~ Attachment J-2
Design énd Construction Standards (10 CFR 435)
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CEDART ENT OF ENERGY

Tites of Censervation and

Aenzv;acie Tnergy

0 CFR Part 435

{mecues NO. CAS=RM-79=112-C)

Eneryy Conservation Yoiuntary
Pericrmancs Standards for New
Commercia! and Multi-Family High Rise

Res!dential 3uildings; Mandatory for
New Federal Buildings

ageney: U.S. Department of Energy.
AcTion: Interim rule.

summMARrY: In accordance with Title Il of
the Energy Conservation and Production
Act the U.S. Department of Energy
(DOE) is developing energy
conservation performance standards for
new buildings. The law provides that
the standards will be voluntary for new
non-Federal buildings, but will be
mandatory for new Federal buildings.
Today. after due consideration of
public comment, 'DOE is promulgating
* interim energy conservation
performance standards for tew
commercial and multi-family high rise
residential buildings. Within 180 days of
the promuligation date, Federal agencies
are required to design all future Federal
- commercial and multi-family high rise

residential buildings in accordance with

the interim standards or show that their
current standards satisfy the energy
efficiency requirements of the interim
standards. The interim standards do not
regulate the design of non-Federal
buildings, although DOE recommends
the use of the standarda to the design -
professions as guidelines for the design
of energy conserving buildings.
EFFECTIVE DATE: July 31, 1989,
FOR FURTHER INFORMATION COKTACT:
Jean J. Boulin, Architectural and
Engineering Systems, CE~131, U.S.
Department of Energy, Room SE-080,
1000 Independence Avenue SW.,
Washington, D.C. 20588, {202) 586~
9444
Paul Cahill, Esq.. Office of General
Counsel, GC~12, U.S. Department of
Energy. Room 6B8-128, 1000
Independence Avenue SW.,
Washington, D.C. 20585, (202) 586~
9507 '
SUPPLEMENTARY INFORMATION: Today.
the Department of Energy (DOE)] is
promulgating interim energy
conservaticn voluntary performance
standards as required by the Energy
Conservation Standards for New
Buildings Act of 1976, as amended (Act),
42 U.S.C. Section 6831 &t seq. The
Sederzj agencies are required to design

new Federal commercial and multi-
family high rise residential buildings in
accordance with the energy efficiency
requirements prescribed by the interim
veluntary energy performance
standards, The standards do not
regulate non-Federal construcion,
however DOE recommends the us2 of
the interim standards to the design
professions and owners and operators

_ of commercial and muiti-family high rise

residential buildings as guidelines for
the design of energy conserving
buildings.

Prior to the promuigation of the

_interim standards, DOE pubiisbed. on

May 6. 1987, & Notice of Proposed
Rulemaking (NOPR) {52 FR 17051 et
seq.) in the Federal Register. The NOPR
announced DOE's intention to -
promulgate interim voluntary standards
for new Federal commercial and multi-
family high rise residential buildings
and provided for a ninety day public
comment period and three public

* hearings. The comment period closed on

August 4, 1987,

In response to public comment and
with the availability of additional
technical information, DOE made
revisions to the proposed interim’
standards. '

The interim standards represent a

- significant Federal effort to assist the

private sector in developing energy
conservation standards without
regulatory intrusion. Congress has
directed Federal agencies to regulate
their own design practice instead of
someone else's by setting an example
that may be transferred to the private
sector by adoption of similar standards.
For this reason, the interim standards
issued today are presented in the format
of commercial standards instead of a
Federal regulation. A more conventional
regulatory format could easily serve to
regulate Federal design practices but it
would not be-2s easy to transfer to
private sector design practices. To
facilitate such transferability, DOE bas
used the commercial standards format
for the interim standards that can be
better understood and more readily used
in the private sector. Also, for the same
reason the interim standards contain
extensive explanatory material not

- normally included in Federal standards.

L Background
1L Description of the [oterim Standards
A. Summary of the Interim Standards
B. Section-by-Section Anslysis of the Interim
Standards {With Major Technical
Changes) -
1. Section 435.097: Purpose
2. Section 435.088: Scope
3. Section 435.099: General Definitions and
Acronyms

4. Section $23.100: Explanation of

Numbe=nig System for Siandards i

5. Section 435.:01: Implementation and
Compiiunce Procedures jor Federal
Agencies

8. Sectinn 435.102: Principles of Efective

 Energy 3uilding Design

<. Section 435.103: Lighting

8. Section 435.104: Auxiliary Sys:ems and
Equipment

g, Section $35.105: Building Envelope

10. Section 435.106: Electric Power and
Distnibution )

11. Section 435.107: Hesting, Ventilation
and Air-Counditioning {HVAC) Systems

12. Section 435.108: Heuting, Ventilation
and Air-Conditioning {HVAC! Equipment

13. Section 435.109: Service Water Heating
Svstems

14. Section 435.110: Energy Munagement

15. Section $35.111: Building Energy Cost
Compliance Alternative -

16. Section 435.212: Building Energy
Compliance Alternative

111, Summary of Public Comment Received on
the May &, 1887 Notice of Proposed
Rulemaking (NOPR) and DOE Responsss

A. Summary
B. General Comments

1. Time Extensicn

2. DOE Interim Standards vs. ANSI/
ASHRAE/IES Standard 90.1P

3. Practicality of Interim Standards

4. “Site” vs. “Source” Energy

S. General Comments—Section 435.98
&. Process Energy Exception

8..Genersl Comments-—Section 435.101
a. Standard Reporting Procedures
b. Cost-Effectiveness of the lnterim
Standards

7. General Comments—Section $35.103
a. Support for Proposed Lighting
Standards
b. Proposed 1992 Lighting Levels
¢ Lighting Controls
d. Power Adjustment Factors
e, Unit Lighting Power Allowances
{. Interior and Exterior Lightinyg Tradeoffs

8. Ceneral Comments—Section 435.105
a. Minimum Requirements in Eaveiope
Section Not Regulatory Guidance
b. Use of °F {degrees Fahrenheil) vs. F~

_ (Fahrenheit degrees)

