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Abstract

Section 25402.1 of the Public Resources Code requires that the California Energy Commission
(Commission) make available compliance materials, including an energy conservation manual.
The Nonresidential Manual for Compliance with the 1998 Energy Efficiency Sandards
(P400-98-005) (Manual) is provided to meet the requirement of this section. This Manual
becomes effective July 1, 1999 and supersedes the Nonresidential Manual for Compliance with
the 1995 Energy Efficiency Standards (P400-95-005), and all other previous manuals, notices,
and interpretations explaining compliance with the Energy Efficiency Sandards (Sandards) for
Nonresidential Buildings, High-Rise Residential Buildings and HotelMotels.

The Manual includes compliance method descriptions, calculation procedures, technical data,
examples, and sample compliance forms for meeting the Standards for Nonresidential Buildings,
High-Rise Residentia Buildings, and HotelsMotels. The chapters in this Manual refer to,
paraphrase, or extract the Standards as promulgated by the Commission and as compiled in
Cdlifornias Uniform Building Code. This Manual is not a substitute for the Standards, and it
should be used in conjunction with a current copy of the Standards, or a current copy of
California’s Uniform Building Code.
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Chapter 1:
Introduction

1.0 CHAPTER OVERVIEW

This chapter is an introduction to the 1998 En-
ergy Efficiency Standards for Nonresidential
Buildings, High-Rise Residential Buildings and
Hotels/Motels, as well as this Nonresidential
Manual. The first section (1.1) summarizes the
reasons for having energy standards. The sec-
ond section (1.2) introduces the basic ap-
proaches to complying with the Standards, and
briefly discusses some of the compliance op-
tions available. This is followed by two sections
that outline the history of the Standards (1.3
and 1.4) since their inception in 1978, and the
changes brought about by the 1998 Standards.
The final section (1.5) explains the organization
of this Manual.

Chapter Contents

1.1 The Energy Standards 1-1
1.1.1 Legal Requirements 1-2
1.1.2 Organization of Standards 1-2
1.1.3 California Climate Zones 1-2

1.2 Basic Approaches to

Compliance 1-5

1.3 History of the Standards 1-7

1.4 Changes in the 1998 Standards 1-8
1.4.1 Structural 1-8
1.4.2 Technical 1-8

1.5 Organization of This Manual 1-10

1.1 REASONS FOR ENERGY
STANDARDS

There are numerous reasons to use energy
more efficiently in buildings. One of the most
obvious benefits is comfort. For example, on a
hot summer day no reasonable amount of air
conditioning will keep us cool sitting in a room
surrounded by clear glass windows without any
shading. The Energy Efficiency Standards
(hereafter Standards) help ensure that new
buildings maintain a high level of comfort.

A second reason for energy efficiency is eco-
nomics. Investing in building energy conserva-
tion helps ensure that buildings are affordable
to operate both now and into the future. Most
efficiency measures in the Standards have a
pay back period of less than five years and pro-
duce a positive cash flow. California’s per cap-
ita energy consumption is declining slightly in
part because of building and appliance effi-
ciency standards. Cost-effective investment in
energy efficiency also helps all citizens of Cali-
fornia by keeping utility rates lower.

The Standards also produce environmental
benefits. The need for more energy has led to
oil spills, acid rain, smog and other forms of
pollution. California is especially susceptible to
these problems. In addition, the energy created
by burning fossil fuels may lead to global cli-
mate change as a result of the “Greenhouse
Effect.” By the year 2009, existing building
standards will save more energy than seven
average power plants could produce.

1. Introduction
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The National Academy of Sciences recently
urged the entire country to follow California’s
lead to "make conservation and efficiency the
chief element in energy policy." The first effi-
ciency recommendation was simple: "adopt
nationwide energy efficient building codes.”

1.1.1 Legal Requirements

All new buildings in California must meet the
Standards and the administrative requirements
of the California Code of Regulations, Title 24,
Parts 1 and 6. Some requirements in the Appli-
ance Efficiency Regulations of Title 20, Sec-
tions 1601 - 1608, also apply.

The statutory basis for the Standards is Section
25402 of the Public Resources Code, which
states:

The California Energy Commission shall:"
Prescribe, by regulation, ...building de-
sign and construction standards that in-
crease the efficiency in the use of energy
for new residential and new nonresiden-
tial buildings. The standards shall be cost
effective, when taken in their entirety,
and when amortized over the economic
life of the structure when compared with
historical practice. ...Six months after the
commission certifies an energy conserva-
tion manual... no city, county, city and
county, or state agency shall issue a
permit for any building unless the build-
ing satisfies the standards prescribed by
the commission ...”

The purpose of this Manual is to explain clearly
how to comply with and enforce the current
Standards for nonresidential buildings. The
Manual is written as both a reference source
and an instructional guide, and can be used by
architects, builders, building owners, designers,
energy consultants, enforcement agency per-
sonnel, engineers, mechanical contractors and
others directly or indirectly involved in the
compliance process.

The Manual is divided into six chapters, each
describing how the Standards apply to specific
building components or situations.

1.1.2 Organization of the
Standards

The 1998 Manual is organized to indicate how
the Standards apply to the various building sys-
tems and situations. This organization is shown
graphically in Figure 1-1.

1.1.3 California Climate Zones

Since energy use depends partly upon weather
conditions, which differ throughout the state,
the Energy Commission has established 16 cli-
mate zones representing distinct climates within
California (see Figure 1-2). These 16 climate
zones are used with both the Residential and
the Nonresidential Standards.

Detailed climate zone boundary descriptions
and lists of locations within each zone are
available in the Energy Commission publication
California Climate Zone Descriptions for New
Buildings, July 1995, (P400-95-041).

NOTE: cities may occasionally straddle two cli-
mate zones. In these instances, the exact
building location and correct climate zone
should be verified before any calculations are
performed.

If a single building is split by a climate zone
boundary line, it must be designed to the re-
qguirements of the climate zone in which 50

percent or more of the building is contained.
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Figure 1-1: Organization of the Nonresidential Standards

Title 24, Part 1, Article 1 - Administrative Requirements

Title 20, Sections 1601 et seq. - Appliance Efficiency Regulations

Title 24, Part 6, Chapter 1 - Energy Efficiency Standards

Subchapter 1 - General Provisions - All
Occupancies

100 - Scope

101 - Definitions and Rules of
Construction

102 - Calculation of Source
Energy Consumption

Subchapter 4 - Mandatory - Lighting
Systems and Equipment

130 - Lighting General

131 - Required Lighting
Controls

132 - Lighting Circuiting

Subchapter 2 - Mandatory - Equipment
Manufacture & Installation of Systems
and Equipment

110 - Systems and Equipment -
General

111 & 112 - Appliances and Space
Conditioning Equipment

113-115 - Water Heaters, Pools &
Spas. Natural Gas, Pilot Lights

116-118 - Doors, Windows, Joints
Insulation

119 - Lighting Control Devices

Subchapter 5 - Performance and
Prescriptive Approaches

140 - Choice of Performance/
Prescriptive

141 - Performance Budgets

142 - Prescriptive Approach

143 - Prescriptive Envelope

144-145 - Prescriptive
Mechanical

146 - Prescriptive Lighitng

Subchapter 3 - Mandatory - Mechanical
Systems and Equipment

120 - Space Conditioning and
Water Heating Systems and
Equipment - General

Subchapter 6 - Special Topics
and Repairs

149 - Additions, Alterations
and Repairs

121 - Requirements for Ventilation

122 - Required Controls for
Space Conditioning Systems

123-124 - Requirements for
Pipe and Duct Insulation

Subchapters 7 & 8 - Low Rise
Residential Building

150-152 - Mandatory,
Performance & Prescriptive,
Additions and Alterations

1. Introduction November 1998

1-3



0= s
! ~:... L Shromn

November 1998 Nonresidential Manual



Figure 1-3: Nonresidential Standards Flowchart
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1.2 BASIC APPROACHES TO
COMPLIANCE

The Standards provide flexibility to the designer
in choosing an approach to comply with the
requirements. This section gives an introduction
to the basic choices, or approaches, that are
available. The details of how the different ap-
proaches apply to the building and its systems
are covered in the following chapters.

There are two basic options for demonstrating
that a building meets the requirements of the

Standards: the prescriptive approach and the
performance approach.

With either approach, certain mandatory meas-
ures always apply.

The Standards cover the three major compo-
nents of a nonresidential building: the building
envelope, the mechanical systems, and the
lighting systems. A minor energy user, water
heating, is also covered. Each component is
typically the responsibility of a different design
professional. The envelope is designed by an
architect, the mechanical systems by a me-
chanical engineer, and the lighting systems by
an electrical engineer. Each of the three com-
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ponents may be shown to comply independ-
ently under the prescriptive approach. Under
the performance approach, Standards compli-
ance may be shown for the envelope only, the
envelope and mechanical systems, or for all
three components.

Alternatively, the building (all three compo-
nents) may be shown to comply as a whole
under the performance approach when the

permit application includes all three compo-
nents.

Figure 1-3 graphically illustrates how the three
nonresidential building components must each
comply with their mandatory measures, and
then either the prescriptive or performance ap-
proaches.

The mandatory measures for each of the three
components are described in Chapters 3, 4, and
5.

The prescriptive approach is the simpler way to
comply with the Standards. Each of the three
building components complies separately from
the others. The compliance procedures and
documentation are also separate for the three.

The prescriptive approach for each component
requires that the proposed system design be
shown to meet specific energy efficiency crite-
ria specified by the Standards. If the design
fails to meet even one of the requirements,
then the component does not comply with the
Standards.

Prescriptive Envelope: The prescriptive envlope
requirements are determined either by the En-
velope Component Approach or the Overall En-
velope Approach. These two approaches are
described in detail in Chapter 3, beginning with
an introduction in Section 3.2. The stringency

of the envelope requirements varies according

to climate zone and occupancy type.

Prescriptive Mechanical: The prescriptive me-
chanical requirements are described in detail in
Chapter 4. The prescriptive Standards do not
offer any alternative approaches, but specify
hardware features and design procedures that
must be followed.

Prescriptive Lighting: The prescriptive lighting
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 detalil
in Chapter 5, beginning with an introduction in
Section 5.2.1. The allowed lighting under the
Standards varies according to the requirements
of the particular building occupancy or task re-
guirements.

Performance Approach: The performance ap-
proach allows a wider variety of design strate-
gies 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. This is known as the
custom energy budget, because it is generated
on a case-by-case basis. This energy budget is
the goal for energy efficiency that the building
must meet.

Four basic steps are involved:

» Design the building with energy efficiency
measures sufficient to meet the energy
budget. (The prescriptive approach require-
ments provide a good starting point for the
development of the design.)

» Demonstrate that the building complies with
the mandatory measures (see Chapters 3, 4
and 5).

* Model the energy consumption of the
building using an approved calculation
method. This results in the energy budget.

» Model the energy consumption of the
building using the proposed features. If the
consumption is no greater than the energy
budget, the building complies.

The designer is permitted to trade off different
aspects of the building design, one against the
other, when applications for more than one
components permit are requested at the same
time. If the final design does not exceed the
energy budget, the design element is included
in the building permit application.
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1.3 HISTORY OF THE
STANDARDS

The Organization of Petroleum Exporting Coun-
tries (OPEC) oil embargo of 1973 brought about
an acute awareness of the need for an effective
state energy policy. The Legislature created the
State Energy Resources Conservation and De-
velopment Commission (Energy Commission) in
1974 to deal with energy-related issues, and
mandated that the Energy Commission adopt
conservation standards for new buildings. The
Energy Commission first adopted such stan-
dards in 1977.

So-called “First Generation” standards for non-
residential buildings took effect in 1978. Those
nonresidential standards remained in effect for
all nonresidential occupancies until January
1987, when “Second Generation” standards
took effect for office occupancies. Second
Generation standards for retail and wholesale
occupancies took effect in July 1988. Also in
July 1988, all nonresidential lighting compli-
ance was under the Second Generation stan-
dards, while envelope and space conditioning
compliance requirements for nonresidential oc-
cupancies (except office and retail/wholesale
buildings) remained the same ("First Genera-
tion") from 1978 until the 1992 Nonresidential
Standards took effect. Optionally, from July
1988 until July 1992, permit applicants could
show compliance for First Generation occupan-
cies using a Second Generation compliance
method.

High-rise residential and hotel/motel occupan-
cies were covered under the 1978 Residential
Standards until July 1992, when they were
placed within the structure of 1992 Nonresi-
dential Standards. The first generation stan-
dards applied only to the building envelope.
Lighting and mechanical systems (except elec-
tric resistance heating) in both high-rise resden-
tial and hotel/motel buildings were not regu-
lated until July 1, 1992.

The 1992 Nonresidential Standards consisted
of a major restructuring of the format of the
Standards. The 1995 and 1998 Energy Effi-
ciency

Standards focus on compliance and implemen-
tation issues rather than developing new stan-
dards. Lighting allowances were updated for
the first time in 10 years.

This section highlights the major changes in-
cluded in the 1995 and 1998 Standards for
nonresidential buildings.

Table 1-1 summarizes the History of the Standards
and Manuals in effect since 1978 and lists the name
of the compliance manual that was used in conjunc-
tion with that set of Standards.

Table 1-1: History of Standards and Manuals

Date Set of Standards Compliance Manual

1978  First Generation Resi- Energy Conservation De-
dential (including Ho- sign Manual for New
tels and High-rise) Residential Buildings

(2/78)
1978  First Generation Non- Energy Conservation
residential Manual for New Nonresi-
dential Buildings (10/77)
1983  Second Generation Energy Conservation
to Residential (excluding Manual for New Residen-

1984  Hotels and High-rise) tial Buildings (Fall, 1984)

1987  Second Generation Energy Efficiency Manual,
Nonresidential (only Designing for Compliance
Office) (12/86)

1988  Second Generation Energy Efficiency Manual,
Nonresidential (Office Designing for Compliance
and Retail/Wholesale) (12/86)

1988  Second Generation Energy Conservation
Residential (excluding Manual for New Residen-
Hotels and High-rise) tial Buildings (7/88)

1992  Nonresidential Stan- Nonresidential Manual for
dards (includes Hotels Compliance with Energy
and High-rise Residen-  Efficiency Standards
tial) (7/92)

1992  Residential Standards Residential Manual for
(excludes Hotels and Compliance with Energy
High-rise) Efficiency Standards

(7/92)

1995  Nonresidential Stan- Nonresidential Manual for
dards (includes Hotels Compliance with Energy
and High-rise Residen-  Efficiency Standards
tial) (7/95)

1995 Residential Standards Residential Manual for
(excludes Hotels and Compliance with Energy
High-rise) Efficiency Standards

(7/95)

1998  Nonresidential Stan- Nonresidential Manual for
dards (includes Hotels Compliance with Energy
and High-rise Residen-  Efficiency Standards
tial) (7/98)

1998  Residential Standards Residential Manual for

(excludes Hotels and
High-rise)

Compliance with Energy
Efficiency Standards
(7/98)
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1.4 CHANGES IN THE
STANDARDS

1.4.1 Structural

Beginning with the 1992 Standards, there is no
longer a grandfather clause that allowed com-
pliance for a building that began with a certain
standard, to continue under that standard until
the building was completely constructed. Also
there was no reference to past standards on a
permit application. These Standards apply to all
nonresidential as well as to all high-rise residen-
tial, hotels, and motels since these occupancies
more closely resemble nonresidential than resi-
dential in terms of their mechanical systems
and energy use patterns.

The Standards apply only to the systems and
portion of the building for which a building
permit is sought. This simplifies both compli-
ance and enforcement, virtually eliminating the
need to consider other systems or parts of the
building in the compliance process.

The prescriptive Standards do not permit en-
ergy efficiency trade-offs between systems.
Each of the three sections, envelope, mechani-
cal and lighting, stand alone.

The performance approach establishes the
energy budget on a custom basis for each
building. The custom budget is automatically
generated by an approved computer program
that is used to estimate the building’s annual
energy use.

The performance approach limits the range of
options available for trade-off (items that can
change between standard and proposed cases).
Trade-offs are only allowed for those features
specifically included in the building permit
application, as well as for all existing conditions
and systems that are to remain and are subject
to the current Standards (see Section 6.1).
Systems that will be installed under a future
permit application are not available for trade-
off. NOTE: the building department may require

special documentation to substantiate as built
conditions.

1.4.2 Technical

The 1998 Energy Efficiency Standards become
effective July 1, 1999.

A. SCOPE and APPLICATION:

A new category of "semi-conditioned"
building will comply with lighting
requirements. A semi-conditioned building is
a nonresidential building with conditioning
that currently does not meet the definition

of a directly conditioned—Iless than 5
Btu/hr/ftz of cooling, less than 10 Btu/hr/ft2
of heating, evaporative cooling, wood heat,
conditioned for a process environment
below 55 or above 90° F.

The definition of directly conditioned is
changed to exclude from compliance spaces
that are not maintained outside the comfort
range (55 - 90°F), that is the temperature
floats in and out of the comfort range, but
are incapable of operating and maintaining
the space within the comfort range.

Definitions of mechanical cooling and
mechanical heating remove the phrase "for
the purpose of maintaining human
comfort.”

B. ENVELOPE:

The heat gain and heat loss equations were
updated for accuracy and the heat gain
equation now considers the effects of
opaque surfaces where it formerly
considered only fenestration.

Prescriptive high-rise residential
requirements now include insulation for
concrete raised floors (e.g., apartments
with underground parking) to match low-
rise requirements. R-4 is required in climate
zones 12 and 15, and R-8 in climate zones
1, 2,11, 13, 14 and 16.
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When a portion of an entire building's
fenestration is repaired or replaced, or 50
square feet or less of glass is added,
compliance with the solar heat gain
coefficient requirements of Section 143 is
not required.

All manufactured fenestration products
must have a label with the U-value and
Solar Heat Gain Coefficient (SHGC). These
values can be NFRC or default values. The
default values are found in the Standards,
Section 116.

Glazed wall systems and overhead glazing
do not need to be labeled. These products
must still determine a U-value and SHGC
using NFRC or default values.

Field-fabricated fenestration does not need
to be labeled. These products will use the
default values. This term replaces site-built,
and applies to products whose frame is
made at the construction site of standard
dimensional lumber or other materials that
were not previously cut, or otherwise
formed with the specific intention of being
used to fabricate a fenestration product or
exterior door. Field fabricated does not
include site assembled frame components
that were manufactured elsewhere with the
intention of being assembled on site (such
as knocked down products, sunspace kits
and curtainwalls).

MECHANICAL:

All pressure-sensitive tapes, mastics, aero-
sol sealants or other duct closure systems
must meet applicable UL 181 requirements

Drawbands Used with Flexible Duct shall:

(&) Dbe either stainless-steel worm-drive
hose clamps or uv-resistant nylon
duct ties.

(b)  have a minimum tensile strength
rating of 150 pounds.

(c) be tightened as recommended by the
manufacturer with an adjustable
tensioning tool.

Prescriptive fan power limitations for
variable air volume systems are changed to

reflect improvements in technology and
system efficiency. Individual VAV fans with
motors over 25 HP (adjusted for air filtering
systems) must meet one of the following:

(&) The fan motor shall be driven by a
mechanical or electrical variable speed
drive.

(b) The fan shall be a vane-axial fan with
variable pitch blades.

(c) The fan motor shall include controls
that limit the fan motor demand to no
more than 30% of the total design
wattage at 50% of design air volume
when static pressure set point equals
1/3 of the total design static pressure,
based on certified manufacturer's test
data.

A new exception to prescriptive economizer
requirements is provided for spaces or
rooms with a dedicated space conditioning
system where the use of outdoor air is
detrimental to equipment or materials.
Possible examples include computer room,
telecommunications, and other equipment
rooms.

LIGHTING:

Reduced control credits for lumen
maintenance (from 10 to 5%) and for
combined occupancy sensor and lumen
maintenance (from 37 to 25%).

22 new categories of building uses are
added to the Area Category Method.

Lighting levels in all compliance approaches
are reduced to account for substituting T-8
lamps with electronic ballasts for T-12
lamps with magnetic ballasts. Reductions
are based on the prevalence of fluorescent
lighting in the building model.

1. Introduction

November 1998

1-9



1.5 ORGANIZATION OF THIS
MANUAL

This Nonresidential Manual is organized into six
chapters plus several appendices. Each chapter
of the Manual covers a major set of related
topics regarding compliance with the require-
ments of the Standards.

Chapter 1, this Introduction, serves as a brief
overview of the Standards and this Manual.

Chapter 2 discusses the Scope and Application
of the Standards, explaining when they apply to
a particular building and discussing some appli-
cation problems that may arise. Chapter 2 will
help in deciding if the Standards apply to the
project.

Chapters 3, 4 and 5 discuss the Standards in
terms of the three major components: enve-
lope, mechanical and lighting. These chapters
are written to be largely stand-alone for the
discipline to which it applies. For example, the
HVAC system designer will find all the me-
chanical system requirements fully discussed in
Chapter 4. Likewise, the building department’s
mechanical plan checker and inspector can
concentrate on Chapter 4.

These three chapters are organized into subsec-
tions that address the major phases of a build-
ing project:

» The Design section discusses the require-
ments as they affect the design process;
the principles of each requirement are ex-
plained and illustrated.

* The Plan Check Documents section is ad-
dressed to those who prepare the construc-
tion documents and compliance calculations
for review by the building department’s plan
checker. It is also addressed to the plan
checker. This section focuses on the spe-
cific information that must be included in
the plans and on the compliance forms to
adequately demonstrate compliance.

Each of the sections addresses the Mandatory
Measures, the Prescriptive Approach and the
Performance Approach.

The organization of these three chapters is illus-
trated in Figure 1-4.

Mandatory

Mandatory

Figure 1-4: Organization of Chapters 3, 4
and 5

Design

Envelope

Lighting

Mechanical

Plan Check

In addition to the major parts of these three
chapters, there are two sections at the begin-
ning of each chapter.

Chapter Overview - provides a brief overview of
the chapter contents.

Introduction - provides basic information about
the component and its compliance require-
ments:

Compliance Approaches - explains the
options available for compliance for the
given building component.

Basic Concepts - explains the definitions
and technical concepts necessary to an
understanding of the Standards re-
guirements applicable to the compo-
nent.

Chapter 6 - discusses several Special Topics
that can apply to any of the components. This
includes a discussion of the Performance Ap-
proach, High-rise Residential Buildings, and Ho-
tels and Motels.
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Appendices - contain reference tables, charts
and definitions that support the implementation
of the Standards, including data on construction
assemblies, and Climate Zone Descriptions.

Tables of Contents and Index - at the front and
back of the Manual - provide two types of cross-
references to the material in the document.

Note: Two notation conventions are used through-
out this Manual in making cross-references:

1. References to other locations within this
Manual are called out by Section number:

“see Section 3.2.2D"
2. Some references to the 1998 Energy Effi-

ciency Standards are called out by section
“§” number: “8§143(b)”
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Chapter 2:
Scope and
Application

2.0 CHAPTER OVERVIEW

This chapter discusses when and how the Stan-
dards apply to a building. The Introduction section
(2.1) presents the basic scope of the Standards. It
explains the definitions that must be understood to
have a precise understanding of the scope and
application.

The third section (2.2) explains the application
of the Standards to a variety of typical non-
residential building and permitting situations.
This chapter does not discuss the specific re-
guirements of the Standards; these are dis-
cussed in Chapters 3, 4 and 5.

2.1 Introduction 2-1
2.1.1 When Standards Apply 2-1
2.1.2 Basic Scope and 2.1.1 When Standards Apply
Application Concepts 2-3 (§100(8.)1, 2, 3)
A: Conditioned Space
Definitions 2-3 The Standards apply to any new construction that
B: Occupancies 2-6 requires a building permit, whether for an entire
2.2 Application Scenarios 2-7 building or for adding a few lighting fixtures (Sec-
2.2.1 Unconditioned Space 2-7 tion 100). The primary enforcement mechanism of
2.2.2 Newly Conditioned the Standards is through the building permitting
Space 2-7 process. Until the building department is satisfied
2.2.3 New Construction in that the building complies with all applicable code
Existing Buildings 2-9 requirements, including the energy Standards, it
2.2.4 Alterations to may withhold the building permit (or, after con-
Occupied Spaces 2.9 struction, the occupancy permit).
2.2.5 Additions 2-11
2.2.6 New Buildings 2.12 The Standards apply only to the construction that
A: Speculative, is the subject of the building permit application
Known Occupancy 2.12 (with t_h_e exception of_exis_ting spaces that are
B: Speculative, i‘cpndltloned" for the_ﬂrst_ time, in which case ex-
Unknown Occupancy 2.13 isting envelqpe and_llghtlng systems also must
C: Mixed Use 2.13 show compliance with the Standards).
D: Semi-Conditioned 2-14
2.2.7 Change of Occupancy 2-14
2.2.8 Repair 2-14
[sea]
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The Standards apply only to buildings that are di-

rectly, indirectly or semi-conditioned by mechanical

heating or mechanical cooling (Section 100(a)).
Subsection 2.1.2 provides detailed definitions of
these terms.

A. Nonresidential Standards

The 1998 Energy Efficiency Standards for Non-
residential Buildings, High-Rise Residential Build-
ings, and Hotels/Motels are effective after July 1,
1999. They apply to nearly all buildings not cov-
ered by the residential Standards. These include
the following Uniform Building Code Occupancy
Groups:

UBC Groups A, B, E, F, H, M, R (limited) and S
These buildings include (but are not limited to):

» Offices

* Retail and wholesale stores

* Grocery stores

¢ Restaurants

» Assembly and conference areas

* Industrial work buildings

e Commercial or industrial warehouses

e Schools

e Churches

e Theaters

* Apartment buildings with four or more habit-
able stories

* Hotels and Motels

The Standards do not apply to UBC Groups | and
U. These groups include such buildings as hospi-
tals, daycare, nursing homes, prisons, private ga-
rages and agricultural buildings.

The Standards also do not apply to buildings that
fall outside the jurisdiction of California building
codes, such as mobile structures.

The final exception to the Standards is qualified
historic buildings, as defined in the State Historic
Building Code (Title 24, Part 8) (exception to Sec-
tion 100(a)).

Example 2-1: Research Greenhouse

Question

A company engaged in agricultural research has a
greenhouse appended to its office building. It is
devoted exclusively to cultivating exotic plants and
is conditioned to maintain a set temperature of
80°F. Is it subject to glazing restrictions and enve-
lope heat gain limits?

Answer

It depends upon the UBC Group designation of the
greenhouse. If it is designated an agricultural
building (Group U), then it is exempt from the
Standards. If it is designated part of the B office
occupancy, then it would be subject to the applica-
ble glazing, lighting and other standards.

B. Residential Standards

The 1998 Energy Efficiency Standards for Low-
Rise Residential Buildings are also effective after
July 1, 1999. These Standards cover single-family
and low-rise residential buildings (occupancy
groups R1 and R3) including:

» All single-family dwellings of any number of
stories

e All duplex (two-dwelling) buildings of any num-
ber of stories

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

* All occupancy group R2 buildings with three or
fewer habitable stories

* Additions to all the above buildings

The applicable design manual for those buildings
is the Residential Manual for Compliance with the
Energy Efficiency Standards for Low-Rise Resi-
dential Buildings.

2-2
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Copies of the compliance manuals and other rele-
vant publications may be obtained by contacting
the Energy Commission (see Appendix F).

2.1.2 Basic Scope and
Application Concepts

The following discussion explains the definitions of
the key terms for understanding the scope and
application of the Standards. In most cases, a
careful reading of these definitions will resolve
guestions of interpretation. These definitions are
located in Section 101 of the Standards; italicized
words below indicate the wording taken verbatim
from that Section.

A. Conditioned Space
Definitions

Building is any structure or space for which a
permit is sought. By this definition, a building is not
necessarily a complete physical structure. For the
Standards, a building in this sense can be a light-
ing system recircuiting project, because this would
require an electrical permit.

Conditioned Floor Area (CFA) is the floor area
(in square feet) of enclosed conditioned space on
all floors of a building, as measured at the floor
level of the exterior surfaces of exterior walls en-
closing the conditioned space. Once the spaces
that are directly or indirectly conditioned are identi-
fied, 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 slop-
ing walls, bay windows and other unique building
details.

Conditioned Space is space in a building that is
either directly conditioned, indirectly conditioned or
semi-conditioned. In most circumstances it is obvi-
ous whether a space is conditioned or semi-
conditioned. There are, however, special circum-
stances 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 pro-
vided with mechanical heating that has a capacity
exceeding 10 Btu/(hr-sf), or is provided with me-
chanical cooling that has a capacity exceeding 5
Btu/(hr-sf), unless the space conditioning system is
designed and thermostatically controlled to main-
tain a process environment temperature less than
55°F or to maintain a process environment tem-
perature greater than 90°F for the whole space
that the system serves, or unless the space condi-
tioning is designed and controlled to be incapable
of operating at temperatures above 55°F or inca-
pable of operating at temperatures below 90°F at
design conditions. This definition contains several
key ideas central to the Standards. First, mechani-
cally heated or mechanically cooled space (dis-
cussed 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 pro-
vided to determine if the space is directly condi-
tioned. It is not uncommon for an otherwise un-
heated 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 (see also semi-
conditioned space). The total quantity of heating
provided to the space has to exceed 10 Btu/(hr-sf).
Similar logic applies to a mechanical cooling sys-
tem; if it provides more than 5 Btu/(hr-sf), it means
the space is directly conditioned. Third, it matters
at what the 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 spe-
cifically designed and operated to maintain a tem-
perature 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, and is therefore
exempt from the Standards. NOTE: the reference
to wood heating in the above Standards definition
of Directly Conditioned Space pertains to low-
rise residential buildings only, Section 100(a)3.B.
Nonresidential building with wood heat are semi-
conditioned.

2. Scope and Application
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Example 2-2: Direct Heating

Answer

Question

If a space were 1,000 sf, how large would the
heating system have to be to make the space di-
rectly 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 oper-
ating at temperatures below 90°F at design condi-
tions.

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

Example 2-3

Question

A water treatment plant has a heating system in-
stalled to prevent pipes from freezing. The heating
system exceeds 10 Btu/(hr-sf) 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 con-
trolled to prevent operating temperatures above
50°F. The definition of directly conditioned space
excludes spaces that have space conditioning de-
signed 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 2-4: Direct Cooling

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?

[E

Enclosed Space is space that is substantially sur-
rounded by solid surfaces. 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 vol-
ume above grade. This definition is important in
distinguishing between high-rise and low-rise resi-
dential 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
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 3 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
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meet the requirements of the Standards. As a
guide, professional judgment should be exercised
when determining whether a space is indirectly
conditioned, especially as relates to door place-
ment in the space. When an enclosed space that is
not directly conditioned has openings only into a
conditioned space, it should be considered indi-
rectly 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 out-
doors and to conditioned spaces, an evaluation of
relative heat transfer and air change rate (UA) (see
Example 2-5) should be used to determine the
status of the space. A typical example of an indi-
rectly conditioned space might be the stairwell of a
high-rise office building. The first part of the defini-
tion 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 condi-
tioning energy from a space that is directly condi-
tioned. 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 trans-
ferred out to the unconditioned surroundings, then
the space is considered to be indirectly conditioned
(see Example 2-5). The second way is for the
space to be ventilated with air from directly condi-
tioned 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.

Example 2-5: Indirectly Conditioned Space (by
conduction)

Are any of these spaces indirectly condi-
tioned?

UA=70
oacrol YA A |UATS
va=ro| B |uaszs  UATS L
UA=70] ua=79 C |ua=70
UA=70
Answer

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 3 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.

Because the air change rate is low, we evaluate
each space on the basis of heat transfer coeffi-
cients through the walls and roof. It is further as-
sumed 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 coeffi-
cient 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 un-
conditioned 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 out-
side, Space A is considered indirectly conditioned.

SPACE B: The area weighted heat transfer coeffi-
cient 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 coeffi-
cient 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 uncondi-
tioned 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 out-
side, Space C is considered unconditioned.

2. Scope and Application
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Mechanical Cooling is lowering the temperature
within a space using refrigerant compressors or
absorbers, desiccant dehumidifiers, or other sys-
tems 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 cool-
ing (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 a semi-conditioned space.

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 di-
rectly conditioned space. If the 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.

Newly Conditioned Space is any space being
converted from unconditioned to directly condi-
tioned or indirectly conditioned space, or any
space being converted from semi-conditioned to
directly conditioned or indirectly conditioned space.
Newly conditioned space must comply with the
requirements for an addition.

Process is an activity or treatment that is not re-
lated to the space conditioning, lighting, service
water heating, or ventilating of a building as it re-
lates to human occupancy.

Semi-Conditioned Space is an enclosed nonresi-
dential space that is provided with wood heating,
cooling by direct or indirect evaporation of water,
mechanical heating that has a capacity of 10
Btu/(hr ftz) or less, mechanical cooling that has a
capacity of 5 Btu/(hr ftz) or less, or is maintained
for a process environment as set forth in the defi-
nition of DIRECTLY CONDITIONED SPACE.
Buildings that are semi-conditioned must meet the
lighting requirements of the Standards (see

[E

Chapter 5). No mechanical or envelope compli-
ance is required as long as the building is main-
tained as a semi-conditioned space.

Space Conditioning System is a system that
provides either collectively or individually heating,
ventilating, or cooling within or associated with
conditioned spaces in a building. The Standards
apply to conditioned space, and they govern the
space conditioning systems that provide the condi-
tioning for those spaces.

Unconditioned Space is enclosed space within a
building that is not directly conditioned, indirectly
conditioned or semi-conditioned space. Uncondi-
tioned space is not covered by the Standards

B. Occupancies

High-Rise Residential is a building, other than a
hotel/motel, of occupancy group R-1 with four or
more habitable stories. UBC Occupancy Group R-
1 includes apartment houses, convents and mon-
asteries (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.

Example 2-6: High-Rise Residential

Question

A four-story building has one floor retail, two 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.
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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 in-
tended 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 en-
velope. 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 re-
lated to the functioning of the hotel/motel as such,
including, but not limited to, exhibition facilities,
meeting and conference facilities, food service fa-
cilities, 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 restau-
rants, auditoriums, retail stores, offices, kitchens,
laundries and swimming pools. All are treated as
hotel/motel spaces.

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

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

Refer also to Section 6.2 for a complete discussion
of hotel/motel compliance issues.

Mixed Occupancies The Standards apply to
mixed occupancies in the same way they apply to
single occupancy buildings. The low-rise residen-
tial Standards apply to applicable occupancies; the
nonresidential Standards apply to appropriate oc-
cupancies. If these two types occur in the same
building, the building must be treated as two sepa-
rate buildings for purposes of energy compliance,
with each part meeting its applicable requirements.
An exception provides that if one occupancy
makes up 90% of the building, the entire building
may comply with the provisions of the dominant
occupancy. The mandatory measures for the ac-
tual occupancy will apply. This subject is dis-
cussed and illustrated in greater detail in Section
2.2.6C.

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, Appendix G, for
these definitions. All are found alphabetically under
“Occupancy Type.”

2.2 APPLICATION SCENARIOS

This section illustrates the use of the application
rules in typical building situations.

2.2.1 Unconditioned Space

Unconditioned space is neither directly nor indi-
rectly nor semi-conditioned, as defined in the pre-
vious section. Unconditioned space is not subject
to the Energy Efficiency Standards. Some typical
examples of spaces that may be unconditioned:

Parking structures

Automotive workshops

Covered entry courts or walkways
Outdoor dining areas

Greenhouses

Loading docks

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 the flowchart in Figure 2-
1 to determine whether a space is unconditioned,
conditioned, or semi-conditioned.

2.2.2 Newly Conditioned Space

While unconditioned buildings do not have to com-
ply with the Standards, it is not simple to change
an unconditioned building to a conditioned building.

When previously unconditioned space becomes
conditioned, the space is then considered an “ad-
dition” and all the building’s components must then
comply as if it were a new building (see Section
2.2.5 below and Standards Section 149(a).) If con-
ditioning an existing building results in a space that
is semi-conditioned, the Standards do not apply.

2. Scope and Application
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Figure 2-1: Type of Conditioned Space and Scope of Compliance

Yes

Is there a mechanical heating
or mechanical cooling

A

Does the heating system

exceed 10 Btu/(hr-sf)? Or

does the cooling system
exceed 5 Btu/(hr-sf) ?

Yes

i

Is the temperature maintained
for a process environment
outside the range of
55°F through 90°F?

system?

No Yes

The space is semi-conditioned and
must comply with lighting
requirements.*

No Yes

Is there evaporative
cooling, wood heating or
a nondepletable energy

source used for space
conditioning?

No

l

Full compliance with the standards
(envelope, lighting
and mechanical) is required.

Is the space indirectly
conditioned (see
definition in 2.2.1.A)?

OR
Yes
Is the space conditioning
system 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?

This building is not within the scope
of the standards. No compliance is
required.

*In an alteration, if space conditioning is added to an existing unconditioned building, resulting in it
being semi-conditioned, no requirements apply. If space conditioning is added to an existing
unconditioned building, resulting in it becoming conditioned, full compliance is required.

This situation has potentially significant construc-
tion and cost implications. For example, if an un-

conditioned warehouse is upgraded with a heating
system thus becoming conditioned space, the
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building envelope must comply with the current
envelope requirements and the lighting system
must be brought into conformance with the current
lighting requirements, including mandatory wiring
and switching. If the envelope has large windows,
it is conceivable that some would have to be
blocked off. If the lighting system is inefficient, fix-
tures might have to be removed and new, more
efficient fixtures installed.

This requirement can cause difficulty when an
owner of a building seeks exemption from com-
plying 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 con-
ditioning 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. As soon as the tenant applies for a
permit to install the HVAC equipment, however,
the envelope and any existing lighting in the shell
must then be brought into full compliance. (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 com-
pliance difficult, the building envelope may require
expensive alterations to bring it into compliance. A
similar situation could occur with the lighting sys-
tem if it is installed in the “unconditioned” building.

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 compli-
ance. For a discussion of the compliance proce-
dures associated with this practice, refer to Sec-
tions 3.3, 4.3 and 5.3.

To minimize Standards compliance difficulties, the
recommended practice is to demonstrate energy
compliance at the time the envelope is built, and to
do the same for the lighting system.

2.2.3 New Construction in
Existing Buildings

Alterations, tenant improvements, and repairs are
new construction in an existing building. For ex-
ample, the base building has been constructed, but
the individual tenant spaces have not been com-
pleted. Tenant improvements can include work on
the envelope, the mechanical or the lighting sys-
tems. Whatever the case, the system or systems
being installed are considered to be new construc-
tion, and must comply with some or all of the cur-
rent 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 improve-
ment results in the conditioning of previously un-
conditioned space. Refer to the previous Section
2.2.2 for a complete discussion of this situation.

2.2.4 Alterations to Occupied
Spaces

Alteration is any change to a building’s water
heating system, space conditioning system, light-
ing system, 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 a separate sec-
tion of the Standards, Section 149(b). (Additions
are discussed in Section 2.2.5.)

In summary, the alteration rules are:

1. The Standards apply only to those por-
tions of the systems being altered; un-
touched portions need not comply with the
Standards.

2. If an envelope or lighting alteration in-
creases the energy use of the altered
systems, the alteration must comply with
the current Standards.

3. Alterations must comply with the manda-

tory measures for the changed compo-
nents.

2. Scope and Application
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4. New systems in the alteration must comply
with the current Standards.

5. In an existing semi-conditioned building,
altered lighting must meet mandatory
measures for the changed lighting compo-
nent. Alterations that increase the con-
nected lighting load or replace more than
50% of the lighting fixtures must meet
current Standards.

6. In an existing, unconditioned building
where evaporative cooling is added (mak-
ing the building semi-conditioned) the ex-
isting 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% of fixtures, 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 gov-
erned 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 perform-
ance 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 (see Section
6.1 and Standards Section 149(b)).

g

Example 2-7: New Window

Question

An owner wants to add a new window in an old
building. This will increase the glazing area. How
do the Standards apply?

Answer

Envelope alterations require demonstrating that
the overall heat gain and heat loss are not in-
creased. However, the heat gain calculation con-
siders only glazing (i.e., only measures which
offset the heat gain, such as tinting, are consid-
ered), making it is difficult to achieve compliance
with this option.

The option is also available to meet the current
requirements for the component being altered.
This means meeting the glass U-value, percent-
age, and shading requirements of the current
standards. For example, a building in Climate
Zone 9 would require a window U-value <1.23,
relative solar heat gain of 0.62 (south, east and
west) or 0.82 (north), and the total area of fenes-
tration (existing and new) is limited to 40% of the
gross exterior wall area (considering only the al-
tered wall of the permitted space).

Example 2-8: New Lighting Fixture

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% of the fixtures are replaced, or the
connected load is increased, the Standards will treat
this as a new lighting system that must comply with
Section 146. Any applicable mandatory requirement
affected by the alteration applies, and the manda-
tory switching requirements would apply to the im-
proved system if the circuiting were altered. Title 20
Appliance Efficiency Regulations requirements for
ballasts would also apply. See Section 5.2.1.

o
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Example 2-9: New Interior Partitions

Example 2-12: Adding a Mezzanine

Question

A building owner wants to rearrange some inte-
rior partitions and re-position the light fixtures in
the affected rooms. Do the energy Standards ap-
ply 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 enve-
lope, only the mandatory light switching require-
ments would apply. Refer to Section 5.2.1 for
more detail on these requirements.

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

Example 2-10: Altered Duct Work

Question

A building owner wants to re-arrange some duct
work and add some additional fan coils to an ex-
isting HVAC system to improve comfort. Do the

energy Standards apply to the work?

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 light-
ing must comply with all requirements of the stan-
dards. 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 insula-
tion requirements apply.

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 (see Section 4.2.1J).

Example 2-11: Chiller Replacement

Question

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

Answer

The mandatory efficiency requirements would gov-
ern the efficiency of the new chiller (see Section
4.2.1A). The other parts of the system are un-
changed and therefore unaffected by the Standards.

2.2.5 Additions

Addition is any change to a building that in-
creases conditioned floor area and conditioned
volume.

Additions involve either the construction of new,
conditioned space and conditioned volume, or the
installation of space conditioning in a previously
unconditioned space. The mandatory measures,
and either the prescriptive or the performance re-
quirements apply. 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 systems are simply ex-
tended into the addition (Standards exception to
Section 149(a)). Refer above to Section 2.2.2 for
further discussion of previously unconditioned
space.

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

Option 1: Treat the addition as a stand-alone
building with adiabatic walls to conditioned
space (Section 149(a)1. and (Section
149(a)2.B.1.). This option can employ either
the prescriptive or the performance ap-
proach.

2. Scope and Application
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Adiabatic means the common walls are as-
sumed to have no heat transfer between the
addition and the adjacent conditioned space,
and are ignored entirely.

Option 2: Combine the existing building with the
addition (Section 149(a)2.B.2.). This option
only works with the performance approach.
It uses the custom budget approach to de-
velop an energy budget for the existing
building and a standard version of the addi-
tion. These combine into a total building en-
ergy budget. The combined building is then
modeled as proposed. If it meets the budget,
the addition complies.

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

Option 3: The existing structure combined with the
addition can be shown to comply as a whole
building with all requirements of the current
Standards for envelope, lighting and me-
chanical.

Example 2-13: Energy Inefficient Addition

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 improve-
ments to the existing building (lighting, mechanical
or envelope), it is possible for the combined building
to comply. The performance approach would be
used to model the combined existing/new building.

g

2.2.6 New Buildings

A. Speculative Buildings -
Known Occupancy

Speculative buildings of known occupancy are
commonly built by developers. For example, if a
strip shopping 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 could take responsibility for any or all of
the major components by simply building and
showing energy compliance for the envelope, and
leaving the lighting and HVAC improvements to the
tenants (or the project could include the other
systems as well).

