficiency Standards (Standards),
by comparing the requirements specified on the Certificate of Compliance with the
plans and specifications for the building is the enforcement agency's plan check
responsibility. The enforcement agency's plans examiner must also verify that the plans
and specifications for the building are in compliance with the building, plumbing,
electrical, and the mechanical codes, and all other applicable codes and standards
adopted by the local enforcement agency.

Once the enforcement agency has determined that the proposed building (as
represented in the 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 proposed building. This is the first significant milestone in the compliance and
enforcement process. After building construction is complete, the enforcement agency
issues the Certificate of Occupancy. If the enforcement agency's final inspection
determines that the building conforms to the plans and specifications approved during
plan check, and complies with all applicable codes and standards, the enforcement
agency may approve the building. The enforcement agency's final approval is also a
significant milestone.

While obtaining the Building Permit and Certificate of Occupancy are two significant
steps, 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, subcontractor/installers,
energy consultant, plan checkers, inspectors, realtors, the 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 or
the state agency that has jurisdiction over the property determines that the construction
is designed to comply with the requirements of Part 6 and that the documentation
requirements of §10-103(a)1 have been met, and that the plans indicate the features
and performance specifications needed to comply with Part 6. The responsible state
agency must notify the Commission’s Executive Director of its determination.
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This chapter is organized as follows:

e 21 Overview
e 2.2 The Compliance and Enforcement Process
e 23 Compliance Documentation
e 24 Roles and Responsibilities
2.2 The Compliance and Enforcement Process

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

The Standards specify detailed reporting requirements that are intended to provide
design, construction, and enforcement parties with needed information 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 are correctly
installed as applicable to their area of responsibility.

This section outlines each phase of the process, discussing responsibilities and
requirements during the phase.
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Compliance &
Enforcement
Process

At the design phase, architects, engineers, and designers musl understand both the requirements
and the underlying intent of the Standards if they are lo design buildings and systems thal are
inherently energy efficiency and cost effective

¥ Permit Application

I At the permit application, the design team must make sure that the plans contain all the infarmation
‘ that the building official will need to verify thal the building or system salisfies the requirements
Compliance forms and worksheets are provided in this manual to make sure that all the information
1s included
4l 4
_! Plan Check
During plan check, the building department plans examiner must verify that the building or system
satisfies the requirements of the Standards and that the plans (not just the compliance forms)
contain the Information to be verified during field inspection

*_Jﬂrm

A During construction, the contractor must carefully allow the approved plans and specification and
the building department field inspector(s) must verify that the building or system is constructed

I according to the plans and specifications

Acceptance Commissionin
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 fo the building operators on
maintenance and operation of the building and its equipment

Operation
After occupancy, the building and its systems must be correctly operated and properly maintained
In addition, building users must be advised of their opportunities and responsibilities or savings
energy (lurn off lights when possible, etc.)

Figure 2-1 — The Compliance and Enforcement Process

2.2.1 Design Phase - Certificate of Compliance

[ 510-103(a)1 |

During the design phase the plans and specifications are developed that define the
building or system that will be constructed or installed. The design must incorporate
features that are in compliance with applicable codes and standards. The building or
system 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 Building Energy Efficiency Standards, and that
the specifications for the energy features given on the construction documents are
consistent with the Certificate of Compliance for the building or system.

During the design phase, the architect, mechanical engineer and lighting designer must
determine whether the building or system design complies with the Building Energy
Efficiency 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 being proposed for the design.
Additionally, throughout the design phase, recommendations or alternatives may be
suggested by energy consultants or energy documentation author to assist the designer
in achieving compliance with the Building Energy Efficiency 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
Building Energy Efficiency Standards, and the those specifications must be also
detailed on the Certificate of Compliance submitted to the enforcement agency. Any
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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 of Compliance for
approval by the enforcement agency that is consistent with the revised plans and
specifications for the proposed building or system. If recalculation indicates that the
building no longer complies, alternate building features must be selected that bring the
design back into compliance with the Building Energy Efficiency Standards; also the
plans and specifications documentation for the design must be revised and resubmitted
to the enforcement agency for approval.

The discussion in this section emphasizes the need to coordinate energy efficiency
feature selection considerations concurrently with other building design considerations
as part of the overall design development process so that the completed design
specifications represented on the final construction documents submitted to the
enforcement agency for approval are complete, consistent with the Certificate of
Compliance, thus in compliance with the Building Energy Efficiency Standards
requirements. 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 check or construction process.

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. Too often, HVAC systems are designed independently of lighting systems,
for example, and 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 resource 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 more broadly defined 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 charrettes, modeling
exercises, and simulations.

This manual provides details and implementation rules for individual design strategies.
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.
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2.2.2 Permit Application - Certificate of Compliance

| §10-103(a)1 §10-103(a)2 |

When the design is complete, construction documents are prepared, other approvals
(planning department, water, etc.) are secured, and the owner, developer, or architect
submits an application for a Building Permit to the enforcement agency. Permit
application is generally the last step in the process of planning and design. At this point,
the infrastructure (streets, sewers, water lines, electricity, gas, etc.) 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.

A Certificate of Compliance is required to be submitted along with the construction
documents, and these documents must be approved by the enforcement agency. If the
prescriptive method is utilized for compliance, the Certificate of Compliance
documentation forms for the building envelope, mechanical systems, and the lighting
systems must all be submitted. If the performance method is utilized for the entire
building, a compiled set of Certificate of Compliance documentation pages is prepared
utilizing one of the compliance software applications approved by the Energy
Commission. Certificate of Compliance documentation requirements are specified in
§10-103(a)1 and 10-103(a)2.

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 building energy code. If more
than one person has responsibility for 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 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.

The length and complexity of the Certificate of Compliance documentation may vary
considerably depending upon the size and complexity of the building(s) or system(s)
that are being permitted, regardless of whether the performance approach or the
prescriptive approach is utilized for compliance. The Certificate of Compliance
documents are commonly prepared by an energy consultant or an energy compliance
professional (documentation author). An energy consultant should be knowledgeable
about the details of the requirements of the energy code and can benefit the design
team by offering advice for the selection of the compliance methodology (prescriptive or
performance), the selection of the energy features utilized for compliance with the
Standards, and may also provide recommendations for the most cost effective mix of
building energy features for the design.

The Administrative Regulations 810-103(a)2 require that the Certificate(s) of
Compliance and any applicable supporting documentation be submitted with permit
applications enabling the plans examiner to verify that the building or system design
specifications shown on construction documentation is consistent with the energy
features specified on the Certificate of Compliance in order to determine whether the
design complies with the Standards. The Certificate of Compliance forms submitted to
the enforcement agency to demonstrate compliance must be readily legible and of
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substantially similar format and informational order as those specified in this compliance
manual. A listing of Certificate of Compliance forms is given in Table 2-1 below, and
copies of these forms are located in Appendix A.
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Table 2-1 — Certificate of Compliance Forms
Envelope Mechanical Lighting Outdoor Lighting Sign Lighting
ENV-1C MECH-1C LTG-1C OLTG-1C SLTG-1C

Certificate of
Compliance and Field
Inspection Checklist
ENV-2C

Envelope Component
Approach

ENV-3C

Overall Envelope
TDV Energy
Approach

ENV-4C

Skylight Area Support
Worksheet

Certificate of
Compliance and Field
Inspection Checklist

MECH-2C

Air, Water Side
System, Service Hot
Water & Pool
Requirements
MECH-3C

Mechanical Ventilation
and Reheat
MECH-4C

Fan Power
Consumption

Certificate of Compliance
and Field Inspection
Checklist

LTG-2C

Lighting Controls Credit
Worksheet

LTG-3C

Indoor Lighting Power
Allowance

LTG-4C
Tailored Method
Worksheet

LTG-5C
Line Voltage Track
Lighting Worksheet

Certificate of
Compliance and Field
Inspection Checklist

OLTG-2C
Outdoor Lighting
Worksheet

Certificate of
Compliance (Sign
Lighting)

2.2.1 Plan Check

[ §10-103(d)1

Local enforcement agencies are required to check submitted 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 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, then resubmit the revised plans and specifications for
verification by the plans examiner. When the permit applicant submits comprehensive,
accurate, clearly defined plans and specifications, it helps to speed the plan check
process. During plan check, 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 Certificate of Compliance documents
submitted. Since materials purchasing personnel, and building construction craftsmen
in the field may rely solely on a copy of the plans and specifications approved by the
enforcement agency for direction in performing their responsibilities, it is of utmost
importance that the building design features represented on the approved plans and
specifications for the proposed building conform to the energy features specified on the
approved Certificate(s) of Compliance.

It is worthwhile to mention here that later in the construction/installation process, the
person responsible for construction will be required to sign an Installation Certificate
confirming that the installed features, materials, components or manufactured devices
conform to the requirements specified in the plans and specifications 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
plans and specifications or Certificate(s) of Compliance, the applicable documentation
is required to be revised to reflect the actual construction/installation specifications, and
the revised documentation must indicate compliance with the energy code
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requirements. If necessary, corrective action must be taken in order to bring the
construction/installation into compliance. Thus to emphasize, it is of utmost importance
that the building design features represented on the approved plans and specifications
for the proposed building comply with the Standards requirements specified on the
approved Certificate(s) of Compliance, and that the actual construction/installation is
consistent with those approved documents.

The enforcement agency is responsible for verifying that the compliance documents
submitted for plan check 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 of Compliance
documents, but it is essential that the plans examiner verifies that the building design
represented on the proposed plans and specifications is the same building design
represented in the Certificate of Compliance documents.

To obtain a list of Energy Commission-approved energy code compliance software
applications visit the Commission Website at:

http://www.enerqy.ca.gov/efficiency/computer prog list.html
Or call the Efficiency Standards Hotline at 1-800-772-3300.

2.2.2 Building Permit
[ §10-103(d)1 |

After the plans examiner has checked and approved the plans and specifications 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, the building permits are issued in phases.
Sometimes there is a permit for site work and grading that precedes the permit for
actual building construction. In large Type | or Il buildings, the permit may be issued in
several phases: site preparation, structural steel, etc.