¢ Buildings in Climates Greater Than
15.000 HDD85
d. Thermal Mass Credits
e. Vapor Retarders
f. Shell Buildings

9. General Comments—Section 435.108
a. Opposition to Inclusion of Section
b. Transformer Requirements
¢ Electric Motors

10. General Comments——Section 435.107
8. Zoned Space Conditioning
b. Insulation Leveis
¢. Thermal Storage Sys:ems for Comfort
Cooling
d. Economizer Cycles
e. Oversizing of Systems

11. General Comments—Section 425.108
a. Uniform Equipment Standards
b. Agreement with NAECA
¢ DOE Use of 1982 Elliciency
Requirements
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d. Equipment Omitted From [nterim
Standards ’ : ’
e. Electric Resistance Heating"

12. Gereral Comments—Section 435.109
a. Minimum Service Hot Water
Performancs .

b. S:andby Loss Requirements
¢. Heat Pump Water Heaters

4 Thermostat Controls
2. Removabie Showerhead Flow
Restriciers .

13. General Comments—Ssction 438,110
&. Minimum Requirements o
b. Metering Requirements..

& DOE Training fer Federal Agencies
d. Exemption for Fossil Fuel Equipment

14. General Comments--Section 438111
2. Deletion of Section 438,111 and/or
Section 438,112 -

b. Modeling of Cogeneration
¢ Prototype Building Requirements

18. Ganeral Comments—Section 4315112

&. Update Life-Cycle Cost Requirements

W.TcdmiulSuppatDmmMiao-
Computa?mm‘mmnzm&l}n
of tha Interim Standards

V. Procadursl Requirements
A. National Environmenta! Policy Act
Regulatory exibility Act
D. Paperwork Reduction Act
E. Federalism Effects . .
F. Section 32 of the Federal Energy
i tion Act of 1974 -

LBackground . - .. % _
- Originally enacted on August 14, 1878
as Title III of the Conservation
and Production Act, Pub. L. §4-385, 0
Stat. 1144 ef seq., 42 LLS.C. 8331, the Aot
required the Department of Housing and
Urban Development (HUD] to develop,
promulgate, implement and enforce
vompliance with performance standards
to improve the energy efficiency of all

. new buildings in the nation. On August

4, 1977, the'AczwaaamendedbySecﬁon
304(a], 42 U.S.C. 7154, of the Department
of Energy Organization Act, Pub. L 95—
91, 81 Stat. 585 et seq., which transferred
from HUD to DOE the responsibility to
develop and promulgate the standards.
The amendments to the Act did pot
change HUD's implemantation
responsibilities.

In November 1979, DOE published
proposed performance standards in the
Federal Register, 44 FR 83120 (November
28, 1979). The notice was controversial
and generated over 1,800 comments
totalling 40,000 pages. The comments
included technical and other substantive
criticisms of the performance standarda,

Less than a year after the publication
of the praposed standards, the Act wag
again amended. Section 128, 94 Stgt. -
1849, of the Housing and Community
Development Act of 1980, Pub. L. 96--399
(October 8, 1980) required that DOE )
promuigate interim standards by August

1, 1831 and extenc.ed lae promulgation
date of the funa’ standards to April L,
1982. The interira s*andards were caiy to
appiy to new Feaerzl buildings. In
addition. the Act required
demonstration projects to be conducted
in at least two geographical areas.

In August 1981, Cengress again :
amenced the Act Subtitle D of Title 10°
of the Omnibus Reconciliation Act of
1981, Pub. L. 9733, 95 Stat. 821,
amended the Act to ceate the term
“voluntary performancs standards”,
‘eliminated the nrovision for a possible
statutory sanction for noncompliance,
added a provisian that. except for
Federal buildings, “voluntary standards
will be deveioped solely a3 guidelines to
provide technical assistance for the
design and construction of energy
efficient buildings"”, and extended the
deadline for DOE to furnish reports an

the demonstration projects ta Cangress. -

The legislative changes that have

- taken place since the original 1978
enactment required DOE to make
fundamental changes to the compliance
aspects of the standard regulatory
approach which Congreas bad earlier
directed the Department to take. DOE
retains the responsibility for developing
performance standards to achieve the:

- maximum practicabie improvements in
energy efficiency and use of non-
depletable rescurces for all new

-buildings. However, these standards -

' now serve & dual purpose. The
performance standards serve one -
purpose for the Federal sectar where the
standards prescribe mandatory design
requirements. For non-Federal buildings,
voluntary performance standerds rerve

*only as guidelines for the purpose of

* providing technical assistance for the
design and construction of energy
efficient bujld; Accordingly, the
performance standards serve a second
purpose of providing sound technical
information and examples of efficient
.design practices far vaoluntary use in the
private sector.

On August 20, 1986, the Department .

. published in the Federal Register (31 FR
29754] proposed interim manda tory
energy conservation performance
standards for new Federal residential
buildings. These proposed Federal
residential standards were the first of
three proposed interim standards: the
second being the interim standards for
commercial and high rise residential
buildings being promulgated today. The
Department aiso intends to publish
voluntary interim standards for new
non-Federal sectar residential housing
sometime in the future. DOE has
completed a research project with the
American Society of Heating,

Refrigerating and Air-Cenditioning
Engineers, Inc. (ASHRAF) that has
culminated in recommendations being
made to toth DOE ard AS:RAE on
new residential buiiding standards.
Following promuigation of these
interim standards. DOE will undertzke a
demaastration project that will at
minimum include an analysis of the
impact of the standards on the design,
construction costs, and the enercy
savings. including the tvpes of energy to
be realized from utilizing these enerzy
standards. In addition. DOE will analyze
the impact on residential builders,
especially small builders and the impact
of construction costs on the ability of
low-end-moderate-income perscns to
purchase or rent units in such buildings.
The Act requires that the
demonstration program has a duration

“of at least cne year and that within 180

days of its completion, a'repart of the
results from the demonstration program
be sent ta the Congress. The Act aisg
requires that the standards be reviewed
on a non-specific periodic basis and
revised according to more recent
information and research.