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 Stan-
dards compliance work can be dealt with as each
tenant obtains building permits for work in their
individual spaces (see Section 2.2.3).

Often, the developer will seek to minimize first cost
by delaying compliance and construction of as
much of the project as possible. While this can be
done under the Standards, there are two disad-
vantages:

1. If all Standards compliance is deferred by
declaring the building to be unconditioned,
the owner needs to understand the poten-
tial problems that could arise later when
the building is conditioned. Refer to the
discussion in Section 2.2.2 above.

2. If only the envelope or lighting systems are
shown to comply, the owner loses the op-
portunity to apply the performance ap-
proach to the entire building and so to
make trade-offs between systems to opti-
mize the cost-effectiveness of the design.

ll\)
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B. Speculative Buildings - Un-
known 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.

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 me-
chanical space conditioning equipment. Refer to
Section 2.2.2 for a complete discussion of this
problem.

C. Mixed Use Buildings

Because the Standards are different for 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 cir-
cumstances regarding mixed use buildings:

1. Minor Occupancy (exception to Section
100(e)). If the minor occupancy or occu-
pancies occupy less than 10% of the total
conditioned floor area, then they are
treated as if they were of the major occu-
pancy. The mandatory measures applica-
ble to the minor occupancy, if different
from the major occupancy, would still ap-

ply.

Example 2-14: Minor Occupancy

Question

A 250,000 sf high-rise office building includes a
small 500 sf apartment for use by visiting execu-
tives. This is clearly a residential occupancy, so is
the apartment required to meet the residential re-
guirements of the Standards?

Answer

No. It occupies less than 10% of the total condi-
tioned floor area, so it is a minor occupancy and
may be treated as part of the office occupancy.

Residential mandatory measures apply.

2. Different Nonresidential Occupancies.
When both of these occupancies fall under
the nonresidential Standards, they would
be dealt with together under the same
compliance process. Although the occu-
pancies may have different envelope and
lighting requirements, these are not so
different as to require special compliance
procedures.

3. Hotel/motel and Nonresidential Occu-
pancies. A hotel/motel with guest rooms,
restaurants, sports facilities and other non-
residential occupancies is defined as a
hotel/motel occupancy (see Section 2.1.2B
and Standards Section 101(b)). The only
variance is that the guestroom envelope
and lighting and HVAC control require-
ments are different.

4. Mixed Low Rise Residential and Non-
residential Occupancies. These occu-
pancies fall under different sets of Stan-
dards, they are considered separately.
Two compliance submittals must be pre-
pared, each using the calculations and
forms of its respective Standards.

2. Scope and Application
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D. Semi-Conditioned Buildings

Some buildings such as warehouses may fall into
the category of a semi-conditioned building (see
2.2.1 to determine if a space is unconditioned or
semi-conditioned). The Standards require only
lighting compliance in buildings that are semi-
conditioned.

2.2.7 Change of Occupancy

A change of occupancy alone does not require any
action under the energy Standards. If changes are
made to the building, however, then the rules for
alterations or additions apply (see Sections 2.2.4
and 2.2.5).

If the change in occupancy involves converting
from a residential to a nonresidential occupancy or
vice versa (changes defined by UBC 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 nonresidential lighting require-
ments would apply. If a new HVAC system is in-
stalled, 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.

2.2.8 Repair

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 pre-
existing energy consumption of the required com-
ponent, system, or equipment.
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3.1 INTRODUCTION

The design of the building envelope is generally
within the domain of an architect, although it may
be done by a contractor, an engineer, or some
other person. The designer is responsible for
making sure that the envelope design complies
with the Standards. Likewise, the building depart-
ment is responsible for making sure that the enve-
lope is designed and built in conformance with the
Standards. This chapter is addressed to both the
designer and the building department, and to the
related specialists who participate in the design
and construction of the building envelope.

3.1.1 Envelope Compliance
Approaches

The envelope requirements contain more than one
approach to compliance in order to allow flexibility
to accommodate the wide variety of nonresidential
buildings. The characteristics, advantages and
disadvantages of each method are introduced in
this Section. These requirements are in addition to
the envelope mandatory measures, which apply
regardless of the compliance approach (Section
3.2.1).

A. Prescriptive Approach (8143)

Envelope Component Approach vs.
Overall Envelope Approach

Under the prescriptive approach there are two al-
ternatives for envelope compliance: the Envelope
Component Approach and the Overall Envelope
Approach.

Envelope Component Approach (Section
143(a)) is the simpler and more direct of the two
prescriptive compliance approaches. It consists of
a specific requirement for each envelope compo-
nent: roofs and ceilings, exterior walls, demising
walls, external floors and soffits, windows, and
skylights.

There are no trade-offs between components. If all
the requirements are met, the envelope complies.
If even one component does not meet its individual
requirement, the envelope does not comply.

Under the Envelope Component Approach, each
opagque assembly has to meet a minimum insula-
tion 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 will
comply with the Standards. See Section 3.2.2 for a
more complete discussion of the Envelope Com-
ponent Approach.

Overall Envelope Approach (Section 143(b))
treats envelope components as a group. This of-
fers the ability to make trade-offs between enve-
lope components, which is the principal advantage
of this approach.

The Overall Envelope Approach uses two meas-
ures of envelope performance: the overall heat
loss and the overall heat gain. The overall heat
loss is a measure of the insulating quality of all the
envelope components together, including both
opaque and glazing surfaces. The overall heat
gain is a measure of the insulation quality of the
envelope component and the solar heat gain quali-
ties of the glazing and envelope.

The Standards for both heat gain and heat loss of
the envelope are calculated using the insulation
and solar heat gain coefficient values from the En-
velope Component Approach, and applying them
to the building’s envelope surface areas, as de-
signed (with some limits on glazing area). The pro-
posed design’s overall heat loss and heat gain are
calculated based on the installed insulation and
glazing performance. If the proposed heat loss and
heat gain are no higher than the standard heat loss
and heat gain, then the envelope complies. See
Section 3.2.3 for a more complete discussion of
the Overall Envelope Approach.

B. Performance Approach (8141)

The other option for envelope compliance is the
Performance Approach. It may be used for either
envelope-only compliance or may include lighting
and mechanical system compliance if permitted at
the same time. When the performance approach is
used for the envelope only, the computer model
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deals with the energy efficiency of the entire en-
velope under both heating and cooling conditions.
This means that trade-offs can be made between
all envelope components. The computer analysis
is much more sophisticated and can account for
more subtle energy effects due to surface orienta-
tion and hourly changes in the outside tempera-
ture. If the envelope compliance is combined with
other parts of the building, then more trade-offs
can be made, such as increasing envelope effi-
ciency in order to allow more lighting power or a
less efficient mechanical system. See Sections
3.2.4 and 6.1 for a more complete discussion of
the performance approach.

3.1.2 Basic Envelope Concepts

In order to understand the particulars of each of
these approaches, several key definitions and en-
ergy concepts must be presented. In addition, be-
fore proceeding to the discussion below, the
reader should be familiar with the various condi-
tioned space definitions (see Section 2.1.2A).

A. Definitions (8101(b))

Atrium is an opening through two or more floor
levels other than enclosed stairways, elevators,
hoistways, escalators, plumbing, electrical, air-
conditioning, or other equipment which is enclosed
space and not defined as a mall. The definition of
an atrium is significant because of the skylight area
requirements. The key concept is that the atrium is
an opening through floor levels, not counting
openings needed for equipment. Malls are not
considered as atria. The skylight requirements are
different when the atrium is over 55 feet high. Ac-
cording to the UBC, an atrium over 55 feet high
must have a mechanical ventilation system (par-
ticulars defined in the UBC), so the higher skylight
allowances for atriums only apply when the venti-
lation system is required. In questionable cases,
the determination of atrium height will be made by
the building department, and will follow UBC
guidelines.

Demising Partitions are barriers that separate
conditioned space from enclosed unconditioned
space. The only difference between an exterior

partition and a demising partition is that the de-
mising partition has enclosed unconditioned space
on one side, rather than outdoor space. The de-
mising partition could adjoin, for example, an un-
conditioned warehouse, an enclosed garage, or an
unconditioned vestibule. The distinction between
exterior and demising walls is made because de-
mising walls have their own requirements and they
are not treated the same way as exterior partitions
in the energy calculations.

Demising Wall is a wall that is a demising parti-
tion. A wall is the only case where a demising par-
tition is treated differently from an exterior partition
(there are special insulation requirements (Sec-
tions 143(a)3 and 118(e)). Glazing area in demis-
ing walls is not limited (Sections 141(a) and
143(a)5A).

Display Perimeter is the length of an exterior wall
in a B, F-1 or 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 public at large (no obstructions, limits to access,
or intervening non-public spaces). The display pe-
rimeter is used for a special calculation of window
area (Section 143(a)5A). Demising walls are not
counted as part of the display perimeter.

Effective Apperture (See Chapter 5).

Exterior Door is a door through an exterior parti-
tion. The exterior door area is used only in calcu-
lating the gross exterior wall area; there are no R-
value, U-value or area requirements for exterior
doors (Section 143(a)7). Note that if the door has
glazing in excess of one-half of the door area, that
glazing is a window or a skylight (depending on
slope). See discussion of Window Area below for
the measurement of glazing area in doors.

Exterior Floor/Soffit is a horizontal exterior parti-
tion, or a horizontal demising partition, under con-
ditioned space. It is measured using exterior di-
mensions. Note that the conditioned space can be
directly or indirectly conditioned space, and it can
adjoin either ambient air or enclosed, uncondi-
tioned space. Also note that, unlike the residential
Standards, slabs-on-grade are not considered
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exterior floors because they do not separate con-
ditioned space from ambient air or unconditioned
space (see discussion of Exterior Partition be-
low). A floor over a ventilated crawl space or a
parking garage would be an exterior floor. Like-
wise, in a conditioned attic space, the soffit of an
overhanging eave would be considered an exterior
floor/soffit because it has unconditioned space
below (see Figure 3-1).

Exterior Partition is an opaque, translucent, or
transparent solid barrier that separates conditioned
space from ambient air or space that is not en-
closed. It separates conditioned space (including
Indirectly Conditioned Space, as discussed in
Section 2.1.2A) from the outdoors or from spaces
that are not enclosed. The terms partition and bar-
rier are used as generic descriptors of any enve-
lope element, including windows, soffits, skylights,
metal doors, walls, roofs, etc.

Exterior Roof/Ceiling is an exterior partition, or a
demising partition, that has a slope less than 60
degrees from horizontal, that has conditioned
space below, and that is not an exterior door or
skylight. This means that the space above the roof
or ceiling can be either ambient air or enclosed,
unconditioned space. In either case, the envelope
requirements for roofs/ceilings apply. An example
of an enclosed, unconditioned space would be

a ventilated attic or mechanical room. Another

would be the ceiling of a conditioned office built
within a taller, unconditioned warehouse space
(see Figure 3-2).

Exterior Wall is any wall or element of a wall, or
any member or group of members, which defines
the exterior boundaries or courts of a building and
which has a slope of 60 degrees or greater with
the horizontal plane. An exterior wall or partition is
not an exterior floor/soffit, exterior door, exterior
roof/ceiling, window, skylight, or demising wall.
This leaves only the opaque wall surfaces defined
as exterior walls. They separate directly or indi-
rectly conditioned space from the outdoors. Note
that they do not include demising walls, which ad-
join enclosed unconditioned space.

Exterior Wall Area is the area of the opaque exte-
rior surface of exterior walls. It is measured using
exterior dimensions. This area does not include
windows or doors.

Fenestration or Glazing Product (same defini-
tion) is any transparent or translucent material plus
any sash, frame, mullions and dividers, in the en-
velope of a building, including, but not limited to:
windows, sliding glass doors, french doors, sky-
lights, curtain walls, garden windows, and other
doors with a glazed area of more than one-half of
the door area.

Figure 3-1: Requirements for Floor/Soffit Surfaces
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Figure 3-2: Requirements for Roof/Ceiling Surfaces
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Field-Fabricated Fenestration Product or Exte-
rior Door is a fenestration product or exterior door
whose frame is made at the construction site of
standard dimensional lumber or other materials
that were not previously cut, or otherwise formed
with the specific intention of being used to fabricate
a fenestration product or exterior door. This type of
product does not need to be labeled. Field fabri-
cated does not include site assembled frame com-
ponents that were manufactured elsewhere with
the intention of being assembled on site (such as
knocked down products, sunspace kits and cur-
tainwalls). The U-value and solar heat gain coeffi-
cient are determined from the default table (see
Tables 3-10 and 3-11).

Floor/Soffit Type is a floor/soffit assembly having
a specific heat capacity, framing type, and U-
value.

Gross Exterior Roof Area is the sum of the sky-
light area and the exterior roof/ceiling area. Note
that this does not include exterior door areas, such
as roof hatches. Roof areas are measured using
outside dimensions.

Gross Exterior Wall Area is the sum of the win-
dow area, door area, and exterior wall area. This
area is only used to calculate limits on exterior
window area.

Orientation (North, East, South and West) see
Glossary (Appendix G) definitions of North-facing,
East-facing, etc. The Standards make this dis-
tinction because solar heat gain differs by orienta-
tion, causing the energy flows at the envelope to
vary with orientation. 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.

Figure 3-3: Surface Orientations
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Relative Solar Heat Gain is the ratio of solar heat
gain through a fenestration product (corrected for
external shading) to the incident solar radiation.
solar heat gain includes directly transmitted solar
heat and absorbed solar radiation, which is then
reradiated, conducted or convected into the space.

Skylight is glazing having a slope less than 60
degrees from the horizontal with conditioned space
below, except for the purposes of complying with
Standards Section 151(f) in residential buildings.
See discussion of Slope below.

Skylight Area is the area of the surface of a sky-
light, plus the area of the frame, sash, and mul-
lions. Since skylights are often not planar, skylight
area measurement varies from that for windows. If
the skylight is a pyramid, barrel vault or other
three-dimensional shape, its surface area is
measured across the actual surfaces, not across
the flat plane of the opening (see Figure 3-4). The
only exception to this is when calculating the sky-
light-to-roof ratio to determine daylit area under
skylights; in that case, the skylight area is the
rough opening dimension (see Section 5.2.1C).

Figure 3-4: Skylight Area

Skylight Area=A +B

A B

Skylight Type is a skylight assembly having a
specific solar heat gain coefficient, whether trans-
lucent or transparent, and U-value.

Slope is used to distinguish between walls and

roofs (see Exterior Roof/Ceiling definition above).

If an exterior partition has a slope of less than 60°
from horizontal, it is considered a roof; a slope of

60° or more is a wall (see Figure 3-5). This defini-
tion extends to fenestration products, including the
windows in walls and any skylights in roofs.

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.

Solar heat gain includes directly transmitted solar
heat and absorbed solar radiation, which is then
reradiated, conducted, or convected into the
space.

Figure 3-5: Slope of a Wall or Window
(Roof or Skylight slope is less than 60°)
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Window
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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.
Solar heat gain includes directly transmitted solar
heat and absorbed solar radiation, which is then
reradiated, conducted, or convected into the
space.

Wall Type is a wall assembly having a specific
heat capacity, framing type, and U-value.

Well Index (see Section 5.2.1C)

Window is glazing that is not a skylight. Note that
the window includes any sash, framing, mullions or
dividers.

Window Area is the area of the surface of a win-
dow, plus the area of the frame, sash, and mul-
lions. As a practical matter, window area is gener-
ally 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. Use the
rough opening area, except for a window in a door.
In this case, use the area of the frame that holds
the glazing material. For unframed glass doors,
use the rough opening of the entire door. If the
window is not planar, as with a protruding garden
window, then the entire surface area of the fenes-
tration product is used (see Skylight Area).
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Window Type is a window assembly having a
specific solar heat gain coefficient, relative solar
heat gain, and U-value.

Window Wall Ratio is the ratio of the window area
to the gross exterior wall area. Calculate the win-
dow area from the rough opening dimensions and
divide by the gross exterior wall area, which does
not include demising walls. Glazing area in demis-
ing walls has no limit and any glazing in demising
walls is not counted as part of the exterior
wall/window ratio.

B. Insulation R-value (§8143(a))

Thermal Resistance (R) is the resistance of a
material or building component to the passage of
heat in (hr x ft® x °F)/Btu.

The R-value of an insulation material is a measure
of its thermal resistance. The higher the R-value,
the greater the thermal resistance or the better the
insulating value of the material. The thicker the
material, the greater its R-value. R-values are
used in the Envelope Component Method as
minimum efficiency requirements. They are also
used as part of the calculation of the U-values of
opaque building envelope assemblies. See the
following Sections (C through F) on U-values for
more information on these calculations.

Most types of insulating material used in California
must be certified by its manufacturer as meeting
the California Quality Standards for Insulating Ma-
terial. See Section 118 for a more complete de-
scription of these requirements.

C. Overall Assembly U-value
(8143(b))

U-value is the overall coefficient of thermal trans-
mittance of a construction assembly in

Btu/(hr x ft* x °F), including air film resistance at
both surfaces.

The U-value describes the rate of heat flow
through a building surface. The Standards specify
U-value limits which translate into minimum insula-
tion requirements for the envelope (see Tables 3-
20 and 3-21). The U-value tells how many Btu
(British thermal units) of heat energy will pass
through one square foot of surface area in an hour,
for every degree of difference, between inside and

outside air temperature. The higher the tempera-
ture difference, the more heat will flow. It follows,
then, that lower U-values mean smaller quantities
of heat flow, less winter heat loss and less summer
heat gain. U-values are always calculated to three
significant digits.

The U-value calculation varies depending on the
composition of the wall, roof, or other assembly
under consideration. The variations are discussed
in the following sections.

In addition to the insulating properties of the mate-
rials that make up a construction assembly, such
as a wall, thin layers of still air cling to the surface
of the assembly. These air films, as they are
called, add to the insulating value of the assembly.
They are accounted for in the U-value, and can
have a significant effect on envelope compliance,
especially for uninsulated assemblies.

In U-value calculations, there are standard air film
R-values that are used for compliance purposes
(see the following subsections for discussion of U-
value calculations). The standard values assume
that the interior air film is in still air, and that the
exterior air film is in a 15 mile per hour breeze,
which considerably reduces its insulating value.
Table 3-1 lists the standard air film R-values.

The following subsections describe how the U-
values of various envelope components are cal-
culated. These U-values are used to demonstrate
compliance with the envelope Standards.

NOTE:

Weight averaging of assemblies requires a U-
value. R-values cannot be weight averaged.

D. Wood Frame U-values
(8141(c)4.B)

Framed Partition or Assembly is a partition or
assembly constructed using separate structural
members spaced not more than 32 inches on
center.

Wood-framed assemblies are common in smaller
nonresidential buildings, and are known by such
names as stud walls, roof rafters and floor joists.
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They use small dimension lumber as the structural
elements, typically spaced on 16 inch or 24 inch
centers. The cavities between the framing mem-
bers typically are filled with insulation.

Table 3-1: Standard Air Film R-values

AIR FILMS [1]

Wall Roof Floor

Flat [2] 45° Angle

Inside 0.68 0.61 0.62 0.92
Outside 0.17 0.17 0.17 0.17
AIR SPACES [4]
0.5inch 0.77 0.73 0.86 0.77
0.75 inch 0.84 0.75 0.81 0.85
1.5 inch 0.87 0.77 0.80 0.94
3.5 inch [5] 0.85 0.80 0.82 1.00

NOTE: Values from ASHRAE Handbook of Fun-
damentals, 1993 edition, Chapter 22, Tables 1 &
2.

[1] Assumes a non-reflective surface emittance
of 0.90 and winter heat flow direction.

[2] Use the “Flat” roof R-values for roof angles
between horizontal and 22 degrees.

[3] Use the 45 degree roof R-values for roof
angles between 23 and 60 degrees.

[4] Assumes mean temperature of 90 degrees
Fahrenheit, temperature difference of 10 de-
grees Fahrenheit, surface emittance of 0.82
and winter heat flow direction.

[5] Use these R-values for air spaces greater
than or equal to 3-2 inches, such as attics.

Any time a typical wood-frame assembly is used,
the U-values listed in Table B-2 (see Appendix B)
can be used (a portion of Table B-2 is included as
Table 3-2). Table B-2 provides a wide range of
typical wood-framed assemblies.

To use Table B-2, identify the appropriate type and
spacing of the framing. Next, locate the R-value of
the cavity insulation. Finally, use the R-value of the
layer of insulated sheathing (such as rigid foam
insulation board) attached to the assembly and
select the row of the table showing the U-value of
the assembly. Use the “zero” R-value if there is no
insulated sheathing. Note that insulated sheathing
does not include ordinary building materials such
as plywood or stucco; it is rigid board material de-

signed to be used as insulation. Examples of this
type of insulation are polystyrene and polyiso-
cyanurate. These default U-values must be used
for compliance purposes, unless calculations are
submitted for each assembly.

Likewise, if the assembly is not included in the ta-
ble, or if the assembly is a framed floor, ceiling, or
soffit, the U-value must be calculated using the
parallel path method, in which case the applicant
must submit calculations using ENV-3 (see Section
3.3.6).

Table 3-2: Wood Framed Assembly U-values
(excerpt from Table B-2, Appendix B)

Framing Type Framing Insulated Wood Wall
and Spacing Cavity Sheathing U-Value
R-Value R-Value

2x4 @ 16" O.C. 11 0 0.098

(compressed) 4 0.068

5 0.064

7 0.056

8.7 0.051

13 0 0.088

4 0.063

5 0.059

7 0.052

8.7 0.048

15 0 0.081

Parallel Path Method. Wood framed assembly U-
values are calculated using the parallel path
method (see ENV-3 Wood Framed Assembly).
This method takes account of the fact that heat
flows at a different rate through the solid wood
framing portion of the surface than through the
insulated cavity portion. The U-value developed by
the method is essentially an area-weighted aver-
age of the U-values of the frame and cavity areas.
The parallel path method is described in the
ASHRAE Handbook, 1993, Fundamentals Volume,
Chapter 22 (see Appendix B). For compliance pur-
poses, the parallel path method calculation is done
for each wood-framed assembly using the ENV-3
form. Refer to Section 3.3.6 for a step-by-step ex-
planation of this calculation and the form.

Because the parallel path method weights the U-
values of the framing and the cavity areas, a key
number in the calculation is the framing percent
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age. This number describes the percentage of the
surface area that is occupied by framing; the rest
is occupied by cavity and insulation. In order to
simplify the calculation and to avoid confusion, the
Energy Commission has adopted common framing
percentages, found below in Table 3-3.

Table 3-3: Wood Framing Percentage

Assembly Framing Framing
Type Spacing Percentage
Walls 16" o.c. 15%

24" ¢ 129%
Floors 16" o.c. 10%

24" o C 7%
Roofs 16" o.c. 10%

24" o C 7%
11993 ASHRAF Handhook of Fundamentals Chanter22 |

E. Metal Frame U-values
(8141(c)4.C)

Framed Partition or Assembly is a partition or
assembly constructed using separate structural
members spaced not more than 32 inches on
center. Metal framing, typically using steel studs,
rafters or joists made of rolled shapes of light
gauge steel, is common in hon-combustible con-
struction. The framing techniques are similar to
those for wood framing; small dimension structural
members are typically placed on 16 inch or 24 inch
centers, and the cavities between the framing
members are filled with insulation. This method
does not apply when the framing spacing is 32
inches or more.

Metal-framed assemblies have greater heat
transfer than wood-framed assemblies, of similar
construction. This is because the steel material is
an effective heat conductor. Heat flows rapidly
through the framing members, bypassing the cav-
ity insulation. The net result is substantial reduction
in the effectiveness of the insulation.

To account for this effect, the zone method is used
for determining the U-value of a metal-framed as-
sembly instead of the parallel path method. This
method is described in the ASHRAE Handbook,
1993, Fundamentals Volume, Chapter 22 (see Ap-
pendix B). A hand calculation using the zone
method is elaborate, and is not recommended for
use without training.

Other alternatives to performing zone method cal-
culations include the use of ENV-3 for Metal
Framed Assemblies, default table (Table 3-4), and
a computer program were developed by the En-
ergy Commission to determine the U-values of
construction assembilies, including those with
metal framing (see Appendix B).

Table 3-4 is an excerpt from Table B-2, the Wall
Assembly U-value Table found in Appendix B,
which provides U-values for a wide range of typical
metal-framed wall assemblies. They were calcu-
lated using the zone method. These values may be
used for compliance purposes, unless the appli-
cant submits calculations for each assembly sepa-
rately (using form ENV-3 Metal Frame; see Section
3.3.4). Interpolating or extrapolating values in this
table is prohibited.

To use this table, identify the appropriate type and
spacing of the framing. Next, locate the R-value of
the cavity insulation. Finally, use the R-value of the
layer of insulated sheathing attached to the as-
sembly and select the row of the table showing the
U-value of the assembly. Use “zero” R-value if
there is no insulated sheathing.

Table 3-4: Metal Framed Assembly U-values
(excerpt from Table B-2)

Framed Wall Assembly U-Values
Metal Wall

Framing Insulated

Framing Type Cavity Sheathing U-Value
and Spacing R-Value R-Value

2x4 @ 16" o.c. R-11 0.0 0.202

4.0 0.112

5.0 0.101

7.0 0.084

8.7 0.073

Note that insulated sheathing does not include or-
dinary building materials such as plywood or
stucco; it is rigid board material designed to be
used as insulation. Examples of this type of insula-
tion are polystyrene and polyisocyanurate.

If the value in Table B-2 is not used, or if the as-
sembly is a metal-framed floor, ceiling or soffit, the
U-value may be calculated using the metal framing
factors found in Table 3-5 (see Appendix B, Table
B-3). Using the ENV-3 Metal Framed
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Assembly form described more fully in Section
3.3.4, multiply the values in this table by the sum of
R-values of all layers including air films, excluding
any insulated sheathing. Add the insulated
sheathing R-value, if any, to obtain the total as-
sembly R-value. Using this value, calculate the U-
value.

Table 3-5: Metal Framing Factors

lished by the Concrete Masonry Association of
California and Nevada, 1986.

A simplified version of the latter method was used
to develop Table B-4, excerpted in Table 3-6. This
table lists various typical hollow unit masonry units
by nominal wall thickness (12", 10", etc.), and by
material type. For example, NW CMU refers to

METAL FRAMING FACTORS* normal weight concrete masonry units (concrete
Stud Stud Insulation Framing blocks). The table also provides for the three typi-
Spacing Depth R-Value Factor cal core treatments: solid grout and two types of
R-7 0.522 partially grouted core treatments. The ungrouted
4 R-11 0.403 cells in partially grouted walls are either empty or
R-13 0.362 filled with perlite insulation. The table gives the U-
16" o.c. R-15 0.328 value for the wall, including interior and exterior air
R-19 0.325 films. It also provides the total R-value and the
6" R-21 0.300 heat capacity (HC) (see Subsection 3.1.2G for
R-22 0.287 more on heat capacity). The use of these numbers
R-25 0.263 in determining the U-value of complex masonry
R-7 0.577 assemblies is explained in Section 3.3.5 (ENV-3:
4" R-11 0.458 Proposed Masonry Wall Assembly).
R-13 0.415
24" o.c. R-15 0.379 Table 3-6: Properties of Hollow Unit Masonry
R-19 0.375 Walls (excerpt from Table B-4)
6" R-21 0.348
Type Core Treatment
R-22 0.335 Solid ParWth Ungrouted Cells
R-25 0.308 Grout ﬂ Empty Filled w/Perlite
R-value calculation for Exterior Wall Assemblies with Metal Studs, 12" |[LW CMU U 0.51 0.43 0.30
July 19, 1990, Staff Draft Docket 90-CON-1. Rt 2.0 2.3 3.3
*Correction to metal framing factors applies to the entire assembly HC 23.0 14.8 14.8
including: interior air films, interior surfaces, cavity/insulation, exterior MW CMU U 0.54 0.46 0.33
surfaces, and exterior air films. Rt 1.9 2.2 3.0
23.9 15.6 15.6
w W 657 0.49 0.36
Rt 1.8 2.0 2.8
F. Masonry U-values wel 2 165 16.5

(8141(c)4.E)

Masonry wall assemblies are typically built using
concrete masonry units (block), or with various
clay products (brick or tile). They also include solid
masonry or concrete assemblies, such as tilt-up
concrete walls. The heat flow across these walls
can be complex because of the voids in the wall,
the solid material bridges through the wall, and the
reinforcing and grouting of some of the voids for
structural reasons.

The recommended procedure for determining ma-
sonry wall U-values is to use the tables of values
provided in this Manual in Tables B-4 through B-6
(see Appendix B). Alternatively, it is permissible to
use either the method of transverse isothermal
planes described in the ASHRAE Handbook, 1993,
Fundamentals Volume, Chapter 22, or the method
described in Energy Calculations and Data, pub-

Table B-5 is used to find the values for solid ma-
sonry assemblies not made up of hollow masonry
units (e.g. poured concrete), and is excerpted in
Table 3-7.

3-10
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Table 3-7: Properties of Solid Unit
Masonry and Solid Concrete Walls
(excerpt from Table B-5)

Type Layer Thick , inches
3 (4> 5 6
LWCMU U na 0.71 0.64 na
Rw na 1. 1.6 na
HC na Z.00 75 na
MW CMU U na 0.76 0.70 na
Rw na . 1.4 na
HC. na Z % Q58 na
NwcMU (U089 — 082 076 na
Rw 1.1 1.2 1.3 na
HCl g25 8133 10.42 na
Clay Brick U| 0.80 0.72 0.66 na
Rw 1.3 14 15 na
HCl 630 840 10.43 na
Concrete Ul 0.96 0.91 0.86 0.82
Rw 1.0 1.1 1.2 1.2
HCl 720 960 1200 1440

G. Heat Capacity (Tables 3-8
and 3-9)

Heat Capacity (HC) of an assembly is the amount
of heat necessary to raise the temperature of all
the components of a unit area in the assembly one
degree F. It is calculated as the sum of the aver-
age thickness times the density times the specific
heat for each component, and is expressed in Btu
per square foot per degree F.

Heat capacity describes the thermal mass of an
assembly. It is used in the prescriptive envelope
requirements for walls and floors, where the U-
value criterion is tied to the heat capacity of the
assembly.

Table 3-8: Effective R-Values for Interior
Insulation Layers on Structural Mass Walls
(excerpt from Table B-6)

Type Furring space R-value without framing effects
Actual
Thick Frame| 0| 1] 2| 3|(a) 5| 6] 7] 8] 9w

Any None | 05| 15|25]35|45|55|65]|75]85]95] 10

05" Wood | 1.3]113]19]24]27| na| naf na| na| na| na
Metd |09 09| 11| 11(12| na| na| na| na| na| na

10.75"  Wood [ FAT+4124127131|35(38| na| naf na| na
Metd | 1.0 1.0 1.3] 14| 15| 15|16 na| na| na| na

1.0 Wood | 1.3]15|22]|29|34(39|43]|46|49| na| na
Meta | 1.0]1 11| 14]|16|1.7(18|18]|19| 19| na| na

For a single layer, homogeneous wall or floor, such
as poured concrete walls with no applied finish
materials, heat capacity can be calculated by mul-
tiplying the weight of the wall (pounds per square
foot) times the specific heat. For instance, a 6 inch
concrete wall (specific heat = 0.20 Btu/lb-°F) with a
weight of 70 pounds per square foot would have
an HC of 70 x 0.20 or 14 Btu/ft*-°F. To calculate
the wall weight from the density (pounds per cubic
foot), multiply the density by the wall thickness
(inches) and then divide by 12 (inches) which
gives the wall weight in pounds per square foot.

For assemblies made up of many layers, the HC
may be calculated separately for each layer and
summed. The Proposed Construction Assembly,
form ENV-3, includes a procedure for calculating
HC in simple layered assemblies (see Section
3.3.6).

Table 3-9 lists the thermal properties of typical,
thermally massive construction materials. See Ap-
pendix B, Table B-1, for a more thorough listing of
the thermal characteristics of materials.

The HC of unit masonry walls, such as those made
of concrete block or brick, are too complicated to
calculate by this method. Appendix B, Materials
Reference includes Tables B-4 and B-5 with HCs
calculated for a large variety of masonry wall as-
semblies. See Section 3.1.2F for an introduction to
these tables.

Table 3-9: Thermal Mass Properties

Conduc- Specific
Matter tivity Density Heat

(Btu/hr-ft-oF) (Lbs/cf) (Btu/lb-oF
Adobe 0.33 120 0.20
Heavy Concrete 0.98 140 0.20
Lightweight Concrete 0.36 85 0.20
Gypsum 0.09 50 0.26
Masonry Veneer 0.62 127 0.20
Masonry Infill 0.44 120 0.20
Concrete Masonry Unit 0.59 105 0.20
Grouted Concrete 1.00 134 0.20
Masonry Unit
Stucco 0.47 105 0.20
Tile in Motar 0.67 120 0.20
Solid Wood (fir) 0.07 32 0.33
ASHRAE Handbook of Fundamentals, Table 4, Chapter 22
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H. Fenestration U-values
(8141(c)4.D)

The U-value for a fenestration product describes
the rate of heat flow through the entire unit, not just
the glass or plastic glazing material. The U-value
includes the heat flow effects of the glass, the
frame, and the edge-of-glass conditions (there

may be spacers, sealants and other elements that
affect heat conduction).

The Glossary lists many of the new terms and
product characteristics to acquaint readers with
some of the possibilities.

Manufactured Windows and Skylights. Because
of inconsistencies in the methods used by window
manufacturers in developing and reporting U-
values for their fenestration products, a joint in-
dustry/ government effort has been underway to
standardize procedures.

Standards Section 116(a)2 requires every installed
manufactured window or skylight to display a label
indicating its rated U-value and SHGC solar heat
gain coefficient.

The manufacturers can obtain U-value and SHGC
ratings from the National Fenestration Rating
Council’'s (NFRC) rating procedure, or from the
Energy Commission’s Default Tables (Tables 3-10
and 3-11).

The NFRC has available a Certified Products Di-
rectory containing NFRC certified U-values for
more than 3800 products. The directory is avail-
able by contacting:

NFRC

1300 Spring Street, 5th Floor
Silver Springs, MD 20910
(301) 589-6372

g
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Table 3-10: Default Fenestration
Product U-Values

Single Double
Product Pane Pane
Frame Type' Type U-value U-value?
Metal Operable 1.28 0.87
Metal Fixed 1.19 0.72
Metal Greenhouse/ 2.26 1.40
Garden Window
Metal Doors 1.25 0.85
Metal Skylight 1.72 0.94
Metal, Ther-  Operable 0.71
mal Break
Metal, Ther-  Fixed 0.60
mal Break
Metal, Ther-  Greenhouse/ 1.12
mal Break Garden window
Metal, Ther- Doors 0.64
mal Break
Metal, Ther-  Skylight 0.80
mal Break
Non-Metal Operable 0.99 0.60
Non-Metal Fixed 1.04 0.57
Non-Metal Doors 0.99 0.55
Non-Metal Greenhouse/ 1.94 1.06
Garden window
Non-Metal Skylight 1.47 0.68

! Metal includes any field-fabricated product with metal
cladding. Non-metal framed manufactured fenestration
products with metal cladding must add 0.04 to the
listed U-value. Non-Metal frame types can include
metal fasteners, hardware, and door thresholds.
Thermal break product design characteristics are:

a. The material used as the thermal break must have
a thermal conductivity £ 3.6 Btu-inch/hr-ft%-°F,

b. The thermal break must produce a gap of 3
0.2107,

c. All metal members of the fenestration product
exposed to interior and exterior air must
incorporate a thermal break meeting the criteria in
(a) and (b) above.

In addition, the fenestration product must be clearly
labeled by the manufacturer that it qualifies as a
thermally broken product in accord with Section 116.

%For all dual glazed fenestration products, adjust the

listed U-values as follows:

a. Subtract 0.05 for spacers of 7/16” or wider.

b. Subtract 0.05 for products certified by the
manufacturer as low-E glazing.

c. Add 0.05 for products with dividers between
panes if spacer is less than 7/16” wide.

d. Add 0.05 to any product with true divided lite
(dividers through the panes).
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. Solar Heat Gain Coefficient
(8141(c)5)

The SHGC is a measure of the quantity of solar
heat entering a window or skylight; the lower the
SHGC, the lower the amount of solar heat. A low
SHGC reduces solar heat gains, thereby reducing
the amount of air conditioning energy needed to
maintain comfort levels in the building.

SHGC are reported on the product label by glazing
material manufacturers for their products. In cases
where the specific glazing product is not known,
values from the default Solar Heat Gain Coefficient
Table 3-11 are used.

Table 3-11: Default Solar Heat Gain Coefficient

permanently attached to the building, or a struc-
tural component of the building, can be modeled
(i.e. shade screen). Manually operable shading
devices cannot be modeled. Overhangs can be
credited using the Relative Solar Heat Gain
procedure (see 3.1.2J below).

J. Relative Solar Heat Gain
8143(a)5.C)

This value is essentially the same as SHGC, ex-
cept for the external shading correction. It is cal-
culated by multiplying the SHGC of the fenestra-
tion product by the overhang factor.

Figure 3-6: Overhand Dimensions

Total Window Ove.rhanq
SHGC Horizontal
Frame Product Glazing Single Double
Type Pane Pane Lenath (H)
Metal Operable Uncoated 0.80 0.70
Metal Fixed Uncoated 0.83 0.73 Max. 2 ft.
Metal Operable Tinted 0.67 0.59
Metal Fixed Tinted 0.68 0.60 Overhana
Metal, Operable Uncoated 0.72 0.63 Vert ical
Thermal Heiaht (V)
Break
Metal, Fixed Uncoated 0.78 0.69
Thermal
Break
¥§é?:nal Operable | Tinted 0.60 0.53 Overhang factor may either be calculated auto-
Break matically (see Equation 3-1) or may be taken from
: . Table 3-12. The factor depends upon the ratio of
¥§é?lnal Fixed Tinted 0.65 0.57 the overhang horizontal length (H), and the over-
Break hang vertical height (V). These dimensions are
measured from the vertical and horizontal planes
Non- Metal | Operable | Uncoated 0.74 0.65 passing through the bottom edge of the window
Non- Metal | Fixed Uncoated 076 067 glazing, as shown in Figure 3-6. An overhang fac-
ool | onerent — 060 053 tor may be used if the overhang extends beyond
on-Metal | Operable inte : : both sides of the window jamb a distance equal to
Non- Metal | Fixed Tinted 0.63 0.55 the overhang projection (Section 143(a)5.C.ii). The

SHGC = Solar Heat Gain Coefficient

Note that, unlike the residential performance com-
pliance procedures, nonresidential windows are

not allowed credit for any interior shading such as
draperies or blinds. Only exterior shading devices

overhang projection is equal to the overhang
length (H) as shown in Fig. 3-6. If the overhang is
continuous along the side of a building, this restric-
tion will usually be met. If there are overhangs for
individual windows, each must be shown to extend
far enough to each side of the window.

ENV
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Equation 3-1: Relative Solar Heat Gain

RSHG = SHGCwin X [1 + aH/V + b(H/V)?]
Where

RSHG = Relative solar heat gain.
SHGC,yi, = Solar heat gain coefficient of the window.

H = Horizontal projection of the overhang from the
surface of the window in feet, but no greater than
V.

V = Vertical distance from the window sill to the bot-
tom of the overhang, in feet.

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.

Table 3-12: Overhang Factors

H/V North East/West South
0.00 1.00 1.00 1.00
0.05 0.98 0.95 0.94
0.10 0.96 0.91 0.88
0.15 094 0.87 0.83
0.20 0.93 0.83 0.78
0.25 0.91 0.79 0.74
0.30 0.90 0.76 0.69
0.35 0.88 0.72 0.65
0.40 0.87 0.69 0.62
0.45 0.86 0.66 0.58
0.50 0.85 0.63 0.56
0.55 0.84 0.60 0.53
0.60 0.83 0.57 0.51
0.65 0.82 0.55 0.49
0.70 0.81 0.53 0.47
0.75 0.80 0.51 0.46
0.80 0.80 0.49 0.45
0.85 0.79 0.47 0.44
0.90 0.79 0.46 0.44
0.95 0.79 0.44 0.44
1.00 0.79 0.43 0.44
1.05 0.79 0.43 0.44
1.10 0.79 0.43 0.44
1.15 0.79 0.43 0.44
1.20 0.79 0.43 0.44
1.25 0.79 0.43 0.44

g
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In addition, if the bottom of the overhang (shading
cut-off edge) is more than two vertical feet higher
than the top of the window (window head), then the
overhang does not qualify to receive an overhang
factor.

To use Table 3-12, measure the horizontal projec-
tion 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. 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 over-
hang factor (for a given orientation).

Figure 3-7 graphs the overhang factors of the vari-
ous orientation as a function of H/V. It shows that
overhangs have only a minor effect on the north
(maximum reduction in SHGC is only about 20
percent). East, west and south overhangs can
achieve reductions of 55 - 60 percent. The benefits
of the overhang level off as the overhang becomes
large. (Note: this graph is presented only to illus-
trate the benefits of overhangs. Do not use the
graph to scale values of the overhang factor; use
Table 3-12 or calculate the value directly from
Equation 3-1.)

Figure 3-7: Graph of Overhang Factors

1.00
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Example 3-1: RSHG Calculation

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 feet out from the plane of
the glass (H=3), and which is six feet above the
bottom of the glass (V=6). NOTE: the overhang ex-
tends more than three feet beyond each side of the
glass and the top of the window is less than two feet
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 3-12. For
east-facing windows, this value is 0.63. Finally,
multiply it by the solar heat gain coefficient to ob-
tain the RSHG: 0.63 x 0.71 = 0.45 = RSHG.

For field-fabricated products or an exterior door,
the Standards require that the unit be caulked,
gasketed, weather-stripping or otherwise sealed
(Section 116(b)). Unframed glass doors and fire
doors are the two exceptions to these require-
ments.

Where possible, it is best to decide what make and
model of fenestration will be used before complet-
ing compliance documents. See Section 3.1.2H for
information on obtaining the NFRC Certified Prod-
ucts Directory.

Table 3-13: Maximum Air Infiltration Rates

3.2 ENVELOPE DESIGN
PROCEDURES

3.2.1 Mandatory Measures

The mandatory measure requirements apply to
new construction, additions and altered envelope
components.

A. Doors, Windows and Skylights
(8116)

The mandatory measures for doors, windows and
skylights affect the air-tightness of the units and
how their U-value and SHGC are determined.
Fenestration products must be labeled with a U-
value and SHGC and the manufacturer or inde-
pendent certifying organization must certify that the
product meets the air infiltration requirements of
Section 116(a). Doors and windows must be

tested and shown to have infiltration rates not ex-
ceeding the values shown in Table 3-13.

Windows Residential All Other Doors
Doors
(CFM/sf) of | (CFM/sF) of (CFM/sf) of door
window door area area
area
Type | All Swinging, Sliding, Swinging
Sliding Swingingg | (double
(single door)
door)
Rate 0.3 0.3 0.3 1.0

If the specifier does not know the make and model
number of the fenestration products to be installed,
there are four options:

 Look up the U-values and SHGC for a
number of similar products in a fenestra-
tion directory and use the highest value.
This will help to ensure that whatever product
is installed, the U-value and SHGC will not be
higher. A building inspection failure will result
when a product that is less efficient than
specified on the plans is installed.

« Use the appropriate U-value and SHGC
from the Default Fenestration Product table
(see Tables 3-10and 3-11).