2.2.3 Construction Phase - Installation Certificate

[ §10-103(a)3A |

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 substantial compliance with the approved plans and specifications,
but often there are variations. Some of these variations are formalized by the contractor
through change orders. When change orders are issued, it is the responsibility of the
design team and the local enforcement agency to 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
window. However, it may 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 the direction north is changed. Field
changes that result in non-compliance require enforcement agency approval of revised
plans and energy compliance documentation to confirm that the building is still in
compliance.
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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 Building Energy Efficiency Standards,
and that the actual construction/installation meets the requirements.

Installation Certificates are required to be completed and submitted to certify
compliance of regulated energy features such as windows, water heater, plumbing,
HVAC ducts and equipment, and building envelope insulation. The licensed person
responsible for the building construction, or for the installation of a regulated energy
feature must ensure their construction or installation work is done in accordance with
the approved plans and specifications for the building, and must complete and sign an
Installation Certificate to certify that the installed features, materials, components or
manufactured devices for which they are responsible, conform to the plans and
specifications and the Certificate of Compliance documents approved by the
enforcement agency for the building. A copy of the completed signed and dated
Installation Certificate must be posted at the building site for review by the enforcement
agency in conjunction with requests for final inspection for the building.

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
Installation Certificate(s) to be posted upon completion of that portion. A copy of the
Installation Certificate(s) 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 approved plans and specifications and Certificate(s) of Compliance
for the building are inconsistent with regard to their requirements for the building, or if
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 all approved documentation and the actual installation into
compliance prior to completion and submittal of the Installation Certificate. A listing of
Installation Certificate forms is given in Table 2-2 below, and copies of the forms are
located in Appendix A. Installation Certificate specifications are given in Standards
Section 10-103(a)3A.

Table 2-2 — Installation Certificate Forms

Component Installation Certificate Form Identifier
Envelope ENV-INST

Mechanical MECH-INST

Lighting LGT-INST

Outdoor Lighting OTLG-INST

Sign Lighting SLTG - INST

2.2.4 Acceptance Testing - Certificate of Acceptance
[ 510-103(a)3B |
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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 in order 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 below.
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Table 2-3 — Measures Requiring Acceptance Testing

Category

| Measure

Envelope

Fenestration Acceptance

| 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 DX Units

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

Thermal Energy Storage (TES) Systems

Lighting

Indoor Lighting Control Systems

Automatic Daylighting Controls Acceptance
Occupancy Sensor Acceptance

Manual Daylighting Controls Acceptance
Automatic Time Switch Control Acceptance

Outdoor Lighting

Outdoor Lighting Control

Outdoor Motion Sensor Acceptance
Outdoor Lighting Shut-off Controls

. Outdoor Photocontrol

. Astronomical Time Switch

. Standard (non-astronomical) Time Switch

Acceptance testing must be conducted, and a Certificate 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 main categories of verification and documentation:

« Plan review.

« Construction inspection and Installation Certificate verification.

« Functional testing and completion of the Certificate of Acceptance.
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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 of Compliance and the acceptance requirements
applicable to the construction/installation. Plan Review should be done prior to signing
a Certificate of Compliance for submittal to plan check, and also prior to completing and
signing the Installation Certificate. The person responsible for performing the
acceptance tests is required to confirm that the Installation Certificate has been properly
completed and signed as a prerequisite to issuance of a Certificate of Acceptance.

To the extent that 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 approval by the
enforcement agency, revised plans and specifications and Certificates of Compliance
must be submitted for approval to the enforcement agency.

Construction Inspection and Installation Certificate Verification

The installing contractor, engineer/architect of record or owner's agent is responsible for
performing construction inspection to confirm compliance of the regulated energy
features, and must insure that a properly completed Installation Certificate has been
submitted or posted at the building site prior to proceeding with functional testing and
completion of the Certificate of Acceptance.

All regulated energy features, materials, components, or manufactured devices that
were incorporated into the completed construction/installation must be inspected to
confirm that they conform to the requirements detailed on the plans and specifications,
and the Certificate(s) of Compliance approved by the local enforcement agency. The
Installation Certificate must be verified to be properly completed, signed by the person
responsible for the construction/installation, and a copy is submitted/posted on the job
site with the building permits or made available for applicable inspections. Corrective
action must be taken if the installation/construction is not in compliance with the plans
and specifications and Certificate of Compliance approved by the enforcement agency,
or if an Installation Certificate has not been properly completed and posted. Corrective
action must be performed prior to proceeding with the acceptance tests and prior to
proceeding with completion and submittal or posting of the Certificate of Acceptance.

Functional Testing and completion of the Certificate of Acceptance

The installing contractor, engineer/architect of record or owner’s agent is responsible for
insuring that all applicable acceptance requirement procedures identified in the plans
and specifications and in Reference Nonresidential Appendix NA7 are conducted. All
performance deficiencies must be corrected, and the acceptance requirement
verification procedures must be repeated until all specified systems and equipment
conform to the required performance criteria, and the construction/installation is
confirmed to be in compliance with the Standards.

The installing contractor, engineer/architect of record, or owner’s agent is responsible
for documenting the results of the acceptance requirement verification procedures,
including paper or electronic copies of the measurement and monitoring results. They
are responsible for performing data analysis, calculation of performance indices and
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cross-checking results with the Standard. They are responsible for issuing a Certificate
of Acceptance.

A copy of the Certificate(s) of Acceptance must be posted or made available with the
building permit(s) issued for the construction/installation, and must be made available to
the enforcement agency for all applicable inspections. 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. A copy of the Certificate of Acceptance must
be included with the documentation the builder provides to the building owner at
occupancy as specified in §10-103(b).

Certificate of Acceptance Forms

Acceptance tests are required to be documented using the applicable forms. Table 2-4
lists Envelope, Lighting, and Mechanical Certificate of Acceptance Forms and provides
references to applicable sections of the Standards and the Reference Nonresidential
Appendix NA7. Copies of the forms are located in Appendix A.
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Table 2-4 — Certificate of Acceptance Forms
Reference
Nonresidential
Component | Form Name Standards Reference | Appendix
Envelope ENV-1A (not used)
ENV-2A - Fenestration Acceptance 10-111 & 8116 NA7.4.1
Mechanical | MECH-1A (not used)
MECH-2A - Ventilation Systems - 10-103(b)4 & | NA75.1.1
Variable and Constant Volume Systems §121(b)2 NA7.5.1.2
MECH-3A - Constant-Volume, Single-Zone, Unitary A/C and §121(b)2 NA7.5.2
Heat Pumps
MECH-4A - Air Distribution Systems - §144(e) NA7.5.3
MECH-5A — Air Economizer Controls 8§144(k) NA7.5.4
MECH-6A - Demand Control Ventilation (DVC) 8§121(c)4E NA7.5.5
MECH-7A - Supply Fan Variable Flow Controls (VFC) 8144(c) NA7.5.6
MECH-8A - Valve Leakage Test 8144(j)6 NA7.5.7
MECH-9A - Supply Water Temperature Reset §125(2)9 & 144()4 NA7.5.8
MECH-10A - Hydronic System Variable Flow Control §125(2)7 & 144()1 NA7.5.9
MECH-11A - Automatic Demand Shed Control Acceptance §122(h) & 125(2)10 NA7.5.10
MECH-12A - Fault Detection & Diagnostics for DX Units §125()11 NA7.5.11
MECH-13A - Automatic Fault Detection & Diagnostics for Air | §125(a)12 NA7.5.12
Handling & Zone Terminal Units
MECH-14A - Distributed Energy Storage DX AC Systems | §125(a)13 NA7.5.13
Test
MECH-15A - Thermal Energy Storage (TES) Systems §125(a)14 NA7.5.14
Lighting LTG-1A (not used)
LTG-2A - Lighting Controls §119(d) and §131(d) 227.6.2, 6.3 and
LTG-3A - Automatic Daylighting §119(7) NA7.6.1
Outdoor
Lighting OLTG-1A (not used)
OLTG-2A — Outdoor Motion Sensor Acceptance §119(d) and §132(a) NA7.7.1
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2.2.5 HERS Verification - Certificate of Field Verification and
Diagnostic Testing

When single-zone, constant volume air distribution systems serving less than 5,000 ft
of floor area have more than 25 percent of the system duct area located in
unconditioned space, duct sealing is prescriptively required by §144(k). A third-party
inspection and diagnostic test of the duct system must be conducted by a certified
HERS rater to verify that the system air distribution duct leakage is within specifications
required by the Standards.

The Energy Commission approves Home Energy Rating System (HERS) providers,
subject to the Commission’s HERS Regulations. 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.

http://www.cheers.org

http://www.calcerts.com

http://www.cbpca.org

The certified HERS providers are California Home Energy Efficiency Rating System
(CHEERS), California Certified Energy Rating & Testing Services (CalCERTS) and
California Building Performance Contractors Association (CBPCA).

The HERS rater must perform field verification and diagnostic testing of the air
distribution ducts and transmit all required data describing the results to a HERS
provider data registry. The HERS rater must confirm that the air distribution ducts
conform to the design detailed on the plans and specifications and the Certificate of
Compliance approved by the enforcement agency for the building, and that applicable
information on the Installation Certificate and Certificate of Acceptance is consistent
with the Certificate of Compliance. The test results reported on the Certificate of
Acceptance 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 Standards.

Results from the rater's field verification and diagnostic test must be reported to the
HERS provider Data registry regardless of whether the result indicates compliance. 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
registered copy of the Certificate of Field Verification and Diagnostic Testing must be
posted at the building site for review by the enforcement agency, and made available
for all applicable inspections. A copy of the Certificate of Field Verification and
Diagnostic Testing must be included with the documentation 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 forms is given in Table 2-5 below, and copies of the
forms are located in Appendix A.
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Table 2-5— Certificate of Field Verification and Diagnhostic Testing Forms
Reference
Component | Form Name Standards Reference | Nonresidential
Appendix
Mechanical | MECH-4-HERS Air Distribution System Leakage Diagnostic | 10-103(a)5; 144(k) NAL; NA2

2.2.6 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 or
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 Standards.

2.2.7 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.

2.2.8 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 for the
construction/installation, and operating, maintenance, and ventilation information and all
documentation that provides instruction for operating and maintaining the features of
the building efficiently.