IL Description of the Interim Standards
A. Summery of the Iaterim Stendards

The interim rule establishes interrm
energy conservation voluntary = .
performance standards for the design o
Bew commercial and multi-family high
rise residential buildings. The interim
siandards reflect DOE's attempt to
simplify compliance, incorporate an
improved understanding of building
component interactions that affect
energy use, ensure architectural and
engineering design Jexibility, and
encourage consideration of energy
conserving design measures in the
earliest stages of the design of
commercial and mult{-family high rise
residential buildings.

The format is similar, but not
identical, to that proposed in ANSI/
ASHRAE/IES Standard 90.1P
recommended for the design of new
commercial buildings by the American
Society of Heating Refrigerating and

-Air-Conditioning Engineers, Inc. and the

Uluminating Engineering Society of
North America {IES}). Both the DOE 4
interim standards and the propased
ANSI/ASHRAE/IES Standard 50.1p
were developed based an a joint DOE/
ASHRAE research project that
culminated with the pablication of the
research findings in the Federal Register
on January 28, 1984, (48 FR 3245 e¢ seq.}).
Since the completion of the research

- project, the DOE and ASHRAE,IES
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:2neards have followed a parallei
r2us. ASHRAZ/IES have provided,
mtouan their cammittee structure, much
=¥ the rechnical expertise that has been
necessary in the deveiopment of the
Zercs. COE bas pmv.aeu
Tomz.ementury expertise and research
j» su1's and has also been responsible
‘o the majority of the techmcal
4nRivsis,

The {ormat used is intended by DOE
‘s faciiitate the voluntary use of the
interim standards by designers. DCE
“:cijeves that the interim standards will
make more obvious the interaction
hanween the requirements for different
buiiding subsystems, permit increased
Zesigner flexibility. and produce more
energy efficient and cost-effective
cemmercial and multi-family high rise
residential buildings.

The research emploved 1o develop the
interim standards comprised five major
elements performed sequentiaily but
with considerable overiap: (1)
Evaluation of ANSI/ASHRAE/IES
Standard S0A-1880 and the
identification of its problem areas; (2)
basic research to develop
improvements: (3) the test for energy
conservation and economic -
efectiveness, {4) the formulation of a
Draft Standard that would provide the
basis for proposed interim standards for
Federal use concurrent with promoting
its voluntary use in the private sector,
and (5) extensive aralysis of the
provisions of the Draft Standard
‘ollowed by additional research in key

areas such as envelopes and lighting.

The provisions of AI\SI/ASI-RAE'IES
Standard 90A-1980, the baseline
standards, were evaluated by
conducting a careful line by line review
of the ianguage, by investigating
reported problems encountered in the
application of the standards, and by
rigorous testing of its energy and
economic implications on 10 test
buildings. This testing involved applying
ANSI/ ASHRA.E/ IES Standard 50A~1980
to ten reai building designs. Plans for the
tuildirgs were re-configured for
compliance with both ANSI/ASHRAE/
IES Standard 90-75 and 90A~1980 in
each of eight cities. DOE-2.1B. a
computerized and verified analysis and
research tool developed by DOE and
widely used by builaing design groups,
was used to evaluate and identify
potentizl cost-effective improvements to
ANSI/ASHRAE/IES Standard 90A-
1980.

This evaluation of energy and -
economic impacts revealed numerous
areas where the standards could be
improved. Envelope requirements did
not address the real energy issues in
modern buildings and restricted

3udin

designer flexibility. Many of the most
important ensrgy consumption
determinants, such as external building
orientation and configuratica. glass
placement. shading, and the need to
‘match the envelope design to internal
loads. were eatirely ignored. The major
problem associated with HVAC systems
centered on system selection. Something
needed to be done to encourage the
selection of the most cost-effective and
energy-efficient systems during ihe
design process. In addition. a better way
to apply the air transport factor to
svstem design was needed. Also. the
need to modify the lighting system
requirements became apparent. with the
more obvious changes being in the areas
of compliance complexity and lower
lighting power densities.

Following completion of the Draft
Standard, DOE and ASHRAE/IES
separately followed a path of additional
research. Throughout this period. which
began in 1984, DOE and ASHRAE/IES
have jcintly shared the information
created from new research, public
comments received on proposed drafts,
and the rationale and analysis
supporting responses to comments.
Therefore, the DOE interim standards
and the ANSI/ASHRAE/IES Standard
90.1P contain many similarities.
However, the interim standards are
written primarily for Federal agencies
and are provided only as voluntary
guidelines for the non-Federal sectors.

The interim standards contain
minimum requirements that are
mandatory for Federal agencies only. As
such, the heads of Federal construction
agencies must, within 180 days of
today's promulgation, either adopt the
interim standards or indicate that the
standards currently in use by their
agency meet or exceed the interim

" standards. In addition, Federal agencies

are bound by the provisions of Subpart
A of 10 CFR Part 438 that require the
head of each Federsal agency responsible
for the construction of Federal buildings
to assure that the decision-making
process for the design of new buildings
employs a specified methcdology for

estimating and comparing the life-cycle

cost of Federal buildings and for

determining life-cycle cost-effectiveness.

A more detailed description of the

- interim standards is presented below,

together with discussion of certain

. specific comments from members of the
- public, as well as identification of

technical.changes that have been made

: to the propcsed version of the interim

standards.

3. Section by Section Analysis of the
Interim Standards (With Major
Technical Changes)

i. Section 435.097: Purpose

Secticn 435.097: The interim standards
are designed to achieve the maximum
sracticabie improvements in energy
efficiency and increases in the use of

" non-depietable sources of energy. In

addition. Federal agencies adopting
energy conservation standards for new
building construction must comply with
Subpart A of 10 CFR Part 436. which
requires that construction be life-cycle
cosi-effective.

These regulations provide that. except
in the case of Federal buildings, use of
the interim standards is voluntary.
However, DOE recommends use of these
interim standards for the design of
energy elficient non-Federal new
commercial and multi-family high rise
residential buildings. The interim
stundards promulgated today will be
used by a Federal agency for the design
of & new commercial building or a multi-
family residential building. of three or
more stories, constructed by or for the
use of a Federal agency.