+ Usethe U-value and SHGC from the Enve-
lope Prescriptive requirements (Tables 3-20
and 3-21) The plans should also include a note
to the buyer that the U-value and SHGC of the
product purchased and installed must match or
be lower than specified in the compliance
documentation.

* Specify a particular product and state “or
equivalent.” Again, the plans should include a
note to the buyer that the U-value and SHGC
of the product purchased and installed must
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match or be lower than specified in the com-
pliance documentation.

B. Joints and Openings (8117)

The basic requirement of this section is that all
joints and other openings in the building envelope
that are potential sources of air leakage be
caulked, gasketed, weather-stripped, or otherwise
sealed to limit air leakage into or out of the build-
ing. This applies to penetrations for pipes and con-
duits, ducts, vents and other openings. It means
that all gaps between wall panels, around doors
Ceiling joints, lighting fixtures, plumbing openings,
doors and windows, and other construction joints
must be well sealed.

Ceiling joints, lighting fixtures, plumbing openings,
doors and windows should all be considered as
potential sources of unnecessary energy loss due
to infiltration. No special construction requirements
are necessary for suspended (T-bar) ceilings.
Standard construction (insulation on ceiling tiles) is
adequate for meeting the infiltration/exfiltration re-
guirements.

C. Insulation Materials (8§118)

The California Quality Standards for Insulating
Materials, which became effective on January 1,
1982, ensure that insulation sold or installed in the
state performs according to the stated R-value and
meets minimum quality, health, and safety stan-
dards.

Manufacturers must certify insulating materials to
comply with California Quality Standards for Insu-
lating Materials. Builders may not install the types
of insulating materials listed in Table 3-14 unless
the product has been certified by the manufac-
turer. Builders and enforcement agencies should
use the Department of Consumer Affairs Con-
sumer Guide and Directory of Certified Insulation
Material to check compliance. (Note this is not an
Energy Commission publication.) If an insulating
product is not listed in the most recent edition of
the directory, contact the Department of Consumer
Affairs, Thermal Insulation Program at

(916) 574-2046.

The California Quality Standards for Insulating
Materials also require that all exposed installations
of faced mineral fiber and mineral aggregate insu-
lations must use fire retardant facings that have

been tested and certified not to exceed a flame
spread of 25 and a smoke development rating of
450. Insulation facings that do not touch a ceiling,
wall, or floor surface, and faced batts on the un-
derside of roofs with an air space between the
ceiling and facing are considered exposed applica-
tions.

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

D. Demising Walls (8118(e))

Demising walls separating conditioned space from
enclosed unconditioned space, must be insulated
with a minimum of R-11 insulation if the wall is a
framed assembly. This requirement applies to
buildings meeting compliance under the prescrip-
tive or performance approach. This requirement
assures at least some insulation in a wall where an
adjoining space may remain unconditioned indefi-
nitely.

Table 3-14: Certified Insulating Materials

Type Form
Aluminum foil reflective foil
Cellular glass board form
Cellulose fiber loose fill and spray applied

M ineral aggregate

board form

M ineral fiber

blankets, board form, loose fill

Perlite

loose fill

Phenolic

board form

Polystyrene

board form, molded extruded

Polyurethane

board form and field applied

Polyisocyanurate

board form and field applied

Urea formaldehyde

foam field applied

Vermiculite

loose fill

3-16
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3.2.2 Prescriptive Envelope
Component Approach
(8143(a))

The Envelope Component Approach is the simpli-
fied approach. Under this approach, each of the
envelope assemblies (walls, roofs, floors, win-
dows, skylights) complies individually with its re-
quirement. If one piece 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 re-
quirement, the alternative is to use either the
Overall Envelope or the Performance Approach,
either of which allows trade-offs between compo-
nents.

Under the Envelope Component Approach, the
requirement for each opaque (non-glazing) com-
ponent takes one of two forms: R-value of its in-
sulation or overall U-value of the assembly. Glaz-
ing component requirements address U-value,
solar heat gain coefficient, and an upper limit on
glazing area. The requirements are found in Ta-
bles 3-20 and 3-21 with applicable excerpts in the
following sections. The requirements vary by cli-
mate zone, occupancy and, in some cases, heat
capacity. Compliance is demonstrated on the ENV-
2, Envelope Component Method form.

A. Exterior Roofs and Ceilings
(8143(a)l)

Exterior roofs or ceilings can meet the component
requirements in one of two ways: install the re-
quired R-value of insulation, or demonstrate that
the overall U-value of the assembly meets the re-
quired U-value (Section 141(c)4). If the insulation
by itself meets the R-value requirement, then that

1. The effective R-value of the ceiling assembly
is the sum of (a) T-bar/acoustic tile (to account
for the metal grids, assume 1/2 the tile's R-
value); (b) ceiling insulation; and (c) two inside
air film resistances (0.61 R-value per air film).

2. The effective R-value of the light fixtures is
calculated as the sum of two inside air film re-
sistances (0.61 R-value per air film). If the fix-
tures include plastic diffusers, the R-value of
the light fixture should be calculated as two air
film resistances and a 1.5 inch air space (0.77
R-value).

NOTE: When fixtures are IC-rated and cov-
ered by insulation, the insulation R-value alone
may be used to show compliance with the pre-
scriptive requirements or the above calculation
can be modified to include the insulation R-
value in the light fixture assembly.

The two parallel assemblies are then weight aver-
aged and the U-value calculated.

NOTE:

You cannot use the EZFRAME program for T-
bar/drop ceiling assemblies.

When envelope calculations are prepared before
the lighting plan, the following default values may
be used to determine the percentage of the ceiling
assembly made up of light fixtures:

General Commercial/Industrial:

Work Buildings 10%
Grocery 15%
Industrial/Comm.Storage 7%
Medical Buildings 12%
Office Building 12%

Religious Worship, Auditorium,

component complies with this approach. If not, and Convention Ctr 16%
then the U-value calculation allows for the overall Restaurants 12%
insulating qualities of the assembly which also ac- Retail and Wholesale 16%
knowledges the effects of wood or metal framing. Schools 15%
For ceilings the effects of T-bar framing and metal Theaters 12%
lighting fixtures must be included in determining All Others 7%
the overall U-value of an assembly.
When recessed lights are not IC-rated, the
weighted average ceiling assembly is calculated as
two parallel assemblies:
ENV
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Figure 3-8: Roof/Ceiling Flowchart
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Table 3-15: Roof/Ceiling Requirements

Nonresidential: Roof/Ceiling
Climate Zones
116 2-5 | 6-10]11-13]14-15
R-value
Wood or Metal 19 19 11 19 19
U-value 0.057] 0.057] 0.078| 0.057] 0.057
Residential High-rise; Roof/Ceiling
Climate Zones
116 2-5 | 6-10]11-13]14-15

R-value
Wood or Metall 30 19 19 30 30
U-value -|0.037 0.0511 0.051] 0.037] 0.037

B. Exterior Walls (8143(a)2)

Exterior walls can meet the component require-
ments in one of two ways: install the required R-
value of insulation, or demonstrate that the overall
U-value of the assembly meets the required U-
value (Section 141(c)4). If the insulation by itself
meets the R-value requirement, then that compo-
nent complies under this approach. If not, then the
U-value calculation allows credit for the overall
insulating qualities of the assembly which includes
accounting for the effects of wood or metal framing
in the assembly.

The required U-value depends on the type of wall
construction. There are five classes of wall: wood
frame, metal frame, medium mass, high mass and
other. The “other” category is used for any

wall type that does not fit into one of the other four
wall classes. The mass walls are distinguished by
their heat capacity (HC); the higher the HC, the
higher the wall U-value may be (see Heat Capacity
discussion in Section 3.1.2G). Medium mass walls
have an HC between 7 Btu/ft*-°F and 15 Btu/ft*-°F.
High mass walls have an HC greater than 15
Btu/ft’-°F .

Framed wall assemblies will seldom have an HC

greater than 7 Btu/ft>-°F . Medium mass walls will
have at least one fairly heavy layer, such as two

coat stucco or a brick veneer, in order to have an
HC higher than 7 Btu/ft>-°F . High mass walls are
generally of masonry or concrete construction.

Figure 3-9: Wall Flowchart

Each
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U-Value?

Meet
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R-Value?

varies by type

v v v v __ v

Wood Metal Medium High
Frame Mass Mass

[ I I ]
yes

R-Value U-Value
Complies complies

The proposed wall U-value must be calculated by
an appropriate method (see Section 141(c)4).
Framed assemblies must account for framing af-
fects. Masonry assemblies must account for two
dimensional heat flow. See Section 3.1.2D, E, and
F for a complete discussion of the various methods
and forms for determining U-values.

Other

C. Demising Walls (8143(a)3 &
5)

Demising walls, separating conditioned space from
enclosed unconditioned space, must be insulated
with a minimum of R-11 insulation if the wall is a
framed assembly. If it is not a framed assembly,
then no insulation is required. This only applies to
the opaque portion of the wall. A demising wall is
not an exterior wall.
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The rationale for insulating demising walls is that
the space on the other side may remain uncondi-
tioned indefinitely. For example, the first tenant in a
warehouse building cannot know whether the fu-
ture neighbor will use the adjoining space as un-
heated warehouse space or as an office. This re-
guirement assures at least some insulation in the
wall.

D. Exterior Floors and Soffits
(8143(a)4)

Exterior floors and soffits can meet the component
requirements using two methods: install the re-
quired R-value of insulation, or demonstrate that
the overall U-value of the assembly meets the re-
quired U-value (see Section 141(c)4). The U-value
calculation allows for calculating the overall insu-
lating qualities of the entire assembly, which in-
cludes accounting for the effects of wood or metal
framing in the assembly.

The required U-value depends on the type of floor
construction: mass and other. The mass floor is
distinguished by its heat capacity (HC), which must
be greater than 7 (see Heat Capacity discussion in
Section 3.1.2G).

Particular note should be taken with this require-
ment when insulating slab floors that are over un-
conditioned spaces, such as crawl spaces or
parking garages.

Because there are no cavities to accept the insula-
tion, it must be applied either to the underside of
the slab or above the slab and beneath the fin-
ished floor. There are numerous ways this can be
accomplished, but the selection requires careful
consideration of the requirements for finishes
above or below the insulation.

Table 3-16: Wall Requirements

Nonresidential: Walls
Climate Zones
1,16 2-5 6-10 | 11-13| 14-15
R-value
Wood or Metal 13 11 11 13 13
U-value
Wood Frame 0.084 ] 0.092 | 0.092 | 0.084 ]| 0.084
Metal Frame 0.182] 0.189| 0.189| 0.182 ] 0.182
Mass/7.0<HC<15.0 0.340] 0.430 | 0.430 | 0.430] 0.430
Mass/15.0<HC 0.360 ] 0.650 | 0.690 | 0.650 | 0.400
Other 0.084 ] 0.092 | 0.092 | 0.084 ]| 0.084
Residential High-rise: Walls
Climate Zones
1,16 2-5 6-10 | 11-13| 14-15
R-value
Wood or Metal 19 11 11 13 13
U-value
Wood Frame 0.063 | 0.092 ] 0.092 | 0.084 | 0.084
Metal Erame 0.140 | 0.181 | 0.181] 0.175 | 0.175
Mass/7.0<HC<15.0 | 0.340] 0.430] 0.430 | 0.430 | 0.430
Mass/15.0<HC 0.360 | 0.650 | 0.690 | 0.650 | 0.400
Other 0.063 | 0.092 | 0.092 | 0.084 | 0.084

E. Windows (8143(a)5)

There are three aspects of the Envelope Compo-
nent Approach for windows:

1. Maximum Area
2. Maximum U-value

3. Maximum Relative Solar Heat
Gain

Under the Envelope Component Approach, the
total window area may not exceed 40 percent of
the gross wall area for the building (see Section
3.1.2A for the definitions of how these are meas-
ured). This maximum area requirement will affect
those buildings with very large glass areas, such
as automobile showrooms or airport terminals.
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Optionally, multiply the length of the display pe-
rimeter by six feet in height and use the larger of
the product of that multiplication or 40 percent of

gross wall area.

Figure 3-10: Floor/Soffit Flowchart
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Table 3-17 Floor/Soffit Requirements

Each window or skylight must meet the required U-
value and solar heat gain coefficient. The required
value for Relative Solar Heat Gain (RSHG) is less
stringent (higher) for north-facing windows. The
"north" value may also be used for windows in the
first floor display perimeter which are prevented
from having an overhang because of building code
restrictions (such as minimum separation from an-
other building or a property line) (exception to Sec-
tion 143(a)5.C).

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-value requirement for the climate
zone. If the glazing is fully shaded no SHGC re-
gquirements apply. However, in situations where
demising walls are not fully shaded as the result of
skylights or adjacent glazing on an exterior wall,
the glazing must have a SHGC equal to that re-
quired for north-facing glazing.

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 (Section 143(a)5.C.ii). This would occur
naturally with a continuous eave overhang, but

Nonresidential: Floor/Soffit may require special attention in some designs. See
Climate Zones Section 3.1.2J for more information on RSHG.
1161 25 1 610111131 1415 Table 3-18: Window Requirements
R-value
Wood or Metal 19 | 11 | 11 )] 112 ] 11 Nonresidential: Windows
U-value Climate Zones
Mass/7.0<HC 0.097| 0.158] 0.158] 0.097| 0.158 116] 2-5 | 6-10] 11-13| 14-15
Other 0.050] 0.076] 0.076] 0.076] 0.076 U-Value* 0721 123 1.23] 0.72] 0.72
Residential Hiah-rise: Floor/Soffit RelativeSolar
Climate Zones Heat Gain*
116 | 25  6-10 11-13 14-15 North 0.77]| 082 0.82| 077 ] 0.77
R-value Non-North 050] 0.62] 0.62] 050 0.50
Wood or Metal S N S A K Residential Hioh-rise. Windows
U-value )
Climate Zones
Mass/7.0<HC 0.097| 0.158] 0.158] 0.097| 0.097
116| 2-5 | 6-10]| 11-13| 14-15
Other 0.050| 0.076] 0.076] 0.076] 0.076
U-Value* 072] 1.23| 1.23| 0.72| 0.72
Raised Concrete )
Relative Solar
R-value 8 * * * * .
Heat Gain*
North 0.77]| 0.82| 0.82| 0.77| 0.77
Non-North 0.77] 0.82] 0.62| 050 050
*The U-value and RSHG must be less than or equal to values shown in the
tables.
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Figure 3-11: Window Flowchart
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F. Skylights (§143(a)6)

As with windows, there are three aspects of the
Envelope Component Approach for skylights:

1. Maximum Area
2. Maximum U-value

3. Maximum Solar Heat Gain
Coefficient

The area limitation for skylights is based on 5 per-
cent of the gross exterior roof area. This effectively
prevents large skylights under the Envelope Com-
ponent Approach. The limit increases to 10 percent
for buildings with an atrium over 55 feet high (see
Section 3.1.2A for definition). The 55 foot height is
also the height limitation at which the Uniform
Building Code requires a mechanical smoke-
control system for such atriums UBC Sec. 1715).
This means that the 10 percent skylight allowance
is not allowed for atriums unless they also meet
this smoke control requirement. All skylights must
meet the maximum U-value.

Note that skylights are only regulated for SHGC,
not RSHG, because skylights cannot have over-
hangs.

Table 3-19: Skylight Requirements

Nonresidential: Skylights

Climate Zones
1,16 | 2-5 | 6-10 | 11-13] 14-15
U-Value* 085 1.31| 1.31| 0.85| 0.85
Solar Heat Gain

Coefficient*
Transparent 044 ] 0.61] 0..61] 0.44 | 0.44
Translucent 0.70 | 0.75 | 0.75 | 0.70 | 0.70

Residential: _Skylights

Climate Zones
1,16 | 2-5 | 6-10 | 11-13] 14-15
U-Value* 085 1.31| 1.31 | 0.85| 0.85
Solar Heat Gain
Coefficient*
Transparent 044 061 061 | 044 | 0.44
Transglucent 0.70 | 0.75 | 0.75] 0.70 | 0.70

*U-value and SC must be less than or equal to values shown in the table.

For skylights, the standard solar heat gain coeffi-
cient (SHGC) differs depending on whether the
skylight glazing material is transparent or translu-
cent. A transparent material allows a clear image
to be seen when looking at an object through the
glazing, while a translucent material will not permit
a clear image.
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Figure 3-12: Skylight Flowchart
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G. Exterior Doors 8143(a)7)

Opague doors have no R-value, U-value or area
requirements. Exterior doors are only a part of the
compliance process when they are included in the
calculation of the gross exterior wall area. Glazing
in doors, however, is defined as a window in the
Standards when it exceeds one-half of the area of
the door and must be included in all window cal-
culations.

g

ENV

3.2.3 Prescriptive Overall En-
velope Approach
(8143(b))

The Overall Envelope Approach is the second pre-
scriptive envelope approach. It offers the greater
design flexibility of the prescriptive envelope ap-
proaches. It allows the designer to make trade-offs
between many of the building envelope compo-
nents. For example, if a designer finds it difficult to
insulate the walls to a level adequate for meeting
the wall component U-value requirement, then the
insulation level in a roof or floor or the performance
of a window component could be increased to off-
set the under-insulated wall. The same holds true
for glazing. If a designer wants to put clear, west-
facing glass to enhance the display of merchan-
dise in a show window, it would be possible to use
lower SHGC glazing on the other orientations to
make up for the increased SHGC on the west.

The Overall Envelope Approach has two parts and
both parts must be met: overall heat loss ( see
Equations 3-2) and overall heat gain (see Equa-
tions 3-4). The overall heat loss accounts for the
insulating qualities of the building, and sets a
maximum rate of conductive heat transfer through
the building envelope. The requirements are more
stringent in more extreme climate zones than in
mild climate zones. The overall heat gain accounts
for the area of windows and skylights and their
ability to block solar heat gains, thereby reducing
cooling loads on the building. These requirements
are more stringent in warmer climate zones.

A standard value and a proposed value are calcu-
lated for both the overall heat loss and the overall
heat gain using ENV-2: Overall Envelope Method
found in Section 3.3.3. These calculations assume
that the standard building complies with the re-
quirements of the Envelope Component Approach
(also calculated on ENV-2: Overall Envelope
Method). The standard values are compared to the
proposed values calculated from the actual enve-
lope design. If the proposed values do not exceed
the standard values, then the Overall Building En-
velope requirements are met.
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Table 3-20: Nonresidential Requirements

Climate Zones

Table 3-21: High-Rise Residential and
Hotel/Motel Guest Room Requirements

1,16 ‘ 2-5 ‘ 6-10 ‘ 11-13‘

Climate Zones

1,16 ‘ 2-5 ‘ 6-10 ‘ 11-13‘

14-15 14-15
Roof/Ceiling Roof/Ceiling
R-value Wood or Metal 19 19 11 19 19 R-value Wood or Metal 30 19 19 30 30
U-value 0.057 | 0.057 | 0.078 | 0.057 | 0.057 U-value 0.037 | 0.051 | 0.051 | 0.037 | 0.037
Wall Wall
R-value Wood or Metal 13 11 11 13 13 R-value Wood or Metal 19 11 11 13 13
U-value U-value
Wood Frame 0.084 | 0.092 | 0.092 | 0.084 | 0.084 Wood Frame 0.063 | 0.092 | 0.092 | 0.084 | 0.084
Metal Frame 0.182 | 0.189 | 0.189 | 0.182 | 0.182 Metal Frame 0.140 | 0.181 | 0.181 | 0.175 | 0.175
Mass/7.0<HC<15.0 0.340 | 0.430 | 0.430 | 0.430 | 0.430 Mass/7.0<HC<15.0 0.340 | 0.430 | 0.430 | 0.430 | 0.430
Mass/15.0<HC 0.360 | 0.650 | 0.690 | 0.650 | 0.400 Mass/15.0<HC 0.360 | 0.650 | 0.690 | 0.650 | 0.400
Other 0.084 | 0.092 | 0.092 | 0.084 | 0.084 Other 0.063 | 0.092 | 0.092 | 0.084 | 0.084
Floor Soffit Floor Soffit
R-value Wood or Metal 19 11 11 11 11 R-value Wood or Metal 19 11 11 11 11
U-value U-value
Mass/7.0<HC 0.097 | 0.158 | 0.158 | 0.097 | 0.158 Mass/7.0<HC 0.097 | 0.158 | 0.158 | 0.097 | 0.097
Other 0.050 | 0.076 | 0.076 | 0.076 | 0.076 Other 0.050 | 0.076 | 0.076 | 0.076 | 0.076
Raised Concrete 8 *x *x *x *x
Windows R-value
U-Value* 0.72 1.23 1.23 0.72 0.72
Relative Solar Windows
Heat Gain* U-Value* 0.72 1.23 1.23 0.72 0.72
North 0.77 0.82 0.82 0.77 0.77 Relative Solar
Non-North 0.50 0.62 0.62 0.50 0.50 Heat Gain*
North 0.77 0.82 0.82 0.77 0.77
Skylights Non-North 077 | 082 | 062 | 050 | 050
U-Value* 0.85 131 131 0.85 0.85
Solar Heat Gain Skylights
Cosfficient* U-Value* 085 | 131 | 131 | 085 | 085
Transparent 0.44 0.61 0.61 0.44 0.44 Solar Heat Gain
Transparent 0.70 0.75 0.75 0.70 0.70 Coefficient*
Transparent 0.44 0.61 0.61 0.44 0.44
Transparent 0.70 0.75 0.75 0.70 0.70
* U-values, RSHG and SHGC must be less than or equal to values shown in the above tables
** R-8 in climate zones 1, 2, 11, 13, 14, and 16; R-4 is required in climate zones 12 and 15; and
R-0in climate zones 3 -10.
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Associated with the increased design flexibility af-
forded by the Overall Envelope Approach is an
increase in complexity of the calculations when
demonstrating compliance. Special attention must
be given to the calculations because the effects of
all the envelope components are interrelated.
Changing any one component may prevent the
overall envelope from complying. Improvements to
one or more of the other components will be
needed to bring the envelope into compliance.

Equation 3-2 Standard Building Heat Loss

HLu= & (Aw Ui )*d (A0 U)
o8 (A U Vg, ) v (A7 UG)
+_§-S (ASi ’ USism)

Ll
[

Refer to Section 143 of the 1998 Energy Efficiency
Standards for equation definitions

A. Overall Heat Loss

There are two parts to the Overall Heat Loss cal-
culation. The first is to calculate the Standard
Building Heat Loss; this becomes the standard that
must be met. The second is to calculate the Pro-
posed Building Heat Loss, which is compared to
the standard to show that it does not exceed the
Standard Building Heat Loss.

There are three steps to calculating the Standard
Building Heat Loss:

Step 1 - Calculate areas of each type of en-
velope assembly (walls, windows, roofs, etc.).
If glazing is too large or small, areas may re-
quire adjustment as directed on the ENV-2.

Step 2 - Determine allowed U-values from Ta-
bles 3-20 and 3-21.

Step 3 - Multiply and add to get Standard
Building Heat Loss.

Each step will be discussed in turn.

Calculate Areas

First, identify each type of assembly in the building
envelope. In a complex building, there could be
many. Assemblies are different if they have differ-
ent materials or thermal properties. For example, a
steel stud framed wall with a 1" stucco exterior
would be different from a steel stud framed wall
with 4" brick cladding.

Next, calculate the areas of each assembly. All
dimensions are taken at the exterior surface of the
assembly. The sum of all the vertical surface areas
is the gross exterior wall area (walls, windows,
doors). The exterior wall area is the opaque wall
area only (no doors). The window wall ratio is the
total window area in the gross exterior walls, di-
vided by the gross exterior wall area.

In the case of windows, the area is based on the
rough opening dimensions. For most buildings, the
actual window area is used to calculate the Stan-
dard Building Heat Loss.

Example 3-2: Area Calculation

Question

How is exterior wall area calculated for the following
wall (dimensions in feet)?

30

i e N
’_‘ (I |I_||I7 w0

Answer

The gross exterior wall area is 30 x 10 = 300 fe. The
door area is 3 x 7 = 21 2. The window areas are 6 x
4 = 24 ft® each, or 48 ft total. The exterior wall area
is the gross minus doors and windows, or 300 ft —
21 ft* — 48 ft* = 231 ft*.

Adjust Areas

When the window wall ratio is less than 10 percent
or more than 40 percent, an adjusted window area
is used to calculate the Standard Building Heat
Loss.

3-24
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The first adjustment is for buildings with very little
window area. The Standards allow for a minimum
of 10 percent window wall ratio in calculating the
standard envelope heat loss (“Ag;" of Equation 3-
2). If the actual window wall ratio is less than 10
percent, then an area equal to 10 percent of the
gross exterior wall area is used for the standard
building.

The second adjustment is for buildings with very
large window area. If the actual window wall ratio
is greater than 40 percent, then an area equal to
40 percent of the gross wall area is used to calcu-
late the Standard Building Heat Loss. Alternatively,
for buildings with substantial display perimeter ar-
eas (see 3.1.2A), an area equal to six feet high by
the length of the display perimeter is calculated. If
this value is greater than 40 percent of the gross
exterior wall area, then it is used in the standard
envelope heat loss calculation (“Ag;” of Equation 3-
2)

Example 3-3: Glazing Area Adjustments

Question

What is the window wall ratio (WWR) for the follow-
ing wall (dimensions in feet)? How is the window
and wall area adjusted under the overall envelope
approach?

> 30 >

< b 24 >

10
6

Answer

The gross exterior wall area is 30 x 10 = 300 fe. The
window area is 24 x 6 = 144 f’. The WWR is 144 /
300 = 0.48, or 48 percent. The exterior wall area is
300 — 144 = 156 ft. The window area must be ad-
justed downward to 40 percent of the gross exterior
wall area, or 0.40 x 300 = 120 ft. This is a window
area reduction of 144 —120 = 24 ft®. The exterior
wall area must be increased by the same amount to
156 + 24 = 180 ft* (as shown by shaded area in
sketch above).

If either of these adjustments is made to the stan-
dard window area, the exterior wall area is also
adjusted (see Example 3-2). Skylights are treated
similarly (“As;” of Equation 3-2). In most cases, the
actual skylight area will be used to calculate the
standard envelope heat loss. If the skylight shape
is three-dimensional (not flat), then the area is the
actual surface area, not the opening area (see
Section 3.1.2A). If the skylight area is larger than 5
percent of the gross exterior roof area (roof doors
not included for the standard building), then an
area equal to 5 percent of the roof area is used.
Alternatively, if the building has an atrium over 55
feet high, then the allowance for skylights is in-
creased to 10 percent (or the actual skylight area if
less than 10 percent of the gross roof area).

Determine Allowed U-values

The allowed U-values are taken from Tables 3-20
and 3-21, depending on the occupancy type.
These are the same values discussed under the
Envelope Component Approach in the previous
Section 3.2.2. It is necessary to differentiate wall
assembly types and floor/soffit assembly types.
The U-value requirements depend on framing type
and heat capacity of the wall or the floor/soffit. In
the case of heavier construction assemblies, the
heat capacity (see Section 3.1.2G) must be calcu-
lated before the allowed U-value can be deter-
mined.

Multiply and Add

Once the areas and allowed U-values are deter-
mined for each assembly, then the Standard
Building Heat Loss can be calculated. For each
assembly, the U-value (U) and area (A) are multi-
plied together; the result is known as the UA prod-
uct for the assembly. If any of the areas were ad-
justed, then the adjusted areas are used in this
calculation. These UA products are added to ob-
tain the total UA product for the building, which is
the Standard Building Heat Loss.

The Standard Building Heat Loss has units of
Btu/hr-°F, and it describes the amount of heat lost
per hour through the building envelope for every
degree Fahrenheit of temperature difference be-
tween inside and outside, under steady state heat
flow conditions.
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Equation 3-3: Proposed Building Heat Loss
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Refer to Section 143 of the 1998 Energy Efficiency
Standards for equation definitions.

The second part is to calculate the Proposed
Building Heat Gain; compare this to the standard
and show that the proposed heat gain does not
exceed the standard heat gain.

Equation 3-4: Standard Building Heat Gain

Once the Standard Building Heat Loss rate is de-
termined, the proposed design’s heat loss rate can
be calculated and the two can be compared. If the
proposed heat loss rate does not exceed the stan-
dard, then the envelope complies with the heat
loss criteria.

The proposed heat loss is calculated the same as
the standard, except that the actual areas and U-
values of each assembly are used without adjust-
ment. The actual U-values are calculated as de-
scribed in section 3.1.2 C-F. It is not necessary to
calculate the U-value of opaque doors, as they are
ignored in the overall heat loss calculations. Any
glazing in doors, however, is considered a window
and must be included in all window calculations.

The UA product is calculated for each surface, and
these are totaled to arrive at the Proposed Building
Heat Loss. It has the same units and meaning as
the Standard Building Heat Loss (see above).

For a complete example of how the Standard
Building Heat Loss and Proposed Building Heat
Loss are calculated and compared using the ENV-
2 form (see Section 3.3.2).

B. Overall Heat Gain

As with the overall heat loss, there are two parts to
the Overall Heat Gain calculation. The first part is
to calculate the Standard Building Heat Gain; this
becomes the standard that must not be exceeded.

HG 4 = é (AWi ’ TFi)+
i=1
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Refer to Section 143 of the 1998 Energy Efficiency
Standards for equation definitions.

There are four steps to calculating the Standard
Building Heat Gain:

Step 1 - Calculate the area and determine
the U-value and temperature factor (Table 3-
22) of each type of envelope assembly (walls,
windows, roofs, etc.) [Same values as heat
loss equations.] Window areas may require
adjustment if too large or small.

Step 2 - Determine RSHG for north and non-

north orientations, and SHGC for skylights (as
per climate zone, occupancy and type); values
are taken from Tables 3-20 and 3-21.

Step 3 - Determine the weighting factors and
solar factors for each orientation (as per cli-
mate zone) from Table 3-23.

Step 4 - Multiply and add to get Standard
Building Heat Gain.
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Each step will be discussed in turn.
Calculate Areas

The total area of envelope features and glazing
and corresponding U-values were determined ear-
lier for the Standard Building Heat Loss calcula-
tion. A temperature factor (Table 3-22) is applied.
Window area was adjusted when it was too large
or too small for the standard area. This same total
is used for the Standard Building Heat Gain Cal-
culation, except that it is further broken down by
orientation. Each window is assigned to the near-
est cardinal orientation: east, west, north and south
(see Section 3.1.2). A solar factor (Table 3-22) is
applied to window and skylight areas.

As in the heat loss calculation, the window areas
are calculated by the rough opening dimensions.

Adjust Areas

If the total window area was adjusted in the stan-
dard heat loss calculation, a similar adjustment is
made here, except that it is applied to each orien-
tation. For example, if the proposed window wall
ratio is 50 percent, then the window must be re-
duced to 40 percent for the standard reduction.
This translates to the glazing area on each orien-
tation being reduced by 20 percent for the stan-
dard heat gain calculation.

Determine RSHG and SHGC

The values for RSHG and SHGC are found in Ta-
bles 3-20 and 3-21. For windows, the standard
relative solar heat gain (RSHG) differs depending
on whether or not the window is north-facing (see
Sections 3.1.2A, | and J for definitions). For sky-
lights, the standard solar heat gain coefficient
(SHGC) differs depending on whether the skylight
glazing material is transparent or translucent. A
transparent material allows a clear image to be
seen when looking at an object through the glaz-
ing, while a translucent material will not permit a
clear image.

The values of RSHG and SHGC also differ by cli-
mate zone. For the milder climate zones 2-10,
higher values are allowed.

For the Standard Building Heat Gain calculation,
the values of RSHG and SHGC are simply taken
from the tables and entered into the calculations.

Example 3-4: RSHG Determination

Question

What is the RSHG value for an east-facing window
in an office building in climate zone 87 .

Answer

0.62 (Table 3-20)

Determine Temperature Factor

The temperature factor considers the effects of
solar radiation striking opaque surfaces. The ap-
propriate values are taken from Table 3-22 and
entered into the calculations.

Table 3-22
Temperature and Solar Factors

TEMPERATURE
FACTOR (TF)
Envelope SOLAR
Climate Construction (Mass) FACTOR (SF)
Zone Light Medium Heavy (Btu/hr-ft?)
1 14 3 1 128
2 40 30 28 126
3 28 18 16 126
4 32 22 20 125
5 27 17 15 124
6 28 18 16 123
7 27 17 15 123
8 33 23 21 123
9 42 31 29 123
10 45 35 33 123
11 49 38 36 127
12 45 34 32 126
13 45 35 33 125
14 52 42 40 125
15 55 45 43 123
16 34 23 21 128

Light Mass: Heat Capacity < 7 Btu/ft?-°F

Medium Mass: Heat Capacity >= 7 and
<15 Btu/ft?-°F

Heavy Mass: Heat Capacity >= 15
Btu/ft?-°F
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Determine Weighting Factors

Weighting factors in the heat gain equations ac-
count for the variation in solar radiation striking
windows and skylights by orientation and climate
zone. The appropriate values are taken from Table
3-23 and entered into the calculations.

Table 3-23: Glazing Orientation Weighting

Factors

Climate

Zone 1,16 2-5 6-10 11-13 14,15
North 063 052 034 042 0.67
East 114 1.05  1.02 127  1.08
South 0.99 124 131 114 112
West 124 119 134 117 113
Skylight 254 274 230 254 245

Example 3-5: Determining Weighting Fac-
tors

Once the Standard Building Heat Gain rate is de-
termined, the proposed design heat gain rate can
be calculated and the two can be compared. If the
proposed heat gain rate does not exceed the stan-
dard, then the envelope complies with the heat
gain criteria.

The proposed heat gain is calculated the same as
the standard, except that the actual areas for each
orientation, and the actual RSHG and SHGC are
used. The determination of actual SHGC and
RSHG are described above in Sections 3.1.21 and
3.1.2J.

For the windows on each orientation, the actual
area, SHGC, overhang factor and weighting factor
are multiplied together. For skylights, the actual
area, SHGC and weighting factor are multiplied.
These are summed to obtain the Proposed Build-
ing Heat Gain.

Equation 3-5: Proposed Building Heat Gain

Question

What is the weighting factor for a south-facing win-
dow in climate zone 127?

Answer

1.14 (Table 3-22)

Determine Solar Factor

The solar factor is used to account for solar radia-
tion striking glazed surfaces. The appropriate val-
ues are taken from Table 3-22 and entered into the
calculations.

Multiply and Add

Once the areas and the allowed RSHG, SHGC
and weighting factor are determined for each
glazing orientation, then the Standard Building
Heat Gain can be calculated. For each window
orientation, the adjusted area is multiplied by the
RSHG value and the weighting factor. For each
type of skylight (transparent and translucent), the
adjusted areas are multiplied by the SHGC value
and the weighting factor. If the window or skylight
area was adjusted, the adjusted areas are used in
this calculation. All of these products are added to
obtain the Standard Building Heat Gain.
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Refer to Section 143 of the 1998 Energy Efficiency
Standards for equation definitions.

For an example of how the Standard and Pro-
posed Building Heat Gain are calculated and com-
pared using the ENV-2 form (see Section 3.3.3).
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3.2.4 Performance Approach

Under the performance approach, the energy use
of the building is modeled using an energy budget
generated by a computer program approved by the
Energy Commission (see Appendix E). This sec-
tion presents some basic details on the modeling
of building envelope components. Program users
and those checking for enforcement should consult
the most current version of the user's manuals and
associated compliance supplements for specific
instructions on the operation of the program. All
computer programs, however, are required to have
the same basic modeling capabilities. A discussion
on the performance approach, and fixed and re-
stricted inputs, is included in Section 6.1.

A. Modeling Envelope Compo-
nents

The following modeling capabilities are required by
all approved nonresidential computer programs.
These modeling features affect the thermal loads
seen by the HVAC system model.

Opaque Surface Mass
Characteristics

Heat absorption, retention and thermal transfer
characteristics associated with the heat capacity of
exterior opague mass surfaces such as walls,
roofs and floors are modeled. Typical inputs are
thickness, density, specific heat and conductivity.
See Section 3.1.2G for determining the heat ca-
pacity of materials.

Opaque Surface Heat Transfer

Heat gains and heat losses are modeled through
opaque surfaces of the building envelope. The fol-
lowing inputs or acceptable alternative inputs are
used by this modeling capability:

» Surface areas by opaque surface type. Section
3.1.2A discusses determining the area of
opaque surfaces.

» Surface orientation and slope. Section 3.2.1A
discusses how slope affects wall and
roof/ceiling definitions.

 Thermal conductance of the surface. Section
3.1.2C through G discusses determining the
U-value of various assemblies.

» Surface absorptance. Surface absorptance is
a restricted input. Section 6.1.3A discusses
fixed and restricted modeling assumptions.

Glazing Heat Transfer

Heat transfer through all glazed (transparent or
translucent) surfaces of the building envelope are
modeled using the following inputs:

* Glazing areas. Section 3.1.2A discusses de-
termining the area of windows and skylights.

* Glazing orientation and slope. Section 3.1.2A
discusses how slope affects window and sky-
light definitions.

* Glazing thermal conductance. Section 3.1.2H
discusses how to determine the fenestration
U-value.

» Glazing solar heat gain coefficient. Section
3.1.2I. discusses how to determine the solar
heat gain coefficient of glazing.

Overhangs

Approved computer programs are able to model
overhangs. Typical inputs are overhang projection,
height above window, window height and the over-
hang horizontal extension past the edge of the
window. If the overhang horizontal extension (past
the window jambs) is not an input, then the pro-
gram must assume that the extension is zero (i.e.,
overhang width is equal to window width) which
results in no benefits from the overhang.

Interzone Surfaces

Heat transfer modeled through all surfaces sepa-
rating different space conditioning zones may be
modeled with inputs such as surface area, surface
tilt and thermal conductance. Thermal mass char-
acteristics may be modeled using the thickness,
specific heat, density and types of layers that
comprise the construction assembly.
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3.2.5 Alterations

Alterations to the envelope of an existing condi-
tioned space have the following options for show-
ing compliance:

Option 1. Show that the overall heat gain and heat
loss of the building is not increased. This can be
demonstrated on form ENV-2, Overall Envelope
Method, Part 2 of 5 and Part 3 of 5 by showing the
heat gain and heat loss for the altered compo-
nent(s) before and after the alteration; or

Equation 3-6: Energy Use Goal

NOTE:

For alterations that include an increase in glazing
area, this compliance option is not practical. This is
because the equation for heat gain considers only
glazing surfaces, however, neither heat gain nor
loss can increase with this option.

Option 2. Meet current prescriptive envelope re-
quirements for the altered component; or

(A oxPDg )+ (A; xSDg ) =Energy Use Goal

Ae+a

where:

Ag = Area of the existing entire building before the
proposed addition/alteration (from Step 1.
above)

PDe = Proposed design of the existing entire building
before the proposed addition/alteration (from
Step 1. above)

Ay =  Area of the proposed addition/alteration (from
Step 2. above)

SD, = Standard design for the proposed addi-

tion/alteration (from Step 2, above)
Agt+q = Area of the entire building after the proposed

addition/ alteration

NOTE:

The prescriptive solar heat gain coefficient re-
guirements do not apply to fenestration repaired,

replaced, or up to 50 square feet of new glass.

Option 3. Use an approved computer program to
show compliance with an energy budget for the
altered space; or

Option 4. Use an approved computer program to
show that the energy use of the entire building is
what it would be if the remainder of the building
was unaltered and the altered space complied with
its energy budget ("existing plus alteration"). This
fourth option involves four steps and three sepa-
rate computer runs:

Step 1. Model the building before any altera-
tions or additions to determine the energy use
of the existing building (use the value referred
to as the "proposed"” energy use).

Step 2. Model the new or altered space to de-
termine the energy budget ("standard" design)
of the alteration or addition alone.

Step 3. Calculate the energy budget for the
entire building as indicated in Equation 3-6.

Step 4. Model the entire building, including the
proposed addition/ alteration, along with any
improvements to the existing building. If the
proposed design is less than or equal to the
energy use goal (from Step 3. above), the ad-
dition or alteration complies.

3.3 ENVELOPE PLAN CHECK
DOCUMENTS

At he time a building permit application is submit-
ted to the building department, the applicant also
submits plans and energy compliance documenta-
tion. This section describes the recommended
forms and procedures for documenting compliance
with the envelope requirements of the Standards. It
does not describe the details of the requirements;
these are presented in Section 3.2 Envelope De-
sign Procedures. The following discussion is ad-
dressed to the designer preparing construction
documents and compliance documentation, and to
the building department plan checkers who are
examining documents for compliance with the
Standards.
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The use of each form is briefly described below, 2.
then complete instructions for each form are pre-
sented in the following subsections.

ENV-1: Certificate of Compliance

This form should be required for every job, and
it is required to appear on the plans. (Title 24,
Part 1, Section 10-103 of the California Code
of Regulations.)

w

ENV-2: Envelope Component Method,
Overall Envelope Method, or Performance
Method

One of these three versions should be part of
every envelope compliance submittal. Choose
the version that corresponds to the compliance
method selected for the job.

ENV-3: Metal-Framed Assembly, Masonry
Assembly, or Proposed Wood Frame As-
sembly

One of these forms should be submitted for
each construction assembly in the building that
does not use an Energy Commission default
U-value. The version is chosen to match the
type of assembly. If the assembly is something
other than a metal-framed or masonry assem-
bly, the Proposed Construction Assembly ver-
sion of ENV-3 should be used.

3.3.1 ENV-1: Certificate of
Compliance

The ENV-1 Certificate of Compliance form has two
parts. Both parts must appear on the plans (usu-
ally near the front of the architectural drawings). A
copy of these forms should also be submitted to
the building department along with the rest of the
compliance submittal at the time of building permit
application. With building department approval, the
applicant may use alternative formats of these
forms (rather than the Energy Commission’s
forms), provided the information is the same and in
similar format.

A. ENV-1Part 1 4
Project Description
1. PROJECT NAME is the title of the project, as

shown on the plans and known to the building
department.

DATE is the date of preparation of the compli-
ance submittal package. It should be on or af-
ter the date of the plans, and on or before the
date of the building permit application.

PROJECT ADDRESS is the address of the
project as shown on the plans and known to
the building department.

PRINCIPAL DESIGNER - ENVELOPE is the
person responsible for the preparation of the
building envelope plans, and who signs the
STATEMENT OF COMPLIANCE (see below).
The person’s telephone number is given to fa-
cilitate response to any questions that arise.

DOCUMENTATION AUTHOR is the person
who prepared the energy compliance docu-
mentation and who signs the STATEMENT OF
COMPLIANCE. The person’s telephone num-
ber is given to facilitate response to any ques-
tions that arise.

ENFORCEMENT AGENCY USE is reserved
for building department record keeping pur-
poses.

General Information

DATE OF PLANS is the last revision date of
the plans. If the plans are revised after this
date, it may be necessary to re-submit the
compliance documentation to reflect the al-
tered design. The building department will de-
termine whether or not the revisions require
this.

BUILDING CONDITIONED FLOOR AREA
has specific meaning under the energy Stan-
dards. Refer to Section 2.1.2A for a discussion
of this definition.

CLIMATE ZONE is the official climate zone

number where the building is located. Refer to
California Climate Zone Description (Appendix
C) for a listing of cities and their climate zones.

BUILDING TYPE is specified because there
are special requirements for high-rise residen-
tial and hotel/motel guest room occupancies.
All other occupancies that fall under the Non-
residential Standards are designated “Non
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residential” here. It is possible for a building to in-
clude more than one building type, in which case
check all applicable types here. See Section
2.1.2B for the formal definitions of these occupan-
cies.