2.3 Compliance Documentation

Building energy compliance documentation (Compliance Documentation) includes the
forms, reports and other information that are submitted to the enforcement agency with
an application for a building permit (Certificate of Compliance). Compliance
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documentation also includes documentation completed by the installing contractor,
engineer/architect of record, or owner’s agent to verify that certain systems and
equipment have been correctly installed and commissioned (Installation Certificate, and
Certificate of Acceptance). Compliance documentation may include reports and
test/inspection results by third party HERS raters (Certificate of Field Verification and
Diagnostic Testing).

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

« the building permit phase,

» the construction phase,

» the testing and verification phase,
» the final inspection phase.

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

2.3.1 Construction Documents

Construction documentation consists of the plans and specifications for construction of

the building or installation of the system, and also includes the energy calculations and

the energy compliance (Certificate of Compliance) forms necessary to demonstrate that
the building complies with the Building Energy Efficiency Standards requirements. The

plans and specifications, referred to as the construction documents (or CDs), define the
scope of work to be performed by the general contractor and the subcontractors.

2.3.2 Signing Responsibilities

The Certificate of Compliance must be signed by the person responsible for preparation
of the plans and specifications for the building and the documentation author. This
principal designer is also responsible for the energy compliance documentation, even if
the actual work of filling out the forms for the energy compliance documentation is
delegated to someone else (the Documentation Author described above).

The Certificate 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 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 forms and worksheets
encourage communications and coordination within each discipline. The Certificate of
Compliance documentation approved by the enforcement agency is required to be
consistent with the 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 statements 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 form. The Certificate
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of Compliance must be signed by an individual eligible to accept responsibility for the
design. Installation Certificates and Certificates of Acceptance must be signed by the
individual eligible to take responsibility for construction, or their authorized
representative.

Applicable sections from the Business and Professions Code (based on the edition in
effect as of January 2008), are provided as follows:

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 woodframe construction not more than two stories
and basement in height.

(2) Multiple dwellings containing no more than four dwelling units of woodframe
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 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 woodframe construction not more than two stories and basement
in height.

(4) Agricultural and ranch buildings of woodframe 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 woodframe construction found
in the most recent edition of Title 24 of the California Code of Regulations or tables of
limitation for woodframe 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
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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.

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 woodframe construction not more than two stories
and basement in height.

(2) Multiple dwellings containing no more than four dwelling units of woodframe
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 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 woodframe construction not more than two stories and basement
in height.

(4) Agricultural and ranch buildings of woodframe 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 woodframe construction found
in the most recent edition of Title 24 of the California Code of Regulations or tables of
limitation for woodframe 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.

2008 Nonresidential Compliance Manual November 2008



Compliance and Enforcement — Roles and Responsibilities Page 2-20

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.

2.4 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 Standards.

! For small projects, an architect or engineer may not be involved and the contractor may be the permit applicant.
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The building design and construction industry, as well as enforcement agencies are
organized around engineering disciplines.? 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 Standards, producing the plans and specifications, and for completing the
compliance forms and worksheets. In larger building departments, 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. This same division of responsibility is typical for
the mechanical systems: the mechanical plans examiner is responsible for reviewing
the mechanical plans; and the mechanical field inspector is responsible for verifying
correct construction in the field. For the building envelope, the architect is typically
responsible for designing the building and completion of the forms, the enforcement
agency is responsible for reviewing the design and forms and 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 forms have been grouped by discipline. These groupings include Standards
worksheets for calculations and a summary form which includes a checklist. Permit
Applicant Responsibilities

The permit applicant is responsible for:

« Providing information on the plans and/or specifications to enable the
enforcement agency to verify that the building complies with the Standards. It
is important to provide all necessary detailed information on the plans and
specifications. The plans are the official record of the permit and the field
inspector may not use a copy of the energy worksheets or compliance forms
when conducting inspections in the field. The design professional is

Small building departments may not have this type of specialization.
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responsible for certifying that the plans and specifications are consistent with
the energy features listed on the Certificate of Compliance, and the design is
in compliance with the Building Energy Efficiency Standards.

Performing the necessary calculations to show that the building or system
meets the 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.

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

2.4.1 Plans Examiner Responsibilities

The plans examiner is responsible for:

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

Checking the calculations and data contained on the worksheets.

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

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

2.4.2 Field Inspector Responsibilities

The field inspector is responsible for:

Verifying that the building or system is constructed according to the plans.

Checking off appropriate items on the summary form at each relevant
inspection.

The Certificate 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 forms and worksheets encourage communications
and coordination within each discipline.
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3.Building Envelope

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

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

3.1 Overview

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

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

follows:

« 31 Overview

e 32 Fenestration

« 3.3 Opaque Envelope Insulation

- 34 Roofing Products (Cool Roofs)

« 35 Infiltration and Air Leakage

- 3.6 Relocatable Public School Buildings
e 3.7 Overall Envelope Approach

- 3.8 Performance Approach

e 3.9 Additional and Alterations
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3.1.1 Prescriptive Component Envelope Approach

Standards Table 143-A, B and C

This prescriptive compliance approach consists of meeting specific
requirements for each envelope component: roofs and ceilings, exterior roofing
products, exterior walls, demising walls, external floors and soffits, windows, and
skylights. Each opague assembly has to meet a minimum insulation level. Each
glazing component has to meet insulating and solar heat gain coefficient
(SHGC) values, and there is an upper limit on glazing area. If these
requirements are met, the building envelope complies with the Standards.

The prescriptive requirements (Envelope Component Approach 8143) are
shown in Standards Table 143-A for nonresidential buildings and Standards
Table 143-B for high-rise residential buildings and hotel/motel buildings.
Standards Table 143-C shows climate independent prescriptive envelope
criteria for relocatable public school buildings. The prescriptive requirements are
the easiest way to comply with the building envelope requirements, but there is
little flexibility, since each component of the building envelope must comply with
its requirements. If each and every prescriptive requirement is met, the building
envelope complies prescriptively with the standards.

Under the Component Envelope Approach, each of the envelope assemblies
(walls, roofs, floors, windows, skylights) must comply individually with its
requirement. If one component of the envelope does not comply, the entire
envelope does not comply. The simplicity of this approach means there can be
no trade-offs between components. If one or more of the envelope components
cannot meet its requirement, the alternative is to use either the overall envelope
TDV energy approach or the performance approach, either of which allows
tradeoffs between components.

Standards Tables 143-A and 143-B are organized in a similar manner and are
climate zones based. Each climate zone has its own specific prescriptive
requirements for roofs and ceilings, exterior roofing products, exterior walls,
demising walls, external floors and soffits, windows, and skylights. The top
portions of the prescriptive tables have requirements for the opaque portions of
the building envelope, including roofing products, walls, and floors. The criteria
are given as maximum U-factors; nominal insulation R value compliance is no
longer permitted under the 2008 Standards. The U-factor criteria in turn are
given for different classes of construction. For walls, U-factor criteria are given
for wood framed walls, metal-framed walls, metal building walls, and high and
low mass walls. For floors, criteria are given for mass floors and other floors.

3.1.2 Prescriptive Overall Envelope Approach

[ 5143(b)

The overall envelope TDV energy approach treats envelope components as a
system and offers the ability to make simple trade-offs between envelope
components. §143(b) of the Standards describes the overall envelope TDV
energy approach. The overall envelope TDV energy approach allows the
performance of some building envelope components to be increased while the
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performance of others is reduced. For instance, the energy impact of single-
paned windows could be offset by additional wall and roof insulation. The overall
envelope TDV energy approach combines the heat loss and heat gain equations
into a single tradeoff equation that calculates the annual TDV energy of space
cooling and heating based on the thermal performance of envelope. Tradeoffs
would be compared using TDV energy instead of source energy, which allows
for tradeoffs between cooling and heating aspects of the envelope in one
equation. The impacts of each building envelope component are estimated by a
set of weighting coefficients that are dependent on climate and building type.
TDV energy for the proposed building is calculated according to procedures in
Reference Appendix NA7. TDV energy of the standard building, which minimally
complies with prescriptive requirements, is also calculated. As long as overall
envelope TDV energy of the proposed building does not exceed the TDV energy
of the standard building, the building is in minimum compliance with the
prescriptive requirements.

The overall envelope TDV energy approach permits tradeoffs between many
building envelope components, but no tradeoffs are permitted with the interior
lighting system or mechanical systems. The performance approach is required
in order to make these tradeoffs.

3.1.3 Performance Approach

[ (8141)

The performance approach may be used for compliance or may include lighting
and mechanical system compliance when these systems are permitted at the
same time. When the performance approach is used for the envelope only, the
computer model deals with the energy efficiency of the entire envelope under
both heating and cooling conditions. This means that trade-offs can be made
among all envelope components. The computer analysis is much more
sophisticated and can account for more subtle energy effects due to surface
orientation and hourly changes in the outside temperature. If the envelope is
combined with other parts of the building for energy compliance, then more
trade-offs can be made, such as increasing envelope efficiency in order to allow
more lighting power or a less efficient mechanical system. See Chapter 9.for a
more complete discussion of the performance approach.

3.1.4 What's New in the 2008 Standards

With the 2008 update to the Standards, there were several important changes to
the building envelope requirements, as described below:

A. A new section [8§143(c)] reduces the prescriptive area requirement for
skylights in large enclosed spaces in low-rise nonresidential buildings
from 25,000 square feet down to 8,000 square feet.

B. The building plans must show all skylit and primary sidelit areas that total
more than 2,500 sf in an enclosed space (room) (8131(c)2B&C). This
will require coordination between the architect and the lighting designer
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so the daylit areas are relocated when the location or sizes of windows
and skylights change in design iterations.

C. A new prescriptive requirement for steep-sloped roofing products (cool
roof).

D. Overall Building Envelope Method. The overall building envelope
method has been revised to combine heating and cooling and to provide
simplified trade-offs for roofing alterations.

E. Site-Built Fenestration. Changes to site-built fenestration requirements
including the new NFRC Component Modeling Approach (CMA)
certification and changes to CEC default values in Section 116 and
Reference Nonresidential Appendix NA6 and NA7.4.

F. Insulation Levels. Revised prescriptive roof, wall, and floor insulation
requirements levels in certain climate zones.