3o
(/i (

2. Section 435.098: Scope

Section 435.098 provides lhnt the
design requirements do not apply to a
commercial building or spaces within a
commercial building with high process
loads, manufactured homes, single
family residences, and low-rise multi-
family residential buildings of less than

- .three stories.

In the proposed interim standards,

‘ buildings used for industrial purposes

and spaces within buildings used for
industrial and commercial processes
that have substantial energy
requirements unrelated to space
conditioning and lighting were
exempted. Many who commented [elt
that the terms industrial purpose and
process were insufficiently defined. The
Section has been rewritten by stating
the conditions under which spaces used

- for industrial purposes and processes
" would be exempted.

Preliminary results of the analysis.
conducled in developing the proposal.
indicated that compliance with the
provisions-of the proposed interim
standards will provide a range of 15% to
30% in annual energy savings to Fedecal
agencies constructing office buildings.
and smaller but still significant savings
will be realized in other types of
commercial building categories.
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3. Section 435.099: General Definitions
and Acronyms - . N

' Section 435.099 provides a listing of all
the yeneral detinitions and acronyms
used in the text of the proposed interim
standards. Several definitions and
dcronyms have been added since the
sroposed interim standards ware
published. The additions were made in
response to public comment reques ting
further clarification of terms used in the

Nuinhering System for Standards

Section 435.100 provides an
explanation of the unique numbering
system used in the interim standards,
The interim standards uses a
combination of numbering systems . - -
employed by the Code of Federal
Regulations and a system commonly
used by voluntary standards =
organizations, The headings of each
section will have a number, such as -
435.109 which identifies the Service
Water Heating Systems section. This

- number designates the secrion asa .
" proposed section of Chapter I of Title of

the Code of Federal Regulations. Within -
each section, a decimal system more .

) common to the building industry is used, -
sucir 23 8.4.2. This number identifies a

specific subsection in Proposed Section

- 435.109. Far purposes of clarity, the first )

five digits-are dropped from the -
subsection number. T

5. Section '435.101: Implementation and
Compliance Procedures for Federsl
Agencies . .

This section prescribes the process for
meeting the requirements of the
proposed rule. It imposes the
requirements of the interim standards on
each Federal agency responsible for the
construction of a Federal commercial or
multi-family high rise residential
building. The section does not
necessarily apply to those in the.non-
Federal sector proposing to use the’
interim standards. It imposes both
design requirements and & life-cycle
costing requirement. The design
requirements call for the designer to
apply the general and specific Principles
of Effective Energy Building Design.
employ the minimum eriteria for good

practice prescribed in each proposed

section from 3.0 through 10.0 and select
&n appropriate design compliance
method.

<. The altemaiive compliance methods

1at a designer may choose from include
srescriptive, system performance, and
ouilding energy cost budget or energy
budget. methods. The section provides
~uggested selection criteria for use of

- each cf the paths. This criteria is merely

instructional and the desizmer/bu:lcer
has the option of the most suitable
choice,

1. The prescriptive ajternative
specifies criteria for particular building
elements, such as the attributes of the
building enveiope. lighting pawer
allowances for specific building types.
or the types of controls that must be
used for HVAC system control.

- .2 The system petformance alternative

- apecifres criteria for the design of the - ~
load reduction, energy distribution. and -
‘energy-using and transfer systems of
buildings. For lighting it provides a
procedurs for determining lighting
power densities for specific spaces and
areas. For the building exterior
envelope, this section considers a

" - number of factors important to energy

conserving thermal and daylighting
envelope design across a range of - .-

building functions and climates.- R

3. The two building energy - -

alternatives provide fora buﬂdingh"-‘ s

design whose calculated annual energy
consumption is less than or equal to the
calculated consumption of a building
that meets the prescriptive or system -
performance requirements, but which
' does nat mest the specific requirements-
of those compliance paths. : .
Section 435,101 also permits an " _ -
‘interchangeable approach.that permits a
- designer to select between the R
prescriptiva and syster performance
methods. The selection of & compliance

. method requires consideration of the

advantages and disadvantages of each
method. The prescriptive alternative
affords simplicity of calculations at the

. expense of design flexibility. The -
-prescriptive criteria method requires the
minimum amount of calculation and
effort to achieve compliance, but
permits only a few trade-offs or

_ optimization procedures.

The system performance criteria can
be the method of choice when a more
innovative design is required, or when
the prescriptive method does not
provide the necessary flexibility. It .

. requires some increased (manual) -
calculation compared with the .

- prescriptive method. This method is
expected to be particularly useful in

locations where high electric demand or
peak fuel consumption carry a high
economic or social burden. This method
requires the incorporation of lighting
and HVAC controls to insure that, even
though peak use is specified. the
duration of use is also within acceptable
bounds, )

The building energy methods allow
ccmpliance with even the most
innovative design concepts to meet the.

proposed interim standards. Howevee,
in most cases, it will require the use of a
computer energy simulation program ta
modei building energy use in accordance
with the buiiding loads and the
proposed schedules of operation. Tha
building energy methods are not
interchangeable with the other
compliance methods. Once selected. one
or the other must be used consisten:ly
throughout the design process.

The widespread use of prescriptive
criteria tends to inhibit the design of - .
innovative and creative building
subsystems since detailed component
specifications are the basis of the

criteria. The building energy methods of

compliance are far more flexible, even -
though they are more demanding in
terms of computations. However. the
rapid promulgation of suitable micro-

-+ processor-based building energy
- programs is making this procedure

suitable for an increasingly large

- number of smaller buildings. -
*“ The interim standards have already

been analyzed for life~cycle cost-

" effectiveness and have been found to be

cost-effective for the buildings tested.
However, at the present time there is an
additional life-cycle costing requirement
that applies only ‘o Federal agencies. It

‘provides that:

. The haad of each Federal agency
‘responsible for.the construction of Federal
- buildings shall also agsure that the decision.

making process for the design of the building

“ shall employ the methodology for estimating
" and comparing the life-cycle cost of Federa]

buildings and for determining life-cycle cost-
effectiveness prescribed in Subpart A of 10
CFR Part 438, . :

The language in Paragraph 1.1.2 of this
Section merely calls attention to the
existing Federal agency life-cycle
costing requirements of Subpart A of 10
CFR Part 436. It does not add additiora]
life~cycle costing requirements.