5. PHASE OF CONSTRUCTION indicates the
status of the building project described in the
documents. Refer to Section 2.2 for detailed
discussion of the various choices.

a. NEW CONSTRUCTION should be
checked for all new buildings (see Section
2.2.6), newly conditioned space (see Sec-
tion 2.2.2) or a stand-alone addition sub-
mitted for envelope compliance.

b. ADDITION should be checked for an addi-
tion which is not treated as a stand-alone
building, but which uses existing plus ad-
dition performance compliance, as de-
scribed in Section 2.2.5.

c. ALTERATION should be checked for al-
terations to existing building envelopes.
See Section 2.2.4.

d. UNCONDITIONED should be checked
when the building is not intended as con-
ditioned space, or when the owner
chooses to defer demonstrating envelope
compliance until such time as the space
conditioning system permit application is
submitted. See Section 2.2.1 for a full dis-
cussion. The building department may re-
quire the owner to file an affidavit declaring
the building to be unconditioned and ac-
knowledging that all the Standards re-
guirements must be met when the building
is conditioned.

6. METHOD OF COMPLIANCE - indicate which
method is being used and documented with
this submittal:

a. COMPONENT for the Envelope Compo-
nent Method

b. OVERALL ENVELOPE for the Overall
Envelope Method

c. PERFORMANCE for the Performance
Method

Statement of Compliance

The Statement of Compliance is signed by the
person responsible for preparation of the plans for
the building and the documentation author. This
principal designer is also responsible for the en-
ergy compliance documentation, even if the actual
work is delegated to someone else (the Docu-
mentation Author described above). It is necessary
that the compliance documentation be consistent
with the plans. The Business and Professions
Code governs who is qualified to prepare plans,
and therefore to sign this statement; check the ap-
propriate box that describes the signer’s eligibility.

Applicable sections from the Business and Profes-
sions Code (based on the edition in effect as of
July 1998), referenced on the Certificate of Com-
pliance are provided below:

5537. (&) This chapter does not prohibit any per-
son from preparing plans, drawings, or specifica-
tions for any of the following:

(1) Single-family dwellings of woodframe con-
struction 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 wood-
frame construction, unless the building official
having jurisdiction deems that an undue risk to the
public health, safety, or welfare is involved.

(b) If any portion of any structure exempted by
this section deviates from substantial compliance
with conventional framing requirements for wood-
frame 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
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responsible control of, a licensed architect or reg-
istered engineer. The documents for that portion
shall bear the stamp and signature of the licensee
who is responsible for their preparation. Substan-
tial compliance for purposes of this section is not
intended to restrict the ability of the building offi-
cials 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 prac-
tice architecture under this chapter, or a profes-
sional or civil engineer licensed pursuant to Chap-
ter 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 li-
censed contractor from performing any of the
services permitted by Chapter 9 (commencing with
Section 7000) of Division 3 within the classification
for which the license is issued. Those services
may include the preparation of shop and field
drawings for work which he or she has contracted
or offered to perform, and designing systems and
facilities which are necessary to the completion of
contracting services which he or she has con-
tracted 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, instru-
ments 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, cabinet-
work, 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 atten-
dant upon the installation of those storefronts, inte-
rior 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. (a) This chapter does not prohibit any
person from preparing plans, drawings, or specifi-
cations for any of the following:

(1) Single-family dwellings of woodframe con-
struction 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 wood-
frame construction, unless the building official
having jurisdiction deems that an undue risk to the
public health, safety or welfare is involved.

(b) If any portion of any structure exempted by
this section deviates from substantial compliance
with conventional framing requirements for wood-
frame construction found in the most recent edition
of Title 24 of the California Administrative Code 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 direct
supervision 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.

6737.3. 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 engi-
neering so long as the services he or she holds
himself or herself out as able to perform or does
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perform, which services are subject to the provi-
sions of this chapter, are performed by, or under
the responsible supervision of a registered electri-
cal 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 con-
tractor, while engaged in the business of contract-
ing for the installation of electrical or mechanical
systems or facilities, from designing those systems
or facilities in accordance with applicable construc-
tion codes and standards for work to be performed
and supervised by that contractor within the classi-
fication 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 con-
tracted to perform. Nothing in this section is in-
tended to imply that a licensed contractor may de-
sign work which is to be installed by another
person

Envelope Mandatory M easures

The Mandatory Measures should be incorporated
into the construction documents. The designer
may use whatever format is most appropriate for
specifying the mandatory measures in the plan set.
In general, this will take the form of a note block
near the front of the set, possibly with cross-
references to other locations in the plans where
measures are specified. A sample, generic enve-
lope mandatory measures note block is shown in
Example 3-6. This is offered as a starting point for
designers; it should be incorporated into the or-
ganization of the plan set and modified to be spe-
cific to the building design.

Example 3-6: Sample Notes Block -
Envelope Mandatory Measures

* All Exterior Joints and openings in the
building envelope that are observable
sources of air leakage shall be caulked,
gasketed, weather-stripped or otherwise
sealed.

» Site Constructed Doors, Windows and Sky-
lights shall be caulked between the unit and
the building, and shall be weather-stripped
(except for unframed glass doors and fire
doors).

* Manufactured Doors and Windows installed
shall have air infiltration rates certified by
the manufacturer per Section 116(a)1.
Manufactured fenestration products must
be labeled for U-value according to NFRC
procedures.

* Demising Wall Insulation (R-11) shall be in-
stalled in all opaque portions of framed
walls (except doors).

Nonresidential Energy Standards Compliance
(Title 24, Part 6, Ch. 1)

Envelope Mandatory Measures

* Installed Insulating Material shall have been
certified by the manufacturer to comply
with the California Quality Standards for In-
sulating Material.

* All Insulating Materials shall be installed in
compliance with the flame spread rating
and smoke density requirements of Sections
2602 and 707 of the UBC.

B. ENV-1 Part 2

The information on Part 2 summarizes the infor-
mation about the building envelope that can be
readily verified by the building department field
inspector. This form should be included on the
plans. Alternatively, the information may be incor-
porated into construction assembly and glazing
schedules on the plans, provided it is complete
and in substantially the same format as this form.

Opaque Surfaces

1. SURFACE TYPE - provide a name or desig-
nator for each unique type of opaque surface.
This designator should be used consistently
throughout the plan set (elevations, finish
schedules, etc.) to identify each surface. It
should also be consistently used on the other
forms in the compliance documentation.

2. CONSTRUCTION TYPE - list the general type
of construction for each opaque surface type.
The entry should be descriptive, as it is used
by the field inspector to distinguish between
the various assemblies.

3. AREA - list the gross surface area of the sur-
face type.

4. U-VALUE - list the U-value of the surface type.
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10.

AZIMUTH - the plan Azimuth is determined by
an observer standing outside the building
looking at the front elevation.

TILT — Tilt of opaque surface is expressed in
terms of degrees, O=horizontal facing up,
90=vertical, 180=horizontal facing down.

SOLAR GAINS Y/N - indicate Y[es] for opaque
surfaces that will be receive direct or indirect
sunlight.

FORM 3 REFERENCE - list the name used on
the ENV-3 form for the proposed assembly
(whether or not it is a default value).

LOCATION/COMMENTS - use to provide
further description for each surface type.
Again, it should be descriptive to assist in lo-
cating and inspecting the assembly.

NOTE TO FIELD - this column is for building
department use. It is intended as a communi-
cation mechanism between the plan checker
and field inspector. The plan checker should
note any critical or unusual details that are im-
portant to the building’s energy compliance.
There is additional space at the bottom of the
form for more notes to the field inspector.

Fenestration Surfaces

FENESTRATION TYPE - provide a designa-
tor for each unique type of window.(e.g., win-
dow, skylight).

AREA - indicate the total square feet of all of
the fenestration with the same characteristics.

U-VALUE - indicate the maximum U-value for
windows using either manufacturer's data or
the Energy Commission's default U-values
(see Table 3-10).

AZIMUTH - the plan Azimuth is determined by
an observer standing outside the building
looking at the front elevation.

SHGC - list the solar heat gain coefficient
(SHGC) of the fenestration product using ei-
ther manufacturer's data or the Energy Com-
mission's default SHGC values (see Table 3-
11).

6.

7.

8.

GLAZING TYPE - indicate the general type of
primary glazing material for the window (clear,
tinted, reflective, low-e, etc.).

LOCATION/COMMENTS - use to provide
further description for each surface type. It
should be descriptive enough to assist in lo-
cating and inspecting the fenestration.

NOTE TO FIELD - this column is for building
department use. It is intended as a communi-
cation mechanism between the plan checker
and field inspector. The plan checker should
note any critical or unusual details that are im-
portant to the building’s energy compliance.
There is additional space at the bottom of the
form for more notes to the field inspector.

Exterior Shading

Fenestration # - list the designation on the
plans for the fenestration with exterior shading.

Exterior Shade Type - list the type of exterior
shading, limited to devices permanently at-
tached to the building (e.g., shade sceens), or
structural components of the building (i.e.,
overhangs and fins). Manually operable shad-
ing devices cannot be modeled.

SC - list the shading coefficient of the shading
device.

Window - when the shading type is an over-
hang or fin list the height and width (in feet) of
the window.

Overhang - for overhangs being used to
achieve compliance with prescriptive envelope
requirements, list the dimensions (in feet) of
the overhang:

a. Length - is the distance (in feet) the over-
hang projects out from the building facade.

b. Height - is the distance, in feet, from the
bottom of the window to the bottom of the
overhang. To qualify for credit, the bottom
of the overhang must be no more than two
vertical feet higher than the top of the win-
dow (window head).

3. Building Envelope
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LExt. and REXxt. - is the length the over-
hang extends beyond the window on the
left and right sides. Credit for an overhang
may be taken only if the overhang extends
beyond both sides of the window jamb a
distance equal to the overhang length.

6. Left Fin — dimension which describe side fins
to the left of the fenestration in feet-inches.

a.

Distance along the wall from the left edge
of the glazing.

Length of the left fin from the wall, from the
length field in the fins.

Height of the left fin from the bottom of the
wall to the top of the fin.

7. Right Fin — dimension which describe side fins
to the right of the fenestration in feet-inches.

3-36

a. Distance along the wall from the right
edge of the glazing.

b. Length of the right fin from the wall, from
the length field in the fins.

c. Height of the right fin from the bottom of
the wall to the top of the fin.

Notes to Field

This space is for building department use only. It
may be used by the plan checker to continue or
elaborate on notes elsewhere on the form.

C. Sample Form: ENV-1 Certificate
of Compliance
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CERTIFICATE OF COMPLIANCE (Part 1 of 2) ENV-1

PROJECT NAME DATE

PROJECT ADDRESS

PRINCIPAL DESIGNER-ENVELOPE TELEPHONE Building Permit #

DOCUMENTATION AUTHOR TELEPHONE Checked by/Date
Enforcement Agency Use

GENERAL INFORMATION

DATE OF PLANS BUILDING CONDITIONED FLOOR AREA CLIMATE ZONE

BUILDING TYPE [0 NONRESIDENTIAL [J HIGH RISE RESIDENTIAL [0 HOTEL/MOTEL GUEST ROOM
PHASE OF CONSTRUCTION 0 NEW CONSTRUCTION O apbbiTion [ ALTERATION [0 uNCONDITIONED (file affidavit)
METHOD OF ENVELOPE 0 comPONENT [0 oVERALL ENVELOPE [0 PERFORMANCE
COMPLIANCE

STATEMENT OF COMPLIANCE

This Certificate of compliance lists the building features and performance specifications need to comply with Title 24, Parts 1
and 6 of the California Code of Regulations. This certificate applies only to building envelope requirements.

The documentation preparer hereby certifies that the documentation is accurate and complete.

DOCUMENTATION AUTHOR SIGNATURE DATE

The Principal Envelope Designer hereby certifies that the proposed building design represented in this set of construction
documents is consistent with the other compliance forms and worksheets, with the specifications, and with any other
calculations submitted with this permit application. The proposed building has been designed to meet the envelope
requirements contained in sections 110, 116 through 118, and 140, 142, 143 or 149 of Title 24, Part 6.

Please check one:

O hereby affirm that | am eligible under the provisions of Division 3 of the Business and Professions Code to sign this
document as the person responsible for its preparation; and that | am licensed in the State of California as a civil
engineer or mechanical engineer, or | am a licensed architect.

O 1 affirm that | am eligible under the provisions of Division 3 of the Business and Professions Code by section 5537.2 or
6737.3 to sign this document as the person responsible for its preparation; and that | am a licensed contractor
performing this work.

O 1 affirm that | am eligible under Division 3 of the Business and Professions Code to sign this document because it
pertains to a structure or type of work described as exempt pursuant to Business and Professions Code Sections 5537,
5538 and 6737.1.

(These sections of the Business and Professions Code are printed in full in the Nonresidential Manual.)
PRINCIPAL ENVELOPE DESIGNER-NAME SIGNATURE DATE LIC. #

ENVELOPE MANDATORY MEASURES

Indicate location on plans of Note Block for Mandatory Measures

INSTRUCTIONS TO APPLICANT

For Detailed instructions on the use of this and all Energy Efficiency Standards compliance forms, please refer to the
Nonresidential Manual published by the California Energy Commission.

ENV-1: Required on plans for all submittals. Part 2 may be incorporated in schedules on plans.

ENV-2: Used for all submittals; choose appropriate version depending on method of envelope compliance.

ENV-3: Optional. Use if default U-values are not used. Choose appropriate version for assembly U-value to be calculated.
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CERTIFICATE OF COMPLIANCE

PROJECT NAME DATE

(Part 2 of 2)

ENV-1

OPAQUE SURFACES

Construction Solar Location/Comments NOTES TO FIELD -
Surface Type (e.g., Block, Gains Form 3 (e.q., Suspended For Building Dept.
Type Wood, Metal) Area U-Value |Azimuth| Tilt YIN Reference Ceiling, Demising, etc.) Use Only
aoad
aoad
aoad
aoad
aoad
aoad
aoad
aoad
aoad
aoad
aoad

FENESTRATION SURFACES

Fenestration Glazina NOTES TO FIELD - For
Type Area U-Value Azimuth SHGC Type Location / Comments Bldg. Dept. Use Only
EXTERIOR SHADING
Fenestration Exterior Shade Window Overhang Left Fin Right Fin
# Tvpe SHGC | Height | Width | Lenath | Height | LExt. REXt. Dist. | Lenath | Height [ Dist. | Lenath | Height

NOTES TO FIELD - For Building Department Use Only

Nonresidential Compliance Form
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3.3.2 ENV-2: Envelope
Component Method

This version of ENV-2 should be used only when
the envelope is shown to comply using the Enve-
lope Component Method.

1. PROJECT NAME is the title of the project, as
shown on the plans, on the ENV-1, and known
to the building department.

2. DATE is the date of preparation of the compli-
ance submittal package. It should be on or af-
ter the date of the plans, and on or before the
date of the building permit application.

A. Window Area Calculation

This calculation determines whether the window
area for the building exceeds the allowable maxi-
mum for the Envelope Component Method.

1. GROSS WALL AREA - refer to Section 3.1.2A

for definition and discussion. This is multiplied
by 0.4 to determine the 40% area for glazing
limits.

2. DISPLAY PERIMETER - refer to Section
3.1.2A for definition and discussion. This is
multiplied by 6 to determine the display pe-
rimeter area for glazing limits.

3. MAXIMUM ALLOWABLE WINDOW AREA -
the greater of the previous two calculation re-
sults is the maximum window area allowed
under the Envelope Component Method.

4. PROPOSED WINDOW AREA - the total area
of proposed windows shown on the plans is

B. Skylight Area Calculation

This calculation determines whether the skylight
area for the building exceeds the allowable maxi-
mum for the Envelope Component Method.

1. ATRIUM HEIGHT - refer to Section 3.1.2A for
definition and discussion.

2. ALLOWED % - Depending on the atrium
height, the allowed percentage of roof area for
skylights may be 5% (0.05) or 10% (0.1).

3. GROSS ROOF AREA - Gross roof area - refer
to Section 3.1.2.A for definition and discussion.

4. ALLOWABLE SKYLIGHT AREA - Allowed
Skylight Area - the maximum allowable sky-
light area is the product of the previous two
numbers.

5. ACTUAL SKYLIGHT AREA - Actual Skylight
Area - the total area of proposed skylights
shown on the plans is entered here. See Sec-
tion 3.1.2A for definition and discussion. If this
area is greater than the Maximum Allowed
Skylight Area, then the Envelope Component
Method may not be used.

Opaque Surfaces

1. ASSEMBLY NAME - provide a name or des-
ignator for each unique type of opaque sur-
face. This designator should be used consis-
tently throughout the plan set (elevations,
finish schedules, etc.) to identify each surface.
It should also be consistently used on the
other forms in the compliance documentation.

entered here. See Section 3.1.2A for definition ~ 2- T YPE - provide the type of assembly as de-
and discussion. If this area is greater than the scribed in Tables 3-20 and 3-21 (e.g. wood-
Maximum Allowable Window Area, then the frame wall, other floor/soffit, etc.). If the pro-
Envelope Component Method may not be posed wood-framed wall, floor or ceiling as-
used. sembly is one of the Standard Framed
Wall/Floor/Ceiling Assembly types shown in
Table B-7 of Appendix B, it is not necessary to
ENV
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submit Form ENV-3 "Proposed Construction
Assembly”. Instead, provide the "Reference
Name" from the appropriate assembly shown
in Table B-7, e.g. R.30.2 x 10.16, in the
"Opaque Surfaces" category.

HEAT CAPACITY - see Section 3.1.2G for
discussion of how this value is found. For light
weight assemblies having HC less than 7.0
(most framed assemblies), this space may be
left blank. It may also be left blank for higher
heat capacity assemblies, but if it is blank, the
lower U-value requirements for walls and
floors/soffits with HC of 7.0 or higher may not
be used.

INSULATION R-VALUE - This section is used
for assemblies that are shown to comply by
this option under the Envelope Component
Method. If the Assembly U-value option is
used, this space may be left blank. The PRO-
POSED value is the R-value for the insulation
product alone, not the total R-value for the as-
sembly. It must be consistent with the R-value
called out on the ENV-1 form. The MIN. AL-
LOWED value is taken from Tables 3-20 and
3-21.

ASSEMBLY U-VALUE - This section is used
for assemblies that are shown to comply by
this option under the Envelope Component
Method. If the Insulation R-value option is
used, this space may be left blank. The PRO-
POSED value is taken either from an Energy
Commission table of defaults, or is calculated
on the appropriate ENV-3 (see Appendix B,
Sections 3.1.2C - F and Sections 3.3.4 -
3.3.6). If a default table value is used, check
the “Y” (yes) box. If a calculated value is used,
check the “N” (no) box and attach the corre-
sponding ENV-3 form. The ALLOWED value is
taken from Tables 3-20 and 3-21.

. Windows

WINDOW NAME - provide a name or desig-
nator for each unique type of window. This
designator should be used consistently
throughout the plan set (elevations, window
schedules, etc.) to identify each window. It
should also be consistently used on the other
forms in the compliance documentation.

ORIENTATION - indicate orientation (see
Section 3.1.2A for definitions) of each unique
type of window. A window with an overhang
and a similar window without an overhang
would be different types. If overhangs are not
used, similar windows on non-north orienta-
tions may be grouped together.

U-VALUE - PROPOSED glazing U-value is
determined as discussed in Section 3.1.2H.
ALLOWED U-value is taken from Tables 3-20
and 3-21.

NO. OF PANES - indicate “2” for double
glazed, “1” for single glazed windows.

PROPOSED RSHG - indicate SHGC (Solar
Heat Gain Coefficient), OHF (Overhang Fac-
tor), and the resulting RSHG (RSHG =
SHGCwin x [1 + aH/V + b(H/V)?]). See Sec-
tions 3.1.21 and J. If given window does not
have an overhang, then SHGC and RSHG are
the same.

ALLOW. RSHG - the Maximum Relative Solar
Heat Gain allowed, taken from Tables 3-20
and 3-21, depending on the window orientation
(north or non-north).

Skylights

SKYLIGHT NAME - provide a name or desig-
nator for each unique type of skylight. This
designator should be used consistently
throughout the plan set (roof plans, skylight
schedules, etc.) to identify each skylight. It
should also be consistently used on the other
forms in the compliance documentation.

GLAZING - Indicate if the glazing is transpar-
ent or translucent. This affects the allowed
solar heat gain coefficient.

NO. OF PANES - indicate “2” for double
glazed, “1” for single glazed skylights.

U-VALUE - PROPOSED glazing U-value is
determined as discussed in Section 3.1.2H.
ALLOWED U-value is taken from Tables 3-20
and 3-21.
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5. SOLAR HEAT GAIN COEFFICIENT - indicate
PROPOSED solar heat gain coefficient. See
Section 3.1.2I. The ALLOWED value is the
Maximum Solar Heat Gain Coefficient taken
from Tables 3-20 and 3-21, depending on the
type of glazing (transparent or translucent).

F. Sample Form: ENV-2 Envelope
Component Method
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ENVELOPE COMPONENT METHOD ENV-2

PROJECT NAME DATE

WINDOW AREA CALCULATION SKYLIGHT AREA CALCULATION

GROSS WALL DISPLAY PERI- ATRIUM HEIGHT FT
AREA (GWA) METER (DP)
GWA x 0.40 DP x 6 + +
IF<55FT IF>55FT
——» GREATER OF |

If the PROPOSED

L» 0.10 X =
—>

WINDOW AREA is MAX. ALLOWABLE X =

greater than the WINDOW AREA 0.05

MAXIMUM

ALLOWABLE + GROSS ROOF AREA  ALLOWED AREA

WINDOW AREA, go

PROPOSED
to another method.

WINDOW AREA If the ACTUAL SKYLIGHT AREA is greater

than the ALLOWED SKYLIGHT AREA, go to
another method.

ACTUAL SKY. AREA

OPAQUE SURFACES

ASSEMBLY U-VALUE*

TABLE
ASSEMBLY NAME TYPE HEAT INSULATION R-VALUE* PROPOSED VALUES? MAXIMUM
(eg. Wall-1, Floor-1) (eg. Roof, Wall, CAPACITY PROPOSED MINIMUM Y N ALLOWED

Floor) ALLOWED

OO00a0
OO00a0

* For each assembly type, meet the minimum insulation R-value or the maximum assembly U-value.

WINDOWS
PROPOSED RSHG
WINDOW NAME ORIENTATION U-VALUE #OF PROP. ALLOWED
(e.g., Window-1, Window-2) [ N T E [ s [w | [ PROP. [ ALLOW. | | PANES || sHGC | H Vv HV | OHF | RSHG RSHG
OO0 0
O000
O000
O000
SKYLIGHTS
SKYLIGHT NAME GLAZING #OF U-VALUE SOLAR HEAT GAIN COEFFICIENT
(e.g., Sky-1, Sky-2) || TRANSLUCENT | TRANSPARENT | | PANES | [PROPOSED] ALLOWED PROPOSED ALLOWED
O O
O O
O O
O O
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3.3.3 ENV-2: Overall Envelope
Method

This version of ENV-2 should be used only when
the envelope is shown to comply using the Overall
Envelope Method.

1. PROJECT NAME is the title of the project, as
shown on the plans, on the ENV-1, and known
to the building department.

2. DATE is the date of preparation of the compli-
ance submittal package. It should be on or af-
ter the date of the plans, and on or before the
date of the building permit application.

A. ENV-2 Part 1 of 5

The first part of this form involves tests of glazing
area for windows and skylights. If either of these
tests does not pass, then the glazing area must be
adjusted for the standard envelope.

Window Area Test

A. DISPLAY PERIMETER - refer to Section
3.1.2.A for definition and discussion. This is
multiplied by 6 to determine the DISPLAY
AREA for glazing limits.

B.-D. GROSS EXTERIOR WALL AREA - refer to
Section 3.1.2A for definition and discussion.
This is multiplied by 0.4 to determine the 40%
area for glazing limits, and by 0.1 to determine
the minimum area for glazing limits. The larger
of the DISPLAY AREA and the 40% AREA is
the MAXIMUM AREA.

E. PROPOSED WINDOW AREA - the total area
of proposed windows shown on the plans is
entered here. See Section 3.1.2A for definition
and discussion.

If it is necessary to proceed to the following calcu-
lations, then the window area will be adjusted for
the standard envelope. Otherwise, the window cal-
culations on Parts 2 through 4 can be done without
adjusted window or wall areas. Proceed to the
SKYLIGHT AREA TEST.

1. or 2. WINDOW ADJUSTMENT FACTOR - de-
pending on the values of E, D and C, one of
these two calculations is done to obtain the
WINDOW ADJUSTMENT FACTOR. This
number is carried to Part 5 of the form to cal-
culate the adjusted window and wall areas.
Upon completion of those calculations, Parts 2
through 4 may be completed.

Skylight Area Test

This calculation determines whether the skylight
area for the building exceeds the allowable maxi-
mum for the Standard Envelope.

1. ATRIUM HEIGHT - refer to Section 3.1.2.A for
definition and discussion.

2. STANDARD % - depending on the atrium
height, the allowed standard percentage of
roof area for skylights may be 5% (0.05) or
10% (0.1).

3. GROSS ROOF AREA - gross roof area - refer
to Section 3.1.2A for definition and discussion.

4. STANDARD SKYLIGHT AREA - the maxi-
mum allowed standard skylight area is the
product of the previous two numbers.

5. PROPOSED SKYLIGHT AREA - the total
area of proposed skylights shown on the plans
is entered here. See Section 3.1.2A for defini-
tion and discussion.

If it is necessary to proceed to the following calcu-
lation, then the skylight area will be adjusted for
the standard envelope. Otherwise, the skylight cal-
culations on Part 2 and Part 3 can be done without
the adjusted skylight or roof areas.

1. or 2. SKYLIGHT ADJUSTMENT FACTOR -
this calculation is done to obtain the SKY-
LIGHT ADJUSTMENT FACTOR. This nhumber
is carried to Part 5 of the form to calculate the
adjusted skylight and roof areas. Upon com-
pletion of those calculations, Parts 2 through 4
may be completed.

3. Building Envelope
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B. ENV-2 Part 2 of 5 Overall Heat
Loss

This form should be used to confirm that the pro-
posed envelope design has an overall heat loss no
greater than the standard heat loss for the building.

A. ASSEMBLY NAME - provide a name or des-
ignator for each unique type of surface under
the appropriate heading (WALLS, ROOFS/
CEILINGS, etc.). Demising walls are not to be
included in this calculation. This designator
should be used consistently throughout the
plan set (elevations, finish schedules, etc.) to
identify each surface. It should also be con-
sistently used on the other forms in the com-
pliance documentation. For windows and sky-
lights, list the number of panes of glazing;
indicate “2” for double glazed, “1” for single
glazed windows.

B. PROPOSED AREA - enter the actual area, in
square feet, of each assembly. Refer to Sec-
tion 3.1.2.A for definitions and discussion.

C. PROPOSED HEAT CAPACITY - see Section
3.1.2.G for discussion of how this value is
found. For light weight assemblies having HC
less than 7.0 (most framed assemblies), this
space may be left blank. It may also be left
blank for higher heat capacity assemblies but if
it is blank then the lower U-value requirements
for walls and floors/soffits with HC of 7.0 or
higher may not be used.

D. PROPOSED U-VALUE - enter the U-value of
the proposed assembly as designed. U-values
are taken either from an Energy Commission
table of defaults, or are calculated on the ap-
propriate ENV-3 (see Appendix B, Sections
3.1.2C - F and Sections 3.3.4 - 3.3.6).

TABLE VALUES? - if the proposed wood-
framed wall, floor or ceiling assembly is one of
the Standard Framed Wall/Floor/Ceiling As-
sembly types shown in Table B-7 of Appendix
B, it is not necessary to submit Form ENV-3

"Proposed Construction Assembly". Instead,
provide the "Reference Name" from the ap-
propriate assembly type shown in Table B-7,
e.g. R.30.2 x 10.16, in the "Roofs/Ceilings" and
"Floors/Soffits" categories under the "Assem-
bly Name" column of Form ENV-2 Part 2
"Overall Envelope Method". Enter the "Assem-
bly Name" as instructed in the form, followed
by the "Reference Name".

E. PROPOSED UA - the numbers in columns B
and D are multiplied together and the result
entered in this column.

F. STANDARD AREA - if no window or skylight
area adjustments are required (as demon-
strated on Part 1), then the STANDARD AREA
is the same as the PROPOSED AREA for
each assembly. If adjustments are required,
then the adjusted areas of window, wall, sky-
light and roof are taken from Part 5.

G. STANDARD U-VALUE - enter the Maximum
U-value for each assembly type, taken from
Tables 3-20 and 3-21. The selected value may
depend upon the type of construction or the
heat capacity of the assembly. These are de-
termined in the same way as under the Enve-
lope Component Approach, as described in
Section 3.2.2.

H. STANDARD UA - the numbers in columns F
and G are multiplied together and the result
entered in this column.

Columns E and H are totaled and the results com-
pared. If the Column E total is no greater than the
Column H total, then the Overall Heat Loss re-
guirement has been met.

C. ENV-2 Part 3 of 5 Overall Heat
Gain from Conduction

This form should be used to confirm that the
proposed envelope design has an overall heat
gain from opaque surfaces no greater than the
standard heat gain for the building.

3-44
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ASSEMBLY NAME - provide a name or des-
ignator for each unique type of surface under
the appropriate heading (WALLS, ROOFS/
CEILINGS, etc.). Demising walls are not to be
included in this calculation. This designator
should be used consistently throughout the
plan set (elevations, finish schedules, etc.) to
identify each surface. It should also be con-
sistently used on the other forms in the com-
pliance documentation. For windows and sky-
lights, list the number of panes of glazing;
indicate “2” for double glazed, “1” for single
glazed windows.

PROPOSED AREA - enter the actual area, in
square feet, of each assembly. Refer to Sec-
tion 3.1.2.A for definitions and discussion.

TEMPERATURE FACTOR - enter the tem-
perature factor based on the envelope type
and Climate Zone from Table 3-22 or Stan-
dards Table No. 1-J.

PROPOSED HEAT CAPACITY - see Section
3.1.2.G for discussion of how this value is
found. For light weight assemblies having HC
less than 7.0 (most framed assemblies), this
space may be left blank. It may also be left
blank for higher heat capacity assemblies but if
it is blank then the lower U-value requirements
for walls and floors/soffits with HC of 7.0 or
higher may not be used.

PROPOSED U-VALUE - enter the U-value of
the proposed assembly as designed. U-values
are taken either from an Energy Commission
table of defaults, or are calculated on the ap-
propriate ENV-3 (see Appendix B, Sections
3.1.2C - F and Sections 3.3.4 - 3.3.6), or from
EZ-FRAME output.

TABLE VALUES? - if the proposed wood-
framed wall, floor or ceiling assembly is one of
the Standard Framed Wall/Floor/Ceiling As-
sembly types shown in Table B-7 of Appendix
B, it is not necessary to submit Form ENV-3
"Proposed Construction Assembly". Instead,
provide the "Reference Name" from the ap-
propriate assembly type shown in Table B-7,
e.g. R.30.2 x 10.16, in the "Roofs/Ceilings" and

"Floors/Soffits" categories under the "Assem-
bly Name" column of Form ENV-2 Part 2
"Overall Envelope Method". Enter the "Assem-
bly Name" as instructed in the form, followed
by the "Reference Name".

F. HEAT GAIN Q - the numbers in columns B, C
and E are multiplied together and the result
entered in this column.

G. STANDARD AREA - if no window or skylight
area adjustments are required (as demon-
strated on Part 1), then the STANDARD AREA
is the same as the PROPOSED AREA for
each window and skylight. If adjustments are
required, then the adjusted areas are taken
from Part 5.

H. STANDARD U-VALUE - enter the Maximum
U-value for each assembly type, taken from
Tables 3-20 and 3-21. The selected value may
depend upon the type of construction or the
heat capacity of the assembly. These are de-
termined in the same way as under the Enve-
lope Component Approach, as described in
Section 3.2.2.

. TEMPERATURE FACTOR - enter the tem-
perature factor based on the envelope type
and climate zone from Table 3-22 or Stan-
dards Table No. 1-J.

J. HEAT GAIN Q - the numbers in columns G, H
and | are multiplied together and the result
entered in this column.

Columns F and J are totaled and the results com-
pared. If the Column F total is no greater than the
Column J total, then the Overall Heat Gain re-
guirement has been met.

D. ENV-2 Part 4 of 5 Overall Heat
Gain from Radiation

This form should be used to confirm that the
proposed envelope design has an overall heat
gain no greater than the standard heat gain for
the building.

3. Building Envelope
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A. WINDOW/SKYLIGHT NAME - provide a name
or designator for each orientation of glazing
under the appropriate heading (NORTH,
SOUTH, SKYLIGHTS, etc.). This designator
should be used consistently throughout the
plan set (elevations, roof plans, etc.) to identify
each surface. It should also be consistently
used on the other forms in the compliance
documentation.

B. WEIGHTING FACTOR - enter the weighting
factor for each orientation and skylight. The
weighting factors are taken from Table 3-23 or
Standards Table No. 1-K, and depend on the
climate zone (from ENV-1, Part 1).

C. PROPOSED AREA - the total area of pro-
posed windows and skylights shown on the
plans is entered here. See Section 3.1.2A for
definitions and discussion.

D. SOLAR FACTOR - enter the solar factor for
the applicable climate zone from Table 3-22 or
Standards Table No. 1-J.

E. PROPOSED SHGC - the proposed solar heat
gain coefficient of the glazing. See Section
3.1.21.

F.-H. PROPOSED OVERHANG - indicate the
overhang horizontal length (H), the overhang
vertical height (V); overhang ratio (H/V); and
overhang factor (OHF). Column F includes
both (H for horizontal) and (V for vertical). See
Section 3.1.2J. The overhang adjustment does
not apply to skylights.

. PROPOSED TOTAL - multiply columns B, C,
D, E & H and enter the result here.

J. STANDARD AREA - if no window or skylight
area adjustments are required (as demon-
strated on Part 1), then the STANDARD AREA
is the same as the PROPOSED AREA for
each window and skylight. If adjustments are
required, then the adjusted areas are taken
from Part 5.

K. STANDARD RSHG - this is the Maximum
Relative Solar Heat Gain taken from Tables 3-
20 and 3-21 depending on the window orienta-
tion (north or non-north). The Maximum Solar
Heat Gain Coefficient for skylights is taken
from the same table, depending on whether
the skylight glazing is transparent or translu-
cent.

L. SOLAR FACTOR - enter the solar factor for
the applicable climate zone from Table 3-22 or
Standards Table No. 1-J.

M. STANDARD TOTAL - multiply columns B, J, K
& L and enter the result here.

Columns | and M are totaled, Totals from Columns
F and J from Part 3 of 5 are carried forward and
added, and the results compared. If the Column |
total is no greater than the Column M total, then
the Overall Heat Gain requirement has been met.

E. ENV-2 Part 5 of 5 Window Area
Adjustment Calculations

This form should be included with all compliance
submittals. If the WINDOW AREA TEST or the
SKYLIGHT AREA TEST (Part 1 of this form) de-
termines that area adjustments are not necessary,
check the NOT APPLICABLE boxes. If the tests
indicate that adjustments must be made, perform
the calculations in the appropriate sections below.

A. WALL NAME - provide a name or designator
for each unique type and orientation of wall
that contains windows (walls without windows
will have no adjustment). If an orientation has
two different wall types, list each separately.
This designator should be used consistently
throughout the plan set (elevations, finish
schedules, etc.) to identify each surface. It
should also be consistently used on the other
forms in the compliance documentation. See
Section 3.1.2A for a discussion of orientation.
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B.-D. AREAS - list the areas (in square feet). See
Section 3.1.2.A for definitions of these areas.
The GROSS AREA is the Gross Exterior Wall
Area for the particular wall type and orientation
under consideration. The DOOR AREA and
WINDOW AREA are for doors and windows
included in each wall.

E. WINDOW ADJUSTMENT FACTOR is calcu-
lated on the top half of Part 1. It is the same for
all windows in the building.

F. ADJUSTED WINDOW AREA is calculated by
multiplying the values in Columns D and E.

G. ADJUSTED WALL AREA is calculated by
subtracting B from the sum of C and F. If this
produces a negative value enter zero.

Add Columns B, C, D, F and G. As a check, the
total of Column B should equal the sum of the to-
tals of Columns F & G.

The total in Column G is used in Column F of the
Overall Heat Loss calculation (Part 2) and Column
| of the Overall Heat Gain from Conduction calcu-
lation (Part 3) and the values in Column F are used
in Column G of the Overall Heat Gain from Radia-
tion calculation (Part 4).

Skylight Area Adjustment
Calculations

A. ROOF NAME - provide a name or designator
for each unique type of roof that contains sky-
lights (roofs without skylights will have no ad-
justment). If an orientation has two different
roof types, list each separately. This designa-
tor should be used consistently throughout the
plan set (roof plans, skylight schedules, etc.) to
identify each surface. It should also be con-

sistently used on the other forms in the com-
pliance documentation.

B.-C. AREAS - list the areas (in square feet). See
Section 3.1.2A for definitions of these areas.
The GROSS AREA is the Gross Exterior Roof
Area for the particular roof type and orientation
under consideration; note that it does not in-
clude doors, such as roof hatches. The SKY-
LIGHT AREA is for skylights included in each
roof.

D. SKYLIGHT ADJUSTMENT FACTOR is the
Skylight Adjustment Factor calculated on the
bottom half of Part 1. It is the same for all sky-
lights in the building.

E. ADJUSTED SKYLIGHT AREA is calculated
by multiplying the values in columns C and D.

F. ADJUSTED ROOF AREA is calculated by
subtracting E from B. If this results in a nega-
tive value enter zero.

Columns B, C, E and F are added. As a check, the
total of Column B should equal the sum of the to-
tals of Columns E and F.

The totals in Columns E and F are used in Column
F of the Overall Heat Loss calculation (Part 2) and
in Column G of the Overall Heat Gain from Con-
duction calculation (Part 3), and the values in Col-
umn E are used in Column | of the Overall Heat
Gain from Radiation calculation (Part 4).

F. Sample Form: ENV-2 Overall
Envelope Method

3. Building Envelope
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OVERALL ENVELOPE METHOD (Part 1 of 5) ENV-2

PROJECT NAME DATE

WINDOW AREA TEST

A. DISPLAY PERIMETER | | ET” 6= | SF DISPLAY AREA
B. GROSS EXTERIOR WALL AREA | | SF” 0.40 = SF 40% AREA
SF MINIMUM STANDARD AREA

D. ENTER LARGER OF A OR B

SF PROPOSED AREA

C. GROSS EXTERIOR WALL AREA | | SE” 0.10 = |
E. ENTER PROPOSED WINDOW AREA |

| SF MAXIMUM STANDARD AREA

IF E IS GREATER THAN D OR LESS THAN C, PROCEED TO THE NEXT CALCULATION FOR WINDOW AREA ADJUSTMENT. IF NOT, GO
TO PART 2 OF 5.

1. IF E IS GREATER THAN D:

MAXIMUM PROPOSED WINDOW
STANDARD AREA WINDOW AREA ADJUSTMENT FACTOR

| 5 | |

GO TO PART 5 TO CALCULATE ADJUSTED AREA

2.IF LESS THAN C:

MAXIMUM PROPOSED WINDOW WINDOW
STANDARD AREA AREA (IFE=0ENTER 1) ADJUSTMENT FACTOR

| 5 | |

GO TO PART 5 TO CALCULATE ADJUSTED AREA

SKYLIGHT AREA TEST

ATRIUM HEIGHT | |FT

vV ook V¥
IFES5FT IF>55|FT

L» x| | = | |
L L oo | x| | = | ]

STANDARD % GROSS ROOF AREA STANDARD
SKYLIGHT AREA

PROPOSED
SKYLIGHT AREA

IF THE PROPOSED SKYLIGHT AREA IS GREATER THAN THE STANDARD SKYLIGHT AREA, PROCEED TO THE NEXT CALCULATION FOR THE
SKYLIGHT AREA ADJUSTMENT. IF NOT, GO TO PART 2 OF 5.

1. IF PROPOSED SKYLIGHT AREA 3 STANDARD SKYLIGHT AREA:

STANDARD PROPOSED SKYLIGHT SKYLIGHT
SKYLIGHT AREA AREA (IFE=0ENTER 1) ADJUSTMENT FACTOR

GO TO PART 5 TO CALCULATE ADJUSTED AREAS

Nonresidential Compliance Form November 1998



OVERALL ENVELOPE METHOD (Part 2 of 5) ENV-2

PROJECT NAME DATE

OVERALL HEAT LOSS

L]

PROPOSED STANDARD
TABLE
ASSEMBLY NAME HEAT VALUES? UA AREA* UA
(e.g. Wall-1, Floor-1) AREA CAPACITY | UVALUE [ Y | N | (B' D) (Adjusted) | U-VALUE (F° G)
O 0O
O 0O
2 O O
<t
O 0O
O 0O
]
= OO
O
I O 0O
7 O 0O
S
S O 0O
O 0O
o O 0O
T OO
S
3 oo
g O 0O
Ci) O 0O
O 0O
N/A O 0O
» o N/A O 0O
S > N OO
o &
§ B N/A O O
- N/A O 0O
N/A O 0O
N/A O 0O
o N/A O 0O
T 5
o = N/A OO
4 =S
& ) N/A O O
@ o N/A O O
N/A O 0O
* If Window and/or Skylight Area Adjustment « bCOIumneIZtSha” L »
' ' i e no greater
|Osf I;equwed, use adjusted areas from part 5 TOTAL o cgl G H TOTAL
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OVERALL ENVELOPE METHOD (Part 3 of 5) ENV-2

PROJECT NAME DATE

OVERALL HEAT GAIN FROM CONDUCTION

] ]
PROPOSED STANDARD

TABLE
HEAT VALUES? |HEAT GAIN AREA*

CAPACITY|U-VALUE] Y [ N | (B'C“E) | (Adjusted) |U-VALUE

ASSEMBLY NAME
(e.g. Wall-1, Floor-1) AREA

HEAT GAIN
(G'H"I)

TEMP.
FACTOR
TEMP.
FACTOR

WALLS

ROOFS/CEILINGS

N/A

N/A

N/A

N/A

WINDOWS
# OF PANES

N/A

N/A

N/A

N/A

N/A

# OF PANES

N/A

SKYLIGHTS

N/A

FLOORS/SOFFITS
OO00O00O000O0000O000O000000O000000OOO000O0O0aaa
OO00O00O000O0000O000O000000O000000OOO000O0O0aaa

N/A

* If Window and/or Skylight Area Adjustment
is Required, use adjusted areas from part 5
of 5. SUBTOTAL SUBTOTAL
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OVERALL ENVELOPE METHOD (Part 4 of 5) ENV-2

PROJECT NAME DATE

OVERALL HEAT GAIN FROM RADIATION

1 [T B E [ [ [

PROPOSED STANDARD
WINDOWY/SKYLIGHT v & HEAT GAIN RSHG v &
NAME WEIGHTING < ° OVERHANG (BxCx AREA or < © | HEAT GAIN
(e.g Window-1, Sky-1) || FACTOR ||AREA| 3% [SHGC| H | V [H/V [OHF| DxExH) (Adjusted)* | SHGC™ | 32 | (B I K'L)
I
-
o
o
=
|—
(7]
<
LLi
I
|—
=
o
w
|—
[72]
(1]
=
N/A | N/A | N/A | N/A
ks N/A | N/A | N/A | N/A
-
e N/A | NIA | NIA | NIA
—
& N/A | NIA | NIA | A
w
N/A | N/A | N/A | N/A
Part 4 Subtotal Part 4 Subtotal
* If Window and/or Skylight Area ** Only SHGC is
Adjustment is Required, use adjusted || used for Skylights Part 3 Subtotal Part 3 Subtotal
areas from part 5 of 5. TOTAL TOTAL
Column | must
be lessthan
column M
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OVERALL ENVELOPE METHOD (Part 5 of 5) ENV-2

PROJECT NAME DATE

WINDOW AREA ADJUSTMENT CALCULATIONS

D CHECK IF NOT APPLICABLE (see Part 1 of 5)

O] [simen | “moow | o
WALL NAME ORIENTATION GROSS DOOR WINDOW FACTOR AREA AREA
(e.g. Wall-1, Wall-2) N]JE]s[w AREA AREA AREA (From Part 1) (D'E) B-(F+C)
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
OO0 0
O 0O 0O 0O
TOTALS: | | | | | |

SKYLIGHT AREA ADJUSTMENT CALCULATIONS

(o]

D CHECK IF NOT APPLICABLE (see Part 1 of 5)

SKYLIGHT IADJUSTED SKYLIGHT ADJUSTED
ADJUSTMENT ROOF
ROOF NAME GROSS SKYLIGHT FACTOR AREA AREA
(e.g. Roof-1, Roof-2) AREA AREA (From Part 1) (C'D) (B-E)

TOTALS:
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3.3.4 ENV-3: Proposed Metal
Framed Assembly

For most metal framed assemblies, the U-value
will be found in Table B-2 in Appendix B (see
Section 3.1.2E for a discussion of the use of
this table). When there is no appropriate U-
value in Table B-2, then this version of ENV-3
should be used to calculate the assembly U-
value.