G. The alteration requirements for roofing products have been changed to
clarify that all replacements, recovering or recoating of the exterior
surface of existing nonresidential roofs shall meet the requirements of
8118(i).

H. Acceptance Requirements. The 2008 Standards introduces Acceptance
Requirements for site-built fenestration products.
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3.2 Fenestration

Windows, glazed doors, and skylights have a large impact on envelope related
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. Fenestration, orientation, and shading play a major
role in the building’s energy use and can affect the operation of the HVAC
system and the comfort of the occupants.

3.2.1 Mandatory Measures

The mandatory measures for doors, windows, and skylights address the air-
tightness of the units and how their U-factor and SHGC are determined.
Fenestration products must be labeled with a U-factor and SHGC, and the
manufacturer or an independent certifying organization must certify that the
product meets the air infiltration requirements of §116(a).

Certification and Labeling

§10-111 and §116
Reference Nonresidential Appendices NA6

The Administrative Regulations 810-111 and the Standards §116 require that
fenestration products have labels that list the U-factor, the solar heat gain
coefficient (SHGC), and the methods used to determine those values. The label
must also certify that the fenestration product meets the requirements for air
leakage. The air leakage requirements are specified in 8116 and limit the
infiltration rate to 0.3 cfm/ft? for most products.

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 has two choices for U-factor and SHGC:

1. 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). If the manufactured
fenestration product is rated using the NFRC Rating Procedure, it
must also be permanently labeled in accordance with NFRC
procedures.

2. The manufacturer can choose to use CEC Default values for U-factors
and SHGC. If default values are used, the manufacturer must attach a
temporary label meeting specific requirements (permanent labels are
not required). Product meets the air infiltration requirements of
8116(a) 1, U-factor criteria of 8116(a) 2, and SHGC criteria of §116(a)
3, in the 2008 California Energy Efficiency Standards for Residential
and Nonresidential Buildings.
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Figure 3-2 shows a sample default temporary label. Where possible, it is best to
select fenestration that is NFRC rated, and do so before completing compliance
documents. This enables the use of NFRC-certified data to be used for
compliance purposes.

Default Temporary Label

Although there is no exact format for the Default temporary label, it must be
clearly visible and large enough for the enforcement agency field inspectors to
easily read, and it must include all information required by the regulations. The
suggested label size is 4 in. x 4 in. The label must have the words “CEC Default
U-factor” followed by the correct value for that fenestration product from Table
116-A in the Standards and the words “CEC Default SHGC” followed by the
correct value from Standards Table 116-B. The U-factor and SHGC Default
values should be large enough to be visible from 4 ft. For skylights, the label
must indicate when the product was rated with a built-in curb.

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 and are met. Placing the term “Meets Thermal-Break Default
Criteria” on the temporary label can do this.

CEC Default Label XYZ Manufacturing Co.
Key Features: Double-pane
Operable

Metal, Thermal Break
Air space 7/16 in. or greater

Tinted
CEC Default U-factor CEC Default SHGC
0.61 0.53

Product meets the air infiltration requirements of §116(a)1, U-factor criteria of §116(a)2, and SHGC
criteria of §116(a)3, 2008 California Energy Efficiency Standards for Residential and Nonresidential
Buildings.

Figure 3-1 — Sample Default Temporary Label

Site-Built Label Certificates

Site-built fenestration is fenestration designed to be field-glazed or field-
assembled using specific factory cut or otherwise factory formed framing and
glazing units that are manufactured with the intention of being assembled at the
construction site; Site- built fenestration must either have an NFRC label
certificate or use default values. Site-built fenestration may be pre-assembled
off-site by the glazing contractor. The glazing contractor may pre-assemble the
site-built fenestration. Examples of site-built fenestration include storefront
systems, curtain walls, and atrium roof systems. Site-built fenestration in large
projects (more than or equal to 10,000 ft? of site-built fenestration area, which
includes windows, non-opaque doors, and skylights) must have either a label
certificate issued by NFRC that is filed in the contractor’s project office during
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construction and in the building manager’s office after construction, or a label
certificate issued by the glazing fabricator using CEC Default U-factor and
SHGC. For further discussion of the NFRC’s new Component Modeling
Approach, see below.

For site-built fenestration products, the glazing contractor will likely generate the
label certificate after the construction project is awarded. For compliance
purposes, the designer should select a U-factor and SHGC for the fenestration
system that is reasonable and achievable. For site-built fenestration that will be
NFRC certified, the certified data should be modeled for compliance purposes.
If the fenestration is not NFRC certified the designer should model the
appropriate default U-factor and SHGC for the glass and frame type selected
from Table 116-A and Table 116-B or the alternative equations for U-factor and
SHGC in Reference Nonresidential Appendix NA6; note that the Reference
Nonresidential Appendix NA6 equation for default U-factors and SHGC can only
be used in buildings with less than 10,000 square feet of site-built fenestration.
Use CEC's Fenestration Certificate FC-2 to document the values for less than
10,000 square feet.

For site-built fenestration of 10,000 square feet and greater, which includes
windows, non-opaque doors, and skylights, use NFRC certified products with
NFRC Label Certificates or for non NFRC certified products use CEC default
values from Table 116-A for U-factors or Table 116-B for SHGC and use
Fenestration Certificate FC-1 to document the values.

For site-built fenestration products, a Label Certificate can take the place of the
temporary label and the permanent label. For site-built fenestration products that
are not rated through the NFRC 100 or 200 procedures, a Default Label
Certificate can be provided by the person (e.g., architect, responsible party,
glazing contractor, extrusion manufacturer, |G fabricator or glass manufacturer)
taking responsibility for fenestration compliance using CEC’s Default
Fenestration Label Certificates either FC-1 or FC-2 approved by the
Commission.

Figure 3-1 is a sample CEC Default Label Certificate, FC-1, when using default
values from Standards Table 116-A and Table 116-B, and Figure 3-2 is a
sample of the CEC Alternate Default Label Certificate, FC-2, when using default
U-factors and calculated SHGC from Reference Nonresidential Appendices NA6
for buildings with less than 10,000 ft* of site-built fenestration. A separate
Default Label Certificate should be completed for each product line that results in
a different U-factor and SHGC. The Default Label Certificate should state the
total amount of this product line throughout the project, the locations in the
project where the product line is installed, and the pages in the drawings and
fenestration schedule that show this product line. The Default Label Certificate
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 SHGCy,. Manufacturer’'s documentation of these product
characteristics must also be attached to the plans.

If the product claims the default U-factor for a thermal-break product, the Default
Label Certificate should also contain the words “Meets Thermal-Break Default
Criteria”. The Default Label Certificate should also identify any special features
that raise or lower the default U-factor as specified by the Default U-factor table.
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For skylights, the Default Label Certificate must indicate the same information
about whether the skylight is rated with a curb as described for the Default
Temporary Label above.

The Default Label Certificate may also include the visible (light) transmittance
(VT) factor to determine whether daylit area credit may be taken in conjunction
with daylighting controls. The person taking responsibility for fenestration
compliance can choose to attach Default Temporary Labels to each fenestration
product as described in the previous paragraph instead of providing Default
Label Certificates for each product line.

Scope of the New Component Modeling Approach (CMA) Product
Certification Program

The National Fenestration Rating Council, Inc. ("NFRC") has developed a new
commercial certification product program that rates whole fenestration products
to include site-built fenestration in accordance with NFRC 100 and NFRC 200.
This new approach determines the U-factor, Solar Heat Gain Coefficient
(SHGC) and Visible Transmittance (VT) of a product faster and accurately
without actual physical laboratory testing in most cases. Such results can be
used in a pre-bid report or for other energy performance analysis, and is used
for obtaining an NFRC CMA Label Certificate.

Each component that makes up a fenestration product shall have values that
are NFRC-approved and maintained in an NFRC Approved Component Library
Database.

In order to accomplish this new approach, NFRC has established three separate
fenestration component library databases. These three main components that
make up a fenestration product are:

A. Glazing
B. Spacer
C. Frame Cross -section

The component manufacturers shall have their products approved by NFRC in
accordance with the new NFRC 705-2009 Component Modeling Approach
Product Certification Program (CMA-PCP). Before the components can be
accepted into the Component Library Database they must be first verified by an
Independent Certification and Inspection Agency (lA), which has been licensed
by NFRC.

The new NFRC CMA software tool may be used to obtain non-certified
performance ratings and will be made available to the public through
www.NFRC.org.

The calculations can be used in pre-design energy analysis and can also be
used as a pre-bid tool. The CMA software tool assembles the chosen
components, configures them into a whole fenestration product, and calculates
the thermal performance of the whole product. This data can then be exported

2008 Nonresidential Compliance Manual November 2008



Building Envelope — Fenestration Page 3-9

and used in a pre-bid report or for other energy performance analysis.
However, to acquire an NFRC CMA Label Certificate, products must first meet
NFRC’s CMA Product Certification Program (CMA-PCP, NFRC 705-2009)
requirements. Further details will be available at www.NFRC.org.

The component manufacturers shall have their products approved by NFRC in
accordance with mandatory new NFRC 705-2008 Product Certification Program.
Before the components can be accepted into the Component Library Database
it must be first verified by an Independent Certification and Inspection Agency
(IA), which has been licensed by NFRC.

To comply with NFRC’s new CMA approach; 1) the new NFRC certified
software tool will be used to calculate NFRC non-certified product ratings from
the Component Library Database. The CMA software will be made available to
the public through www.NFRC.org to calculate the energy product thermal
performance. The resulting report can be used in pre-design energy analysis
and can also be used as a pre-bid report; 2) The CMA software tool is designed
to put together the chosen components as a whole fenestration product and
simulate the thermal performance of the whole product. The software tool prints
out a report in which provides the thermal performance of the product. The
report can be used in a pre-bid report or for other energy performance analysis.
However, the report is not an NFRC approved label certificate. To acquire an
NFRC approved label certificate, products must first meet NFRC’s CMA Product
Certification Program (CMA-PCP, NFRC 705-2008) requirements and signing
the applicable NFRC license agreement. Further details will be available at
www.NFRC.org.