6. Section 435.102: Principles of Effective
Energy Building Design
This section establishes the

fandamental principles of energy
conserving design practices and -

| presents design strategies to help

accomplish the objectives. It addresses
the interactions among systems, a
concept that is in fact ignored by
component-based or system-based
energy standards. The section was
added to provide a framework for good
design practices. It reflects DOE's
recognition that the ultimate objective of
energy efficient design requires a
designer to make careful evaluations of
energy requirements and use gond
professional judgment. The critesia
found in § 435.102 are not minimum
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requiresnents: rather they are guidance
10 the Jugigner, The section provides the
cesimer with additional information on
tha nncy of actons needed to deveiop
42 snergy conserving building design.

The principles encouraging good
design practce are stated as follows:

* Minirize the impact on functional
requirements.

s Reduce loads.’

* Reziaim waste energy where
rossibie. .

¢ Use non-depletable sources of
exergy where possible,

= Improve transport system
efficiency. R

* iImprove energy using system
efficiency.

s Control operation and scheduling of
systems.

_* Optimize the interaction of the
above.

The design procedures and specific
strategies that would be used to
accomplish the conservation objectives
that underlie the above principles are
rresented sequentially so as to roughly
paraliel the building design process. The
specific strategies are found in each
subsequent section.

7. Section 435.103: Lighting

‘This proposed section identifies the
scope of the lighting requirements,
prirciples for effective lighting design.
minimum lighting criteria and the
procedures for complying with either the
srescriptive or system performance
lighting requirements,

3.1 General This subsection
icdentifies the types of rooms, spaces and
areas of a building that are included by
the interim standards. Basically. only
interior spaces. building exteriors and
grounds where lighting is energized
through the building's electrical service
are covered by the standards, There are
several exceptions to the types of
spaces covered and a few of these, such
as building exteriors and roads and
grounds, and outdoor processing
facilities, have been amended.

This subsection also identifies the
Building or Facility Lighting Power
Allowance for a proposed design, the
procedures by which designers can take
credit for Daylighting, and the
requirements for compliance with the
lighting section.

3.2 Principles of Design. The
principles to be applied with respect to
lighting include such strategies as:

e Reduction of actual demand load
rather than just the apparent connected
load.

¢ Use of more efficient lamps with
appropriate luminous efficacy, life
expectancy, spectrum distribution and
color rendering characteristics. Also

consideration of light diswibation, glare
conirel ¢ad visual characteristics.

» Use of more efficient ballasts for
flucrescern: and HID lamps.

*» Use of luminaires with heat removal
ard heat recovery cepabilities.

¢ Hlumination required for tasks
limitad to the location of the task and
from a direction that minimizes glare.

s Appropriate use of indirect lighting
with schemes that create reasonably
uniform ceiling luminances. v

+ Reduction of light absorption.

¢ Consideration of appropriate uses
for daylighting, local task lighting or

. ambient lighting together with the

proper use of controls.

* Limitations on the use of lower
efficiency lamps.

Several editorial comments were
meade on this section and the majority of
them included in the interim standards.

3.3 Minimum Requirements.
Minimum requirements have been
specified for the use of the following:

¢ Lighting controls; and

s Fluorescent lamp ballasts.

Lighting requirements for Exterior
Lighting power have shifted to the

prescriptive compliance path of Section .

3.4, [f the system performancs path is
chosen by a designer, Section 3.5 refers

-to the applicable exterior lighting

subsection in Section 3.4 for criteria. The
minimum pequirements have been v
revised significantly from an editarial
standpoint. The revisions will simplify
the compliance process. Revisions
include clarification of the compliance
process, a reduction in the number of
tables, and a straightforward

‘explanation of the prescriptive and

system performance compliance paths.
3.4 Prescriptive Compliance
Alternative. This subsection provides e
prescriptive procedure for determining
the upper power limits for illumination
systems installed inside and on the
exterior of new commercial and muld-
family high rise residential buildings. It
also serves as & basis for calculating the
lighting beat gain and energy usage of
buildings. This method prescribes a
maximum allowable unit power density

" for lighting by building type, lora

limited number of building types as

+ listed in specified tables. There is no

recognition of specific makeup of spaces
and activities within the building. The
procedure is not to be'used as a lighting
design procedure but as a method of
determining the lighting power limit.
Several editorial changes have been
made on this subsection. The most
prominent is the deletion of two-
subsections. The two, Lighting
Equipment and Lamp Efficiency, were
judged to be lacking in solid and
documentable information. Although

some felt that the proposed
requirements were too stringent and
others felt they were too lax, pardes vn
both sides of the issue ielt that the
subsections were not appropriately
placed in the prescriptive criteria. DOE
has revised the principles section (3.2} to
reflect the benefits of using luminaire
and ballast efficiencies in the design of
buildings and has placed the proposed
tabies in an attachment to the section as
examples.

3.5 System Performance Compliance
Alternative. This subsection spells out a
system performance procedure for
determining the upper lighting power |
limits for buildings, roads and grounds.
1t also provides a basis for calculating
the lighting heat gain and energy usage
of individual rooms, spaces and areas as
well as the tota] building. The procedure
used in this subsection is known as the
Unit Power Density procedure and it
establishes the lighting power limit for
building interiors plus the lighting power
allowance for building exteriors and
roads/grounds. Once the lighting power
limit for a building has been determined.
the designer shall strive to design
lighting systems that will provide
effective and pleasing visual
environment without exceeding the
lighting power limit. No specific
comments were raised on this section.’

8. Section 435.104: Auxiliary Systems

and Equipment

This section identifies the scope,
principles and minimum requirements
for auxiliary systems and equipment in
buildings,

4.1 General Even though their
impact upon the internal loads of most
buildings is usually limited, design
principles and minimum requirements
for auxiliary systems and equipment
were found to be useful. DOE received
three comments requesting the deletion
of the entire section. but still believes
the requirements are necessary. The
minimum requirements for .
transportation and freeze protection
systems and retail food and food service

‘refrigeration are important because they

effect significant energy using systems
not covered elsewhere by standards. For
example, the standards require that food
refrigeration systems match capacity
with loads and not be oversized. and
also require heat recovery from such
systems and apply them to space
conditioning use where appiicable.