[Note that this form is not used to describe
metal furring systems for insulating masonry or
concrete walls; these are described in ENV-3
Masonry Assembilies.]

1. PROJECT NAME is the title of the project,
as shown on the plans and known to the
building department.

2. DATE is the date of preparation of the
compliance submittal package. It should be
on or after the date of the plans, and on or
before the date of the building permit appli-
cation.

A. Component Description

1. SKETCH OF ASSEMBLY - provide a simple
cross-section sketch showing the arrange-
ment of components in the assembly. The
position of framing members and layers
should be apparent. Number the layers in
sequence from outside to inside as they will
be described below (framing members are
not numbered, only the cavity layers are
considered here). Note that the outside of
the assembly, facing unconditioned space,
is at the left.

2. ASSEMBLY NAME - list the name or desig-
nator for this assembly as it is referred to
on the plans and on the other compliance
forms in the submittal, e.g. WALL-1, ROOF-
2, or some other naming convention appro-
priate to the construction document organi-
zation.

3. ASSEMBLY TYPE - check the appropriate
box.

4. FRAMING MATERIAL - must be metal for
this form (other versions of ENV-3 are for
other framing materials).

5. FRAMING SIZE - enter the nominal dimen-
sions of the framing members, e.g. 3 1/2",
5 1/2", or other appropriate description.

6. INSULATION R-VALUE - enter the R-value
of the insulation material in the assembly. If
there is more than one insulation material,
list each separately.

B. Construction Components

In this part of the form, the R-value of the cav-
ity (the area of the wall that does not contain
framing members) is calculated.

1. DESCRIPTION - list each layer of the as-
sembly in sequence, from outside to inside,
as numbered in the sketch above.

2. CAVITY R-VALUE (R) - enter the R-value of
each layer. This value is taken from manu-
facturers’ literature or from the ASHRAE
Handbook of Fundamentals Volume, 1993,
Chapter 22, Table 4, Typical Thermal Prop-
erties of Common Building and Insulating
Materials. The R-values for the INSIDE and
OUTSIDE SURFACE AIR FILMS are taken
from Table 3-1, Standard Air Film R-values.

3. METAL FRAMING FACTOR (MFF) - enter
the appropriate value for the assembly from
Table 3-5 (Appendix B, Table B-3), or the
table on the form.

4. Rc X MFF - multiply the SUBTOTAL R-value
(R.) for the cavity by the METAL FRAMING
FACTOR and enter the result.

5. INSULATING SHEATHING - if there is a
layer of insulating sheathing (other than the
cavity insulation between the framing
members), enter its R-value. Only values
from ASHRAE Handbook of Fundamentals
Volume, 1993, Table 3a, Chapter 23, may
be used.

6. TOTAL R-VALUE (R,) - add the previous two
numbers and enter the result here.

7. ASSEMBLY U-VALUE - divide 1 by the TO-
TAL R-VALUE (R;) to obtain the ASSEMBLY
U-VALUE.

w
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COMMENTS may be added to further explain C. Samp| e Form: ENV-3 Proposed

the assembly or its U-value calculation. This
would be especially helpful for unusual assem- Metal Framed Assembl y

blies, and could help to expedite plan checking
for energy compliance.
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PROPOSED METAL FRAMED ASSEMBLY ENV-3

PROJECT NAME DATE

COMPONENT DESCRIPTION

ASSEMBLY NAME | |

/ \ ASSEMBLY TYPE Floor
w Wall
0 LIDJ Ceilina/Roof
e %) | |
=z FRAMING MATERIAL
2 <=
O FRAMING SIZE | |
FRAMING SPACING 16" . c.[] 24" 0. c.d
\ / INSUL ATION | |
SKETCH OF ASSEMBLY R-VALUE
CONSTRUCTION COMPONENTS
CAVITY METAL FRAMING FACTOR
R-VALUE Insulation Non-Mass
DESCRIPTION (Re) Stud Spacing | Stud Depth R-Value Wall
R-7 0.522
OUTSIDE SURFACE AIR FILM o — T 0ans
1 R-13 0.362
16 0. c. R-15 0.328
2 R-19 0.325
6" R-21 0.300
3 R-22 0.287
4 R-25 0.263
R-7 0.577
5 4" R-11 0.458
R-13 0.415
6 240.c. R-15 0.379
7 R-19 0.375
6" R-21 0.348
INSIDE SURFACE AIR FILM R-22 0.335
R-25 0.308
svstota |
Rt
METAL FRAMING FACTOR I:I MEE
INSULATING SHEATHING I:I R-VALUE
TOTAL R-VALUE I:I Rt
1Rt |:| ASSEMBLY U-VALUE
COMMENTS
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3.3.5 ENV-3: Proposed
Masonry Wall Assembly

This version of ENV-3 should be used for ma-
sonry wall assemblies (including concrete block,
brick and solid concrete). It is used in conjunc-
tion with Tables B-4 and B-5 in Appendix B,
which give U-values and heat capacities for
most common assemblies. It should also be
used to account for the insulating qualities of
insulating sheathing and/or furred sheathing
layers attached to the masonry. Refer to Sec-
tion 3.1.2F for further description of these cal-
culations.

1. PROJECT NAME is the title of the project,
as shown on the plans, on the ENV-1, and
as known to the building department.

2. DATE is the date of preparation of the
compliance submittal package. It should be
on or after the date of the plans, and on or
before the date of the building permit appli-
cation.

A. Component Description

1. SKETCH OF ASSEMBLY - provide a simple
cross-section sketch showing the arrange-
ment of components in the assembly. The
position of any furring members and
sheathing layers should be apparent. Note
that the outside of the assembly, facing un-
conditioned space, is at the left.

2. WALL ASSEMBLY NAME - list the name or
designator for this wall assembly as it is re-
ferred to on the plans and on the other
compliance forms in the submittal, e.qg.
WALL-1, or some other naming convention
appropriate to the construction document
organization.

3. DESCRIPTION OF ASSEMBLY - provide a
brief description of the materials used in the
assembly to augment the sketch.

B. Wall R-value and Heat Capacity

This section is used to extract values of wall R-
value and heat capacity from Tables B-4 or B-5
in Appendix B.

1. WALL UNIT THICKNESS - enter the nominal
thickness, in inches, of the masonry wall.

2. MATERIAL TYPE - enter the material type.
For concrete block, this can be “light
weight”, “medium weight”, or “normal
weight” as per ASTM designations.

3. CORE TREATMENT - this is only applicable
to hollow core masonry units; the choices
are solid grouted cores, or partially grouted
cores with the unfilled cells either empty or
filled with any type of insulation.

4. WALL R-VALUE (Ry) - for hollow masonry,
use Table B-4; for solid unit masonry or
solid concrete walls, use Table B-5. Select
the appropriate R-value and enter it here
(see Section 3.1.2F for more discussion).

5. WALL HEAT CAPACITY (HC) - for hollow
masonry, use Table B-5; for solid unit ma-
sonry or solid concrete walls, use Table B-
5. Select the appropriate HC value and en-
ter it here (see Section 3.1.2G for more
discussion).

C. Furring/lInsulation Layer

This section is used to describe any fur-
ring/insulation layers or insulating sheathing
attached to either the inside or the outside of
the masonry.

1. FURRING FRAMING MATERIAL - list the
type of material (wood, metal) used for the
furring strips; if not applicable enter "none".

2. FURRING FRAMING SIZE - enter the thick-
ness, width, and depth, in actual inches, of
the framing members used for furring, and
its actual dimensions in inches.

3-56 November 1998

Nonresidential Manual



3. FURRING SPACE INSULATION - enter the E. Sampl e Form: ENV-3 Pr Oposed
type of insulation installed in the space be-

tween furring strips (fiberglass batt, bead Mason ry Wall Assembl y
board, etc.), and its R-value at the installed
thickness.

4. EXTERIOR INSULATING LAYER - if there is
an exterior insulating layer, list the type of
insulation (bead board, polyisocyanurate
board, etc.), and its R-value at the installed
thickness.

5. FURRING ASSEMBLY EFFECTIVE R-VALUE
- using the information above, enter Table
B-6 and locate the effective R-value of the
furring assembly (see Section 3.1.2F).

6. INSULATION LAYER R-VALUE (Ry) - add
the FURRING ASSEMBLY EFFECTIVE R-
VALUE to the R-value of the exterior insu-
lating layer to arrive at the INSULATION
LAYER R-VALUE (Ry).

D. Wall Assembly R-value and U-
value

1. WALL ASSEMBLY R-VALUE (Ry) - add the
INSULATION LAYER R-VALUE calculated
above (Ry) to the WALL R-VALUE (R,) from
above to obtain the WALL ASSEMBLY R-
VALUE.

2. WALL ASSEMBLY U-VALUE - calculate the
inverse of the WALL ASSEMBLY R-VALUE
(1/R,) to obtain the WALL ASSEMBLY U-
VALUE.
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PROPOSED MASONRY WALL ASSEMBLY

PROJECT NAME DATE

ENV-3

COMPONENT DESCRIPTION

/

OUTSIDE

-

\ ASSEMBLY NAME |

DESCRIPTION

OF ASSEMBLY

INSIDE

/

SKETCH OF ASSEMBLY

WALL R-VALUE and HEAT CAPACITY

WALL UNIT THICKNESS

MATERIAL TYPE

WALL R-VALUE

CORE TREATMENT |
WALL HEAT CAPACITY |

NOMINAL INCHES

(LW CMU,MW CMU, NW CMU, CLAY UNIT, CLAY BRICK, CONCRETE.)

(SOLID, GROUTED, EMPTY, INSULATED, NA)

Rw (FROM TABLE B-4 or B-5)

HC (FROM TABLE B-4 or B-5)

FURRING/INSULATION LAYER (INSIDE and/or OUTSIDE IF ANY)

FURRING FRAMING MATERIAL |

FURRING FRAMING SIZE |

FURRING SPACE INSULATION |

EXTERIOR INSULATING AREA |

FURRING ASSEMBLY EFFECTIVE R-VALUE

(WOOD, METAL, NONE)

NOMINAL INCHES |

| ACTUAL INCHES

TYPE |

| R-VALUE

TYPE | | R-VALUE
INSULATION
LAYER
EXTERIOR INSULATING LAYER R-VALUE R-VALUE

(FROM TABLE B-7)

(FROM MANUFACTURER)

Rf

WALL ASSEMBLY R-VALUE and U-VALUE

INSULATION LAYER WALL R-VALUE WALL ASSEMBLY R-VALUE WALL ASSEMBLY U-VALUE
R-VALUE
+ | | =1 I
Rf Rw Rt 1/Rt
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be described below (framing members are
not numbered, only the cavity layers are

3.3.6 ENV-3: Pro pos ed Wood considered here). Note the outside of the as-

sembly, facing unconditioned space, is at the
Frame Assembly left of the sketch.

This version of ENV-3 should be used for any 2. ASSEMBLY NAME - list the name or desig-

construction assembly that is not found in the nator for this assembly as it is referred to

tables in Appendix B or appropriate for the on the plans and on the other compliance

metal framed or masonry versions of ENV-3. forms in the submittal, e.g. WALL-1, ROOF-

This form guides the user through the basic U- 2, or some other naming convention appro-

value calculation, the Parallel Path Method (dis- priate to the construction document organi-

cussed in Section 3.1.2D), and the heat capac- zation.

ity calculation (see Section 3.1.2G). If the pro-

posed wood-framed wall, floor or ceiling 3. ASSEMBLY TYPE - check the appropriate

assembly is one of the Standard Framed box.

Wall/Floor/Ceiling Assembly types shown in Ta-

ble B-7 of Appendix B, it is not necessary to 4. FRAMING MATERIAL - with this form

submit Form ENV-3 "Proposed Construction framing material is wood only (other ver-

Assembly”. Instead, the "Reference Name" for sions of ENV-3 are for other materials).

the appropriate assembly is entered into either

Form ENV-2 "Envelope Component Method" or 5. FRAMING SIZE - enter the nominal dimen-

ENV-2 Part 2 "Overall Envelope Method", sions of the framing members, e.g. 2x4,

whichever is applicable for the compliance 4x8, or other appropriate description.

method that the designer has selected. Refer to

the specific sections in the Manual which pro- 6. FRAMING PERCENTAGE - choose the ap-

vide instructions for filling out the respective propriate value from the small table to the

forms, as to how the Reference Name of the right. For example, a floor assembly with

assembly should be entered. joists spaced 24" on center (0.c.) would

have a framing percentage of 7%.
1. PROJECT NAME is the title of the proj-

ect, as shown on the plans, on the B. Construction Components

ENV-1, and as known to the building

department. In this part of the form, the R-value of the cav-
) _ ity (the area of the assembly that does not con-

2. DATE is the date of preparation of the tain framing members) and the R-value of the

compliance submittal package. It should assembly through the wood framing are calcu-

be on or after the date of the plans, and lated. The U-value of the assembly is also cal-

on or before the date of the building culated.

permit application.
o 1. DESCRIPTION - list each layer of the as-
A. Component Description sembly in sequence, from outside to inside,
as numbered in the sketch above.
1. SKETCH OF ASSEMBLY - provide a simple

cross-section sketch showing the arrange- 2. CAVITY R-VALUE (R;) - enter the R-value of
ment of components in the assembly. The each layer at a cross-section taken through
position of framing members and layers the cavity. This value is taken from manu-
should be apparent. Number the layers in facturer’s literature or from the ASHRAE
sequence from outside to inside as they will Handbook of Fundamentals Volume, 1993,
ENV
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(Chapter 22, Table 4, Typical Thermal 9.
Properties of Common Building and Insulat-

ing Materials) data reproduced in Appendix

B, Table B-1. The R-values for the INSIDE

and OUTSIDE SURFACE AIR FILMS are

taken from Table 3-1, Standard Air Film R-

values.

WOOD FRAME R-VALUE (Ry) - enter the R-
value of each layer at a cross-section taken
through a framing member. These values
are found in the same sources cited in the

previous paragraph. C.

HEAT CAPACITY (HC) - As an option, the
HC of the assembly may also be calculated,
although for most framed assemblies the
HC will be too low to be of significance (HC
values of less than 7 are not given any spe-
cial consideration under the Standards).

WALL WEIGHT - enter the weight of each
layer of the assembly, per square foot of
the material at its given thickness. This is
calculated from the density of the material,
which is given in pounds per cubic foot.
See Table 3-9 for typical values; they may
also be taken from manufacturers literature
or other standard reference works, such as
the ASHRAE Handbook of Fundamentals
Volume, 1993, Chapter 22 Table 4 (Appen-
dix B). Dividing the density by 12 and mul-
tiplying by the material thickness (in inches)
yields the WALL WEIGHT. For the framing
material, the weight of the framing mem-
bers must be converted to a pounds per
square foot value.

SPECIFIC HEAT - enter the specific heat of
each material, in Btu/°F-Ib. These values
are also found in ASHRAE Table 4 (see pre-
vious paragraph).

HC - columns A and B are multiplied to-
gether to obtain the heat capacity for each
layer of the assembly.

SUBTOTALS - both R-value columns are
summed. If calculated, the HC column is
also summed to obtain the TOTAL HC for
the assembly.

ASSEMBLY U-VALUE - the appropriate val-
ues from above on this form are entered

into the equation and the result calculated.
Rc is the subtotal of the CAVITY R-VALUE
column; Rs is the subtotal of the WOOD
FRAME R-VALUE column. Fr% is the
FRAMING PERCENTAGE. Care should be
taken to recognize the parentheses in the
calculation.

Sample Form: ENV-3 Wood Frame
Assembly
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PROPOSED WOOD FRAME ASSEMBLY ENV-3

PROJECT NAME DATE

COMPONENT DESCRIPTION

/

ASSEMBLY NAME

ASSEMBLY TYPE Floor
(check one)

Wall

L
O LIDJ Ceilina/Roof
e % L]
= ) FRAMING MATERIAL
-] =
O FRAMING SIZE I:I Fr%:
FRAMING 15% (16" 0. c. Wall
PERCENTAGE 12% (24" 0. c. Wall)

10% (16" o. c. Floor/Cell.)
7% (24" o. c. Floor/Cell.)

-

/

SKETCH OF ASSEMBLY

CONSTRUCTION COMPONENTS

R-VALUE HEAT CAPACITY (optional)
CAVITY WOOD WALL SPECIFIC HC
R-VALUE FRAME WEIGHT HEAT (A" B)

DESCRIPTION (Rc) R-VALUE Ibs/sf (Btu/F°- Ibs) (Btu/F°- sf)
OUTSIDE SURFACE AIR FILM

1

2

3

4

o)

6

7

INSIDE SURFACE AIR FILM
SUBTOTAL | TOTAL HC I:I
Rc Rf

]+ [ : 1-

1/Rc 1 - (Fr9%/100) 1/Rf

Fr%/100 ASSEMBLY

U-VALUE

COMMENTS

Nonresidential Compliance Form November 1998



3.4 ENVELOPE INSPECTION

The envelope building inspection process for
energy compliance is carried out along with
the other building inspections performed by
the building department. The inspector relies
upon the plans and upon the ENV-1 Certifi-
cate of Compliance, or a similar form, that
must be printed on the plans (see Section
3.3.1). Included on the ENV-1 are “Notes to
Field” which are provided by the plan checker
to alert the inspector to items of special in-
terest for field verification.

To assist in the inspection process, an Inspec-
tion Checklist is provided in Appendix I.
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MECH

Chapter 4:

Mechanical Systems

4.0 CHAPTER OVERVIEW

This chapter summarizes the requirements for
space-conditioning, ventilating and service
water-heating systems. Section 4.1 introduces
the approaches and concepts of mechanical
system compliance with the Energy Efficiency
Standards (Standards). The Mechanical Design
Procedures, section 4.2, covers the mandatory,
prescriptive and performance requirements for
mechanical systems. For the convenience of
designers, a summary of the most important
requirements for many of the major heating,
ventilating and air
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conditioning (HVAC) systems types is included
at the end of this section. The Mechanical Plan
Check, section 4.3, describes the information
that must be included in the building plans and
specifications to show compliance with the
Standards including a presentation and
discussion of the mechanical compliance forms.
The Mechanical Inspection, section 4.4, refers
to the Inspection Checklist in Appendix |
identifying the items that the inspector will
verify in the field.

4.1 INTRODUCTION

Non-Regulated
Loads

Lightin
Hot Water o 9

Heat, Cool,
Fans

Figure 4-1: Typical Building Energy Use
(Energy Efficiency Report, October, 1990,
California Energy Commission Publication No.
400-90-003)

Mechanical systems are the second largest
consumer of energy in most buildings,
exceeded only by lighting. The proportion of
space-conditioning energy consumed by various
mechanical components varies according to
system design and climate. For most buildings
in nonmountainous California climates, fans or
cooling equipment may be the largest consumer
of energy. Space-heating energy is usually less
than fans and cooling, followed by service
water heating.

The objective of the Standards requirements for
mechanical systems is to reduce energy
consumption while maintaining occupant
comfort. These goals are achieved by:

1. Maximizing equipment efficiency, both at
design conditions as well as during part
load operation

2. Minimizing distribution losses of heating and
cooling energy

3. Optimizing system control to minimize
unnecessary operation and simultaneous
usage of heating and cooling energy

The Standards also recognize the importance of
indoor air quality for occupant comfort and
health. To this end, the Standards incorporate
requirements for outdoor air ventilation which
must be maintained during all operating
conditions.

4.1.1. Mechanical Compliance
Approaches

After the mandatory measures are met, the
Standards allow mechanical system compliance
to be demonstrated through prescriptive or
performance requirements.

Mandatory measures (Sections 110-119 and
120-129) apply to all systems, whether the
designer chooses the prescriptive or
performance approach to compliance.
Mandatory measures include:

1. Certification of equipment efficiency
2. Ventilation requirements

3. Thermostats, shut-off control and night
setback/setup

4. Areaisolation

5. Duct work construction and insulation
6. Pipe insulation

7. Service water heating and pool heating

Prescriptive measures cover items that can be
used to qualify components and systems on an
individual basis and are contained in Section
144. Prescriptive measures provide the basis
for the Standards and are the prescribed set of
measures to be installed in a building for the
simplest approach to compliance. Prescriptive
measures include:

1. Load calculations, sizing, system type and
equipment selection Section 144(a) and (b))

4-2 November 1998

Nonresidential Manual



2. Fan power consumption (Section 144(c))

3. Controls to reduce reheating, recooling and
mixing of conditioned air streams; supply air
reset; and variable air volume (VAV) box
minimum position (Section 144(d) and (f))

4. Economizers (Section 144(e))

5. Restrictions on electric-resistance heating
(Section 144(qg))

The Performance approach (Section 141)
allows the designer to increase the efficiency or
effectiveness of selected mandatory and
prescriptive measures, and to decrease the
efficiency of other prescriptive measures. The
performance approach requires the use of an
Energy Commission certified computer program,
and may only be used to model the
performance of mechanical systems that are
covered under the building permit application.
(See Sections 2.2 and 6.1 for more detail.)

4.1.2. Basic Mechanical Concepts

This section presents definitions and key
concepts that apply to mechanical systems.
Definitions in italics are quoted from Section
101(b). Other definitions and concepts are not
officially part of the Standards, but are included
here as an aid in understanding the sections
that follow.

A. Definitions of Efficiency

Section 111-112 mandate minimum efficiency
requirements which regulated appliances and
other equipment must meet. These efficiency
requirements are listed in Table B-9 in Appendix
B. The following describes the various
measurements of efficiency used in the
Standards.

The purpose of space-conditioning and water-
heating equipment is to convert energy from
one form to another, and to regulate the flow

of that energy. Efficiency is a measure of how
effectively the energy is converted or regulated.
It is expressed as the ratio:

Output

Efficiency =
Input

The units of measure in which the input and
output energy are expressed may be either the
same or different, and vary according to the
type of equipment. The Standards use several
different measures of efficiency.

Annual Fuel Utilization Efficiency (AFUE) is a
measure of the percentage of heat from the
combustion of gas or oil which is transferred to
the space being heated during a year, as
determined using the applicable test method in
the Appliance Efficiency Regulations or
Section112, Table 1-C. The AFUE is usually
lower than thermal efficiency because it takes
into account the effects of equipment cycling
or modulation at loads than design. It is
calculated using a prescribed annual load
profile.

Coefficient of Performance (COP), Cooling, is
the ratio of the rate of net heat removal to the
rate of total energy input, calculated under
designated operating conditions and expressed
in consistent units, as determined using the
applicable test method in the Appliance
Efficiency Regulations or Section112.

(Cooling Output Btu / hr)
COP =

(Electric Input Btu / hr)

As electricity is normally measured in Watts,
electric input must be converted to Btu/hr.

Coefficient of Performance (COP), Heating, is
the ratio of the rate of net heat output to the

rate of total energy input, calculated under
designated operating conditions and expressed
in consistent units, as determined using the
applicable test method in the Appliance
Efficiency Regulations or Section 112.

(Heating Output Btu / hr)

COP =
(Electric Input Btu / hr)

Combustion Efficiency is not defined in the
Standards, but is used as the efficiency
measurement for large boilers and service water
heaters. It is a measure of the percent of
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energy transfer from the fuel to the heat
exchanger (HX). Input and output energy are
expressed in the same units so that the result
has nondimensional units:

(Energy to HX)
% Combustion Eff =

(Total Fuel Input)

NOTE:

Combustion efficiency does not include losses
from the boiler jacket. It is strictly a measure of
the energy transferred from the products of
combustion, and is determined directly by a fuel
gas analysis.

Energy Efficiency Ratio (EER) is the ratio of net
cooling capacity (in Btu/hr) to total rate of
electrical energy (in watts), of a cooling system
under designated operating conditions, as
determined using the applicable test method in
the Appliance Efficiency Regulations or
Section112. An EER is typically used for larger
packaged air conditioning equipment to express
equipment efficiency. It is similar to IPLV.

(Cooling Btu / hr)

EER =
(Electric Input Watts)

EER and COP are actually measurements of the
same process, but are expressed in different
units. They are related as:

EER
COP =

(3.413 Btu / watt)

Energy Factor (EF) is the ratio of energy output
to energy consumption of a water heater,
expressed in equivalent units, under designated
operating conditions over a 24-hour use cycle,
as determined using the applicable test method
in the Appliance Efficiency Regulations. It
includes both the thermal efficiency of the
heating process, as well as standby losses.

Fan Power Index is the hourly power
consumption of the fan system per unit of air
moved (Watts per cfm).

Integrated Part Load Value (IPLV) is a single
number of merit based on part load EER or COP

expressing part load efficiency for air-
conditioning and heat-pump equipment on the
basis of weighted operation at various load
capacities for the equipment as determined
using the applicable test method in the
Appliance Efficiency Regulations or Section 112
. It is meant to approximate the ‘typical’ or
annual operating efficiency of the equipment,
much as an AFUE is used for heating
equipment.

Seasonal Energy Efficiency Ratio (SEER) means
the total cooling output of a central air

conditioner in British thermal units during its

normal usage period for cooling divided by the

total electrical energy input in watt-hours during

the same period, as determined using the
applicable test method in the Appliance

Efficiency Regulations

Thermal Efficiency is defined in the Appliance
Efficiency Regulations as a measure of the
percentage of heat from the combustion of gas
which is transferred to the water as measured
under test conditions specified. . . This
definition applies to gas water heaters. In the
Standards, this definition is generalized to
include warm air furnaces.

(Energy to Medium)
% Thermal Eff =

(Total Fuel Input)

B. Definitions of Spaces and
Systems

The concepts of spaces, zones, space-
conditioning systems and systems are
discussed in this subsection.

Spaces are not formally defined in the
Standards, but are considered to be areas that
are physically separated from each other with
walls or other barriers. From a mechanical
perspective, the barriers act to inhibit the free
exchange of air with other spaces. The term
“space” may be used interchangeably with
‘room.”

Zone, Space Conditioning is a space or group of
spaces within a building with sufficiently similar
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comfort conditioning requirements so that
comfort conditions, as specified in Section
144(b)3 or Section 150(h), as applicable, can
be maintained throughout the zone by a single
controlling device. It is the designer’'s
responsibility to determine the zoning; in most
cases each building exposure will consist of at
least one zone. Interior spaces that are not
affected by outside weather conditions usually
can be treated as a single zone.

A building will generally have more than one
zone. For example, a facility having 10 spaces
with similar conditioning that are heated and
cooled by a single space-conditioning unit using
one thermostat, is one zone. However, if a
second thermostat and control damper, or an
additional mechanical system, is added to
separately control the temperature within any
of the 10 spaces, then the building has two
zones.

A Space Conditioning System is a system that
provides either collectively or individually
heating, ventilating, or cooling within or
associated with conditioned spaces in a

building. Exhaust fans are considered part of a
space-conditioning system if they do not serve

a process within the building, and are necessary
for the proper operation of the space-
conditioning system. Toilet exhausts are also
included.

A space-conditioning system consists of only
the components that must function together to
deliver air to a given area; fans that can operate
independently of each other comprise separate
space-conditioning systems. For example, a
building conditioned by 20 four-pipe fan coil
units has 20 space-conditioning systems. If,
instead, the building were supplied by a central
fan system consisting of a supply fan, return
fan and economizer, the building would have
one space-conditioning system.

If more than one fan shares common air-
controlling elements, then they are considered a
single space-conditioning system. For example,
if two supply fans share a common return fan
and economizer, then both supply fans are part
of the same space-conditioning system.
Separate space-conditioning systems may share
a common plenum and/or airshaft. For example,

the four-pipe systems cited above may take air
from a common plenum.

A System is a combination of equipment,
controls, accessories, interconnecting means or
terminal elements by which energy is
transformed to perform a specific function,
such as space conditioning, service water
heating or lighting.

In the mechanical section, the term “system”
will generally refer to one or more space-
conditioning systems that are provided with
heating and/or cooling energy by central boilers
or chillers. As such, a building may have more
than one system, and each system may include
more than one space-conditioning system. The
determining factor is whether any equipment is
shared. For example, consider a building having
four self-contained packaged rooftop units. This
building has four space-conditioning systems,
and four systems. If, however, the units were
provided with hot and/or chilled water from a
single central plant, then the building would
have four space-conditioning systems, but only
one system

C. Types of Air

Exhaust Air is air being removed from any
space or piece of equipment and conveyed
directly to the atmosphere by means of
openings or ducts. The exhaust may serve
specific areas, such as toilet rooms, or may be
for a general building relief, such as an
economizer.

Make-up Air is air provided to replace air being
exhausted.

Mixed Air is a combination of return air and
outdoor air. The outdoor air may be introduced
to meet outdoor ventilation requirements, or to
reduce mechanical cooling when the outdoor air
conditions are suitable (see Section 4.1.2G).

Outdoor Air (Outside Air) is air taken from
outdoors and not previously circulated in the
building. For the purposes of ventilation,
outdoor air is used to flush out pollutants
produced by the building materials, occupants
and processes. To ensure that all spaces are
adequately ventilated with outdoor air, the
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Standards require that each space be
adequately ventilated (see Section 4.2.1D).

Return Air is air from the conditioned area that
is returned to the conditioning equipment for
reconditioning. The air may return to the
system through a series of ducts, or through
plenums and airshafts.

Supply Air is air being conveyed to a
conditioned area through ducts or plenums from
a heat exchanger of a heating, cooling,
absorption or evaporative cooling system.
Supply air is commonly considered air delivered
to a space by a space-conditioning system.
Depending on space requirements, the supply
may be either heated, cooled or neutral.

Transfer Air is a way of meeting the ventilation
requirements for spaces with different outdoor
air requirements by allowing air to transfer from
one space to another (see Section 4.2.1F).

D. Air Delivery Systems

Space-conditioning systems can be grouped
according to how the airflow is regulated.

Constant Volume System is a space-
conditioning system that delivers a fixed
amount of air to each space. The volume of air
is set during the system commissioning.

Variable Air Volume (VAV) System is a space
conditioning system that maintains comfort
levels by varying the volume of conditioned air
to the zones served. This system delivers
conditioned air to one or more zones. The duct
serving each zone is provided with a motorized
damper that is modulated by a signal from the
zone thermostat.

Pressure Dependent VAV Box has an air
damper whose position is controlled directly by
the zone thermostat. The actual airflow at any
given damper position is a function of the air
static pressure within the duct. Because airflow
is not measured, this type of box cannot
control to either a maximum or minimum
airflow.

Pressure Independent VAV Box has an air
damper whose position is controlled on the

basis of measured airflow. The setpoint of the
airflow controller is, in turn, reset by a zone
thermostat. A maximum and minimum airflow is
set in the controller, and the box modulates
between the two according to room
temperature. Typically, when the zone
temperature is at setpoint, the airflow will be
halfway between the maximum and minimum
airflow settings.

E. Attics and Return Plenums

Attics are unoccupied, unconditioned space
located above the conditioned spaces, and
outside of the insulated building envelope.
Attics are usually closer to outdoor temperature
than conditioned space temperature.

Return Air Plenum is an unoccupied space
within the insulated building envelope through
which air flows back to the space-conditioning
system from the space(s). Return plenums are
normally immediately above a ceiling, and
below an insulated roof or the floor above. The
return air temperature is usually within a few
degrees of space temperature.

F. Zone Reheat, Recool and Air
Mixing

When a space-conditioning system supplies air
to one or more zones, different zones may be at
different temperatures because of varying
loads. Temperature regulation is normally
accomplished by varying the conditioned air
supply (variable volume), or by varying the
temperature of the air delivered.

Reheat is the heating of air that has been
previously cooled by cooling equipment or
systems or an economizer. A heating device,
usually a hot water coil, is placed in the zone
supply duct and is controlled via a zone
thermostat. Electric reheat is sometimes used,
but is severely restricted by the Standards.

Recool is the cooling of air that has been
previously heated by space conditioning
equipment or systems serving the same
building. A chilled water or refrigerant coll is
usually placed in the zone supply duct and is

4-6 November 1998

Nonresidential Manual



controlled via a zone thermostat. Recooling is
much less common than reheating.

Air Mixing consists of dampers regulating the
flow of two separate air supplies to each zone,
one heated and one cooled. The amount of
each supply delivered to the zone is usually
regulated by a zone thermostat. Occasionally, a
third supply consisting of unconditioned, or
“neutral” air, is also used.

G. Economizers

Air Economizer is a ducting arrangement and
automatic control system that allows a cooling
supply fan system to supply outside air to
reduce or eliminate the need for mechanical
cooling [during mild or cool weather].

When the Standards require an economizer, the
economizer must be integrated into the system
so that it is capable of supplying part of the
cooling load while the rest of the load is
satisfied by the refrigeration equipment. The
operation of an integrated air economizer is
diagrammed in Figure 4-2. When outdoor air is
sufficiently cold, the economizer satisfies all
cooling demands on its own. As the outdoor
temperature (or enthalpy) rises, or as system
cooling loads increase, a point may be reached
where the economizer is no longer able to
satisfy the entire cooling load. At this point the
economizer is supplemented by mechanical
refrigeration, and both operate concurrently.
Once the outside drybulb temperature (for
temperature controlled economizer) or enthalpy
(for enthalpy economizers) exceeds that of the
return air or a predetermined high limit, the
outside air intake is reduced to the minimum
required, and cooling is satisfied by mechanical
refrigeration only.

Nonintegrated economizers cannot be used to
meet the economizer requirements of the
prescriptive compliance approach. In
nonintegrated economizer systems, the
economizer may be interlocked with the
refrigeration system to prevent both from
operating simultaneously. The operation of a
nonintegrated air economizer is diagrammed in
Figure 4-3. Nonintegrated economizers can only
be used if economizers are not required by the
performance compliance.
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Figure 4-3: Nonintegrated Air Economizer

A Water Economizer is a system by which the
supply air of a cooling system is cooled directly
or indirectly by evaporation of water, or other
appropriate fluid, in order to reduce or eliminate
the need for mechanical cooling.

As with an air economizer, a water economizer
must be integrated into the system so that the
economizer can supply a portion of the cooling
concurrently with the refrigeration system.
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An example of a water economizer is shown in
Figure 4.4. In this example, condenser water is
cooled by the evaporative cooling tower to
50°F" during mild weather, and pumped first
through the economizer coil to pre-cool the air.
If the air is cooled sufficiently in this manner,
the chiller stays off and water is diverted back
to the tower. If additional cooling is required,
the chiller starts and the air is cooled further, as
required. If the weather is such that the tower
water is hot (e.g., 75°F), water is diverted
around the economizer coil to prevent the air
from being heated.

Chilled Water Economizer
Coil Coil

Supply Fan
o

B <
[ ] ®
]
o
>
-
Condenser -

Cooling Tower

Figure 4-4: Water Economizer

H. Unusual Sources of
Contaminants

Section 121 addresses ventilation requirements
for buildings and uses the term of “unusual
sources of contamination.” In this context,

such contaminants are considered to be
chemicals, materials, processes or equipment
that produce pollutants which are considered
harmful to humans, and are not typically found
in most building spaces. Examples may include
some cleaning products, blueprint machines,
heavy concentrations of cigarette smoke and
chemicals used in various processes.

The designation of such spaces is left to the
designer’s discretion, and may include
considerations of toxicity, concentration and
duration of exposure. For example, while
photocopiers and laser printers are known to
emit ozone, scattered throughout a large space
it may not be of concern. A heavy

concentration of such machines in a small
space may merit special treatment (See Section
4.2.1D)

|. Demand Control Ventilation

Demand control ventilation is allowed as an
exception in the ventilation requirements for
intermittently occupied systems Section
121(c)1. It is a concept in which the amount of
outdoor air used to purge one or more
offending pollutants from a building is a
function of the measured level of the
pollutant(s).

Carbon dioxide sensors measure the level of
carbon dioxide, which is the primary pollutant
produced by humans and other animals. This is
the most common demand control ventilation
device, and the only type called out in the
Standards.

J. Intermittently Occupied Spaces

The demand control ventilation devices
discussed above are allowed only in spaces that
are intermittently occupied. An intermittently
occupied space is considered to be an area
which is infrequently or irregularly occupied by
people, so that the periods of occupancy
cannot be readily determined in advance.
Examples may include bars, restaurants,
assembly areas, rooms for long-term storage
and equipment rooms. Spaces in which normal
occupancy can reasonably be determined in
advance, such as offices, do not fall in this
category.
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4.2 MECHANICAL DESIGN
PROCEDURES

4.2.1 Mandatory Measures

The mandatory features and requirements for
mechanical equipment must be included in the
system design whether compliance is shown by
the prescriptive or the performance approach.
These features have been shown to be cost
effective over a wide range of building types
and mechanical systems.

It is worth noting that many of the mandatory
features and devices, such as equipment
efficiency, are requirements of the
manufacturer. It is the responsibility of the
designer, however, to specify products in the
building design that meet these requirements.

Mechanical equipment subject to the mandatory
requirements must:

1. Be certified by the manufacturer as
complying with the efficiency requirements
as prescribed in:

Section 111 Appliances regulated by the
Appliance Efficiency Regulations;

Section 112 Space Conditioning;

Section 113 Service Water Heating
Systems and Equipment;

Section 114 Pool and Spa Heating systems
and Equipment;

Section 115 Pilot Lights Prohibited

2. Be specified and installed in accordance
with:

Section 121 Requirements for Ventilation;

Section 122 Required Controls for Space
Conditioning Systems;

Section 123 Requirements for Pipe
Insulation;

Section 124 Requirements for Ducts and
Plenums.

A. Equipment Certification (8111-

112)

Mechanical equipment installed in a building
subject to these regulations must be certified as
meeting certain minimum efficiency and control
requirements. These requirements are contained
in the Appliance Efficiency Regulations, and are
also listed in Appendix B, Table B-9. The AFUE,
COP, EER, IPLV, Combustion Efficiency, and
Thermal Efficiency values of all equipment must
be determined using the applicable test method
specified in the Appliance Efficiency
Regulations or Section 112:

1.

Where more than one efficiency standard or
test method is listed, the requirements of
both shall apply. For example, both an EER
and IPLV are listed for water-cooled air
conditioners. This means that the air
conditioner must have a rated EER equal to
or higher than that specified at Air-
Conditioning and Refrigeration Institute
(ARI) standard rating conditions, and must
also have an annual IPLV equal to or higher
than that specified using ARI's assumed
operating profiles (Section 112(a)l & 2).

Where equipment can serve more than one
function, such as both heating and cooling,

or space heating and water heating, it must
comply with the requirements applicable to

each function.

Where a requirement is for equipment rated
at its “maximum rated capacity” or
“minimum rated capacity,” the capacity
shall be as provided for and allowed by the
controls during steady state operation. For
example, a boiler with Hi/Lo firing must
meet the efficiency requirements when
operating at both its maximum capacity and
minimum capacity (Section 112(a)4).

Small appliances such as room air
conditioners, gas space heaters and small
water heaters, are regulated through the
Appliance Efficiency Regulations found in
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Title 20, Chapter 2, Subchapter 4, Article
4 of the California Code of Regulations.
To comply, manufacturers must certify to
the Energy Commission that their
equipment meets minimum standards.

Example 4-1: Efficiency Compliance

Question

If a gas-pack with 15 tons cooling and
260,000 Btu/hr maximum heating capacity
has an EER = 8.7, an IPLV = 7.6 and a
heating efficiency of 78 percent, does it
comply?

Answer

B. Control Equipment Certification
(8119(d) & 8121(c)1)

In addition to the mechanical equipment
discussed above, the following control devices
must be certified to the Energy Commission
prior to specification or use:

1. Occupancy Sensors - per Section 119(d).

2. Demand Controls Ventilation - per Section
121(c)1 Exception No. 1.

No. The cooling side complies because the
EER and IPLV both exceed the requirements.
However, the heating efficiency must be at
least 80 percent; therefore the unit does not
comply. (See Appendix B Table B-9)

NOTE:

Automatic time switches must meet the
requirements of Section 119(c). When used
solely for mechanical controls they are not
required to be certified.

Example 4-2: Efficiency Compliance

Question

A 500,000 Btu/hr gas-fired boiler with Hi/Lo
firing has a full load combustion efficiency of
82 percent, and a Lo-fire combustion
efficiency of 80 percent. Does the unit
comply?

Answer

Yes. The combustion efficiency is at least 80
percent at both the maximum- and minimum-
rated capacity (see Appendix B, Table B-9).

Larger equipment not covered by the Appliance
Efficiency Regulations is regulated by Section
112 of the Standards. To comply, equipment
specified in the plans and specifications must
meet the minimum standards mandated in that
section. Manufacturers of equipment not
regulated by the Appliance Efficiency
Regulations are not required to certify their
equipment to the Energy Commission; it is the
responsibility of the designer and contractor to
specify and install equipment that complies.

C. Pilot Lights (8115)

Pilot lights are prohibited in:
1. Pool and spa heaters (Section 114(a)5).

2. Household cooking appliances unless the
appliance does not have an electrical
connection, and the pilot consumes less
than 150 Btu/hr (Section 115(b)).

3. Fan type central furnaces. This includes all
space-conditioning equipment that
distributes gas-heated air through duct
work (Section 115(a)). This prohibition does
not apply to radiant heaters, unit heaters,
boilers or other equipment that does not
use a fan to distribute heated air.

D. Outdoor Ventilation - General
Requirements (8121)

Ventilation Scope

Within a building all enclosed spaces that are
normally used by humans must be continuously
ventilated during occupied hours with outdoor
air using either natural or mechanical ventilation
(Section 121(a)1).
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NOTE:

The Standards highly recommend that spaces
that may have unusual sources of contaminants
be designed with enclosures to contain the
contaminants, and local exhaust systems to
directly vent the contaminants outdoors
(Section 121(a)1).

The designation and treatment of such spaces
is subject to the designer’s discretion. Spaces
needing special consideration may include:

e Commercial and coin-operated dry cleaners
» Bars and cocktail lounges

* Smoking lounges and other designated
smoking areas

* Beauty and barber shops
* Auto repair workshops

»  Print shops, graphic arts studios and other
spaces where solvents are used in a
process

» Copy rooms, laser printer rooms or other
rooms where it is expected that equipment
may generate heavy concentrations of
ozone or other contaminants

“Spaces normally used by humans” refers to
spaces where people can be reasonably
expected to remain for an extended period of
time. Spaces where occupancy will be brief and
intermittent, and that do not have any unusual
sources of air contaminants, do not need to be
directly ventilated. For example:

1. A closet does not need to be ventilated
provided it is not normally occupied.

2. A storeroom that is only infrequently or
briefly occupied does not require
ventilation. However, a storeroom that can
be expected to be occupied for extended
periods for clean-up or inventory must be
ventilated, preferably

with systems controlled by a local switch
so that the ventilation system operates only
when the space is occupied.