Note: Ensure that all Certified Label Certificates are registered with project
site records for later energy Acceptance verification according to
NA7.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 labeling is
required for field-fabricated fenestration products. Field-fabricated fenestration
and field-fabricated exterior doors may be installed only if the compliance
documentation has demonstrated compliance using U-factors from Standards
Table 116-A and SHGC values from Standards Table 116-B. The field inspector
is responsible for ensuring field-fabricated fenestration meets the specific criteria
described in Tables 116-A and 116-B for the U-factor and SHGC used for
compliance. Thermal break values do not apply to field-fabricated fenestration
products.

2008 Nonresidential Compliance Manual November 2008



Building Envelope — Fenestration Page 3-10

Example 3-1
Question

A 150,000 ft2 “big box” retail store has 2,000 ft? of site-built vertical fenestration located at the entrance. An
operable 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 and SHGC of 0.50 and 0.70?

Answer
One of the following three methods may be used:

The site-built fenestration can be rated using NFRC-100 procedures for U-factors and NFRC-200 procedures
for SHGC.

The second option for determining U-factor and SHGC may be to select from Default Standards Table 116-A
and 116-B. From these tables, the U-factor is 0.79 and the SHGC is 0.73.

There is a third option for site-built fenestration that is less than 10,000 ft? in a building. In this case, site-built
fenestration does not have to be rated through the NFRC 100 and NFRC-200 procedures and may use the
default U-factor and SHGC values from equations in Reference Nonresidential Appendix NA6 as described in
the following bullets:

The Alternate U-factor may be calculated from the Reference Nonresidential Appendix NA6, Equation NAG6-
1, U1 =C;+ Cy X Uc. From Table NA-1 for metal frame site-built fenestration, C;= 0.311 and C, = 0.872,
therefore the overall U-factor is calculated to be 0.75.

Likewise, the SHGC is determined from the Reference Nonresidential Appendix, NA6, Equation NA6-2,
SHGC+; = 0.08 + 0.86 x SHGC.. Therefore, the SHGC is calculated to be 0.68.

An Alternative Default Label Certificate, FC-2, should be completed for each fenestration product line unless
the responsible party chooses to attach Default Temporary Labels to each fenestration product throughout
the building.

Example 3-2

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 1/4" [6 mm] to 3/4" [18 mm]) filled with air or other gas. Two panes of glazing laminated
together do not constitute double-pane glazing.
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CEC DEFAULT U-FACTOR AND SHGC LABEL CERTIFICATE FC-1
PROJECT INFORMATION Page 1of |
PROJECT NAME: DATE:

PROJECT ADDRESS:

Option 1: For buildings with less than 10,000 ft* of site-built fenestration may optionally use either CEC Default Tables 116-A and
116-B or the Alternative Calculation Nonresidential Reference Appendix NAG.

Option 2: For buildings with greater 10,000 ft? of site-built fenestration only one option is available, use CEC Default Tables 116-A and 116-B

FC-1 shall be used for buildings with 10,000 ft? or more of site-built vertical fenestration area or for unlabeled skylight in conjunction with
Default Tables 116-A and 116-B.

A separate FC-1 Label Certificate Form is required for each different fenestration product line. Unlabeled manufactured fenestration products
including skylights and exterior doors shall meet the air infiltration requirements of Section 116(a)1 of the 2008 California Energy Efficiency
Standards applicable to Residential and Nonresidential Buildings.

Enter the U-factor; and SHGC; in the following boxes after completing Steps 1 and 2 below.

U-factor,= SHGC;=
PRODUCT LINE INFORMATION (Complete a separate Default Label Certificate for each fenestration product)
Total Number of units for each product: Total square footage of this product line:
Schedule on the building plans — reference page: Total Fenestration Area (ft?) on project:
Fenestration Location: S, N, E, W

U-FACTOR INFORMATION FROM DEFAULT TABLE 116-A:

Frame Type: U Metal U Metal With Thermal Break U Structural Glazing U Nonmetal
Product Type: U Operable U Fixed U Greenhouse/ Garden Window U Doors U Skylights
Glazing Type: U Single Pane U Double Pane U Glass Block Insert value in the default U-factor, gray box above
SOLAR HEAT GAIN INFORMATION FROM DEFAULT TABLE 116-B:

Product Type 4 Operable 4 Fixed

Glazing: U Clear U Tinted | Insert value in the default SHGC; gray box above
GLAZING INFORMATION: Alternative Calculation Reference Nonresidential Appendix NA6 < less than 10,000 ft®
STEP 1: Determine U-Factor: Enter U-factor from Equation NA6-1 and insert above in the gray box next to U-factor

STEP 2: Determine SHGC;:

Enter the Center of Glass, SHGCc, in the equation below to determine the solar heat gain coefficient with frame, SHGC,,

Enter Center of Glass, COG, from Manufacturer’s Documentation, SHGCc <«— Insert Center of Glass value here

Calculate the new SHGC; of the frame. SHGC; =0.08 + (0.86 x SHGCc) = «— Insert value here and in above gray box.

ATTACHED MANUFACTURER’S LITERATURE:

Manufacturer’s literature must be attached showing the Product Type, Frame Type, Glazing, Center Of Glass (COG) U-factor, and SHGC,
information needed to determine the Default U-factor; and SHGC:.

PARTY TAKING RESPONSIBILITY FOR FENESTRATION COMPLIANCE:

CONTACT PERSON:

COMPANY NAME AND ADDRESS

PHONE: FAX:

SIGNATURE: LICENSE # (if Applicable)
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Figure 3-2 CEC Default U-Factor and SHGC Label Certificate SHGC Label Certificate

§116(a)1 |

Doors and windows must be tested and shown to have infiltration rates not
exceeding the values shown in Error! Reference source not found.. For field-
fabricated products or an exterior door, the Standards require that the unit be
caulked, gasketed, weather-stripped or otherwise sealed. Unframed glass doors
and fire doors are the two exceptions to these air leakage requirements.

Table 3-1 — Maximum Air Infiltration Rates

Class Type Rate

Windows (cfm/ft?) of window area All 0.3
Residential Doors (cfm/ft?) of door area Swinging, Sliding 0.3
All Other Doors (cfm/ft?) of door area Sliding, Swinging (single door) 0.3
Swinging (double door) 1.0

3.2.2 Window Prescriptive Requirements

There are three aspects of the envelope component approach for windows:
1. Maximum area (total plus west facing).
2. Maximum U-factor.

3. Maximum relative solar heat gain.

Window Area

§143(a)5.A. |

Under the envelope component approach, the total window area may not
exceed 40% of the gross wall area (encompassing conditioned space) for the
building. Likewise, the west facing window area may not exceed 40% of the
west gross wall area (encompassing 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.

Optionally, 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% of
gross 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 U-factor and relative solar heat gain (RSHG) requirements for the
climate zone.
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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 a bit larger than the formally defined window area.

For glass doors, also use the rough opening area, except where the door glass
area is less than 50% of the door, in which case the glazing area may be either
the entire door area, or the glass area plus two 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. Glazing area in
demising walls has no limit and any glazing in demising walls is not counted as
part of the exterior wall/window ratio.

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 non-public
spaces). The display perimeter is used for a special calculation of window area
(8143(a)5A). Demising walls are not counted as part of the display perimeter.

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 3-3 indicates 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.

North
Northwest / Northeast

West \ \ East

Southwest / Southeast

South

Figure 3-3 — Four Surface Orientations
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Window U-factor

§143(a)5B. |

Each window must meet the required U-factor criteria (see Error! Reference
source not found.). For nonresidential buildings, the U-factor criterion is 0.47
Btu/h-°F-ft2 for the valley, desert and cold climates. The criterion is 0.77 Btu/h-
°F-ft2 for the middle coast and south coast climates. For residential buildings,
Component Package D, the criterion is 0.40 for all climates.

In general, an NFRC-rated double-glazed, low-e window with a thermal break
frame will comply with the 0.47 criterion, and an NFRC rated double glazed, low-
e window with a standard frame will comply with the 0.77 criterion; however,
other window constructions may comply. See www.NFRC.org, Certified Product
Directory database or use the Alternative Default Fenestration calculation,
Reference Nonresidential Appendix NA6.

Table 3-2 — Window Requirements
Climate Zones
Space Type Criterion 1,16 3-5 6-9 2,10-13 14,15
Nonresidential U-factor 0.47 0.77 0.77 0.47 0.47
Relative Solar Non-  North Non- North Non- North Non- North Non- North
Heat Gain North North North North North
0-10% WWR 0.49 0.72 0.61 0.61 0.61 0.61 0.47 0.61 0.46 0.61
11-20% WWR 0.43 0.49 0.55 0.61 0.61 0.61 0.36 0.51 0.36 0.51
21-30% WWR 0.43 047 0.41 0.61 0.39 0.61 0.36 0.47 0.36 0.47
31-40% WWR 0.43 0.47 0.41 0.61 0.34 0.61 0.31 0.47 0.31 0.40
Residential U-factor 0.47 0.47 0.47 0.47 0.47
High-rise Relative Solar Non-  North Non- North Non- North Non- North Non- North
Heat Gain North North North North North
0-10% WWR 0.46 0.68 0.41 0.61 0.47 0.61 0.36 0.49 0.36 0.47
11-20% WWR 0.46 0.68 0.40 0.61 0.40 0.61 0.36 0.49 0.31 0.43
21-30% WWR 0.36 0.47 0.31 0.61 0.36 0.61 0.31 0.40 0.26 0.43
31-40% WWR 0.30 047 0.26 0.55 0.31 0.61 0.26 0.40 0.26 0.31

Summary from Standards Tables 143-A and 143-B

Window Relative Solar Heat Gain

[ §143(a)5C |

Each window or skylight must meet the required relative solar heat gain (RSHG)
(see Error! Reference source not found.).

The required value for relative solar heat gain is less stringent (higher) for north-
facing windows. Either an RSHG of 0.56 or the "north" value, whichever is
greater, may also be used for windows in the first floor display perimeter that are
prevented from having an overhang because of building code restrictions (such
as minimum separation from another building or a property line) (exception to
8143(a)5C). The relative solar heat gain criteria also depend on the window-wall
ratio, becoming more stringent with larger window areas.
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Note also that the RSHG limitation allows credit for window overhangs. In order
to get credit for an overhang, it must extend beyond both sides of the window
jamb by a distance equal to the overhang projection (§143(a)5Cii). This would
occur naturally with a continuous eave overhang but may require special
attention in some designs. See Section 3.2.6 for more information on RSHG.