4.2 Principles of Design. The
principles of effective energy conserving, .
design that are applicable to this system
are contained in § 435.102. Principles of
Effective Energy Conserving Building
Design.
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<3 Min.mwn Reguiremnents. The
minirsun szquiraments for awaliary
swstame and equirment cover:

e T-.naportaticn systems:

4 Freeze protecrion svstems; and

» letail food and food sesvice
refmgerition.
Mincr changes have been made to
paragraph 4.3.3.2 revising energy (heat)
recovery requirements.

9. Section 435.105: Building Envelope

Thnis section identifies the scope,
design principles, minimum
requirements, prescriptive and system
performance methods for building
eavelopes. ‘

51 Genercl The building envelope
requirements of this subsection are for
determining compliance with the interim
standards. They are not intended to
replace the building loads calculations
procedures.in publications such as the
ASHRAE Handbook, 1985 Fundamentals
Volume,

8.2 Principles of Design. The
principles to be applied with respect to
building envelope include such
strategies as:

° Balancing of building loads between
and among the internal and external
loads. :

.* Control of conduction and
convection. : .

* Control of radiation.

¢ Control of internal loads,

° Balancing and minimizing the
thermal impact of equipment and

" appliances.

¢ Control of high ventilation loads.

DOE believes that the principles are
an important feature of the envelope
section of the interim standards becausa
they provide designers with additional
information on energy conservation
strategies that cannot be quantified as
part of the standards. In order to
strengthen the principles section. DOE
has made severa] editorial changes as
suggested by those who commented.
The most significant change was the

" deletion of paragraph 5.2.1.6.1. This

paragraph was a description of how
balance points are an integral part of
building design. Several who ‘
commented on the interim standards
found the paragraph extraneous and out
of context, therefore it has been
droppad.

5.3 Minimum Requirements,
Minimum requirements for the building
envelope have been set for the
following:

¢ Overall Thermal Transmittance {Ue)

- of the Building Envelope Above Grade

Assembly;

° A new paragraph on the Thermal
Transmittance {R) of Each Individual
Path of the Envelope Assembly:

* Tnermal Transmittance (U] of an
Individual Path through an Eavelope
Assembly. including Fenestration;

* Gross Area of Enveiope
Components;

¢ Shading Coefficients:

® Air Leakage and Moissure
Migration: and

* Shell Buildings.

Several editorial chunges wers
suggested by those who commented on
the proposed interim standards. DOE
appreciates the diligence with which
these changes have been offered and
has made many of the changes in the
text.

54 Prescriptive Compliance
Alternative, This subsection requires the
use of Alternate Component Packages
(ACP) that prescribe precalculated
minimum criteria for elements of the
exterior envelope of new commercial

- and multi-family high rise residential

buildings in locations having less than
15.000 heating degree days (base 65 °F).
The criteria consider viriations
important to thermal envelope design
including fenestration, shading, thermal
mass, daylighting, internal loads and
climate ranges.

Several changes have been made to
the ACP tables based on public

comments and new research. The tables -

bave been updated based on new

. available reserved data on thermal

mass. These changes have primari
been for colder climates. In addition, the
format of the ACP tables has been
changed to allow all relevant
information for a climate area to be
placed on one table. In the proposed
standards, the user would have had to
refer to severa! tables. The language in
this section has been modified to
correspond with the new format of the
ACP tables.

DOE received several comments that
the Receptacle Power Densities in Table
5.4-30 (now Table 5.4-32) were too low
based on the fact that U.S. buildings are
equipped with an increasing number of
electronic products. DOE was cognizant
of this fact when the research to develop
the interim standards was conducted
and incorporated some sensitivity into
its research. Based on the findings of its
research it still believes that the
receptacle power densities are
adequate,

5.5 System Performance Compliance
Alternative. This subsection provides a
number of criteria important in energy
conserving thermal envelope systems
design across a range of building
functions and climates. The system
performance approach requires the
application of specified criteria for the
following factors:

* Roof Thermal Transmittance:

¢ Floor Thermal Transmittanace:

s Thermal Transmittance for Wails
Below GCride:;

* Therma! Transmittance for Opaous
Walls Enclosing Conditioned Spaces
Expased ‘0 interior Unconditiored
Spacas:

* Externa, Wall Criteria for Heating
and Cooiinx

¢ Wall Heating and Cualing’
Compliance Yalues;

* Constraiats on thermal
transmittance values:

¢ Lighting and equipment power
densities;

¢ Daylighting: and

¢ Thermal mass.

"+ DOE received one comment

complaining that the roof values are 100
low. DOE has analyzed the material
provided in support of this comment and
does not believe the commenter's
recommendations are supported by the
cited study because it does not provide
enough relevant information on which to
base the change. DOE. through its own
research. believes that the roof values
used correspond to good practice and
are readily achievable.

10. Section 435.108: Electric Power and
Distribution

This section identifies the scope.
design principles, minimum
requirements for the electric power and
distribution system. Included are
specific requirements for electrical
distribution systems, transformers.
electric motors, and operation and

- maintenance systems. It should be noted

that the section has undergone many
editorial changes. These changes reflect
the amendments offered by those who
commented. They were made to clarify
the language used in the section. For -
example, language has been added to
clarify electrical distribution
requirements of multi-tenant buildings.
Another modification clarifies the
standards to be used in rating different
types of electrical motors.

81 Generol. Emergency svstems do
not have to comply with the
requirements of this section. ‘
- 82 Principles of Design. The specific

- design principles to be applied with

respect to electric power and-
distribution systems include. such
strategies as: .

* Consideration of the sizing of
transformers and generating units to
assure that they are close to the actual
anticipated load.

¢ Minimization of the use of
distribution system transformers,

* Submetering of tenant facilities.