E. Natural Ventilation (8121(b)1)

Natural outdoor ventilation may be provided for
spaces where all areas of the space are within
20 feet of an operable wall or roof opening
through which outdoor air can flow. The sum of
the areas of the openings must total at least 5
percent of the floor area of each space that is
naturally ventilated. The openings must also be
readily accessible to the occupants of the space
at all times.

Airflow through the openings must come
directly from the outdoors; air may not flow
through any intermediate spaces such as other
occupied spaces, unconditioned spaces,
corridors, or atriums. High windows or operable
skylights should be accessible from the floor.

Example 4-3: Natural Ventilation

Question

What is the window area required to ventilate
a 30' x 32' classroom?

Answer

In order for all points to be within 20 feet of
an opening, windows must be evenly divided
between two opposing walls. The area of the
openings must be:

(32 feet x 30 feet) x 5% = 48 square feet

The actual window area must be at least 96
square feet if only half the window can be
open at a time.

Calculations must be based on free area,
Taking into account framing, the actual
window area is approximately 100 square
feet.
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F. Mechanical Ventilation
(8121(b)2 and (d))

Mechanical outdoor ventilation must be
provided for all spaces normally used by
humans that are not naturally ventilated. In the
discussion that follows, the term ventilation air
is interchangeable with ‘outdoor ventilation’ or
‘outdoor air.” Supply air means the total amount
of air supplied to a space, and includes both
recirculated and outdoor air.

Supply Air is air being conveyed to a
conditioned area through ducts or plenums from
a heat exchanger of a heating, cooling,
absorption or evaporative cooling system.
Supply air is commonly considered air delivered
to a space by a space-conditioning system.
Depending on space requirements, the supply
may be either heated, cooled or neutral.

Each space requiring mechanical ventilation
shall be provided with outdoor air at a design
rate that is the greater of either Table 4-2 or of
the two methods listed below.

Table 4-1a: Minimum Ventilation Rates

CFM / SF
Type of Use Conditioned
Floor Area
Auto Repair Workshops 1.50
Barber Shops 0.40
Bars, Cocktail Lounges, and Casinos 1.50
Beauty Shops 0.40
Coin-Operated Cry Cleaning 0.30
Commercial Dry Cleaning 0.45
High Rise Residential Per UBC
Section 1205
H 1G R 500 sf 30 CFM per
otel Guest Rooms ( < sf) Guest Room
Hotel Guest Rooms (> or = 500 sf) 0.15
Retail Stores 0.20
Smoking Lounges 1.50
All Others 0.15

1. The conditioned floor area of the space,
multiplied by the applicable minimum
ventilation rate from Table 4-1a.

2. 15 cfm per person, multiplied by the

expected number of occupants. For spaces
with fixed seating (such as a theater or
auditorium), the expected number of
occupants as determined in accordance
with Chapter 10 of the Uniform Building
Code (UBC) is the number of fixed seats.
For spaces without fixed seating, the
expected number of occupants is assumed
to be no less than one-half the maximum
occupant load assumed for exiting purposes
in Chapter 10 of the UBC. Table 4-1b
shows the typical maximum occupant loads
for various building uses upon which
minimum ventilation calculations are based.

Each space-conditioning system must provide
outdoor ventilation air as follows:

For a space-conditioning system serving a
single space, the required system outdoor
air flow is equal to the design outdoor
ventilation rate of the space.

2. For a space-conditioning system serving
multiple spaces, the required outdoor air
guantity delivered by the space-conditioning
system must be not less than the sum of
the required outdoor ventilation rate to each
space.

The Standards do not require that each
space actually receive its calculated outdoor
air quantity (Section 121(b)2 Exception.)
Instead, the actual supply to any given
space may be any combination of
recirculated air, outdoor air, or air
transferred directly from other spaces,
provided:

a. The total amount of outdoor air
delivered by the space-conditioning
system(s) to all spaces is at least as
large as the sum of the space design
guantities

b. Each space always receives a supply
airflow, including recirculated air and/or
transfer air, no less than the calculated
outdoor ventilation rate

c. When using transfer air, none of the
spaces from which air is transferred has
any unusual sources of contaminants
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Table 4-1b: UBC 1997 Occupant Densities (sf/person)

Uniform Building Code Occupant Densities

OCCUPANT OCCUPANT
USE / APPLICATION LOAD USE / APPLICATION LOAD EACTOR
FACTOR
Aircraft Hangars 500 Courtrooms 40
Auction Room 7 Dormitories 50
ASSEMBLY AREAS Dwellings 300
Auditoriums 7 Garage Parking 200
Churches/Chapels 7 Healthcare Facilities
Lobbies 7 Sleeping Rooms 120
Lodge Rooms 7 Treatment Rooms 240
Reviewing Stands 7 Hotel/Apartments 200
Stadiums 7 Kitchens - Commercial 200
Waiting Areas 3 Library
Conference Room 15 Reading Rooms 50
Dining Rooms 15 Stack Areas 100
Drinking Rooms 15 Locker Room 50
Exhibit Rooms 15 Malls (see UBC chpt.4) --
Gymnasiums 15 Manufacturing Areas 200
Lounges 15 Mechanical Equipment Rooms 300
Stages 15 Day Care 35
Gaming: Keno, Slot 11 Offices 100
Machine and Live Games -
Area School Shops/Vocational Rooms 50
Bowling Alley (assume no 5/alley+15ft Skating Rinks 50 Skate Area/
occupants for lanes) runway 15 on Deck
Children’s Home 80 Storage/Stock Rooms 300
Home for Aged 80 Stores — Retail Sales Room
Classrooms 20 Basements and Ground Floor 30
Congregate Residences 200 Upper Floors 60
Accommodating 10 or Swimming Pools 50 Pool Area/ 15
less persons and having on Deck
an area of 3,000 sq.ft. Warehouses 500
or less
All Others 100
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Table 4-2: Required Minimum Ventilation Rate Per Occupancy

UBC Table No. 10-A Choose L ar gest
Occupancy / Use Number of Ventilation UBC Based| Req. Vent
Sf/ People per CEC STD Ventilation CFM/sf
Occupant 1000 sf Table 1-F CFM/sf| CFM/sf (largest)
1) Aircraft Hangars 500 2 0.15 0.02 0.15
2) Auction Rooms 7.0 143 0.15 1.07 1.07
3) Assembly Areas (Concentrated Use)
Auditoriums 7.0 143 0.15 1.07 1.07
Bowling Alleys 4.0 250 0.15 1.88 1.88
Churches & Chapels (Religious Worship) 7.0 143 0.15 1.07 1.07
Dance Floors 7.0 143 0.15 1.07 1.07
Lobbies 7.0 143 0.15 1.07 1.07
Lodae Rooms 7.0 143 0.15 1.07 1.07
Reviewing Stands 7.0 143 0.15 1.07 1.07
Stadiums 7.0 143 0.15 1.07 1.07
Theaters - All 7.0 143 0.15 1.07 1.07
Waiting Areas 3.0 333 0.15 2.50 2.50
4) Assembly Areas (Nonconcentrated Use) 15.0 67 0.15 0.50 0.50
Conference & Meeting Rooms (1) 15.0 67 0.15 0.50 0.50
Dining Rooms/Areas 15.0 67 0.15 0.50 0.50
Drinking Establishments (2) 15.0 67 1.50 0.50 1.50
Exhibit/Display Areas 15.0 67 0.15 0.50 0.50
Gymnasiums/Sports Arenas 15.0 67 0.15 0.50 0.50
Lounges 15.0 67 1.50 0.50 1.50
Stages 15.0 67 1.50 0.50 1.50
Gaming, Keno, Slot Machine and Live Games Areas 11.0 91 1.50 0.68 1.50
5) Auto Repair Workshops 100.0 10 1.50 0.08 1.50
6) Barber & Beauty Shops 100.0 10 0.40 0.08 0.40
7 Children's Homes & Homes for Aged 80.0 13 0.15 0.09 0.15
8) Classrooms 20.0 50 0.15 0.38 0.38
9) Courtrooms 40.0 25 0.15 0.19 0.19
10) Dormitories 50.0 20 0.15 0.15 0.15
11) Dry Cleaning (Coin-Operated) 100.0 10 0.30 0.08 0.30
12) Dry Cleaning (Commercial) 100.0 10 0.45 0.08 0.45
13) Garage, Parking 200.0 5 0.15 0.04 0.15
14) Healthcare Facilities: Sleeping Rooms 120.0 8 0.15 0.06 0.15
Treatment Rooms 240.0 4 0.15 0.03 0.15
15) Hotels and Apartments 200.0 5 0.15 0.04 0.15
Hotel Function Area (3) 15.0 67 0.15 0.50 0.50
Hotel Lobby 100.0 10 0.15 0.08 0.15
Hotel Guest Rooms (<500 sf) 200.0 5 Footnote 4 0.04 Footnote 4
Hotel Guest rooms (>=500 sf) 200.0 5 0.15 0.04 0.15
Highrise Residential 200.0 5 0.15 0.04 0.15
16) Kitchen(s) 200.0 5 0.15 0.04 0.15
17) Library:  Reading Rooms 50.0 20 0.15 0.15 0.15
Stack Areas 100.0 10 0.15 0.08 0.15
18) Locker Rooms 50.0 20 0.15 0.15 0.15
19) Manufacturing 200.0 5 0.15 0.04 0.15
20) Mechanical Equipment Room 300.0 3 0.15 0.03 0.15
21) Nurseries for Children - Day Care 50.0 20 0.15 0.15 0.15
22) Offices:  Office 100.0 10 0.15 0.08 0.15
Bank/Financial Institution 100.0 10 0.15 0.08 0.15
Medical & Clinical Care 100.0 10 0.15 0.08 0.15
23) Retail Stores (See Stores)
24) School Shops & Vocational Rooms 50.0 20 0.15 0.15 0.15
25) Skating Rinks:  Skate Area 50.0 20 0.15 0.15 0.15
On Deck 15.0 67 0.15 0.50 0.50
26) Stores : Retail Sales, Wholesale Showrooms 30.0 33 0.20 0.25 0.25
Basement and Ground Floor 30.0 33 0.20 0.25 0.25
Upper Floors 60.0 17 0.20 0.13 0.20
Grocery 30.0 33 0.20 0.25 0.25
Malls, Arcades, & Atria 30.0 33 0.20 0.25 0.25
27) Swimming Pools : Pool Area 50.0 20 0.15 0.15 0.15
On Deck 15.0 67 0.15 0.50 0.50
28) Warehouses, Industrial & Commercial Storage/Stockrooms (see 4.2.1 b) 500.0 2 0.15 0.02 0.15
29) All Others -- Including Unknown 100.0 10 0.15 0.08 0.15
Corridors, Restrooms, & Support Areas 100.0 10 0.15 0.08 0.15
Commercial & Industrial Work 100.0 10 0.15 0.08 0.15
Footnotes: Equations used to find:
1) Convention, Conference, Meeting Rooms 1 1000
2) Bars, Cocktail & Smoking Lounges, Casinos ) Number of People per 1000sf = Sf/Occupant
3) See Conference Rooms or Dining Rooms 2) umber of Peopleper 1000sf s
4) Guestrooms less than 500 sf use 30 cfm/guestroom UBC Based Ventilation CEM/sf = 1(;)0 9 15 CEM
g 1]
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The concept of transfer and/or recirculated air
is very important, because it allows a single
space-conditioning system to serve areas
requiring different fractions of outdoor air in
their supplies. Rather than establishing the
outdoor ventilation rate on the basis of the zone
requiring the highest outdoor air fraction, this
exception allows the ventilation rate to be
based on the average required by all spaces
served by the system.

Required ventilation rates for a two-space
building are illustrated in Example 4-4. When
each space is served by a separate constant
volume system, the calculation and application
of ventilation rate is straightforward, and each
space will always receive its design outdoor air
guantity. However, a central system serving
both spaces does not deliver the design outdoor
air quantity to each space. Instead, one space
receives more than its allotted share, and the
other less. This is because the training room
has a higher design outdoor ventilation rate
and/or a lower cooling load relative to the other
space. The Standards permit this, provided the
system meets the requirements described in
items 2a, 2b and 2c above.

The Standards allow this compromise in
recognition of the difficulty in positively
ensuring that each space is always ventilated at
the design rate, particularly when variable air
volume (VAV) systems are used and/or the
future location of conference rooms and other
tenant improvements are not known. The
Standards also implicitly recognize that the
building will be adequately ventilated in most
cases as long as the total system ventilation
rate is sufficient.

Example 4-4: Ventilation for a Two-room
Building

Answer

Question

Consider a building with two spaces, each

having an area of 1,000 square feet. One space
is used for general administrative functions, and
the other is used for classroom training. It is
estimated that the office will contain seven
people, and the classroom will contain 50 (fixed
seating). What are the required outdoor ventilation
rates?

1. For the office area, the design outdoor
ventilation air is the larger of:

7 people x 15 cfm/person = 105 cfm
or
1,000 sf x 0.15 cfm/sf = 150 cfm

For this space, the design ventilation rate is
150 cfm.

2. For the classroom, the design outdoor
ventilation air is the larger of:

50 people x 15 cfm/person = 750 cfm
or
1,000 sf x 0.15 cfm/sf = 150 cfm

For this space the design ventilation rate is
750 cfm.

Assume the total supply air necessary to satisfy
cooling loads is 1000 cfm for the office and
1,500 cfm for the classroom. If each space is
served by a separate system, then the required
outdoor ventilation rate of each system is 150
cfm and 750 cfm, respectively. This
corresponds to a 15 percent outside air (OA)
fraction in the office HVAC unit, and 50

percent in the classroom unit.

If both spaces are served by a central system,
then the total supply will be (1,000 + 1,500)
cfm = 2500 cfm. The required outdoor
ventilation rate is (150 + 750) = 900 cfm

total. The actual outdoor air ventilation rate for
each space is:

Office OA =900 cfm x (1,000 cfm / 2,500
cfm) = 360 cfm

Classroom OA =900 cfm x (1,500 cfm /
2,500 cfm) = 540 cfm

While the actual OA cfm to the classroom is
less than design (540 cfmvs. 750 cfm), the
Standards allow this provided that the system
always delivers at least 750 cfm to the
classroom (including transfer or recirculated
air), and that any transfer air is free of unusual
contaminants.
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The Standards specify the minimum outdoor
ventilation rate to which the system must be

designed. If desired, the designer may elect to take

a more conservative approach. For example, the

design outdoor ventilation rate may be determined

using the procedures described in ASHRAE 62-

1989, provided the resulting outdoor air quantities

are no less than required by these Standards.

Direct Air Transfer

As described above, the Standards allow air to
be directly transferred from other spaces as
part of the “outdoor” supply to a space. The
actual percentage of outdoor air present in the
transfer air need not be taken into account as
long as the total outdoor quantity required by
all spaces is provided by the mechanical
system. This method can be used for any
space, but is particularly applicable to
conference rooms and other rooms that have
high ventilation requirements. Transfer air must
be free from any unusual contaminants, and as
such should not be taken directly from rooms
where such sources of contaminants are
anticipated.

Air may be transferred using any method that
ensures a positive airflow. Examples include
dedicated transfer fans, exhaust fans and fan-
powered VAV boxes. A system having a ducted
return may be balanced so that air naturally
transfers into the space. Exhaust fans serving
the space may discharge directly outdoors, or
into a return plenum. Transfer systems should
be designed to minimize recirculation of transfer
air back into the space; duct work should be
arranged to separate the transfer air intake and
return points. When the location of conference
rooms and other areas requiring high ventilation
rates are known in advance, it is recommended
that these spaces be provided with separate
sources of outdoor air. Note also that other
codes may restrict from where transfer air may
be taken. For example, transfer air cannot be
drawn from a fire-resistive corridor used for exit
purposes. Transfer air can be transported
through fire-rated partitions provided all code
requirements, such as the use of fire and/or
smoke dampers, are met.

Distribution of Outdoor Air to Zonal
Units (8121(d))

When a zonal heating or cooling unit is located
in a plenum and an outdoor supply is not
directly connected to the unit, then the outdoor
air must be ducted to discharge either:

1. Within five feet of the unit; or

2. Within 15 feet of the unit, with the air
directed substantially toward the unit, and
with a discharge velocity of at least 500
feet per minute.

Water source heat pumps and fan coils are the
most common application of this configuration.
The unit fans should be controlled to run
continuously during occupancy in order for the
ventilation air to be circulated to the occupied
space.

A central space-conditioning system(s)
augmented by a few zonal units for spot
conditioning may use transfer air from spaces
served by the central system. A direct source
of outdoor air is not required for each zonal
unit. Similarly, transfer air may be used in
buildings having central interior space-
conditioning systems with outdoor air, and
zonal units on the perimeter (without outdoor
air).

While not required, the Standards recommend
that sources of unusual contaminants be
controlled through the use of containment
systems that capture the contaminants and
discharge them directly outdoors. Such systems
may include exhaust hoods, fume hoods, small
space exhausts and differential pressure control
between spaces. The designer is advised to
consult ASHRAE handbooks or other
publications for guidance in this subject.
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G. Ventilation System Operation
and Controls (8121(c))

Outdoor Ventilation Air and VAV
Systems

The Standards require that the minimum rate of
outdoor air calculated per Section 121(b)2 be
provided to each space at all times when the
space is usually occupied (Section 121(c)1). For
spaces served by VAV systems, this implies
that the minimum supply setting of each VAV
box should be no less than the design outdoor
ventilation rate calculated for the space, unless
transfer air is used. If transfer air is used, the
minimum box position, plus the transfer air,
should meet the minimum ventilation rate. If
transfer air is not used, the box should be
controlled so that the minimum required airflow
is maintained at all times. With either strategy,
the box should have pressure-independent
controls; pressure dependent controls cannot
ensure that ventilation is maintained because
they do not measure airflow. See Example 4-5.

The design outdoor ventilation rate at the
system level must always be maintained when
the space is occupied, even when the fan has
modulated to its minimum capacity (Section
121(c)1). Therefore, a means of continuously
providing at least the minimum amount of
outdoor air should be incorporated into the
design of the system. Such means may include:

1. Separate outdoor air fans with modulating
controls that introduce a fixed amount of air
into the return or mixed air sections of the
system; or

2. Controls that maintain a fixed differential
between supply and return fan air flow
rates. The differential may be measured
with air flow stations, or determined during
commissioning via an air balance, taking
multiple measurements of flow at different
fan capacities; or

Example 4-5: Minimum VAV CFM

Question

If the minimum required outdoor ventilation
rate for a space is 150 cfm, what is the
minimum allowed airflow for a 1000 cfm VAV
box when the designed percentage of outdoor
air in the supply is 20 percent?

Answer

The ventilation standard requires that every
space in a building be designed to have
outdoor air ventilation Section 121 (b)). Based
on the design criteria, the total circulated air
volume in this case will be 750 cfm
(150/0.20). However, the outside air supply
can be up to 100 percent of the total supply.
Additionally, the minimum allowed airflow may
be as low as 150 cfm provided that enough
outdoor air is supplied to all spaces combined
to meet the requirements of Section 121(b)2
for each space individually.

3. Exhaust fans, including toilet exhausts, that
exhaust a fixed amount of air from the
building during all occupied hours; or

4. Outside air dampers having minimum
settings that vary with fan capacity. This
will necessitate an air balance taking
multiple measurements of outdoor air flow
in comparison to fan capacity so that a
curve can be developed. A controller
capable of being programmed with the
curve will be critical, as is some means of
measuring fan capacity. Capacity can be
measured by an air flow station, or
correlated to an inlet vane signal, a variable
frequency drive (VFD) signal, or fan motor
amps; or

5. Balancing the space-conditioning system to
provide the required outdoor ventilation at
the minimum expected supply airflow.

If the space-conditioning system
incorporates an air economizer, the balance
may be made at the expected supply

airflow corresponding to the conditions at
which the economizer closes to minimum.
For example, assume the economizer closes
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to minimum at an outdoor temperature of
70°F. Below this temperature, the
economizer will usually be delivering more
than the minimum outdoor ventilation rate
in order to satisfy space cooling loads.
Therefore, the operating point of concern
for the minimum outdoor damper setting
corresponds to the supply airflow normally
expected at 70°F.

For systems that do not have a return fan,
the actual outdoor ventilation rate will
increase as the fan supply increases and the
static pressure on the suction side of the

fan drops. In this case, the load calculations
and equipment sizes as documented on the
compliance forms must be based on the
outdoor ventilation rate expected at design
conditions, and not the minimum as
calculated in this section.

Since this approach can force equipment to
be larger than otherwise required and may
also waste energy, other solutions are
preferred; or

6. Provide dedicated intake and supply fans
designed to meet minimum ventilation
requirements; or

7. Other methods approved by the
enforcement agency.

Pre-Occupancy

Since many indoor air pollutants are outgassed
from the building materials and furnishings, the
Standards require that buildings having a
scheduled operation be purged before
occupancy (Section 121(c)2). In the hour
immediately prior to occupancy, outdoor
ventilation must be provided at a rate equal to
the lesser of :

1. The minimum required ventilation rate; or
2. Three complete air changes per hour.
The first criteria will normally apply to office
spaces when the outdoor damper is in the
minimum ventilation position. The second

criteria would apply to spaces having higher
ventilation rates, or to offices if the purge is

accomplished by using an economizer with
dampers fully open. Three complete air changes
means an amount of ventilation air equal to
three times the volume of the occupied space.
This air may be introduced at any rate provided
for and allowed by the system, so that the
actual purge period may be less than an hour.

Figure 4-5: Pre-Occupancy Purge Flowchart

Pre-Occupancy
Purge

Bldg. with
Scheduled
Occupancy,

No
Requirement

yes

v v

3 Complete OA
Changes

1 hr. at Min. OA
Ventilation Rate

Purge
Complies

A pre-occupancy purge is not required for
buildings or spaces that are not occupied on a
scheduled basis, such as storage rooms. Also, a
purge is not required for spaces provided with
natural ventilation.

Example 4-6: Purge Period

Question

What is the length of time required to purge a
space 10 feet high with an outdoor ventilation
rate of 1.5 cfm/sf?

Answer

For 3 air changes, each square foot of space
must be provided with:

OA volume = 3 x 10 = 30 cubic feet
At a rate of 1.5 cfm/sf, the time required is:

Time = 30 cf / 1.5 cfm/sf = 20 minutes
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Example 4-7: Purge with Natural Ventilation

Question

In a building with natural ventilation, do the
windows need to be left open all night to
accomplish a building purge?

Answer

No. A building purge is required only for
buildings with mechanical ventilation systems.

Example 4-8: Purge with Occupancy Timer

Question

How is a purge accomplished in a building
without a regularly scheduled occupancy
whose system operation is controlled by an
occupancy sensor?

Answer

There is no purge requirement for this building.
Note that occupancy sensors and manual
timers can only be used for system control in
buildings that are intermittently occupied.

NOTE:

Many programmable control systems have as
part of their standard package a control
sequence called Optimized Start. This logic will
calculate how far in advance of occupancy the
HVAC system must start so that the space
temperature is at setpoint at time of
occupancy. To maximize energy savings, this
logic typically keeps the outside air dampers
closed until occupancy. Programming in control
systems using this logic should be modified to
incorporate a building purge in accordance with
these requirements

Demand Control Ventilation

As described in Section 121(b)2, outdoor
ventilation requirements are based on either a
cfm/sf requirement or 15 cfm per person,
whichever is larger. If the design occupant
density is the determining factor, and the actual
number of people is often less than design,
then the HVAC system will frequently be

conditioning unnecessarily large amounts of
outdoor air.

The outdoor ventilation rate in these types of
facilities can be reduced by a demand control
ventilation device, provided:

1. The device is certified to the Energy
Commission; and

2. Ifthe device is a CO, sensor, it limits the
CO;, level to no more than 800 parts per
million (ppm) while the space is occupied,
and

3. The sensor for the device is located either
in the space or in the return air from the
space, with no less than one sensor for
every 25,000 square feet of habitable
space, or no more space than is
recommended by the manufacturer,
whichever is less.

The controls must not allow the effective
ventilation rate to drop below 0.15 cfm per
square foot.

Examples of suitable applications for demand
ventilation controls include restaurants, hotel
ballrooms, meeting rooms, lecture halls, etc.
Offices and other spaces having occupant
densities less than 10 people per 1,000 square
feet would not be good applications as the cfm
per square foot requirement exceeds the cfm
per person requirement.

Fan Cycling

While Section 121(c) requires that ventilation
be continuous during normally occupied hours,
Exception No. 2 allows the ventilation to be
disrupted for not more than five minutes out of
every hour. In this case the ventilation rate
during the time the system is ventilating must
be increased so the average rate over the hour
is equal to the required rate.

This restriction limits the duty cycling of fans
by energy management systems to not more
than five minutes out of every sixty. In
addition, when a space-conditioning system
that also provides ventilation is controlled by a
thermostat incorporating a fan “On/Auto”
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switch, the switch should be set to the “On”
position. Otherwise, during mild conditions, the
fan may be off the majority of the time.

Variable Air Volume (VAV) Changeover
Systems

Some VAV systems provide conditioned supply
air, either heated or cooled, through a single set
of ducting. These systems are commonly
referred to as "single duct VAV systems." In

the event that heating is needed at the same
time that cooling is needed in one or more
different spaces, the system must alternate
between supplying heated and cooled air. When
the supply air is heated, for example, the
spaces requiring cooling are isolated (cut off) by
the VAV dampers and must wait until the
system switches back to cooling mode.

Systems of this type do not meet the
ventilation requirements unless provisions are
incorporated to ensure that the required
ventilation to each space is disrupted no more
than five minutes every hour. This may require
that the controls incorporate a minimum
damper position setting for each zone.
Alternatively, natural ventilation or other
ventilation mechanisms can be provided.

Adjustment of Ventilation Rate

Section 121(c) specifies the minimum required
outdoor ventilation rate, but does not restrict
the maximum. However, if the designer elects
to have the space-conditioning system operate
at a ventilation rate higher than the rate
required by the Standards, then the Standards
require that the space-conditioning system must
be adjustable so that in the future the
ventilation rate can be reduced to the amount
required by the Standards or the rate required
for make-up of exhaust systems that are
required for a process, for control of odors, or
for the removal of contaminants within the
space Section 121(e)).

In other words, a system can be designed to
supply higher than minimum outside air
volumes provided dampers or fan speed can be
adjusted to allow no more than the minimum
volume if, at a later time, someone decides it is

desirable. The Standards preclude a system
designed for 100 percent outdoor air, with no
provision for any return air, unless the supply
air quantity can be adjusted to be equal to the
design minimum outdoor air volume. The intent
is to prevent systems from being designed that
will permanently over ventilate spaces.

Miscellaneous Dampers (8122(f))

Dampers should not be installed on combustion
air intakes, or where prohibited by other
provisions of law (Section 122(f) Exception
Nos. 3 & 4). If the designer elects to install
dampers on shaft vents to help control stack-
induced infiltration, the damper should be
motorized and controlled to open in accordance
with applicable fire codes.

Completion and Balancing (8121(f))

Before an occupancy permit is granted for a
new building or space, or before a new space-
conditioning or ventilating system serving a
building or space is operated for normal use,
the mechanical ventilation system serving the
building or space must be documented in
accordance with Title 8, Section 5142(b) of the
California Safety Code (1987) to be providing
no less than the ventilation rate required by the
Standards as determined using one of the
following procedures:

1. Balancing: The system shall be balanced in
accordance with the National Environmental
Balancing Bureau (NEBB) Procedural
Standards (1983), or Associated Air
Balance Council (AABC) National Standards
(1989); or

2. Outside Air Certification: The system shall
provide the minimum outside air as shown
on the mechanical drawings, and shall be
measured by the installing licensed C-20
mechanical contractor and certified by
either the design mechanical engineer, the
installing licensed C-20 mechanical
contractor, or the person with overall
responsibility for the design of the
ventilation system; or
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3. Outside Air Measurement: The system shall
be equipped with a calibrated local or
remote device capable of measuring the
guantity of outside air on a continuous
basis and displaying that quantity on a
readily accessible display device; or

4. Another method approved by the Energy
Commission.

NOTE:

Additional code requirements may also apply in
some areas of California, such as for the City of
Los Angeles. This certification is regarded as
“documentation in writing” and becomes the
“first record” required by Title 8 of the new
building.

(3) The employer shall make all records
required by this section available for
examination and copying, within 48 hours
of a request, to any authorized
representative of the Division (as defined
in Section 3207 of Title 8), to any
employee of the employer affected by this
section, and to any designated
representative of said employee of the
employer affected by this section.

Example 4-9: Maintenance of Ventilation

System

Question

In addition to these commissioning
requirements for the ventilation system, are
there any periodic requirements for inspection?

Answer

These Standards do not contain any such
requirements. However, Section 5142 of the
General Industry Safety Orders, Title 8,
California Safety Code (1987): Mechanically
Driven Heating, Ventilating and Air Conditioning
(HVAC) Systems to Provide Minimum Building
Ventilation, states the following:

(b) Operation and Maintenance

(1) The HVAC system shall be inspected at
least annually, and problems found during
these inspections shall be corrected within a
reasonable time.

(2) Inspections and maintenance of the
HVAC systems shall be documented in
writing. The employer shall record the
name of the individual(s) inspecting
and/or maintaining the system, the date
of the inspection and/or maintenance, and
the specific findings and actions taken.
The employer shall ensure that such
records are retained for at least five
years.

H. Required Controls for Space
Conditioning Systems (8122)

This section covers controls that are mandatory for
all system types, including:

1. Zoning and thermostatic control,

2. Shut-off and temperature setup/setback of
space-conditioning systems, and

3. Off-hours space isolation.
Zone Thermostatic Control (Section 122(a), (b)
and (c))

A thermostat must be provided for each space-
conditioning zone or dwelling unit to control the
supply of heating and cooling energy within
that zone (Section 122(a)). The thermostat
must have the following characteristics:

1. When used to control heating, the
thermostat must be adjustable down to
55°F or lower.

2. When used to control cooling, the
thermostat must be adjustable up to 85°F
or higher.

3. When used to control both heating and
cooling, the thermostat must be adjustable

4. from 55°F to 85°F and also provide a
temperature range or dead band of at least
5°F. When the space temperature is within
the deadband, heating and cooling energy
must be shut off or reduced to a minimum.
A dead band is not required if the
thermostat requires a manual changeover
between the heating and cooling modes
Section 122(b) Exception No. 1).
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Figure 4-6: Proportional Control Zone
Thermostat
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The setpoint may be adjustable either locally or
remotely, by continuous adjustment or by
selection of sensors.

Example 4-10: Direct Digital Control of Space
Temperature

Question

Can an energy management system be used to
control the space temperatures?

Answer

Yes, provided the space temperature setpoints
can be adjusted, either locally or remotely.

Thermostats with adjustable setpoints and
deadband capability are not required for zones
that must have constant temperatures to
prevent the degradation of materials, a process,
or plants or animals Section 122(b) Exception
No. 2). Included in this category are computer
rooms, clean rooms, hospital patient rooms,
museums, etc.

Hotel/Motel Guest Rooms and High-Rise
Residential Dwellings Ther mostats

The Standards require that thermostats in hotel
and motel guest rooms have:

1. Numeric temperature setpoints in °F, and

2. Setpoint stops that prevent the thermostat
from being adjusted outside the normal
comfort range. These stops must be
concealed so that they are accessible only
to authorized personnel.

The Standards effectively prohibit thermostats
having ‘warmer/cooler’ or other labels with no
temperature markings in this type of occupancy
(Section 122(c)).

The Standards require (Section 122(c)) that
thermostats in High-rise residential dwelling
units must have setback capabilities and meet
all the requirements in Section 150(i).

Perimeter Systems Thermostats

Supplemental perimeter heating or cooling
systems are sometimes used to augment a
space-conditioning system serving both interior
and perimeter zones. Section 122(a) Exception
allows this, provided controls are incorporated
to prevent the two systems from conflicting
with each other. In this case, the Standards
require that:

1. The perimeter system must be designed
solely to offset envelope heat losses or
gains; and

2. The perimeter system must have at least
one thermostatic control for each building
orientation of 50 feet or more; and

3. The perimeter system is controlled by at
least one thermostat located in one of the
zones served by the system.

The intent is that all major exposures be
controlled by their own thermostat, and that
the thermostat be located within the
conditioned perimeter zone. Other temperature
controls, such as outdoor temperature reset or
solar compensated outdoor reset, do not meet
the requirements of the Standards.
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Example 4-11: Perimeter Systems Thermostats

Question

What is the perimeter zoning required for the
building shown here?

N
A\ E
S
Answer

The southeast and northwest exposures must
each have at least one perimeter system control
zone, since they are more than 50 feet in
length. The southwest exposure and the
serrated east exposure do not face one
direction for more than 50 continuous feet in
length. They are therefore “minor” exposures
and need not be served by separate perimeter
system zones, but may be served from either of
the adjacent zones.

Shut-off and Temperature Setup/Setback

(8122(e))

For specific occupancies and conditions, each
space-conditioning system must be provided
with controls that can automatically shut off
the equipment during unoccupied hours. The
control device can be either:

1. An automatic time switch device must have
the same characteristics that lighting
devices must have, as described in Section
5.2.1. This can be accomplished with a
seven day programmable thermostat with a
battery backup of at least ten hours.

A manual override accessible to the
occupants must be included in the control
system design either as a part of the control
device, or as a separate override control.
This override shall allow the system to

operate up to four hours during normally
unoccupied periods.

An occupancy sensor. Since a building
ventilation purge is required prior to normal
occupancy (Section 121(c)2), an occupancy
sensor may be used to control the
availability of heating and cooling, but
should not be used to control the outdoor
ventilation system (unless the building is
intermittently occupied). In such a case, an
automatic time switch should be used
instead.

When an automatic time switch is used to
control ventilation while occupancy sensors
are used simultaneously to control heating
and cooling, the controls should be
interlocked so that ventilation can be
provided during off-hours operation.

A four-hour timer that can be manually
operated to start the system. As with
occupancy sensors, the same restrictions
apply to controlling outdoor air ventilation
systems.

When shut down, the controls shall
automatically restart the system to maintain:

1.

A setback heating thermostat setpoint, if
the system provides mechanical heating.
Thermostat setback controls are not
required in areas where the Winter Median
of Extremes outdoor air temperature is
greater than 32°F (Section 122(e)2.A and
Exception).

A setup cooling thermostat setpoint, if the
system provides mechanical cooling.
Thermostat setup controls are not required

in areas where the Summer Design Dry Bulb
0.5 percent temperature is less than 100°F
Section 122(e)2.B and Exception).

Example 4-12: Office Occupancy Sensor

Question

Can occupancy sensors be used in an office to
shut off the VAV boxes during periods the
spaces are unoccupied?
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Answer Figure 4-7: Shut-Off and Setback Controls

Flowchart

Not completely. The occupancy sensor could be
used to reduce the VAV box airflow to the
minimum allowed for ventilation. It should not
shut the airflow off completely, because

Section 121(c) requires that ventilation be
supplied to each space at all times when the
space is usually occupied.

Shut-Off &
Temperature
Setback Controls

Exemption?
(8122(e))

Example 4-13: Automatic Time Switches
with Multiple Systems

Building
Intermittently

Occupancy
Sensor or

Occupied Timer

No
Automatic
Time Switch

Yes

Question

Must a 48,000 square foot building with 35 fan
coil units have 35 time switches?

Answer

Median of
Extremes
>32°F

Provide Night
Setback Control

No. More than one space-conditioning system
may be grouped on a single time switch,
subject to the area limitations required by the
isolation requirements (see Isolation). In this
case, the building would need two isolation
zones, each no larger than 25,000 square feet,
and each having its own time switch.

Summer
Dry Bulb 0.5%
>100 °F

Provide Night
Setup Control

No

Example 4-14: Thermostat with Sensors

Control Complies

Question

) ) ) These provisions are required by the Standards
Can a thermostat with setpoints determined by to reduce the likelihood that shut-off controls
sensors (such as a bi-metal sensor encased in a will be circumvented to cause equipment to
bulb) be used to accomplish a night setback? operate continuously during unoccupied hours.
Answer Automatic shut-off, setback and setup devices

are not required where:
Yes. The thermostat must have two heating

sensors, one each for the occupied and 1. It can be demonstrated to the satisfaction

unoccupied temperatures. The controls must of the enforcement agency that the system

allow the setback sensor to override the system serves an area that must operate

shutdown continuously (Section 122(e) Exception No.
: 1); or

2. It can be demonstrated to the satisfaction
of the enforcement agency that shutdown,
setback, and setup will not result in a
decrease in overall building source energy
use (Section 122(e) Exception No. 2); or
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3. Systems have a full load demand less than
2 kW, or 6,828 Btu/hr, if they have a
readily accessible manual shut-off switch
(Section 122(e) Exception No. 3). Included
is the energy consumed within all
associated space-conditioning systems
including compressors, as well as the
energy consumed by any boilers or chillers
that are part of the system.

4. Systems serve hotel/motel guest rooms, if
they have a readily accessible manual shut-
off switch Section 122(e) Exception No.4).

5. The mechanical system serves retail stores
and associated malls, restaurants, grocery
stores, churches, or theaters equipped with
a 7 day programmable timer.

Example 4-15: Time Control for Fan Coils

Question

If a building has a system comprised of 30 fan
coil units, each with a 300 watt fan, a 500,000
Btu/hr boiler, and a 30-ton chiller, can an
automatic time switch be used to control only
the boiler and chiller (fan coils operate
continuously)?

Answer

No. The 2 kW criteria applies to the system as
a whole, and is not applied to each component
independently. While each fan coil only draws
300 watts, they are served by a boiler and
chiller that draw much more. The consumption
for the system is well in excess of 2 kW.

Assuming the units serve a total area of less
than 25,000 square feet (see Isolation), one
time switch may control the entire system.

Dampers (8122(f))

Outdoor air supply and exhaust equipment must
incorporate dampers that automatically close
when fans shut down. The dampers may either
be motorized, or of the gravity type.

Damper control is not required where it can be
demonstrated to the satisfaction of the

enforcement agency that the space-
conditioning system must operate continuously
(Exception No. 1). Nor is damper control
required on gravity ventilators or other non-
electrical equipment, provided that readily
accessible manual controls are incorporated
(Exception No. 2).

Damper control is also not required at
combustion air intakes and shaft vents, or
where prohibited by other provisions of law
(Exceptions No. 3 and 4). If the designer elects
to install dampers or shaft vents to help control
stack-induced infiltration, the damper should be
motorized and controlled to open in a fire in
accordance with applicable fire codes.

Isolation Area Devices (8122(Q))

Large space-conditioning systems serving multiple
zones may waste considerable quantities of
energy by conditioning all zones when only a few
zones are occupied. Typically, this occurs during
evenings or weekends when only a few people are
working. When the total area served by a system
exceeds 25,000 square feet, the Standards require
that the system be designed, installed and
controlled with area isolation devices to minimize
energy consumption during these times. The
requirements are:

1. The building shall be divided into isolation
areas, the area of each not exceeding
25,000 square feet. An isolation area may
consist of one or more zones.

2. Each isolation area shall be provided with
isolations devices such as valves or
dampers, that allow the supply of heating
or cooling to be setback or shut off
independently of other isolation areas.

3. Each isolation area shall be controlled with
an automatic time switch, occupancy
sensor, or manual timer. The requirements
for these shut-off devices are the same as
described previously in Section 122(e)1. As
discussed previously for occupancy
sensors, a building purge must be
incorporated into the control sequences for
normally occupied spaces, so occupancy
sensors and manual timers are best limited
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to use in those areas that are intermittently
occupied.

Any zones requiring continuous operation do
not have to be included in an isolation area.

Example 4-16: Isolation Zones

Example 4-17: Isolation Zone Purge

Question

How many isolation zones does a 55,000 sf
building require?

Answer

Question

Does each isolation zone require a ventilation
purge?

Answer

Yes.

At least three. Each isolation zone may not
exceed 25,000 square feet.

Isolation of Zonal Systems

Small zonal type systems such as water loop
heat pumps or fan coils may be grouped on
automatic time switch devices, with control
interlocks that start the central plant equipment
whenever any isolation area is occupied. The
isolation requirements apply to equipment
supplying heating and cooling only; central
ventilation systems serving zonal type systems
do not require these devices.

Isolation of Central Air Systems

Central air handling stations may incorporate
supply and return dampers on a floor-by-floor or
other basis, provided the total area of each
isolation zone does not exceed 25,000 square
feet. Smoke/fire dampers required by other
codes may be used for this purpose if approved
by the fire authority having jurisdiction. The
system does not require isolation on the return
air side.

VAV boxes may be controlled to shut-off
directly, eliminating the need for dampers in the

supply.

Isolation of Central Plants

The Standards do not require any isolation of
central plant equipment. It is recommended that
the number and type of boilers, chillers, pumps,
and other central equipment be chosen so that
the plant efficiency at part load is equal to or
greater than the efficiency at full load. Since
space-conditioning systems seldom operate at
peak conditions, this approach will reduce
energy consumption during times of normal
occupancy, in addition to off-hours.

Interference with Fire and Life Safety

Isolation devices should not interfere with the
function of any fire and life safety systems. For
example, if an isolation damper is located in the
same duct or opening as a smoke/fire damper
controllable from the fire panel, the isolation
damper should be interlocked to open in a fire
situation so as not to interfere with the
operation of the smokef/fire damper. The same
is true for VAV boxes if they are used for
isolation purposes.

. Requirements for Pipe Insulation
(8123)

Most piping conveying either mechanically
heated or chilled fluids for space conditioning or
service water heating must be insulated in
accordance with Section 123. The required
thickness of piping insulation depends on the
temperature of the fluid passing through the
pipe, the pipe diameter, the function of the pipe
within the system, and the insulation’s thermal
conductivity. Table 4-3 (Table No. 1-G in the
Standards) specifies the requirements in terms
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of inches of fiberglass or foam pipe insulation.
In this table, runouts are defined as being less
than two-inches in diameter, less than 12 feet
long, and connected to fixtures or individual
terminal units.

Piping that does not require insulation includes
the following:

1. Factory installed piping within certified
space-conditioning equipment.

2. Piping that conveys fluid with a design
operating temperature range between 60°F
and 105°F, such as cooling tower piping or
piping in water loop heat pump systems.

3. Piping that serves process loads, gas piping,

cold domestic water piping, condensate
drains, roof drains, vents or waste piping.

Note:

Designers may specify exempt piping conveying
cold fluids to be insulated in order to control
condensation on the surface of the pipe.
Examples may include cold domestic water
piping, condensate drains and roof drains. In
these cases, the insulation R-value is specified
by the designer and is not subject to these
regulations.

4. Where the heat gain or heat loss, to or from
piping without insulation, will not increase
building source energy use. For example,
piping connecting fin-tube radiators within
the same space would be exempt.

This exception would not exempt piping in
solar systems. Solar systems typically have
backup devices that will operate more
frequently if piping losses are not
minimized.

Conductivities and thicknesses listed in Table 4-
3 are typical for fiberglass and foam. When
insulating materials are used that have
conductivities different from those listed here
for the applicable fluid range, such as calcium
silicate, Equation 4-1 must be used to calculate
the required insulation thickness.