3.2.3 Skylight Prescriptive Envelope Requirements

As with windows, there are three aspects of the envelope component approach
for skylights:

1. Maximum area
2. Maximum U-factor

3. Maximum solar heat gain coefficient

Table 3-3 — Skylight Requirements

Climate Zones
1,16 3-5 6-9 2,10-13 14,15
Nonresidential ~ U-factor Glass w/Curb 1.11 1.11 1.11 1.11 1.11
Glass wo/Curb 0.68 0.82 0.82 0.68 0.68
Plastic 1.04 1.11 1.11 1.11 1.11
SHGC 0-2% SRR N/R 0.57 0.57 0.46 0.46
Glass 2.1-5% SRR 0.N/R 0.40 0.40 0.36 0.36
SHGC 0-2% SRR 0.69 0.69 0.69 0.69 0.69
Plastic 5 1 504 SRR 057 057 057 057 057
Residential U-factor Glass w/Curb 1.11 1.11 1.11 1.11 1.11
High-rise Glass wo/Curb 0.68 0.82 0.82 0.68 0.68
Plastic 1.11 1.11 1.11 1.11 1.11
SHGC 0-2% SRR 0.46 0.57 0.57 0.46 0.46
Glass 2.1-5% SRR 0.36 0.32 0.40 0.32 0.31
SHGC 0-2% SRR 0.69,0.57 0.57 0.57 0.57 0.57
Plastic 5 1 504 SRR 0.55 0.39 057 0.34 0.27

Summary from Standards Tables 143-A and 143-B, Skylight Roof Ratio, SRR.

Skylight Area

[ §143(2)6A. |

The area limit for skylights is 5% of the gross exterior roof area or skylight roof
ratio (SRR). This effectively prevents large skylights under the envelope
component approach. The limit increases to 10% for buildings with an atrium
over 55 ft high (see Reference Joint Appendix | definition). The 55-ft height is
also the height limitation at which the Uniform Building Code requires a
mechanical smoke-control system for such atriums (CBC Sec. 1715). This
means that the 10% skylight allowance is not allowed for atriums unless they
also meet this smoke control requirement. All skylights must meet the maximum
U-factor criteria.
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There are two ways that skylights can be mounted into a roof system, either
flush-mounted or curb-mounted. In order to create a positive water flow around
them, skylights are often mounted on "curbs" set above the roof plane. These
curbs, rising 6 to 12 inches (15 to 30 centimeters) above the roof, create
additional heat loss surfaces, right where the warmest air of the building tends to
collect.

Skylight area of unit skylights is the area of the rough opening of a skylight. The
rough framed opening is used in the NFRC U-factor ratings (NFRC U-factor
ratings for manufactured skylights with integrated curbs include glazing, framing,
and the curb) procedure; it is also the basis of the default U-factors in Reference
Nonresidential Appendix NA6. For skylights, the U-factor represents the heat
loss per unit of rough framed opening (the denominator). However, the heat loss
(the numerator) includes losses through the glazing, the frame, and the part of
the curb that is integral with the skylight and included in the skylight test.
Portions of roof that serve as curbs that -mounts the skylight above the level of
the roof (see Figure 3-4 are part of the opaque building envelope.

Site-built monumental or architectural skylights — that are equipped with integral
built-in or site built curbs (not part of the roof construction) - are often used for
atrium roofs, malls, and other applications that need large skylights and are
treated differently. In such cases the skylight area is the surface area of the
glazing and frame/curb (not the area of the rough framed opening), regardless of
the geometry of the skylight (i.e., could be flat pyramid, bubble, barrel vault, or
other three-dimensional shape). For special cases such as clerestory, rooftop
monitor or tubular skylights, see Chapter 5 Section 5.2.1.4, Daylighting Controls.

U-factor = Heat Loss / Area

Heat loss
through glazing Heat loss

O
Heat loss Heat through
Heat loss through glazing 1088 frame &
through through
3 curb
frame & A 4 4 frame
~ N curb ’4: ad

<s through
A \° 9 9oy,

S —— I

Area = Rough Frame Area = Rough Frame T\rea = Glazing & frame/curbﬂ
Opening Opening
Curb mount Flush mount Site built

Figure 3-4 — Skylight Area

When skylights are specified, the designer must also calculate the skylit daylight
area. If the total of the skylit daylight areas in a room exceed 2,500 sf the skylit
daylight area must be drawn on the plans. In most cases automatic daylighting
controls (photocontrols will also be required). [§131(c)] See Figure 3.6 below for
an example of the skylit daylight area. See Section 5.2 of this manual for a
detailed discussion of he daylight areas.
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Skylight U-factor

§143(a)6B |

For skylights, the U-factor and solar heat gain coefficient (SHGC) criteria is
different depending on whether the skylight glazing material is plastic or glass.
For glass skylights, the U-factor criteria depend on whether or not the skylight is
intended to be mounted on a curb. It is assumed that all plastic skylights are
mounted on a curb. See Standards Tables 143-A, 143-B, and 143-C for U-factor
requirements. As discussed above, the U-factor for skylights includes heat
losses through the glazing, the frame and the integral curb (when one exists). In
many cases an NFRC rating does not exist for projecting plastic skylights. In this
case, the designer can make use of the default fenestration U-factors in
Standards Table 116-A.

If a glass skylight is installed and it is not possible to determine whether the
skylight was rated with a curb, compliance shall be determined by assuming that
the skylight must meet the requirements for skylights with a curb. All plastic
skylights types are assume to meet the requirements for plastic skylights with a
curb.

Skylight SHGC

§143(a)6C |

Skylights are regulated only for SHGC, not RSHG, because skylights cannot
have overhangs. The SHGC criteria vary with the skylight to roof ratio (SRR).
Two ranges are represented in the Standards: up to and including 2% of the
exterior roof, and greater than 2% but less than or equal to 5%. See Standards
Tables 143-A, 143-B, and 143-C for SHGC requirements. The designer can
make use of default solar heat gain coefficients in Standards Table 116-B or use
the Nonresidential Reference Appendix NAG if less than 10,000 sf.

3.2.4 Daylighting Prescriptive Requirements for Skylights in Large Enclosed

Spaces

8143(c) |

Appropriately sized skylight systems when combined with daylighting controls
can dramatically reduce the energy consumption of a building. Daylighting control
requirements under skylights are discussed in Chapter 5, Indoor Lighting, of this
Manual. 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 with heating and cooling loads.
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Figure 3-5 — Present Value Savings of Skylight

50,000 ft2 Warehouse in Sacramento

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 8,000 ft?, directly under a roof and have ceiling heights greater than
15 ft., and have lighting power densities greater than 0.5 W/ft2. The demanding
lighting control needs in auditoriums, churches), museums and movie theaters,
and the need to minimize heat gains through the roofs of refrigerated
warehouses, render these few occupancies exempt from the skylight
requirement. Gymnasiums do not qualify for this exemption unless there is a
stage or there is a determination that this space will be used to hold theatrical
events.

Since skylights with controls reduce electric lighting, they are prescriptively
required on all nonresidential occupancies that meet the above criteria, whether
the space is conditioned or unconditioned. Single-glazed skylights are sufficient
for unconditioned buildings such as unconditioned warehouses. Skylights over
conditioned spaces must meet the U-factor and SHGC requirements in §143(a).

1.2 Minimum Skylight Area for Large Enclosed Spaces

| §143(c)

Minimum Skylight Area for Large Enclosed Spaces with
Three or Fewer Stories applies to low-rise conditioned or
unconditioned enclosed spaces that meet the following
conditions:

1. In climate zones 2 through 15
2. Aroom that is greater than 8,000 ft?
3. Directly under a roof
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4. Ceiling heights greater than 15 feet

5. Alighting power density for general lighting equal to or
greater than 0.5 w/ft?

A. Daylit Areag143(c)1

At least one half of the floor area shall be in the skylit area under
skylights and the skylit are shall be shown on the building plans

Skylit area is defined in §131(c)1D.

B. Minimum skylight Area or Effective Aperture

| §143(c)2

Areas that are skylit shall have a minimum skylight area to skylit
area ration of at least 3.3% or minimum skylight effective
aperture of at least 1.1%. The skylit effective aperture shall be
determined as specified in Equation 146-C

EQUATION 146-C — EFFECTIVE APERTURE OF SKYLIGHTS

0.85x 2 Skylight Area x VT x Well Efficiency
Daylit Area Under Skylights

Skylit EA =

Skylit EA is the product of the well efficiency (WE), the
transmittance of the glazing and accessories (Glazing VT), an
85% dirt factor and the skylight area to daylit area ratio. The
Glazing VT is the product of the visible light transmittance of the
skylight glazing and all components in the light well that might
reduce light transmission such as louvers, diffusers etc. The
visible light transmittance of movable accessories (such as
louvers, shades, etc.) is rated in the full open position. For more
details on how to calculate Skylit EA refer to chapter 5 of this
manual.

Though 8143(c)1 requires that at least half of the floor space be
daylit and that the ratio of skylight area to skylit area be 3.3%,
there are maximum skylight area requirements whenever the
skylights are above conditioned spaces. Section 143(a)6 limits
skylight area to 5% of the gross roof area in most cases and to
10% of the roof area for atria over 55 feet.

C. Skylight Characteristics.
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[ §143(c)3

Skylights installed to comply with the minimum skylight area for
large enclosed spaces shall:

1. Have a glazing material or diffuser that has a measured haze
value greater than 90%, tested according to ASTM D1003
(notwithstanding its scope) or other test method approved by
the Commission

2. If the space is conditioned, meet the requirements in 143(a)6
or 143(b). In general these requirements require the use of
double glazed skylights. When the skylights are above
unconditioned spaces there is no limitation placed on skylight
area or its U-factor or SHGC.

If the space is unconditioned, single glazed skylights will
comply with the code requirements as long as they are
sufficiently diffusing [i.e. the glazing or diffuser material has a
haze rating greater 90%. Products that have such a rating
include prismatic diffusers, laminated glass with diffusing
interlayers, pigmented plastics etc. The purpose of this
requirement is to assure the light is diffused over all sun
angles.