8.3 Minimum Requirements.
Minimum electric power and
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Zs:ribution requirements have been set
izt ke lcllowing:

« Submelering of electrical
disiribution sysiems:

° Transicrmess:

s Tlectric motcrs; and

+ Operstion 2ad maintenanca of
glectrical systerss,

11. Section 435.107: Heating, Ventilation
and Air-Conditioning {(HVAC) Systems

This section establishes the scope,
Cesign principles, minimum
requirements, and prescriptive
~ompliance requirements for hesating,
ventilating and air conditioning sysiems.

7.1 Generol. This subsection sets
forth the design and performance
reruirements {or building heating,
ventilation, and cooling systems.

7.2 Principies of Design. The
principles to be applied with respect to
Heating, Ventilating and Air
Conditioning [HVAC) systems include
such strategies as: .

* Control of equipment and high
ventilation loads,

¢ Separating HVAC syslems so as to
serve areas which are expected to
operate on different schedules, or have
different temperature or humidity
sroblems, ete.

* Sequencing c¢f zone cooling and
heating.

« Integration of air or water
economizer cycles whers appropriate.

= Provision of controls that permit
svstems 1o operate in either occupied or
uncccupied modes.

* Design of energy transport systems
5 use the most efficient means possible
irem a priority list of options.

New paragraphs on radiant heating
and eaergy recovery have been added to
the principies of design because radiant
heating can often be more effective than
convective heating systems in some
applications and for areas with high
ceilings and for spot heating. Systems
that recover heat can be used in place of
iarger systems that require more fossil .
fuel.

~3 Minimum Requirements.
Llinimum requirements for the building's
HVAC System have been set for the
fcilowing:

» Calculation Procedures:

o System and Equipment Sizing:

« Separate Air Distribution Systems:

* Temperature Controls:

« Off-hour Controls;

o Humidity Controls: and

e Materiais and Construction.

Please note that Tables 7.3~1.
Minimum Pipe Insulation. and 7.3-2,
\Minimum Duct Insulation. have been
~pvised to reflect updated informatior

7.4 Prescriptive Compiience
AJrernaiive. This subsection provides

the esiicria for the design of the HVAC
Systems using the prescriptive path.
Prescriptive criteria is provided for the
fosinwing

e Zeone controls:

e Zeoaomizer controls: and

¢ Svstem design requirements.

A new § 7.4.6, System Temperature
Reser Controls has been added.

12 Secdon 435.108: Heating, Ventilation.
and Air-Conditioning (HVAC]
Eguipment )

This section states the scope, design

‘principles, minimum requirements,

prescriptive and system performance
methods for heating, ventilating and air
conditioning equipment, :
8.1 General This subsection
establishes design and performance
requirements for HVAC equipment. It
should be noted that while equipment
efficiencies for 1984, 1988, and 1982 have
been considered for this section, the.rule
requires Federal agencies to use the
more stringent 1982 equipment
efficiencies. HVAC equipment that meet
the 1992 efficiencies are already on the

.market. By employing the more stringent

efficiencies. the standards require that
Federal agencies become a model for
equipment energy efficiency.

82 Principles of Design. The
principles to be appiied with respect to
HVAC Equipment include such
strategies as:

¢ Allowance for HVAC equipment
operation at the highest efficiency rates.

e Ascertainment of the rate of energy
inputs and the heating or cooling outputs
of all HVAC equipmexzt.

8.3 Minimum Requirements,
Minimum requirements for the building's
HVAC Equipment have been set for the
following:

* Equipment performance:

* Field assembied equipment and
components:

« Equipment controls:

* Comiort heating equipment: and

s Maintenance.

As part of the section, minimum
efficiencies have been established fora
wide variety of HVAC options. These
tables have been significantly changed

.since the publication of the proposed

interim standards to reflect the
provisions for residential HVAC
equipment in the National Appliance
Energy Conservation Act of 1987 and
are based on public comment.

13, Section 435.109: Service Water
Heating Systems '

This section identifies the scope,
design principles, minimum
requirements, and prescriptive
compliance method for service water
heating systems and equipment.

9.1 Genercl This subsection
estabiishes design and performance
requirements fcr service water heating
systems.

8.2 Principles of Design. The
principles to be appiied with respect o
service water heating systems and
equipment include such strategies as:

e Designing showerheads to balance
user comfort with energy savings.

= Strategic location of water heaters.

¢ Use of heet exchangers to preven!
high temperaturs condensate from -
turning to steam when returning to pump
tanks,

9.3 Minimum Reguirements.
Minimum requirements for the building's
service water heating systems and
equipment have been set for the
following:

s Sizing of systems:

s Equipment efficiencies:

¢ Piping insulation;

o Heat raps:

o Equipment temperature controls:

e Swimming pool water heaters:

o Combination service water heating/
space heating equipment;

¢ Use of waste heat. solar energy and
thermal storage:

+ Equipment efficiencies of electric
water heaters: and

s Additional equipment efficiency
measures. . :

14. Section 435.110: Energy Management

This section identifies the scope,
design principles and minimum
requirements for energy management-
systems. -

10.1 ~ General. This subsection
describes the general building data. the
construction data and equipment data
that must be provided to the building
owner to foster good operation and
management practices, ’

102 Principles of Design. Design
principies and strategies include:

¢ Installation of energy management

. control systems with measurements at

key points.

» Optimizing the design with careful
system selection. realistic load
predictions and full control provisions.

s Programming all loops and control
actions so that building loads are
satisfied while minimizing simultanecus .
use cf heating and cooling energy.

10.3 Minimum Requirements,
Minimum requirements have been se’
for the following:

» Epergy measurement capability:

¢ Energy measurement
instrumentation:

¢ HVAC System Controls:

¢ Central Monitoring and Control
Systems:

¢ Completion Requirements:
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° Energy Performance Testirg; and
. ¢ Construction Ccorumeataticn Data,
The Energy Mar. :7ement Secdon
differs signuficacdy ‘rom standzrds tat
are being reviewed by private sestor
arganizations. It gas much mnm
stringent metering, monitoring. snd
;testing requiremesnts. This was done to
provide agenciss with informanon
necessary to assure e building is
operated at its designed efficieacy and
' permit prompt identification ard
quantification of problems. It wi!l aiso
ensure that Federal agencies have the
information on new buildings to meet
their reporting responsibilities under
Executive Order 12003 June 20, 1977)
and the National Energy Conservation
Act of 1978, Pub. L. 95-319.