When a pipe carries cold fluids, condensation of
water vapor within the insulation material may
impair the effectiveness of the insulation,
particularly for applications in very humid
environments or for fluid temperatures below
40°F. Examples include refrigerant suction
piping and low-temperature thermal energy
storage (TES) systems. In these cases,
manufacturers should be consulted and
consideration given to low permeability vapor
barriers, or closed-cell foams.
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Table 4-3: Pipe Insulation Thickness

Conductivity
Range (in Btu-inch Insulation Nominal Pipe Diameter (in inches)
Fluid Temperature|  per hour per sf. MeanRating |Runouts | land 8 and
Range per degree F) Temperature upto2 | Less | 1.25-2|250-4| 5-6 Larger

Insulation Thickness Required (in inches)

Space Heating Systems (Steam, Steam Condensate and Hot Water)

Above 350 0.32-0.34 250 15 25 25 30 35 35
251-350 0.29-0.31 200 15 20 25 25 35 35
201-250 0.27-0.30 150 10 15 15 20 20 35
141-200 0.25-0.29 125 05 15 15 15 15 15
105-140 0.24-0.28 100 05 10 10 10 15 15

Service Water Heating Systems (recirculating sections, all piping in electric trace tape systems, and the first 8 feet of piping
from the storage tank for non-recirculating systems)
Apbove105 [ 024028 | 100 | o5 | 10 [ 10 | 15 | 15 [ 15

Space Cooling Systems (Chilled Water, Refrigerant, and Brine)

4060 0.23-0.27 75 05 05 05 10 10 10
Below 40 0.23-0.27 75 10 10 15 15 15 15
Equation 4-1: Insulation Thickness Example 4-18: Pipe Insulation Thickness
T = PR[(1 + /PR)"* - 1] Question
Where: What is the required thickness for calcium
- . . . silicate insulation on a 4 inch diameter pipe
T = Minimum insulation thickness for PIp

. o I
material with conductivity K, inches. carrying a 300°F fluid

PR = Pipe actual outside radius, inches. Answer

t = Insulation thickness from Table 4-3, From Table 4-3, the required insulation
inches. thickness is 2.5 inches for a 4 inch pipe in the

K = Conductivity of alternate material at the range of 251-350°F. The mean conductivity at

this temperature is listed as 0.29 (Btu-in) / (hr-
sf-°F). From manufacturer’s data, it is
determined that the conductivity of calcium
silicate at 300°F is 0.45 Btu-in/(hr-sf-°F). The
k = The lower value of the conductivity required thickness is therefore:
range listed in Table 4-3 for the _ K/k
applicable fluid temperature, Btu-in/(hr- T=PRIL+UPR)™ —1]
sf-°F). T = 4"[(1 + 2.5/4)>%°% _ 1]

mean rating temperature indicated in
Table 4-3 for the applicable fluid
temperature range, in Btu-in/(hr-sf-°F).

T =4.3 inches

4-28 November 1998 Nonresidential Manual



When insulation is not available in the exact
thickness calculated, the installed thickness
should be the next larger available size.

J. Requirements for Air
Distribution System Ducts and
Plenums (8124)

Poorly sealed or poorly insulated duct work can
cause substantial losses of air volume and
energy. The 1998 amendments include more
detailed requirements for constructing ducts
and plenums. All air distribution system ducts
and plenums, including building cavities,
mechanical closets, air handler boxes and
support platforms used as ducts or plenums, are
required to be installed, sealed, and insulated in
accordance with the 1997 Uniform Mechanical
Code (UMC) Sections 601, 603, 604 and
Standard 6-3.

Installation and Insulation (8124(a))

Ducts or plenums conveying conditioned air must
either be insulated to R-4.2 (or any higher level
required by UMC Section 604), or be enclosed
entirely in conditioned space. UMC insulation
requirements are reproduced in Table 4-4. The
following are also required:

Mechanically fasten connections between
metal ducts and the inner core of flexible
ducts.

Seal openings with mastic, tape, aerosol
sealant or other duct closure system that
meets the applicable requirements of UL
181, UL 181A or UL 181B.

When mastic or tape is used to seal openings
greater than 1/4 inch, a combination of
mastic and mesh or mastic and tape must be
used.

Duct and Plenum Materials (8124(b))

Factory-Fabricated Duct Systems

Factory-fabricated duct systems must meet the
following requirements:

Duct and closure systems comply with UL
181, including collars, connections and
splices, and must be UL labeled.

Pressure-sensitive tapes, heat-activated
tapes, and mastics used in the manufacture
of rigid fiberglass ducts comply with UL 181.

Pressure-sensitive tapes and mastics used
with flexible ducts comply with UL 181 or
UL 181B.

Field-Fabricated Duct Systems

Field-fabricated duct systems must meet the
following requirements:

Factory-made rigid fiberglass and flexible
ducts for field-fabricated duct systems
comply with UL 181. Pressure-sensitive
tapes, mastics, aerosol sealants or other
closure systems must meet applicable
requirements of UL 181, UL 181A or UL
181B.

Mastic Sealants and Mesh.

» Sealants comply with UL 181, UL 181A,
or UL 181B, and must be non-toxic and
water resistant.

» Sealants for interior applications pass
ASTM tests C 731 (extrudability after aging)
and D 2202 (slump test on vertical surfaces),
incorporated herein by reference.

» Sealants for exterior applications shall pass
ASTM tests C 731, C 732 (artificial
weathering test) and D 2202, incorporated
herein by reference.

» Sealants and meshes shall be rated for
exterior use.

Pressure-sensitive tapes comply with UL
181, UL 181A or UL 181B.

Drawbands used with flexible duct shall:
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» Be either stainless-steel worm-drive hose
clamps or uv-resistant nylon duct ties.

» Have a minimum tensile strength rating of
150 pounds.

» Be tightened as recommended by the
manufacturer with an adjustable tensioning
tool.

Aerosol-Sealant Closures.

» Aerosol sealants meet applicable
requirements of UL 181, 181A or 181B and
must be applied according to manufacturer
specifications.

» Tapes or mastics used in combination with
aerosol sealing must meet the requirements
of this section.

Example 4-19: Duct Sealing

Answer

All duct work located within the return plenum must
be sealed in accordance with the UMC Section
601,603,604. Pressure-sensitive tape, heat-seal
tape and mastic may be used, if it meets the
applicable requirement of UL 181, 181A, 181B, to
seal joints and seams which are mechanically
fastened per the UMC.

Question

What are the sealing requirements in a VAV
system having a static pressure setpoint of
1.25” w.g. and a plenum return?

K. Service Water Systems (8§113)
Efficiency and Controls (8113(a))

Any service water heating system or equipment
may be installed only if the manufacturer has
certified that the equipment meets or exceeds
the efficiency requirements listed in Appendix
B, Table B-9. The equipment must also have
integral automatic temperature controls that
allow the temperature to be adjusted from the
lowest to the highest allowed temperature
settings for the intended use as listed in Table
3, Chapter 45 of the 1995 ASHRAE Handbook,
HVAC Applications Volume.

Service water heaters installed in residential
occupancies need not meet the control
requirement.
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Table 4-4: Duct Insulation Requirements

INSULATION R-VALUE
MECHANICALLY HEATING INSULATION R-VALUE
DUCT LOCATION * COOLED ZONE HEATING ONLY
On roof on exterior building 6.3 < 4,500 DD 2.1
< 8,000 DD 4.2
Attics, garages, and crawl spaces 2.1 < 4,500 DD 2.1
< 8,000 DD 4.2
In walls 2 and within floor to ceiling spaces2 2.1 < 4,500 DD 2.1
< 8,000 DD 4.2
Within the conditioned space or in basements; None Required None Required
return ducts in air plenums
Cement slab or within ground None Required None Required

1Vapor barriers shall be installed on supply ducts in spaces vented to the outside in geographic areas where the average July, August
and September mean dew point temperature exceeds 60 degrees Fahrenheit.

2 Insulation may be omitted on that portion of a duct which is located within a wall or a floor to ceiling space where:
a. Both sides of the space are exposed to conditioned air.
b. The space is not ventilated.
c. The space is not used as a return plenum.
d. The space is not exposed to unconditioned air.
Ceilings which form plenums need not be insulated.

NOTE: Where ducts are used for both heating and cooling, the minimum insulation shall be as required for the most restrictive condition

Source: Uniform Mechanical Code 8604
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Figure 4-8: Service Water Heating Flowchart

Multiple Temperature Usage (8113(b)1)

Service
Water
On systems that have a total capacity greater Heang
than 167,000 Btu/hr, outlets requiring higher
than service water temperatures as listed in the
1995 ASHRAE Handbook, HVAC Applications
Volume shall have separate remote heaters,
heat exchangers, or boosters to supply the
outlet with the higher temperature. This
requires the primary water heating system to
supply water at the lowest temperature
required by any of the demands served for
service water heating. All other demands
requiring higher temperatures should be served
by separate systems, or by boosters that raise
the temperature of the primary supply.

Adjustable
Temp.
Controls
(exc. Res.)

Boosters,
Remote
Heater, etc.

Multiple Use
Temps &
> 167 kBtu

Circulating Systems (8113(b)2)

Circulating service water systems must include
a control capable of automatically turning off
the circulating pump when hot water is not
required. Such controls include automatic time
switches, interlocks with HVAC time switches,
occupancy sensors, and other controls that
accomplish the intended purpose. Since
residential occupancies have different supply
requirements they do not have to meet the
requirements of Section 113(b)2.

Pump On/Off
Control
(unless Res.)

Recirc.
Loop

Flow
Controls

Public
Lavatories

Public Lavatories (8113(b)3)

Lavatories in public restrooms must have
controls that limit the water supply temperature
to 110°F. Where a service water heater
supplies only restrooms, the heater thermostat
may be set to no greater than 110°F to satisfy v v
this requirement; otherwise controls such as External 658ty hist
automatic mixing valves must be installed. 2R-12 or

Storage
Insulation

Internal &
External
>R-16

@ 80

degrees

Difference

Storage Tank Insulation (8113(b)4)

Unfired water heater storage tanks and backup
tanks for solar water heating systems must
have:

Install Solar
(unless
waived)

State
Building

1. External insulation with an installed R-value
of at least R-12; or

Water Heating
Complies

2. Internal and external insulation with a
combined R-value of at least R-16; or
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3. The heat loss of the tank based on an 80
degree F water-air temperature difference
shall be less than 6.5 Btu per hour per
square foot. This corresponds to an
effective resistance of R-12.3.

Service Water Heaters in State Buildings
(8113(b)5)

Any new building constructed by the State shall
derive its service water heating from a system
that provides at least 60 percent of the energy
needed from site solar energy or recovered
energy. This requirement may be waived for
buildings where the State Architect determines
that such systems are economically or
physically infeasible.

L. Pool and Spa Heating Systems
(8114)

Pool and spa heating systems must be certified
by the manufacturer and listed by the Energy
Commission as having:

1. An efficiency of at least 78 percent when
tested according to ANSI Standard Z21.56-
1994; and

2. An on-off switch mounted on the outside of
the heater in a readily accessible location
that allows the heater to be shut-off
without adjusting the thermostat setting;
and

3. A permanent, easily readable, and
weatherproof plate or card that gives
instructions for the energy efficient
operation of the pool or spa, and for the
proper care of the pool or spa water when a
cover is used; and

4. No electric resistance heating. The only
exceptions are:

a. Packaged listed units with fully
insulated enclosures and tight fitting
covers that are insulated to at least R-6.
Package listed units are defined in the
National Electric Code and are typically
sold as self-contained, UL Listed spas;
or

b. Pools or spas deriving at least 60
percent of the annual heating energy
from site solar energy or recovered
energy.

5. No pilot light.

Pool and spa equipment must be installed with
all of the following:

1. Solar heater connection - At least 36 inches
of pipe between the filter and the heater
must be provided to allow for the future
addition of solar heating equipment.

2. A cover must be provided for outdoor pools
and outdoor spas, unless at least 60
percent of the annual heating energy is
provided by site solar energy or recovered
energy.

3. Directional inlets must be provided for all
pools that adequately mix the pool water.

4. Atime switch must be provided for pools to
control the operation of the circulation
pump, to allow the pump to be set to run in
the off-peak demand period, and for the
minimum time necessary to maintain the
water in the condition required by
applicable public health standards.

A time switch is not required where
applicable public health standards require
on-peak operation.

4.2.2 Prescriptive Approach

This section presents requirements that must
be incorporated into the system design if the
prescriptive path of compliance is used. Unlike
mandatory requirements, however, these
requirements may be traded off against other
measures if the designer elects to use the
performance path.

A. Sizing and Equipment Selection
(8144(a))

The energy efficiency of many types of
equipment can be lower at part load than at full
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load. The Standards, therefore, require that
mechanical heating and cooling equipment
(including electric heaters and boilers) be the
smallest size available, within the available
options of the desired equipment line, that
meets the design heating and cooling loads of
the building or spaces being served.

When equipment is offered in size increments,
such that one size is too small and the next is
too large, the larger size may be selected.

Packaged HVAC equipment may serve a space
having substantially different heating and
cooling loads. The unit size should be selected
on the larger of the loads, based on either
capacity or airflow. The capacity for the other
load should be selected as required to meet the
load, or if very small, should be the smallest
capacity available in the selected unit. For
example, packaged air-conditioning units with
gas heat are usually sized on the basis of
cooling loads. The furnace is sized on the basis
of airflow, and is almost always larger than the
design heating load.

Equipment may be oversized provided one or
more of the following conditions are met:

1. It can be demonstrated to the satisfaction
of the enforcing agency that oversizing will
not increase building source energy use; or

2. Oversizing is the result of standby
equipment that will operate only when the
primary equipment is not operating.
Controls must be provided that prevent the
standby equipment from operating
simultaneously with the primary equipment;
or

3. Multiple units of the same equipment type
are used, each having a capacity less than
the design load, but in combination having
a capacity greater than the design load.
Controls must be provided to sequence or
otherwise optimally control the operation of
each unit based on load.

B. Load Calculations (§8144(b))

For the purposes of sizing HVAC equipment,
the designer shall use all of the following
criteria for load calculations:

1. The heating and cooling system design
loads must be calculated in accordance
with the procedures described in the
ASHRAE Handbook, 1993, Fundamentals
Volume. Other load calculation methods,
e.g. ACCA, SMACNA, etc. are acceptable
provided that the method is ASHRAE-based.
When submitting load calculations of this
type, the designer must accompany the
load calculations with a written affidavit
certifying that the method used is ASHRAE-
based. If the designer is unclear as to
whether or not the calculation method is
ASHRAE-based, the vendor or organization
providing the calculation method should be
contacted to verify that the method is
derived from ASHRAE.

Example 4-20: Equipment Sizing

Question

Do the sizing requirements restrict the size of
duct work, coils, filter banks, etc. in a built-up
system?

Answer

The intent of the Standards is to limit the size
of equipment which, if oversized, will consume
more energy on an annual basis. Coils with
larger face areas will usually have lower
pressure drops than otherwise, and may also
allow the chilled water temperature to be
higher, both of which may result in a decrease
in energy usage. Larger filter banks will also
usually save energy. Larger duct work will have
lower static pressure losses which may save
energy, depending on the duct’s location,
length, and degree of insulation. An oversized
airfoil fan with inlet vanes will not usually save
energy, as the part load characteristics of this
device are poor. The same fan with a variable
frequency drive may save energy. Controls are
also an important part of any system design.
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The relationship between various energy
consuming components may be complex, and is
left to the designer’s professional judgment.
Note however, that when components are
oversized, it must be demonstrated to the
satisfaction of the enforcement agency that
energy usage will not increase.

2. Indoor design conditions of temperature and
relative humidity for general comfort 8
applications are not explicitly defined. '
Designers are allowed to use any
temperature conditions within the “comfort
envelope” defined by ANSI/ASHRAE 55-
1992 or Chapter 8 of the ASHRAE
Handbook, 1993, Fundamentals Volume.
Winter humidification or summer
dehumidification is not required.

3. Outdoor design conditions shall be selected
from ASHRAE Publication SPCDX: Climatic
Data for Region X, Arizona, California,

Hawaii, and Nevada, 1982 for the following
design conditions:

Heating design temperatures shall be no
lower than the temperature listed in the
Winter Median of Extremes column.

Cooling design dry bulb temperatures shall

be no greater than the temperature listed in

the Summer Design Dry Bulb 0.5% column.

The design wet bulb temperature shall be 10
no greater than the temperature listed in the
Summer Design Wet Bulb 0.5% column.

11.

4. Outdoor Air Ventilation loads must be
calculated using the ventilation rates
required in Section 121. At minimum, the
ventilation rate will be 15 cfm/person or
0.15 cfm/sf, whichever is greater.

5. Envelope heating and cooling loads must be
calculated using envelope characteristics
including square footage, thermal
conductance, solar heat gain coefficient
and air leakage, consistent with the
proposed design.

5. Lighting loads shall be based on actual
design lighting levels or power densities
consistent with Section 146.

12.

People sensible and latent gains must be
based on the expected occupant density of
the building and occupant activities. If
ventilation requirements are based on a
cfm/person basis, then people loads must
be based on the same number of people as
ventilation. Sensible and latent gains must
be selected for the expected activities as
listed in ASHRAE Handbook, 1993,
Fundamentals Volume, Chapter 26, Table 3.

Loads caused by a process shall be based
on actual information (not speculative) on
the intended use of the building.

Miscellaneous equipment loads include such
things as duct losses, process loads and
infiltration and shall be calculated using

design data compiled from one or more of

the following sources:

a. Actual information based on the
intended use of the building; or

b. Published data from manufacturer’s
technical publications and from
technical societies, such as the
ASHRAE Handbook, 1995 HVAC
Applications Volume; or

c. Other data based on the designer’s
experience of expected loads and
occupancy patterns.

. Internal heat gains may be ignored for

heating load calculations.

A safety factor of up to 10 percent may be
applied to design loads to account for
unexpected loads or changes in space
usage.

Other loads such as warm-up or cool-down
shall be calculated using one of the
following methods:

a. A method using principles based on the
heat capacity of the building and its
contents, the degree of setback, and
desired recovery time; or

b. The steady state design loads may be

increased by no more than 30 percent
for heating and 10 percent for cooling.
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The steady state load may include a 5. Computer room units.
safety factor of up to 10 percent as

discussed above in Item 11. The criteria are applied individually to each
space-conditioning system. In buildings

The combination of safety factor and having multiple space-conditioning systems,

other loads allows design cooling loads the criteria applies only to the systems

to be increased by up to 21 percent having fans whose total demand exceeds

(1.10 safety x 1.10 other), and heating 25 horsepower.

loads by up to 43 percent (1.10 safety

x 1.30 other). Not included are fans not directly

associated with moving conditioned air to
or from the space-conditioning system, or

C. Fan Power Consumption fans associated with a process within the
(8144(c)) building.
Maximum fan power is regulated in individual For the purposes of the 25 horsepower criteria,
fan systems where the total power index of the horsepower is the brake horsepower as listed
supply, return and exhaust fans within the fan by the manufacturer for the design conditions,
system exceed 25 horsepower at design plus any losses associated with the drive,
conditions (see Section 4.1.2 for definitions). A including belt losses or variable frequency drive
System consists of 0n|y the Components that losses. If the brake horsepower is not known,
must function together to deliver air to a given then the nameplate horsepower should be used.

area; fans that can operate independently of
each other comprise separate systems. Included
are all fans associated with moving air from a Figure 4-9: Fan Power Consumption Flowchart
given space-conditioning system to the
conditioned spaces and back to the source, or
to exhaust it to the outdoors.

Fan
Power
Consumption

The 25 horsepower total criteria apply to:

No
Require-
ment

1. All supply and return fans within the space-
conditioning system that operate at peak
load conditions.

2. All exhaust fans at the system level that
operate at peak load conditions. Exhaust
fans associated with economizers are not
counted provided they do not operate at
peak conditions.

3. Fan-powered VAV boxes, if these fans run

. . .. Control @30%
during the cooling peak. This is always the Power @ 50%
case for fans in series type boxes. Fans in g
parallel boxes may be ignored if they are /3 Totdl Design

controlled to operate only when zone
heating is required, and are normally off
during the cooling peak.

Compliance

4. Elevator equipment room exhausts, or other
exhausts that draw air from a conditioned
space, through an otherwise unconditioned
space, to the outdoors.
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Example 4-21: 25 HP Limit

Question

If a building has five zones with 15,000 cfm air

handlers that are served by a common central

plant, and each air handler has a 15 HP supply
fan, does the 25 HP limit apply?

Answer

Answer

No. Each air handler, while served by a
common central plant, is considered a separate
space-conditioning system. Since the demand
of each air handler is only 15 HP, the 25 HP
criteria does not apply.

If drive losses are not known, the designer may
assume that direct drive efficiencies are 1.0,
and belt drives are 0.97. Variable speed drive
efficiency should be taken from the
manufacturer’s literature; if it includes a belt
drive, it should be multiplied by 0.97.

Total fan horsepower need not include the
additional power demand caused solely by air
treatment or filtering systems with final
pressure drops of more than 1 inch water
gauge (w.g.). It is assumed that conventional
systems may have filter pressure drops as high
as 1 inch w.g.; therefore only the horsepower
associated with the portion of the pressure drop
exceeding 1 inch, or fan system power caused
solely by process loads, may be excluded.

For buildings whose systems exceed the 25
horsepower criteria, the total space-
conditioning system power requirements are:

Example 4-22: Filtration

The total filter drop at change out (final
pressure drop) is 0.5 inch + 1.2 inch = 1.7
inch w.g. The amount that may be excluded is
1.7 inch-1.0 inch = 0.7 inch w.g. The
percentage of the horsepower that may be
excluded is

0.7"/5.0" = 14%

If the supply fan requires 45 brake horsepower,
the adjusted horsepower of the supply fan in
the Watts/cfm calculation is

45 BHP x (1 - 14%) = 38.7 BHP

The horsepower of any associated return or
exhaust fan is not adjusted by this factor, as
the filters have no impact on these fans.

Question

The space-conditioning system in a laboratory
has a 30 percent filter with a design pressure
drop at change out of 0.5 inch w.g., and an 80
percent filter with a design pressure drop of 1.2
inch w.g. The design total static pressure of the
fan is 5.0 inchw.g. What percentage of the
power may be excluded from the Watts/cfm
calculation?

1. Constant volume space-conditioning
systems shall not exceed 0.8 watts per cfm
of supply air.

2. Variable Air Volume (VAV) systems shall
not exceed 1.25 Watts per cfm of supply
air at design conditions.

In addition, individual VAV fans with motors
over 25 horsepower shall meet three
requirements: 1) a mechanical or electrical
variable speed drive fan motor; 2) vane
axial fan with variable pitch blades; and 3)
include controls that limit the fan motor
demand to no more than 30 percent of
design wattage at 50 percent design air
volume.

Actual fan part load performance, available
from the fan manufacturer, should be used
to test for compliance with item 3) above.
Figure 4-10 shows typical performance
curves for different types of fans. As can
be seen, both airfoil fans and backward
inclined fans using either discharge dampers
or inlet vanes consume more than 30
percent power at 50 percent flow when
static pressure set point is one-third of total
design static pressure using certified
manufacturer’s test data. These fans will
not normally comply with these
requirements unless a variable speed drive
is used.
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The total system power demand is based on
brake horsepower at design static and cfm,
and includes drive losses and motor
efficiency. If the motor efficiency is not
known, values from Appendix B, Table B-
8A & 8B, may be assumed.

The power demand is calculated on a
system by system basis, and the maximum
limit applies to each system individually. In
other words, the power demands of
separate systems cannot be averaged.

Example 4-23: VAV Bypass System

Figure 4-10: VAV Fan Performance Curve

Question

What is the maximum allowed power
consumption for the fans in a VAV bypass
system?

Answer

A VAV bypass, while variable volume at the
zone level, is constant volume at the fan level.
If the total fan power demand of this system
exceeds 25 HP, then the fan power may not
exceed 0.8 Watts/cfm.

100

80

40

Percent Design KW

20

0 20 40 60 go 100
Percent Design CFM

A. Air foil or backward inclined centrifugal fan
with discharge dampers
B. Air foil centrifugal fan with inlet vanes

C. Forward curved centrifugal fan with
discharge dampers or riding curve

D. Forward curved centrifugal fan with inlet
vanes

E. Vane-axial fan with variable pitch blades

F. Any fan with variable speed drive
(mechanical drives will be slightly less
efficient)

Example 4-24: Calculation of Fan Power

Question

What is the power consumption of a 20,000

cfm VAV system having an 18 BHP supply fan,
a 5 BHP return fan, a 3 BHP economizer relief
fan, a 2 HP outside air ventilation fan and a 1
HP toilet exhaust fan? Note that the exhaust
and outside air ventilation fans are direct drive
and listed in HP not BHP. The supply and return
fans are controlled with variable frequency
drives having an efficiency of 96 percent.

Answer

The economizer fan is excluded provided it
does not run at the time of the cooling peak.
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Power consumption is then based on the
supply, return, outdoor and toilet exhaust fans.
The ventilation fan is direct drive so its
efficiency is 1.0. The supply and return fans
have default drive efficiencies of 0.97. From
Table B-8A & 8B, the assumed efficiencies of
the motors are 88 percent and 85 percent for a
25 and 7.5 HP motor respectively. Fan power
demand in units of horsepower must first be
calculated to determine whether the
requirements apply:

a. 18 BHP / (0.97 x 0.88 x 0.96) = 22.0 HP
b. 5 BHP /(0.97 x 0.85 x 0.96) = 6.3 HP

Total power consumption, adjusted for
efficiencies, is calculated as:

220HP+6.3HP+2HP+1HP = 31.3HP

Since this is larger than 25 HP, the limitations
apply. Watts per cfm is calculated as:

31.3 HP x 746 Watts/cfm/20,000 cfm = 1.17
Watts/cfm

The system complies because power
consumption is below 1.25 Watts per cfm.
Note that, while this system has variable
frequency drives, they are not required by the
Standards since each fan is less than 25 HP.

These requirements do not apply to zones
having:

1. VAV controls, as discussed in Section E.
below;

2. Special pressurization relationships or cross
contamination control needs. Laboratories
are an example of spaces that might fall in
this category.

3. Site-recovered or site-solar energy providing
at least 75 percent of the energy for
reheating, or providing warm air in mixing
systems.

4. Specific humidity requirements to satisfy
process needs.

5. 300 cfm or less peak supply air quantity.
This exception allows reheating or recooling
to be used in small zones served by
constant volume systems.

Example 4-25: Minimum VAV CFM

D. Space Conditioning Zone
Controls (8144(d))

Each space-conditioning zone shall have
controls that prevent:

1. Reheating of air that has been previously
cooled by mechanical cooling equipment or
an economizer.

2. Recooling of air that has been previously
heated. This does not apply to air returned
from heated spaces.

3. Simultaneous heating and cooling in the
same zone, such as mixing or simultaneous
supply of air that has been previously
mechanically heated and air that has been
previously cooled, either by cooling
equipment or by economizer systems.

Question

What is the required minimum cubic feet per
minute (cfm) for a 1000 square foot office
having a design supply of 1100 cfm and eight
people?

Answer

Based on reheat requirements, the minimum
cfm should not exceed the larger of:

a. 1000 sf x 0.4 cfm/sf = 400 cfm; or
b. 1100 cfm x 30% = 330 cfm; or
c. 300 cfm

Based on reheat, airflow must be reduced to no
more than 400 cfm.

Outdoor ventilation requirements are the larger
of:

a. 1000 sf x 0.15 cfm/sf = 150 cfm; or
b. 8 people x 15 cfm/person = 120 cfm
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cooling capacity over 75,000 Btu/hr. The

Based on ventilation requirements, the airflow ; .
economizer may be either:

must be at least 150 cfm. The minimum

ventilation rate must then be in the range below 1. An air economizer capable of modulating
the reheat requirement and above the outside air and return air dampers to supply
ventilation requirement, or 150 — 400 cfm. 100 percent of the design supply air

guantity as outside air. (For prescriptive
compliance, samples of integrated
economizers that meet this requirement are:

If, instead, the space were a conference room
holding 35 people, then the design outdoor

ventilation rate would be 35 x 15 = 525 cfm. fixed drybulb, differential drybulb, fixed
Since this is above the reheat requirement of enthalpy, or differential enthalpy); or

400 cfm, the minimum cfm must be 525 cfm,

unless transfer air is taken from other spaces 2. A water economizer capable of providing

100 percent of the expected system cooling
load at outside air Figure temperatures of
50°F dry-bulb and 45°F wet-bulb and

E. VAV Z_OhG Controls (§144(d) below. Economizers are not required where:
Exception No. 1

Economizers are not required where:

Prior to reheating, recooling or mixing air, the

controls in VAV zones must be set to reduce 1. Outside air filtration and treatment for the
the air supply to a minimum. The minimum reduction and treatment of unusual outdoor
volume shall be no greater than the largest of: contaminants make compliance infeasible.
This must be demonstrated to the
1. 30 percent of the peak supply volume; satisfaction of the enforcement agency.
or
2. Increased overall building energy use
2. 0.4 cfm per square foot of conditioned results. This may occur where economizers
floor area of the zone; or adversely impact other systems, such as
humidification, dehumidification or
3. 300 cfm. supermarket refrigeration systems.

Note however, that Section 121(c) requires
that the minimum rate of outdoor ventilation air
calculated in Section 121(b)2 be supplied to
each space at all times when the space is
usually occupied. The allowable minimum
airflow for a VAV box then usually falls in a
range limited by the ventilation requirements at
the lower end, and the reheat requirements at
the upper end. In some cases, however, the
required ventilation rate may be larger than the
rate required for reheat. In this case, the
required rate for reheat is the ventilation rate
unless other provisions are made to supply
ventilation air.

F. Economizers (8144(e))

An economizer must be fully integrated and
must be provided for each individual cooling
space-conditioning system that has a design
supply capacity over 2,500 cfm and a total
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Figure 4-11: Economizer Flowchart

Economizer
Requirement

Flow >2500
cfm? (each
system)

No

No, Compliance

i

Yes

Cooling
>75,000
Btuh?

No
No¥» Compliance

Yes

Special
Exceptions?
§144(e)

No
Compliance

<
1]
7]
U'

Economizer

Water
Economizer

100% Outside Air

100% Cooling @
50°DB

Fully
Integrated with
Mech. Clg.?

Yes

Economizer
Complies

3. Systems serving high-rise residential living
guarters and hotel/motel guest rooms. Note
that these buildings typically have systems
smaller than 2,500 cfm, and also have
provisions for natural ventilation.

4. If cooling capacity is less than or equal to
75,000 Btu/hr, or supply airflow is less than
or equal to 2,500 cfm.

If an economizer is required, it must be
designed and equipped with controls that do
not increase the building heating energy use
during normal operation. For example, when
simultaneous cooling and zone reheat is
required in a VAV system, the use of the
economizer must not cause the supply air to be
colder than it would be if the mechanical
cooling were operating. The exception is when
at least 75 percent of the annual heating is
provided by site-recovered or site-solar energy
(Section 144(e)2.A).

The economizer controls must also be fully
integrated into the cooling system controls so
that the economizer can provide partial cooling
even when mechanical cooling is required to
meet the remainder of the load Section
144(e)2.B).

The requirement that economizers be designed
for concurrent operation is not met by some
popular water economizer systems, such as
those which use the chilled water system to
convey evaporative-cooled condenser water for
“free” cooling. Such systems can provide 100
percent of the cooling load, but when the point
is reached where condenser water temperatures
cannot be sufficiently cooled by evaporation,
the system controls throw the entire load to the
mechanical chillers. Because this design cannot
allow simultaneous economizer and refrigeration
system operation, it does not meet the
requirements of this section.

Air economizers, water economizers and
integrated controls are discussed in more detail
in the Design Concepts section at the beginning
of this Chapter.

. Mechanical Systems
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G. Supply-Air Temperature Reset 4.
Control (8144(f))

Mechanical space-conditioning systems 5
supplying heated or cooled air to multiple zones '
must include controls that automatically reset

the supply-air temperature in response to

representative building loads, or to outdoor air
temperature. The controls must be capable of

resetting the supply-air temperature at least 25

percent of the difference between the design

supply-air temperature and the design room air
temperature.

For example, if the design supply temperature is
55°F and the design room temperature is 75°F,
then the difference is 20°F, and 25 percent is
5°F. Therefore, the controls must be capable of
resetting the supply temperature from 55°F to
60°F.

Air distribution zones that are likely to have
constant loads, such as interior zones, shall
have air flow rates designed to meet the load at
the fully reset temperature. Otherwise, these
zones may prevent the controls from fully
resetting the temperature, or will unnecessarily
limit the hours when the reset can be used.

Supply air reset is usually required for VAV
reheat systems. It is also required for constant
volume systems with reheat justified on the
basis of special zone pressurization
relationships or cross-contamination control
needs.

Supply-air temperature reset is not required
when:

1. The zone(s) must have specific humidity
levels required to meet process needs; or

2. Where it can be demonstrated to the
satisfaction of the enforcement agency that
supply air reset would increase overall
building energy use; or

3. The space-conditioning zone has controls
that prevent reheating and recooling and
simultaneously provide heating and cooling
to the same zone; or

75 percent of the energy for reheating is
from site-recovered or site solar energy

source, or

The zone has a peak supply air quantity of

300 cfm or less.
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Figure 4-12: Supply Air Reset Controls
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H. Electric-Resistance Heating

(8144(9))

The Standards strongly discourage the use of
electric-resistance space heat. Electric-
resistance space heat is not allowed in the
prescriptive approach except where:

1.

Site-recovered or site-solar energy provides
at least 60 percent of the annual heating
energy requirements; or

A heat pump is supplemented by an
electric-resistance heating system, and the
heating capacity of the heat pump is more
than 75 percent of the design heating load
at the design outdoor temperature,
determined in accordance with these
Standards; or

The total capacity of all electric-resistance
heating systems serving the entire building
is less than 10 percent of the total design
output capacity of all heating equipment
serving the entire building; or

The total capacity of all electric-resistance
heating systems serving the building,
excluding those that supplement a heat
pump, is no more than 3 kW; or

An electric-resistance heating system
serves an entire building that:

a. Is not a high-rise residential or
hotel/motel building; and

b. Has a conditioned floor area no greater
than 5,000 square feet; and

c. Has no mechanical cooling; and

d. Isin an area where natural gas is not
currently available and an extension of a
natural gas system is impractical, as
determined by the natural gas utility.

In alterations where the existing mechanical
systems use electric reheat (when adding
variable air volume boxes) added capacity
cannot exceed 20 percent of the existing
installed electric capacity, under any one
permit application.
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7. In an addition where the existing variable air
volume system with electric reheat is being
expanded the added capacity cannot
exceed 50 percent of the existing installed
electric reheat capacity under any one
permit.

The Standards in effect allow a small amount of
electric-resistance heat to be used for local
space heating or reheating (provided reheat is in
accordance with these regulations).

Example 4-26: Heat Pump Sizing

Question

If a heat pump is used to condition a building
having a design heating load of 100,000 Btu/hr
at 35°F, what are the sizing requirements for
the compressor and heating coils?

Answer

The compressor must be sized to provide at
least 75 percent of the heating load at the
design heating conditions, or 75,000 Btu/hr at
35°F. The Standards do not address the size of
the resistance heating coils. Normally, they will
be sized based on heating requirements during
defrost.

. Service Water Heating (8145)

A service water-heating system is considered to
comply with the prescriptive requirements when
all mandatory requirements are met. The
Standards for low-rise residential buildings have
been adopted for service water-heating systems
in high-rise residential buildings (see Appendix
H).

4.2.3 Performance Approach

Under the performance approach, the energy
use of the building is modeled using a computer
program approved by the Energy Commission.
This section presents some basic details on the
modeling of building mechanical systems.
Program users and those checking for
enforcement should consult the most current

version of the user’'s manuals and associated
compliance supplements for specific
Instructions on the operation of the program.
All computer programs, however, are required
to have the same basic modeling capabilities.

The details of how to model the mechanical
systems and components are included in
Section 6.1. Specific application scenarios are
contained in Section 6.1.4.

A. Compliance With a Computer
Method

Each approved computer method automatically
generates an energy budget by calculating the
annual energy use of the standard design, a
version of the proposed building incorporating
all the prescriptive features.

A building complies with the Standard if the
predicted source energy use of the proposed
design is the same or less that the annual
energy budget of the standard design. The
energy budget includes a space-conditioning
budget, lighting budget and water-heating
budget.

Source energy use defines the energy use of a
building by converting the calculated energy
consumption into source energy. A table of
source energy multipliers is found in Section
102. Source energy multipliers adjust the
calculated energy consumption of a building to
account for the energy content of different
fuels and inefficiencies in generating and
distributing electricity.

The budget for space conditioning of the
proposed building design varies according to
the following specific characteristics:

*  Orientation

* Conditioned floor area

* Conditioned volume

* Gross exterior surface area

* Space-conditioning system type
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e Occupancy type
* Climate zone

Assumptions used by the computer methods in
generating the energy budget are explained in
the Alternative Calculation Methods Approval
Manual and are based on features required for
prescriptive compliance.

B. Modeling Mechanical System
Components

All alternative computer programs have the
capability to model various types of HVAC
systems. In central systems, these modeling
features affect the system loads seen by the
plant. This is done by calculating the
interactions between envelope, mechanical and
electrical systems in the building and
summarizing the energy required by the
mechanical system to maintain space
conditions.

For a complete description of how to model
mechanical system components, refer to the
compliance supplement for the approved
computer program being used to demonstrate
compliance.

4.2.4 Alterations/Additions

When heating, cooling or service water heating
are provided for an alteration or addition by
expanding an existing system, that existing
system need not comply with mandatory
measures or compliance requirements.
However, any altered component must meet all
applicable mandatory measures.

When existing heating, cooling, or service
water heating systems or components are
moved within a building, the existing systems
or components need not comply with
mandatory measures nor with the prescriptive
or performance compliance requirements.

4.2.5 Application to Major System
Types

This section summarizes the Mandatory,
Prescriptive, and Performance Measures as they
apply to the major mechanical system designs
as used in California. The systems presented
are:

» Packaged air conditioner with gas furnace
or heat pump

» Packaged VAV reheat
e Built-up VAV reheat
e Built-up single-fan dual duct VAV

»  Built-up or packaged dual-fan dual-duct
VAV

» Packaged terminal air conditioner with gas
furnace or heat pump

»  Four-pipe fan-coil system with central plant
*  Hydronic heat pump with central plant

For each of these systems, the mandatory,
prescriptive and performance measures are
described. Limitations imposed by the
Standards, if any, are discussed together with
mitigating measures that can be taken.

Although there are more variations and
combinations of systems than are covered here,
this section can be used as a guide for other
systems. Where there are ambiguities, the
designer should refer directly to the Sections
describing the Mandatory and Prescriptive
requirements.

To avoid excessive redundancy, this section
contains the requirements that normally apply
to systems. There are various exceptions to
these requirements that are not included here;
the designer should refer to the sections
detailing the mandatory, prescriptive and
performance requirements for these exceptions.
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In the following, mandatory requirements are
designated by [M], prescriptive by [P], and
performance by [Pf].

A. Packaged Air Conditioner with

Gas Furnace or Heat Pump

A packaged air conditioner with gas furnace is

a self-contained system that uses a gas furnace
to heat the supply air, and a direct expansion
coil and compressor to cool the supply air. The
package also includes a supply fan, condenser
fan(s) and possibly return or exhaust fans. The
compressor and outside air heat exchanger may
be either integral to the unit, or remote.

Heating may alternatively be provided with a
heat pump. In this case, controls and
changeover valves are incorporated so that the
compressor and heat exchangers can
alternately provide heating or cooling. This
system is commonly called a packaged heat

pump.

The system is most commonly used in a single
zone configuration, but subzone VAV
configurations with or without reheat are also
used. Where VAV zoning exists, VAV
requirements also apply.

The requirements for this system are as
follows:

1.

4-46

Load calculations must be in accordance
with Section 4.2.2B, and equipment sizing
must be in accordance with Section 4.2.2A
[P]. Allowable safety factors and pick-up
factors may be applied.

Any equipment listed in Appendix B, Table
B-9, shall comply with the listed efficiencies
MI.

Fan power consumption must be no more
than 0.8 Watts/cfm of supply air for
constant volume systems (Section 4.2.2C
[P]. The limit applies to the sum of the
power of all supply, return, and exhaust
fans in the space-conditioning system that
operate during the peak design period,
including toilet exhaust fans. This
requirement does not apply to any fans that
do not operate at peak, such as economizer

exhaust fans. The limit does not apply to
any space-conditioning system having fans
totaling less than 25 HP.

Ventilation shall be in accordance with
Section 4.2.1D - G [M]. For most office
spaces, a minimum of 0.15 cfm/sf or 15
cfm/person, whichever is greater, shall
apply. Areas with unusual sources of
contaminants have additional requirements.
Natural ventilation may be used in place of
mechanical ventilation in spaces having
sufficient access to the outdoors through
operable windows.

A fully integrated economizer with controls
must be provided for each system delivering
over 2,500 cfm supply air and 75,000

Btu/hr cooling (Section 4.2.2F) [P]. The
designer should refer to Section 4.2.2F for
the exceptions.

Electric-resistance heating for reheat, etc. is
prohibited in most circumstances (Section
4.2.2H) [P].

When a heat pump is specified with
supplementary resistance heaters, the heat
pump capacity using only the compressor
must be at least 75 percent of the design
heating load at design conditions per
Section 4.2.2H [P].

The designer should refer to Section 4.2.2H
for the exceptions.

Zone Controls shall be in accordance with
Section 4.2.1H [M] and Section 4.2.2D and
E [P].

For single zone systems, a thermostat must
be provided to control heating and cooling

to each zone [M]. The heating setpoint

must be adjustable down to 55°F or lower,
and the cooling setpoint up to 85°F or
higher. There must be at least a 5°F
deadband between heating and cooling
setpoints, or the thermostat must be
manually switched between heating and
cooling.

Ventilation air must be provided at least 55
out of every 60 minutes (Section 4.2.1G)
[M]. When outdoor air ventilation is
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provided mechanically, the Auto/On fan
switch, if any, should be set to On.

For constant volume systems with
subzones, the system must be designed and
provided with controls to prevent reheating
of cooled or economizer air [P]. Variable
volume systems have different requirements
described in Section 4.2.2E.

8. System controls shall be in accordance with
Section 4.2.1H [M], and Section 4.2.2D
and E [P]. The requirements are as follows:

An automatic time switch with
weekday/weekend features shall start and
stop the equipment [M]. A four-hour manual
override must be accessible to the
occupants for off-hours operation.

The controls must start the system
sufficiently ahead of occupancy and

operate the system to accomplish a building
purge (Section 4.2.1G)[M]. For office
buildings, the purge requirement is one hour
at the minimum ventilation rate, or three
complete air changes in not more than an
hour, whichever is less.

The controls must restart the system during
unoccupied times to maintain heating
setback/cooling setup setpoints [M].
Heating setback control is not required
where winter design temperatures are
above 32°F; cooling setup control is not
required where summer design
temperatures do not exceed 100°F.

If the system serves multiple zones, the
controls must include a supply air
temperature reset function per Section
4.2.2G[P].

Outdoor air supply and exhaust equipment
shall have dampers that automatically close
during periods the equipment is shut down.

When a unit serves more than 25,000
square feet, isolation devices must be
incorporated so that areas of no more than
25,000 square feet can be shut down
independently of each other per Section
4.2.1H[M]. Since most packaged units
serve areas smaller than this, isolation can

usually be accomplished by using automatic
time switches for each unit or group of
units.

9. Heat pump thermostats and controls must
meet all of the requirements in items 7 and
8 above, and in addition must have controls
[M]:

a. That prevent supplementary heater
operation when the heating load can be
met by the heat pump alone; and

b. In which the cut-on and cut-off
temperatures for compression heating
are higher than the temperatures for
supplementary heating.