Other methods of diffusion that result in sufficient diffusion of
light over the course of the entire year would also be
acceptable in lieu of using diffusing glazing. Acceptable
alternatives are baffles or reflecting surfaces that ensure over
all sun angles encountered during the course of a year that
direct beam light is reflected off of a diffuse surface prior to
entering the space. This alternative method of diffusion
would have to be documented by the designer and approved
by the code authority in your jurisdiction.

D. Controls

[ §143(c)4 |

Electric lighting in the daylit area shall meet the mandatory
control requirements in 8131(c)2. These control requirements
include controlling at least 50% of the general lighting in the skylit
daylight areas separately from other lighting in the enclosed
space, controlling luminaires in primary sidelit areas separately
from skylit areas, in addition to other lighting control
requirements. See Section 5.2.1.3 for more information about
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lighting control requirements, and Section 5.2.1.4 for more
information about daylighting control requirements.

E. Exceptions

The following spaces are not required to have a minimum skylight

area:

1. Auditoriums, churches, movie theaters, museums, and
refrigerated warehouses

2. In buildings with unfinished interiors, future enclosed spaces
where it is planned to have < 8,000 ft? of floor area, or ceiling
heights less than or equal to 15 feet, based on proposed
future interior wall and ceiling locations as delineated in the
plans. This exception shall not apply to these future enclosed
spaces when interior walls and ceilings are installed for the
first time, the enclosed space floor area is > 8,000 ft?, and the
ceiling height > 15 feet (See 149(b)1M). This exception shall
not be used for S-1 or S-2 (storage), or for F-1 or F-2 (factory)
occupancies

3. Enclosed spaces having a designed general lighting system
with a lighting power density < 0.5 W/ft2.

When skylights are prescriptively required by 8143(c), at least one half of the
floor area in the enclosed space must be in the “daylit area.” New in 2008 Title
24, tradeoffs are allowed between skylights and windows as long as the
minimum daylit area threshold (50% of eligible enclosed space area) is met.
There are specific definitions and geometries for daylit areas under skylights
and those near windows. It is allowed to have a combination of windows and
skylights as long as there is no double-counting of the overlapping daylit areas
when meeting the 50% space area threshold. Definitions of the daylit area
under skylights and near windows are explained in Section 5.2.1.4 of this
manual.

Designing with Skylights to Meet §143(c) Requirements

The skylight area must be a minimum fraction of the daylit area or minimum
skylight aperture, and the skylights must be diffusing (haze rating greater than
90%). The purpose of this haze requirement for skylight glazing is to assure the
light is diffused over all sun angles. Other methods of diffusion that result in
sufficient diffusion of light over the course of the entire year would also be
acceptable in lieu of using diffusing glazing. Acceptable alternatives are baffles
or reflecting surfaces that ensure that direct beam light is reflected off a diffuse
(matte) surface prior to entering the space for all sun angles encountered during
the course of a year. This alternative method of diffusion would have to be
documented by the designer and approved by the code authority in your
jurisdiction. Spaces with skylights are required to have automatic daylighting
controls as specified in §131(c)2.

2009 Nonresidential Compliance Manual November 2008



Building Envelope — Minimum Skylight Area for Large Enclosed Spaces Page 3-22

To determine the number and spacing of skylights that are required to meet the
“daylit area under skylights” requirements, the effect of the skylight spacing, size
of skylights, and interaction with other building components must be determined.
These parameters are described in “daylit area under skylights” as defined in
8131(c) of the Mandatory Requirements for Lighting Systems. Refer to Section
5.2.1.4 as it describes the daylit area and the mandatory electric lighting controls
for the daylit area.

As ceiling heights increase, the daylit area under a skylight increases. To
maintain the minimum skylight area to daylit floor area ratio, one must either
increase the skylight size or increase overlap between daylit areas (space
skylights closer together).

(i) (i)
0.7 x (CH-OH) 0.7 x (CH-OH)
—> —>

(CH - OH)

>

< 0.7 x (CH-OH)

€

Ceiling Height
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Obstruction Height
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L 2

DAYLIGHT AREA UNDER SKYLIGHTS

Figure 3-6 — Daylit Area under Skylights

For good uniformity of illumination the daylit areas under skylights should
overlap. In the case of multiple skylights in a space, the skylight area to daylight
area ratio will be the total skylight area (number of skylights times the area per
skylight) to the total daylit area under skylights (often the area of the entire
space).

While §143(a)6A of the standards caps the skylit area to 5% of the gross
exterior roof area, §143(c)2 also requires that the total skylight area be a
minimum of 3.3% of the daylit area under skylights (explained in Section 5.2.1.4
of this manual). 8§143(c)2 also requires that the skylights have an effective
aperture of at least 1.1%.

The skylight effective aperture (as defined in Standards Equation 146 C in
8146(a)2.E.iii) is a measure of the skylight system’s transmittance including light
loss due to dirt, transmittance of glazing, transmittance of louvers, diffuser or
other light controlling elements, and transmittance of the light well (well
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efficiency). See Chapter 5 of this manual for more information on how to
calculate effective aperture for skylights.

It should be noted that the skylight requirements in the Standards specify the
minimum amount of skylight area needed to meet code; you can install more
skylight area. In some cases, additional energy savings from lighting can be
realized by increasing the skylight area. However, too much skylight area will
result in increased mechanical loads that may outweigh the electric light savings
(see Figure 3-7). The optimal skylight area can be calculated by some building
energy simulation programs (EnergyPro, DOE-2, EnergyPlus, TRNSYS,
SkyCalc, etc.) that perform an hourly annual calculation of both the electric
lighting and HVAC impacts of skylights. Contact the energy efficiency program
staff at your local energy provider for more information on how your skylight
system can be optimized for energy savings.

When skylights are used to save energy by displacing electric lighting, they must
be diffusing so that the light is spread broadly illuminating a relatively wide area
around the skylight and so that excessive glare is avoided. When either the
skylight glazing or the diffuser or lens on the light well is measured according to
ASTM D1003" and has a haze rating greater than 90%, the skylight system is
deemed to be “diffusing” and complies with the haze value requirement of
8143(c)3. For any skylight you are considering for compliance with 8143(c),
contact the skylight manufacturer and ask for documentation of the haze rating
of the skylight glazing. Almost all diffusing skylights comply with this
requirement. Clear or bronze skylights usually do not comply and must have a
separate diffuser with a haze rating of greater than 90 percent to make the
skylight system comply.

Any skylight system that is used to comply with §143(c) invokes the mandatory
control requirements in 8131(c)2 for automatic lighting controls in the daylit area
under skylights. When the total daylit area under skylights exceeds 2,500 ft? the
general lighting must be controlled by an automatic multi-level daylighting
control or a multi-level astronomical time switch. See Chapter 5 in this manual
for a detailed discussion of these mandatory controls.

The requirements of 8143(c) apply to new large open spaces such as
warehouses and medium to large retail. These requirements also apply when a
large space such as a warehouse is conditioned for the first time or when the
lighting system is installed for the first time 8149(b)1F. Thus when applying for a
permit for a warehouse or other large nonpartitioned structure without submitting
a lighting plan, one should determine in advance its final use, as installing
skylights while the shell is being constructed is less expensive then retrofitting
them later.

! ASTM D1003-00 Standard Test Method for Haze and Luminous Transmittance of
Transparent Plastics. American Society for Testing and Materials, West
Conshohocken, PA
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Substituting Skylights with Windows to Meet §143(c) Requirements

The standards allow the daylighting area requirements for spaces affected by
8143(c) to be fulfilled by using a combination of skylights and windows. One
may choose to provide all daylighting through windows alone, skylights alone or
a combination of both.

It is important to note that the standards prohibit double-counting of daylit area
that may be served by multiple skylights or windows due to close spacing of the
skylights or windows.

The example in Figure 3-8 below, shows a space with daylighting provided
through two skylights in the roof and one window mounted high on the external
wall. The primary sidelit daylight area can only be used to satisfy part of Section
143(c), if the primary sidelit effective aperture is greater than 10%.

The EA for primary sidelit area is a product of the window area, the VT
of the window and the primary sidelit daylit area.

EQUATION 146-A — EFFECTIVE APERTURE OF THE PRIMARY SDELIT
AREA

E Window Area x VT

Primary Sidelit Effective Aperture = —4 — -
Primary Sidelit Daylit Area

Window Area = rough opening of windows adjacent to the sidelit area,
ftz

Window VT = visible light transmittance of window as reported by the
window manufacturer, no units

See Chapter 5 for more details on how to calculate the primary sidelit effective
aperture and a detailed definition of the primary sidelit daylight area.
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Skylight

Daylit Area Daylit Area Pri_ma‘ry
Under Under Slfieht
Skylight 2 Skylight 1 Daylit Area
Daylit Area Daylit Area
Overlap Overlap

Consider this as Primary Sidelit

Consider this as Daylit Area under Skylights Daylit Area

Combined area for Daylit Area Skylit and Primary Sidelit Daylit Area must be equal to or greater
than 50% of space area.

Figure 3-7 — Daylit Area Tradeoff between Skylights and Windows

In order to calculate the total daylit area in this scenario, the following logic must
be used:

e Calculate the Primary Sidelit Daylit Area near the window
as explained in Chapter 5 of this manual.

e If the Primary Sidelit Daylit Area thus calculated is
greater than 50% of the total floor area of the
space, there is no need for additional windows or
skylights to meet the requirements of §143(c)

» If the Primary Sidelit Daylit Area is less than 50% of the
floor area of the space, skylights need to be added in
order to reach the 50% space area threshold.

» Calculate Daylit Area under Skylights as explained in
Chapter 5 of this manual

e Subtract any overlaps in daylit areas due to
multiple skylights or due to windows and skylights
spaced close to each other.

» Add the net Daylit Area under Skylights (minus the
overlaps) to the Primary Sidelit Daylit Area to get the Total
Daylit Area in space

* Aslong as the Total Daylit Area in space is equal
to or greater than 50% of the floor area of the
space, the requirements of 8143(c) are met.
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It is important to note that any skylights used to achieve the required Total Daylit
Area must meet all applicable requirements for Diffusion, U-Factor and SHGC
as defined in 8143(c)3 of the Standards.

Any windows used to achieve the required Total Daylit Area must meet
appropriate requirements of §143(A)5 of the Standards.

The general lighting in the space must also meet the lighting controls
requirements in 8131(b) and §131(c)2 as explained in Chapter 5 of this manual.

Example 3-3

Question

Are rooftop monitors considered to be windows or skylights?
Answer

Standards currently define skylights as glazing having a slope less than 60 degrees from the
horizontal with conditioned or unconditioned space below. Since rooftop monitors have a slope
greater than 60 degrees, they are therefore considered to be windows. To qualify for power
adjustment factors (PAF), rooftop monitors must comply with the automatic control requirements for
windows.

The daylit area by windows is calculated as if they were in an exterior wall. The daylit area extends
2 ft on either side of the monitor window and one window head height perpendicular into the room
or to the closest partition that is greater than 5 ft tall. The figure below shows a section view of the
daylit area under rooftop monitors.

Section view of daylit area under rooftop monitors
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Daylight Area under Rooftop Monitors

Section view of daylit area under rooftop monitors
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Daylight Area under Rooftop Monitors

3.2.5 Determining Fenestration U-factors

[ 5116 and §141(c)4D |

The U-factor for a fenestration product 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). For skylights mounted on a curb that is part of the roof
construction, the total heat flow considered in determining the U-factor includes
losses through the frame, glazing and other components, but not through the
curb that is part of the roof construction.

For skylights rated with curb as described in Tables 143-A, 143-B, and 143-C,
there is a portion of the skylight product that includes a curb, and the effects of
this curb are included in the product U-factor rating. This curb included in the
product rating is separate from the curb that is a part of the roof construction.
For projecting windows (greenhouse windows), the total heat flow includes the
side panels, base and roof of the projecting window assembly. However, the
area used to determine the U-factor for skylights and projecting windows is the
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rough framed opening. Using the rough framed opening eases the process of
making load calculations and verifying compliance since the rough framed
opening is easier to calculate than the actual surface area of the projecting
window or skylight.

Reference Joint 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.

Error! Reference source not found. shows acceptable procedures for
determining fenestration U-factors for four classes of fenestration: manufactured
windows, manufactured skylights, site-built fenestration, and field-fabricated

fenestration.

Table 3-4 — Acceptable Methods for Determining U-factors

Fenestration Class

Field-

Manufactured | Manufactured Site-Built Fabricated
U-factor Determination Method Windows Skylights Fenestration Fenestration
NFRC 100 v v v
Default U-factors from Standards v v v v
Table 116-A
Alternate Default U-factor
equation from Reference v v
Nonresidential Appendix NA6"?

Note 1: The default U-factors from Nonresidential Reference NonresidentialAppendixNA6may
also be used for site-built skylights.

Note 2: The default U-factors from Reference Joint Appendix NA6may be used only for site-
built fenestration in buildings having less than 10,000 ft2 of site-built fenestration area.

The preferred methods for determining fenestration U-factor are those in NFRC
100 for manufactured windows and for site-built fenestration. For manufactured
windows, the default U-factors in Standards Table 116-A (reproduced in Table
3-6 below) must be used if NFRC-determined U-factors are not available. These
U-factors represent the high side of the range of possible values, thereby
encouraging designers to obtain ratings through NFRC procedures, when they
are available.

NFRC U-factors are becoming more common for skylights, increasingly; more
manufacturers are getting NFRC labels for their skylights, including tubular
skylights, which includes U-factor, and SHGC. If NFRC data is not available,
the Alternative Default U-factor equation from Reference Nonresidential
Appendix NA6, equation NA6-1 may be used for skylights. This equation is
derived from NFRC-100 and represent average typical values, as opposed to
the values published in Table 116-A in the Standards that are on the high side of
the range of typical values.

The recommended method for determining the U-factor of site-built fenestration
systems (curtain walls and storefront systems) is the NFRC 100 procedure. This
requires that site-build fenestration, including curtain walls go through the NFRC
process for obtaining label certificates for site-built products. If the building has
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less than 10,000 ft2 of site-built fenestration area, which includes windows, non-
opaque doors, and skylights, then U-factors used for compliance for site-built
products may instead be calculated from equation NA6-1 from the Reference
Nonresidential Appendix NAG6, or Title 24 default values from Table 116-A.

For buildings with more than 10,000 ft? of site-built fenestration area, there are
two compliance choices with regard to U-factor and labeling of site-built
fenestration:

1. Go through the NFRC process and obtain a label certificate. This is the
option described in §10-111(a)1A.

2. Provide a default label certificate using the default U-factors from
Standards Table 116-A. This option results in very conservative U-factors.

Field-Fabricated Fenestration Product or Exterior Door

Field-fabricated fenestration is fenestration assembled on site that does not
gualify 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 solar heat gain coefficient are
default values (see Standards Tables 116-A and 116-B).

Exterior doors are doors through an exterior partition. They may be opaque or
have 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 Joint Appendix JA4,
Table 4.28. 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 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 3-5 — Standards Table 116-A Default Fenestration Product U-Factors

SINGLE PANE DOUBLE-PANE GLASS BLOCK
FRAME TYPE"? PRODUCT TYPE U-FACTOR U-FACTOR U-FACTOR'
Metal Operable 1.28 0.79 0.87
Metal Fixed 1.19 0.71 0.72
Metal Greenhouse/garden window 2.26 1.40 N.a.
Metal Doors 1.25 0.77 N.a.
Metal Skylight 1.98 1.3 N.a.
Metal, Thermal Break Operable N/A 0.66 N.a.
Metal, Thermal Break Fixed N/A 0.55 N.a.
Metal, Thermal Break Greenhouse/garden window N/A 1.12 N.a.
Metal, Thermal Break Doors N/A 0.59 N.a.
Metal, Thermal Break Skylight N/A 1.11 N.a.
Nonmetal Operable 0.99 0.58 0.60
Nonmetal Fixed 1.04 0.55 0.57
Nonmetal Doors 0.99 0.53 N.a.
Nonmetal Greenhouse/garden windows 1.94 1.06 N.a.
Nonmetal Skylight 1.47 0.84 N.a.

d. Add 0.05 to any product with true divided lite (dividers through the panes).
2. Translucent or transparent panels shall use glass block values.

1. For all dual-glazed fenestration products, adjust the listed U-factors as follows:
c. Add 0.05 for products with dividers between panes if spacer is less than 7/16 inch wide.

3.2.6 Determining Relative Solar Heat Gain

[ §143(a)5C

Relative solar heat gain (RSHG) 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.

Overhang factors may either be calculated (see Error! Reference source not
found.) or taken from Error! Reference source not found. 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
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passing through the bottom edge of the window glazing, as shown in Figure 3-8.
An overhang factor may be used if the overhang extends beyond both sides of
the window jamb a distance equal to the overhang projection (8§143(a)5Cii). The
overhang projection is equal to the overhang length (H) as shown in Figure 3-8.
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.

Overhang

|<—>| horizontal

height (H)

Overhang
vertical
height (V)

Figure 3-8 — Overhang Dimensions

Equation3-1 Relative Solar Heat Gain

RSHG = SHGCwin x OHF

Where

RSHG = Relative solar heat gain.

SHGCwin = Solar heat gain coefficient of the window.

2

OHF = OverhangF actor =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 3-6 — Overhang Factors

HIV 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 3-6, measure the horizontal projection of the overhang (H) and the
vertical height from the bottom of the glazing to the shading cut-off point of the
overhang (V). Then calculate H/V. Enter the table at that point. If the calculated
H/V falls between two values in the Table 3-6, choose the next higher value to
the calculated H/V value from the Table. Move across to the column that
corresponds to the orientation of the window and find the overhang factor. Note
that any value of H/V greater than one has the same overhang factor (for a
given orientation) shown in the last row of the table.

Figure 3-9 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%). East, west and south overhangs can
achieve reductions of 55%—60%. The benefits of the overhang level off as the
overhang becomes large. (Note: this graph is presented only to illustrate the
benefits of overhangs.)

100

90
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70

East/
60 — | West

50 — South

% Reduction

40

30

20 == North

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Overhang Factor

Figure 3-9 — Graph of Overhang Factors
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Example 3-4
Question

An east-facing window has glass with a solar heat gain coefficient of 0.71. It has a fixed
overhanging eave that extends three ft out from the plane of the glass (H = 3), and is six ft above
the bottom of the glass (V = 6). The overhang extends more than three ft beyond each side of the
glass and the top of the window is less than two ft vertically below the overhang. What is the RSHG
for this window?

Answer

First, calculate H/V. This value is 3/ 6 = 0.50. Next, find the overhang factor from Table 3-6. For
east-facing windows, this value is 0.63. Finally, multiply it by the solar heat gain coefficient to obtain
the RSHG: 0.63 x 0.71 = 0.45.

3.2.7 Determining Solar Heat Gain Coefficients

[s141(c)5 |

The solar heat gain coefficient (SHGC) is the ratio of the solar heat gain
entering the space through the fenestration area to the incident solar radiation
the lower the SHGC, the less solar heat gain. For SHGC measurements, the
solar radiant energy includes infrared, visible light and ultraviolet. A low SHGC
reduces solar heat gains, thereby reducing the amount of air conditioning
energy needed to maintain comfort in the building. A low SHGC may also
increase the amount of heat needed to maintain comfort in the winter. The
technical definition of SHGC is the ratio of solar energy entering the window (or
fenestration product) to the amount that is incident on the outside of the window.
As with U-factors, the window frame, sash and other opaque components, and
type of glazing affect SHGC.

There are four acceptable methods for determining SHGC for use with the
Standards (see Error! Reference source not found.). The preferred methods
are two NFRC procedures: NFRC 200 for manufactured fenestration, which
includes manufactured skylights, and NFRC 100 for site-built fenestration, which
includes site-built skylights. The NFRC standard for rating the SHGC of tubular
daylighting devices (TDD'’s or tubular skylights) is appropriate only for attic
configurations where the insulation layer is directly on top of the ceiling. For
spaces with insulated roofs, use the NFRC or default rating of the top dome
only.

A third method is to use the SHGC Defaults from St