The controls may allow supplementary
heating during:

a. Defrost; and

b. Transient periods such as start-up or
raising the room thermostat setpoint if
the controls provide preferential rate
control, intelligent recovery, staging,
ramping or another control mechanism
designed to preclude the unnecessary
operation of supplementary heating.

10. Ducts must be installed, sealed and
insulated (Section 4.2.1J) [M] which
follows UMC Sections 1002(b) and 1005.

B. Packaged VAV Reheat

A packaged variable air volume (VAV) system
consists of a self-contained unit that uses a
direct expansion coil and compressor(s) to cool
the supply air, an optional heating section, and
zones with individual VAV boxes. The package
also includes a supply fan, condenser fan(s) and
possibly return or exhaust fans. The compressor
and condenser are normally integral to the
system. The heating section may be either a
gas furnace, a hot water colil, or a heat pump.

The requirements for this system are as
follows:

1. Load calculations must be in accordance
with Section 4.2.2B, and equipment sizing
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must be in accordance with Section 4.2.2A
[P]. Allowable safety factors and pick-up
factors may be applied.

2. Any equipment listed in Table B-9 of
Appendix B shall comply with the listed
efficiencies [M].

3. Design fan power consumption must be no
more than 1.25 Watts/cfm of supply air
(Section 4.2.2C)[P]. The limit applies to the
sum of the power of all supply, return, and
exhaust fans in the space-conditioning
system that operates during the peak
design period, including toilet exhaust fans.
This requirement does not apply to any fans
that do not operate at peak, such as
economizer exhaust fans. The limit does not
apply to any system having fans totaling
less than 25 horsepower (HP).

If the system has fan-powered VAV boxes,
the VAV box fan power is included if these
fans run during the cooling peak.

a. Series box fans must run continuously
during occupied hours, so fan power is
always included. If the box is sized to
move more than the primary design
supply quantity (induction ratio greater
than 1.0), then the amount of additional
plenum air supplied may be added to
the total system supply cfm. Otherwise,
the supply cfm is determined solely on
the basis of the main supply fan.

Example 4-27: Series Fan-Powered Box

Total system fan power is increased by 450
watts.

b. Parallel box fans may or may not run
continuously, depending on the designer's
intent. If the fan runs only during periods of
zone heating, then box cfm and power are
excluded. If the fan runs continuously,
then both fan airflow and power are taken
into account.

Example 4-28: Parallel Fan-Powered Box

Question

How is the contribution to system fan power
calculated for a parallel fan-powered box having
a primary air supply of 1,000 cfm, a parallel fan
supply of 300 cfm and a 1/15 HP motor? The
box is part of a cold air distribution system (45
°F pimary supply temperature), and runs
continuously to temper the supply air.

Answer

Question

How is the contribution to system fan power
calculated for a series fan-powered VAV box
having a primary air supply of 1,000 cfm, a
total fan supply of 1,200 cfm, and a 450 watt
fan?

Answer

Since the 300 cfm contributed by the parallel
fan is in addition to the primarily supply, total
system supply is increased by 300 cfm.

The efficiency of a 1/15 horsepower motor is
approximately 48 percent (Table B-8) and the
direct drive efficiency is 1.0. Fan power is
therefore:

(1/15 HP x 746 W/HP) / 0.48 = 104 watts
which is added to the total system power.

If instead the fan were controlled to operate
only during zone heating, then both cfm and
power would be excluded from the system
calculations.

Supply cfm cannot be double-counted. Since
1,000 cfm is being supplied by the main system
fans, 1,200-1,000 = 200 cfm is contributed by
the box fan, and may be added to the total
system cfm.

4. Operating fan power consumption of
individual fans with motors 25 horsepower
and larger shall be limited to no more than
30 percent of the design wattage at 50
percent design air volume (Section 4.2.2C)
when static pressure set point equals 1/3 of
the total design static pressure, based on
certified manufacturer's test data.
Mechanisms and controls shall be provided
for this purpose.
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Normally, fans of this size are either of the

airfoil or vane-axial design. Airfoil fans

riding the curve, using discharge dampers,

or inlet vanes will not normally comply. 8.
Vane-axial fans require variable pitch blades

to comply. Alternatively, a variable

frequency drive can be used with either

type of fan. Other fans, such as variable

scroll fans may comply; manufacturer’s

data must be consulted.

Ventilation shall be in accordance with
Section 4.2.1D - E [M]. For most office
spaces, a minimum of 0.15 cfm/sf or 15
cfm/person, whichever is greater, shall
apply. Areas with unusual sources of
contaminants have additional requirements.
Natural ventilation may be used in place of
mechanical ventilation in spaces having
sufficient access to the outdoors through
operable windows.

This quantity of outdoor air must be
delivered at all times of occupancy;
provisions must be incorporated in the
system to maintain this constant ventilation
rate as the supply airflow rate decreases in
response to low cooling loads. Conference
rooms or other spaces having dense but
intermittent occupancy levels may require
fan-powered VAV boxes, transfer fans or
other mechanisms to accommodate their
high ventilation requirements through the
use of transfer air.

A fully integrated economizer with controls
must be provided for each system delivering
over 2,500 cfm supply air and 75,000

Btu/hr cooling (Section 4.2.2E) [P]. The
economizer must be controlled such that its
use does not overcool the mixed air and
cause heating energy or reheat energy to
increase.

Economizers are not required in systems
serving high-rise residential living quarters
and hotel/motel guest rooms.

Electric resistance heating for reheat, etc. is
prohibited in most circumstances (Section
4.2.2H) [P]. If supply air heating/cooling is
provided by a heat pump specified with
supplementary resistance heaters, the heat
pump capacity using only the compressor

must be at least 75 percent of the design
heating load at design conditions[P].

VAV Zone Controls shall be in accordance
with Section 4.2.1G and H [M], and Section
4.2.2E [P].

For each zone, a thermostat must be
provided to control the supply of heating
and cooling [M]. Heating and cooling
setpoints must be individually adjustable.
The heating setpoint must be adjustable
down to 55°F or lower (if reheat is
provided), and the cooling setpoint up to
85°F or higher. There must be at least a
5°F deadband between heating and cooling
setpoints.

If no reheat is used, then a single setpoint
zone thermostat may be used.

Prior to reheating, recooling or mixing air,
the controls must reduce the air supply to a
flow no greater than the largest of [M]:

a. 30 percent of the peak supply volume;
or

b. 0.4 cfm per square foot of conditioned
floor area of the zone; or

c. 300 cfm

In addition, the minimum supply airflow
must be equal to at least the minimum
amount required to meet the ventilation
requirements [M], unless some other means
is provided to ensure outdoor ventilation at
all times. Normally, the required minimum
airflow will fall in a range bounded at the
lower end by the ventilation requirement,
and at the higher end by the reheat
requirement. If the ventilation requirement
is larger than the reheat requirement, then
the reheat requirement is the same as the
ventilation requirement.

The VAV box controls should be able to
measure the airflow rate and control the
supply so that at least the minimum supply
airflow rate is maintained at all times [M].
For this reason, VAV controls should of the
pressure independent type; pressure
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4-50

dependent controls do not measure flow,
and therefore should not be used.

Zonal VAV controls that reduce the airflow
below the minimum ventilation rate more
than 5 out of every 60 minutes cannot be
used. For this reason, systems that
alternately provide heated and cooled air to
different zones through the same duct work
cannot be used unless provisions are made
to maintain the minimum ventilation rates
(Section 4.2.2G) [M].

System controls shall be in accordance with
Section 4.2.1H [M], 4.2.2D [P], and 4.2.2E
[P]. The requirements are as follows:

An automatic time switch with
weekday/weekend features shall start and
stop the equipment [M]. A 4-hour manual
override must be accessible to the
occupants for off-hours operation.

The controls must start the system
sufficiently ahead of occupancy and

operate the system to accomplish a building
purge in accordance with Section 4.2.1. For
office buildings, the purge requirement is
one hour at the minimum ventilation rate, or
three complete air changes in no more than
an hour, whichever is less.

The controls must restart the system during
unoccupied times to maintain heating
setback/cooling setup setpoints [M].
Heating setback control is not required
where winter design temperatures are
above 32°F; cooling setup control is not
required where summer design
temperatures do not exceed 100°F.

The controls must include a supply air
temperature reset function per Section
4.2.2G [P]. Air flow rates to interior zones
or other zones with relatively constant loads
should be based on the fully reset
temperature.

When a unit serves more than 25,000
square feet, isolation devices must be
incorporated so that areas of no more than
25,000 square feet can be shut down or
set back independently of each other per
Section 4.2.1H [M].

10.

11.

12.

Outdoor air supply and exhaust equipment
shall have dampers that automatically close
during periods the equipment is shut down
[M]. In addition, if ventilation air is provided
through these dampers, the dampers must
be controlled so that the minimum
ventilation quantities are maintained during
all times of occupancy [M]. The designer
should refer to Section 4.2.1H for more
information.

Systems using heat pumps for central
heating must have controls [M]:

a. That prevent supplementary heater
operation when the heating load can be
met by the heat pump alone; and

b. In which the cut-on temperature for
compression heating is higher than the
cut-on temperature for supplementary
heating, and the cut-off temperature for
compression heating is higher than the
cut-off temperature for supplementary
heating.

The controls may allow supplementary
heating during:

i. Defrost; and

ii. Transient periods such as start-up if
the controls provide preferential rate
control, intelligent recovery,
staging, ramping, or another control
mechanism designed to preclude the
unnecessary operation of
supplementary heating.

Ducts must be installed, sealed and
insulated per Section 4.2.1J [M]. Ducts
must be insulated in compliance with UMC
Section 1005. Higher insulation levels are
encouraged, particularly when duct runs are
very long, or run through unconditioned
spaces.

Piping for unit hot water coils or reheat
coils must be insulated in accordance with
Section 4.2.11[M].
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C. Built-up VAV Reheat

Built-up VAV systems are thermodynamically
similar to package VAV systems. While a
packaged system is usually delivered and
installed as a unit on the roof, a built-up system
consists of individual components that are
delivered to the site separately and are
assembled within mechanical rooms. Supply air
in a built-up system is commonly conditioned
using hot and chilled water coils, although DX
coils may also be used. A central boiler/chiller
plant provides the working fluids to one or more
air handling systems.

Hybrids of built-up and packaged systems also
exist. For example a packaged unit may use a
hot water coil for heating, that in turn is
supplied with fluid from a central boiler. A built-
up system may use a packaged air handler
consisting of a fan, hot and chilled water coils,
a filter section, and a mixing box all in one unit.

Because packaged and built-up VAV systems
are thermodynamically similar, most of the
requirements are the same. The following are
the additional requirements for built-up
systems:

1. The efficiency of boilers and chillers shall be
in accordance with Table B-9 in Appendix B
MI.

2. Pumps are not specifically addressed by the
Standards, except that the same sizing
open, restrictions apply to pumps as to the
rest of the heating and cooling system
components (Section 4.2.2A).

D. Built-up Single-fan Dual-duct
VAV

A single-fan, dual-duct VAV system consists of
a blow-through fan whose discharge splits into

a “hot deck” with a heating coil and a “cold
deck” with a cooling coil. A pair of ducts
delivers heated and cooled air to VAV mixing
boxes in each zone. Each box modulates the
flow of hot and cold air to its zone to maintain
space temperature setpoint. The system will
usually have an economizer, and return/exhaust
fans may also be incorporated.

The original versions of this system were
constant volume; heated and cooled air were
proportionately mixed to maintain space
temperature while the total volume of air
delivered to the space remained constant.
These constant-volume systems wasted large
amounts of heating and cooling energy in the
mixing process, and are effectively prohibited
by the Standards with few exceptions.

The prescriptive Standards imply that dual-duct
systems be variable-volume; cooling air must be
reduced to a minimum before heating air is
allowed to mix. In this configuration, a dual

duct system may be more energy efficient than
a VAV reheat because less heating energy is
required. This is because, when the economizer
is closed, part or all of the zone heating can be
effectively accomplished using return air,
allowing heating energy to be reduced or
eliminated. When the economizer is heating
energy increases, as the hot deck must heat
cool mixed air rather than return air. During
these times, heating energy usage is similar to
a VAV reheat system.

As with VAV systems, hybrids of packaged and
built-up dual duct systems exist. For example a
packaged unit may use a hot water coil for
heating, which in turn is supplied with fluid

from a central boiler. A built-up system may use
a packaged air handler consisting of a fan, hot
and chilled water coils, a filter section and a
mixing box all in one unit.

The requirements for this system are as
follows:

1. Load calculations must be in accordance
with Section 4.2.2B, and equipment sizing
must be in accordance with Section 4.2.2A
[P]. Allowable safety factors and pick-up
factors may be applied.

2. The efficiency of boilers and chillers shall be
in accordance with Appendix B, Table B-9
M].

3. Design fan power consumption must be no
more than 1.25 Watts/cfm of supply
air(Section 4.2.2C) [P]. The limit applies to
the sum of the power of all supply, return,
and exhaust fans in the space-conditioning
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system that operate during the peak design
period, including toilet exhaust fans. This
requirement does not apply to any fans that
do not operate at peak, such as economizer
exhaust fans. The limit does not apply to
any system having fans totaling less than
25 horsepower.

Operating fan power consumption of
individual fans with motors 25 horsepower
and larger shall be limited to no more than
30 percent of the design wattage at 50
percent design air volume when static
pressure set point equals 1/3 of the total
design static pressure, based on certified
manufacturer's test data (Section 4.2.2C)
[P]. Mechanisms and controls shall be
provided for this purpose.

Normally, fans of this size are either of the
airfoil or vane-axial design. Airfoil fans
riding the curve, using discharge dampers,
or inlet vanes, will not normally comply.
Vane-axial fans require variable pitch blades
to comply. Alternatively, a variable
frequency drive can be used with either

type of fan. Other fans, such as variable
scroll fans may comply; manufacturer’s

data must be consulted.

Pumps are not specifically addressed by the
Standards, except that the same sizing
restrictions apply to pumps as to the rest of
the heating and cooling system components
(Section 4.2.2A).

Ventilation shall be in accordance with
Section 4.2.1D through G[M]. For most
office spaces, a minimum of 0.15 cfm/sf or
15 cfm/person, whichever is greater, shall
apply. Areas with unusual sources of
contaminants have additional requirements.
Natural ventilation may be used in place of
mechanical ventilation in spaces having
sufficient access to the outdoors through
operable windows.

This quantity of outdoor air must be
delivered at all times of occupancy;
provisions must be incorporated in the
system to maintain this constant ventilation
rate as the supply airflow rate decreases in
response to low cooling loads. The designer

should refer to Section 4.2.1 for additional
guidance.

Conference rooms, or other spaces having
dense but intermittent occupancy levels,
may require fan-powered VAV boxes,
transfer fans or other mechanisms to
accommodate their high ventilation
requirements through the use of transfer
air.

A fully integrated economizer with controls
must be provided for each system delivering
over 2,500 cfm supply air and 75,000
Btu/hr cooling (Section 4.2.2F)[P]. The
economizer must be controlled such that its
use does not overcool the mixed air and
cause hot deck heating energy to increase.
To this effect, the mixed air setpoint must
be reset on the basis of the warmest zone.
In other words, the economizer should open
to reduce the mixed air temperature only
when a cooling load exists.

Economizers are not required in systems
serving high-rise residential living quarters
and hotel/motel guest rooms.

Electric resistance heating for reheat, etc. is
prohibited in most circumstances (Section
4.2.2H) [P].

VAV Zone Controls shall be in accordance
with Section 4.2.1H [M] and Section
4.2.2D and E [P].

For each zone, a thermostat must be
provided to control the supply of heating
and cooling [M].

Heating and cooling setpoints must be
individually adjustable. The heating setpoint
must be adjustable down to 55°F or lower
(if reheat is provided), and the cooling
setpoint up to 85°F or higher. There must
be at least a 5°F deadband between
heating and cooling setpoints.

Prior to reheating, recooling or mixing air,
the controls must reduce the air supply to a
flow no greater than the largest of [M]:

a. 30 percent of the peak supply volume;
or
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10.

b. 0.4 cfm per square foot of conditioned
floor area of the zone; or

c. 300 cfm

In addition, the minimum supply airflow
must be equal to at least the minimum
amount required to meet the ventilation
requirements [M], unless some other means
is provided to ensure outdoor ventilation at
all times. Normally, the required minimum
airflow will fall in a range bounded at the
lower end by the ventilation requirement,
and at the higher end by the reheat
requirement. If the ventilation requirement
is larger than the reheat requirement, then
the reheat requirement is the same as the
ventilation requirement.

The VAV box controls must be able to
measure the airflow rate and control the
supply so that the minimum airflow rate is
maintained at all times [M]. For this reason,
VAV controls should be of the pressure
independent type; pressure dependent
controls do not measure flow, and therefore
cannot be used.

System controls shall be in accordance with
Section 4.2.1G and H [M], 4.2.2D [P], and
4.2.2E [P]. The requirements are as follows:

An automatic time switch with
weekday/weekend features shall start and
stop the equipment [M]. A four-hour manual
override must be accessible to the
occupants for off-hours operation.

The controls must start the system
sufficiently ahead of occupancy and

operate the system to accomplish a building
purge in accordance with Section 4.2.1G.
For office buildings, the purge requirement
is one hour at the minimum ventilation rate,
or three complete air changes in not more
than an hour, whichever is less.

The controls must restart the system during
unoccupied times to maintain heating
setback/cooling setup setpoints [M].
Heating setback control is not required
where winter design temperatures are
above 32°F; cooling setup control is not

required where summer design
temperatures do not exceed 100°F.

The controls must include a supply air
temperature reset function per Section
4.2.2G [P]. Both the hot deck and cold
deck must incorporate the reset function.
The controls should be capable of fully
resetting the hot deck temperature from
maximum design supply temperature down
to return air temperature. Air flow rates to
interior zones or other zones with relatively
constant loads should be based on the fully
reset temperature.

A mixed air temperature reset should be
included to minimize the impact of the
economizer on the hot deck energy usage.
This reset may be sequenced with the cold
deck reset, or be reset on the basis of
outdoor air temperatures or representative
zone temperatures.

When a unit serves more than 25,000
square feet, isolation devices must be
incorporated so that areas of no more than
25,000 square feet can be shut down or
set back independently of each other per
Section 4.2.1H [M].

Outdoor air supply and exhaust equipment
shall have dampers that automatically close
during periods the equipment is shut down
[M]. In addition, if ventilation air is provided
through these dampers, the dampers must
be controlled so that the minimum
ventilation quantities are maintained during
all times of occupancy [M]. The designer
should refer to Section 4.2.1H for more
information.

11. Ducts must be installed, sealed and
insulated per Section 4.2.1J [M].

12. Piping for unit hot water coils or reheat

coils must be insulated in accordance with
Section 4.2.11 [M].

E. Dual-Fan Dual-Duct VAV

A dual-fan dual-duct VAV system is similar to a
single-fan dual-duct VAV system except that
the hot and cold decks each have their own fan .
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This allows the hot deck to take air directly
from the return while the cold deck is using
economizer air. As a result, heating energy is
minimized.

As with the single-fan dual-duct system, a pair
of ducts delivers heated and cooled air to VAV
mixing boxes in each zone. Each box modulates
the flow of hot and cold air to its zone to
maintain space temperature setpoint. The
system will usually have an economizer on the
cold deck; the hot deck may take air only from
the return. Return/exhaust fans may also be
incorporated.

The hot and cold decks may either be
completely built-up, consist of air handlers with
water coils, or be separate packaged units. For
example, the hot deck may be a packaged
rooftop gas furnace, and the cold deck may be
a packaged rooftop DX unit.

Most of the requirements for the dual-fan dual-
duct system are the same as for the single-fan
dual-duct system. The following are the
differences:

1. For dual fan systems, supply air flow
includes the design cold deck supply, and
the hot deck supply at the time of the
cooling peak. Fan power is based on the
design cold deck horsepower, and the hot
deck fan power at the time of the cooling
peak. Since the hot deck fan will normally
be operating at a reduced air flow at the
time of the cooling peak (or off), the hot
deck fan horsepower may be determined on
this basis. If unknown, the designer may
assume that both hot deck airflow and
power is 35 percent of design.

2. Ventilation may be delivered through the
hot deck, the cold deck or both. If all
ventilation air is provided through the cold
deck, and the hot deck draws air only from
the return, then the minimum cold duct cfm
of the zone VAV box may be set to the
required outdoor ventilation rate; the hot
duct damper can close fully.

3. Afully integrated economizer with controls

must be provided for each system delivering
over 2,500 cfm supply air and 75,000

Btu/hr cooling [P]. This economizer may be
on the cold deck only.

Example 4-29: Dual-Fan Dual-Duct Fan Power

Question

How is the fan power calculated for a dual-fan
dual-duct VAV system having a 24,000 cfm,

25 BHP cold deck fan, and a 10,000 cfm, 9
BHP hot deck fan? Load calculations show that
the hot deck will deliver 25 percent airflow at
the time of the cooling peak. Both fans are
modulated with variable frequency drives
having efficiencies of 96 percent.

Answer

Assuming the belt drive efficiencies are 97
percent, and motor efficiencies are from Table
B-8, the cold deck power is:

(25 BHP x 0.746kKW/HP) / (0.88 x 0.97 x 0.96)
= 22.8 kW

For the hot deck, assume that fan power will
drop as the square of the airflow (the fan laws
say the cube, but this is unrealistic). Power
consumption at 25 percent airflow is then:

(9BHP x 0.746KW/HP) / (0.85 x 0.97 x 0.96)
= 8.5 kKW

8.5 kW x (2500¢fm/10,000cfm)2 = 4.35 kW
Total power is:

22.8 kW + 4.3 kW = 27.0 kw

and total airflow is :

24,000 cfm + 2500 cfm = 26,500 cfm

so that system fan power is

(27.0 kW x 1000 W/kW) / 26,500 cfm = 1.0
W/cfm

4. VAV Zone Controls shall be in accordance
with Section 4.2.1G and H [M] and Section
4.2.2 [P].

The controls must be able to measure the
airflow rate and control the supply so that
the minimum airflow rate is maintained at
all times [M]. For this reason, VAV controls
should be of the pressure independent
type; pressure dependent controls do not
measure flow, and therefore should not be
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used. In a dual-duct VAV where all
ventilation air is supplied through the cold
duct, only the cold duct control need be
pressure independent.

F. Packaged Terminal Air

Conditioner with Gas-Furnace or

Heat Pump

Packaged terminal air conditioners (PTAC) are
units designed to supply heating and cooling to
an individual space. They are usually smaller in
capacity than packaged rooftop units, and are
designed for through-the-wall installation. All
PTAC units discharge air directly into the space
without duct work. Cooling is provided by a
compressor with direct expansion coil. Heating
is provided by either using the compressor in a
heat pump cycle or by a gas furnace. Units
with electric resistance heating are also
available, but their use is severely restricted by
the Standards.

A PTAC unit is usually controlled directly by a
thermostat that cycles the compressor on and
off. This thermostat may be either integral to
the unit or wall-mounted.

The requirements for this system are as
follows:

1. Load calculations must be in accordance
with Section 4.2.2B, and equipment sizing
must be in accordance with Section 4.2.2A
[P]. Allowable safety factors and pick-up
factors may be applied.

2. Any equipment listed in Appendix B, Table
B-9, shall comply with the listed efficiencies
M].

3. Fan power consumption is not regulated
explicitly, as the requirements apply only to
systems having fans 25 horsepower and
larger.

4. Ventilation shall be in accordance with
Section 4.2.1D - G [M]. For most office
spaces, a minimum of 0.15 cfm/sf or 15
cfm/person, whichever is greater, shall
apply. Areas with unusual sources of
contaminants may have additional

requirements. Natural ventilation may be
used in place of mechanical ventilation in
spaces having sufficient access to the
outdoors through operable windows.

Conference rooms, or other spaces having
dense but intermittent occupancy levels,
may require transfer fans or other
mechanisms to accommodate their
increased ventilation requirements.

An economizer is not required for PTAC
units under 2,500 cfm supply air and
75,000 Btu/hr cooling (Section 4.2.2F) [P].
Economizers are also not required for units
serving residential living quarters and
hotel/motel guest rooms.

With the exception of supplementary
resistance heating as described below,
electric-resistance heating (Section 4.2.2H)
is permitted only where [P]:

a. The total capacity of all electric
resistance heating systems serving the
entire building is less than 10 percent of
the total design output capacity of all
heating equipment serving the entire
building; or

b. The total capacity of all electric
resistance heating systems serving the
building, excluding supplementary
resistance heaters in heat pumps, is less
than 3 kW.

In practical terms, these exceptions allow a
building with a single small PTAC to use
resistance heat instead of a heat pump. A
large building may have a few PTACs with
electric heat, provided that 90 percent of
the building’s heating capacity is provided
by other types of units. Any other building
heated and cooled by PTACs must use heat
pump PTACs.

When a PTAC is specified with
supplementary resistance heaters, the heat
pump compressor capacity must be at least
75 percent of the design heating load at
design conditions per Section 4.2.2H [P].
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Zone Controls shall be in accordance with
Section 4.2.1H [M] and 4.2.2D [P].

A thermostat must be provided to control
heating and cooling to each zone [M]. The
heating setpoint must be adjustable down
to 55°F or lower, and the cooling setpoint
up to 85°F or higher. There must be at
least a 5°F deadband between heating and
cooling setpoints, or the thermostat must
be manually switched between heating and
cooling.

If the PTAC unit is serving a hotel/motel
guest room, the thermostat must have
numeric temperature setpoints in °F and
stop points accessible only to authorized
personnel [M].

Ventilation air must be provided at least 55
out of every 60 minutes (4.2.1G) [M].
When outdoor air ventilation is provided
mechanically, the Auto/On fan switch, if
any, should be set to On.

System controls shall be in accordance with
Section 4.2.1H [M], and 4.2.2D [P]. The
requirements are as follows:

A certified automatic time switch with
weekday/weekend features shall start and
stop the equipment [M]. A four-hour manual
override must be accessible to the
occupants for off-hours operation. Systems
serving hotel/motel guest rooms are exempt
provided they have a readily accessible
manual shut-off switch

The controls must start the system
sufficiently ahead of occupancy and

operate the system to accomplish a building
purge in accordance with Section 4.2.1G.
For office buildings, the purge requirement
is one hour at the minimum ventilation rate,
or three air changes in not more than one
hour, whichever is less. Systems serving
hotel/motel guest rooms are exempt.

The controls must restart the system during
unoccupied times to maintain heating
setback/cooling setup setpoints (Section
4.2.1H)[M]. Heating setback control is not
required where winter design temperatures

are above 32°F; cooling setup control is not
required where summer design
temperatures do not exceed 100°F, or for
hotel/motel guest rooms.

Outdoor air supply and exhaust equipment
shall have dampers that automatically close
during periods the equipment is shut down.
Dampers are not required in hotel/motel
guest rooms or other applications where
exhaust fans run continuously.

When a system serves more than 25,000
square feet, isolation devices must be
incorporated so that areas of no more than
25,000 square feet can be shut down
independently of each other [M]. Since
PTAC units serve areas smaller than this,
isolation is accomplished by using separate
automatic time switches for each unit or
group of units.

Heat pump thermostats and controls must
meet all of the requirements in items 7 and

8 above, and in addition must have
controls[M]:

a. That prevent supplementary heater
operation when the heating load can be
met by the heat pump alone; and

b. In which the cut-on temperature for
compression heating is higher than the
cut-on temperature for supplementary
heating, and the cut-off temperature for
compression heating is higher than the
cut-off temperature for supplementary
heating.

The controls may allow supplementary
heating during:

a. Defrost; and

b. Transient periods such as start-up or
raising the room thermostat setpoint if
the controls provide preferential rate
control, intelligent recovery, staging,
ramping or another control mechanism
designed to preclude the unnecessary
operation of supplementary heating.
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G. Four-Pipe Fan Coil System with
Central Plant

A four pipe fan coil (FPFC) is a small unit
consisting of a fan, separate heating and
cooling coils, a replaceable filter and a drain
pan for condensate. FPFCs are available in
various configurations to fit under windowsills,
above furred ceilings and in vertical spaces
within walls. Ventilation air can be provided
through the wall or via a central ventilating
system.

A central plant, consisting of a hot water boiler
and chiller, provides heating and cooling to the
fan coil units.

The requirements for this system are as
follows:

1. Load calculations must be in accordance
with Section 4.2.2B, and equipment sizing
must be in accordance with Section 4.2.2A
[P]. Allowable safety factors and pick-up
factors may be applied.

2. Any equipment listed in Appendix B, Table
B-9, shall comply with the listed efficiencies
MI.

3. Fan power consumption is not regulated
explicitly, as the requirements apply only to
systems having fans 25 horsepower and
larger.

4. Pumps are not specifically addressed by the
Standards, except that the same sizing
restrictions apply to pumps as to the rest of
the heating and cooling system components
(Section 4.2.2A) [P].

5. Ventilation shall be in accordance with
Section 4.2.1.D - G [M]. For most office
spaces, a minimum of 0.15 cfm/sf or 15
cfm/person, whichever is greater, shall
apply. Areas with unusual sources of
contaminants may have additional
requirements. Natural ventilation may be
used in place of mechanical ventilation in
spaces having sufficient access to the
outdoors through operable windows.

Ventilation in through-the-wall units may be
directly from the outdoors, although wind
pressure may cause problems in this
arrangement.

When ventilation is via a central fan
system, the duct work must deliver the
required amount of air directly to each
space. If the FPFC units are above the
ceiling in a return plenum, then the
ventilation air supply must be either directly
connected to the unit or ducted to
discharge either:

a. Within 5 feet of the unit; or

b. Within 15 feet of the unit, with the air
directed substantially toward the unit,
and with a discharge velocity of at least
500 feet per minute (Section 4.2.1F).

An economizer is not required for FPFC
units under 2,500 cfm supply air and
75,000 Btu/hr cooling [P]. Economizers are
also not required for units serving
residential living quarters and hotel/motel
guest rooms.

Water-side economizers should be
evaluated for buildings in favorable
climates.

Electric resistance heating for local heating,
etc. is prohibited in most circumstances [P].
The designer should refer to Section 4.2.2H
for the exceptions.

Zone Controls shall be in accordance with
Section 4.2.1H [M] and 4.2.2D [P].

A thermostat must be provided to control
heating and cooling to each zone [M]. The
heating setpoint must be adjustable down
to 55°F or lower, and the cooling setpoint
up to 85°F or higher. There must be at
least a 5°F deadband between heating and
cooling setpoints, or the thermostat must
be manually switched between heating and
cooling.

Ventilation air must be provided at least 55
out of every 60 minutes (4.2.1G) [M].
When outdoor air ventilation is provided
mechanically, the Auto/On fan switch, if
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any, should be set to On. This is not
required if a central system is used to
deliver ventilation air independent of unit
fan operation.

9. System controls shall be in accordance with
Section 4.2.1G and H[M], and 4.2.2D and
E. [P]. The requirements are as follows:

An automatic time switch with weekday/
weekend features shall start and stop the
equipment [M]. A four-hour manual override
must be accessible to the occupants for off-
hours operation.

The controls must start the system
sufficiently ahead of occupancy and
operate the system to accomplish a building
purge in accordance with Section 4.2.1G.
For office buildings, the purge requirement
is one hour at the minimum ventilation rate,
or three air changes per hour, whichever is
less. If a central ventilation system is used
to supply ventilation air directly to the
space, then unit fans do not need to be
started ahead of time.

The controls must restart the system during
unoccupied times to maintain heating
setback/cooling setup setpoints [M].
Heating setback control is not required
where winter design temperatures are
above 32°F; cooling setup control is not
required where summer design
temperatures do not exceed 100°F.

Outdoor air supply and exhaust equipment
shall have dampers that automatically close
during periods the equipment is shut down.
Dampers are not required in hotel/motel
guest rooms or other applications where
exhaust fans will operate continuously.

When a system serves more than 25,000
square feet, isolation devices must be
incorporated so that areas of no more than
25,000 square feet can be shut down
independently of each other [M]. Since
FPFC units serve areas smaller than this,
isolation is accomplished by using separate
automatic time switches for each unit or
group of units.

10. Ducts, if any, must be installed, sealed and
insulated per Section 4.2.1J [M]. Ducts
must be insulated in compliance with UMC
Section 1005 or Section 4.2.1J [M].

11. Piping for unit hot and chilled water coils
must be insulated in accordance with
Section 4.2.1.1 [M].

H. Water Loop Heat Pump System
with Central Plant

Water loop heat pumps (WLHP) provide heating
and cooling for a number of individually
controlled zones by operation of water-to-air
heat pump units located in each space. Each
heat pump is piped to a common circulation
loop and will take heat from, or reject heat to
the loop, depending on whether the unit is in

the heating or cooling mode.

During some periods, the thermal requirements
of units in the heating mode will balance with
the units in the cooling mode, and the loop will
remain at a constant temperature. At other
times the loop will be out of balance, and heat
must be made up by a boiler or rejected by a
cooling tower.

WLHPs are available in various sizes and
configurations to fit under windowsills, above
furred ceilings, stacked in vertical spaces within
walls, in mechanical rooms, and on rooftops.
Small units are often used for each exterior
space, with larger units serving the interior.

Ventilation air can be provided through the wall
in perimeter units, or via a central ventilating
system.

A central plant, consisting of a hot water boiler
and cooling tower, provides supplemental
heating and heat rejection for the loop.

The requirements for this system are as
follows:

1. Load calculations must be in accordance
with Section 4.2.2B, and equipment sizing
must be in accordance with Section 4.2.2A
[P]. Allowable safety factors and pick-up
factors may be applied.
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Any equipment listed in Appendix B, Table
B-9, of Appendix B shall comply with the
listed efficiencies [M].

Fan power consumption must be no more

than 0.8 Watts/cfm of supply air for 6.
constant volume systems, in accordance

with Section 4.2.2C [P]. The limit applies to

the sum of the horsepower of all supply,

return, and exhaust fans in the space-

conditioning system that operates during

the peak design period. Space exhaust fans

such as toilet exhausts are included, while
economizer fans that do not operate at

peak are excluded. 7.

The limit does not apply to any system
having fans totaling less than 25 HP.
Because most WLHP systems are relatively
small, fan horsepower will not usually be a
consideration.

Pumps are not specifically addressed by the
Standards, except that the same sizing
restrictions apply to pumps as to the rest of
the heating and cooling system components
(Section 4.2.2A).

Ventilation shall be in accordance with
Section 4.2.1C [M]. For most office spaces,
a minimum of 0.15 cfm/sf or 15
cfm/person, whichever is greater, shall
apply. Areas with unusual sources of
contaminants may have additional
requirements. Natural ventilation may be
used in place of mechanical ventilation in
spaces having sufficient access to the
outdoors through operable windows.

Ventilation in through-the-wall units may be
directly from the outdoors, although wind
pressure may cause problems in this
arrangement.

When ventilation is via a central fan

system, the duct work must deliver the

required amount of air directly to each

space. If the WLHP units are above the

ceiling in a return plenum, then the

ventilation air supply must be either directly 9.
connected to the unit or ducted to

discharge either:

a. Within five feet of the unit; or

b. Within 15 feet of the unit, with the air
directed substantially toward the unit,
and with a discharge velocity of at least
500 feet per minute (Section 4.2.1F).

A fully integrated economizer with controls
must be provided for each system delivering
over 2,500 cfm supply air and 75,000

Btu/hr cooling (Section 4.2.2F)[P]. A water
economizer must meet 100 percent of the
expected system cooling load as calculated
at outside air temperatures of 50°F dry-bulb
and 45°F wet-bulb and below.

Electric resistance heating for local heating,
etc. is prohibited in most circumstances [P].
The designer should refer to Section 4.2.2H
for the exceptions.

Electric boilers for supplemental loop
heating are not allowed unless it can be
demonstrated to the satisfaction of the
enforcement agency that at least 60
percent of the annual heating energy
requirement is supplied by site solar or
recovered energy.

Zone Controls shall be in accordance with
Section 4.2.1H [M] and 4.2.2D [P].

A thermostat must be provided to control
heating and cooling to each zone [M]. The
heating setpoint must be adjustable down
to 55°F or lower, and the cooling setpoint
up to 85°F or higher. There must be at
least a 5°F deadband between heating and
cooling setpoints, or the thermostat must
be manually switched between heating and
cooling.

Ventilation air must be provided at least 55
out of every 60 minutes (Section 4.2.1G)
[M]. When outdoor air ventilation is
provided mechanically, the Auto/On fan
switch, if any, should be set to On. This is
not required if a central system is used to
deliver ventilation air independently of unit
fan operation.

System controls shall be in accordance with

Section 4.2.1G and H [M], and 4.2.2D [P].
The requirements are as follows:
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10.

11.
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An automatic time switch with
weekday/weekend features shall start and
stop the equipment [M]. A four-hour manual
override must be accessible to the
occupants for off-hours operation.

The controls must start the system
sufficiently ahead of occupancy and
operate the system to accomplish a building
purge in accordance with Section 4.2.1G.
For office buildings, the purge requirement
is one hour at the minimum ventilation rate,
or three complete air changes, whichever is
less. If a central ventilation system is used
to supply ventilation air directly to the
space, then unit fans do not need to be
started ahead of time.

The controls must restart the system during
unoccupied times to maintain heating
setback/cooling setup setpoints (Section
4.2.1H) [M]. Heating setback control is not
required where winter design temperatures
are above 32°F; cooling setup control is not
required where summer design
temperatures do not exceed 100°F.

Outdoor air supply and exhaust equipment
shall have dampers that automatically close
during periods the equipment is shut down.

When a system serves more than 25,000
square feet, isolation devices must be
incorporated so that areas of no more than
25,000 square feet can be shut down
independently of each other [M]. Since
WLHP units normally serve areas smaller
than this, isolation is accomplished by using
separate automatic time switches for each
unit or group of units.

Ducts, if any must be installed, sealed and
insulated per Section 4.2.1J [M].

Piping must be insulated in accordance with
Section 4.2.11 [M]. Note that piping for
WLHPs will not normally need to be
insulated.

4.3 MECHANICAL PLAN CHECK
DOCUMENTS

At the time a building permit application is
submitted to the building department, the
applicant also submits plans and energy
compliance documentation. This section
describes the forms and recommended
procedures documenting compliance with the
mechanical requirements of the Standards. It
does not describe the details of the
requirements; these are presented in Section
4.2 Mechanical Design Procedures. The
following discussion is addressed to the
designer preparing construction documents and
compliance documentation, and to the building
department plan checkers who are examining
those documents for compliance with the
Standards.

The use of each form is briefly described below,
then complete instructions for each form are
presented in the following subsections. The
information and format of these forms may be
included in the equipment schedule.

MECH-1: Certificate of Compliance
This form is required for every job, and it is
required to appear on the plans.

MECH-2: Mechanical Equipment Summary
This form summarizes the major
components of the heating and cooling
systems, and documents compliance with
the minimum efficiency, economizer and
VAV airflow requirements.

MECH-3: Mechanical Ventilation
This form documents the calculations used
as the basis for the outdoor air ventilation
rates. For VAV systems, it is also used to
show compliance with the reduced airflow
rates necessary before reheating, recooling
or mixing of conditioned airstreams.

MECH-4: Mechanical Sizing and Fan Power
This form is used to list the size of all
equipment regulated by these Standards,
and to document compliance with the fan
power limitations.
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4.3.1 MECH-1: Certificate of
Compliance

MECH-1 is the primary mechanical form. Its
purpose is to provide compliance information in
a form useful to the enforcement agency’s field
inspectors.

This form should be included on the plans,
usually near the front of the mechanical
drawings. A copy of these forms should also be
submitted to the building department along
with the rest of the compliance submittal at the
time of building permit application. With
building department approval, the applicant
may use alternative formats of these forms
(rather than the Energy Commission’s forms),
provided the information is the same and in
similar format. Additionally, if none of the
information requested for Part 2 of 2 of this
form applies to the job, the building department
does not have to require that these parts be
included on the plans.

A. Project Description

1. PROJECT NAME is the title of the project,
as shown on the plans and known to the
building department.

2. DATE is the date of preparation of the
compliance submittal package. It should be
on or after the date of the plans, and on or
before the date of the building permit
application.

3. PROJECT ADDRESS is the address of the
project as shown on the plans and known
to the building department.

4. PRINCIPAL DESIGNER - MECHANICAL is
the person responsible for the preparation
of the mechanical plans, and the person
who signs the STATEMENT OF
COMPLIANCE (see below). The person’s
telephone number is given to facilitate
response to any questions that arise.

5. DOCUMENTATION AUTHOR is the person
who prepared the energy compliance
documentation. This may or may not be the
principal designer (it may be a person

specializing in Standards compliance work).
The person’s telephone number is given to
facilitate response to any questions that
arise..

ENFORCEMENT AGENCY USE is reserved
for building department record keeping
purposes.

General Information

DATE OF PLANS is the last revision date of
the plans. If the plans are revised after this
date, it may be necessary to re-submit the
compliance documentation to reflect the
altered design. The building department will
determine whether or not the revisions
require this.

BUILDING CONDITIONED FLOOR AREA has
specific meaning under the Standards. See
Section 2.1.2A for a discussion of this
definition.

The number entered here should match the
floor area entered on form ENV-1.

BUILDING TYPE is specified because there
are special requirements for high-rise
residential and hotel/motel guest room
occupancies. All other occupancies that fall
under the Nonresidential Standards are
designated “Nonresidential” here. It is
possible for a building to include more than
one building type. See Section 2.1.2B for
the formal definitions of these occupancies.

PHASE OF CONSTRUCTION indicates the
status of the building project described in
the documents. Refer to Section 2.2 for
detailed discussion of the various choices.

a. NEW CONSTRUCTION should be
checked for all new buildings (see
Section 2.2.6), newly conditioned space
(see Section 2.2.2) or for new
construction in existing buildings
(tenant improvements, see Section
2.2.3) which are submitted for envelope
compliance.

b. ADDITION should be checked for an
addition which is not treated as a stand-
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alone building, but which uses Option 2
described in Section 2.2.5.

c. ALTERATION should be checked for
alterations to existing building
mechanical systems (see Section
2.2.4).

5. METHOD OF MECHANICAL COMPLIANCE
indicates which method is being used and
documented with this submittal:

a. PRESCRIPTIVE should be checked if the
mechanical systems comply using only
the mandatory and prescriptive
measures.

b. PERFORMANCE should be checked
when the performance method is used
to show compliance. All required
performance documentation must be
included in the plan check submittal
when this method is used.

6. PROOF OF ENVELOPE COMPLIANCE
indicates how the envelope has been shown
to comply. The envelope must comply
before a permit to install a mechanical
system is granted:

a. PREVIOUS ENVELOPE PERMIT indicates
that the envelope has already been
shown to comply. If so, the building
department will have the envelope
forms on file. This method is typically
used for alterations to existing space.

b. ENVELOPE COMPLIANCE ATTACHED -
is typically used for new buildings.

C. Statement of Compliance

The Statement of Compliance is signed by both
the Documentation Author (described above in
section 4.3.1.A.) and the person responsible for
preparation of the plans for the building. This
latter person is also responsible for the energy
compliance documentation, even if the actual
work is delegated to a different person acting
as Documentation Author. It is necessary that
the compliance documentation be consistent
with the plans. The Business and Professions
Code governs who is qualified to prepare plans,

and therefore to sign this statement; check the
appropriate box that describes the signer’s
eligibility.

Applicable sections from the Business and
Professions Code, referenced on the Certificate
of Compliance, are provided below:

Applicable sections from the Business and
Professions Code (based on the edition in effect
as of April 1998), referenced on the Certificate
of Compliance are provided below:

5537. (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 structur