15, Section 435.111: Building Energy Cost
Compliance Alternative

This section sets forth the
requirements for using one of two
alternative methods of whole building
performance compliance. This
alternative, as apposed to the one found
in § 435.112, uses local monthly energy
costs as a basis, It is particularly
effective for builders of speculative or
tanand t &ucaénm&ngx. Cotx;xpﬁance
under i energy path requires
detailed energy analyses of the
‘proposed design. (referred to 2s the
“design energy cost”) and comparison
aguinst an energy cost budget.
Compliance is achieved when the
estimated design energy cost is less than
or equal to the energy cost budget.
Section 435.111 provides instructions for
determining the budget and for
calculating energy analysis of prototype
or reference building designs configured
to meet the prescriptive or systems
requirements of the standards. It should
be noted that the language in this
section has been considerably revised
since the publication of the proposed
interim standards. The changes are
editorial. They have been made to
clarify the intent and compliance
procedures of the section.
This approach allows a designer

- maximum flexibility in the design
process, while ensuring that the building
is designed to consume no more energy
than is allowed under the other
compliance paths. This path provides an
opportunity for the energy conservation
benefits of innovative designs,
materials, and equipment to be used
when they cannot be evaluated

. adequately under either the prescriptive
- or system performance procedures.

Building energy compliance analyses

re not required for proposed designs
chat meet either the prescriptive or
system performance compliance paths.
This compliance path is one of four

alternative paths. It may be used as an
alternative for those designs that fail to
meet either the presciotive or system
requirements oi the ian 9revious
sections. i

Designers are enccuraged to employ
the proposed building enerzy
compiiance path set forth in this section
for evaiuating proposed design
alternatives, in preference to using the
prescriptive and system performance
paths. Using this path enables the
designer to establish the relative N
effectiveness of each design alternative
in saving energy, thus providing a
reliable energy basis upon which the
building owner and designer may select
one design over another.

18. Section 435.112: Building Energy
Compliance Alternative

This section is constructed under the
same basic approach as that found in
§ 435111 It too provides an alternative
path for compliance with the interim
standards that allows flexibility in the
design of buildings. However,
compliance under this section is
demonstrated by showing that the
calculated annwal energy usage for the

proposed building design is equal to or

less than a calculated design energy use -

target,

A life<cycle cost economic analysis is
required to evaluate alternative fuel
sources and eneryy reduction strategies.
This analysis is used to determine the
feasible alternatives for energy sources
of the design's HVAC systems, service
hot water and process loads. Fuel
sources selected for the proposed design
and prototype or reference buildings are
determined by considering the energy
cost and other cost and benefits that
occur during the expected economic life
of the alternative. The procedures set
forth in Subpart A of 10 CFR Part 436 are
used to make the determination. Once
the analysis is completed, the user is
directed to compare the total life-cycle

" cost of each energy source alternative.

The alternative with the lowest total
life-cycle cost must be chosen as the
energy source for the proposed use.
During the compliance process, when
the proposed design is compared to the

.prototype or reference building, the

same subsystems and fuel sources are
used so that the subsystems of each
correspond.

Tabie 12-1 contains fuel canversion
factors for computing the energy budget
for and the design annual energy use of
the proposed design. In this compliance
elternative, energy consumption is
measured at the building five foot line
for all fuels, therefore “site” rather than
“source” conversion factors are '

specified for certain fuels in Table 12-1, -

This was done on the assunption that,
in the equivalent enerzy consumotion
path. the comparissn of proposes
designs and protw: = 7e and refe~nce
buiidings, with sim..ur subsystems and
fuei tvpes, minimizes the influesce of
the conversion nu=ber. [a addizen, it
was feit that archilscts and angineers
were more familiar Wit “site” factors.
However, it has been the policy of the
Department !0 use "sowrze” conversion
factors when conduciing national policy
studies on fuel use und :nergy savings
potential and when measunng the
impact of energy conservation programs.
This bas been done because “site”
factors do not account for the
conversion and transmission losses
inherent in the use of some fuels. This
policy will continue with respect to
national studies,

The same basic procedures used in
§ 435.111 are also used in § 435.112 with
some minor exceptions. The design is
defined by the energy that would be
consumed within the five foot line of a

- proposed building per square foot over a
24 bour, 385-day year and specified

operating hours. The estimated design
energy use is then compared to a

~calculated energy use target determined

by calculating the annual energy usage

-for & prototype or reference buiiding that

is configured to comply with the
standards.,

The spproach would normaily be
favored by governmental entities and
large owners who would be interested in
tracking energy use over the life of a.
building.

IL Summary of Public Comment
Received on the May 8, 1987, Notice of
Proposed Rulemaking (NOPR) and DOE
Responses

A. Summary

“ On May 6, 1887, DOE issued a Notice
of Public Rulemaking {52 FR 17051 e¢
seq.) to afford the public an opportunity
lo comment on the proposed interim
standards for new commersial and
multi-family high rise buildings. At the
close of a 90 day comment period, DOE
had received responses from 135
individuals, firms, and organizations,
Many of the comments indicated a
favorable response to the format used
and the fact that DOE developed interim’
standards that were paralile! and of
similar technical content to those
standards being developed by private
sector organizations. Because most of
those who commented had multiple

" comments, total comments numbered

approximately 630. The comments dealt
primarily with specific sections of the
interim standards, although there wesre
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scize general comments. These
comments are discussed below,
D. Gener] Commen:s
1. Time Extension
CCE received three comments
reyuesling an extension of the comment
rencd. Those who commented indicated
that the compiexity of the proposed:
interim standards prevented an in-depth
review and therefore requested :
acditiona] time. . ) .
D0ZE Response: DOE considered an
ex:ension of time, but declined because
.of the relatively few number of requests
indicating that most who wished to '
comment had sufficient time. Comments
were received by all three requesting
time extensions.- : :

2.DOE Interim Standards vs, ANSI/
ASHRAE/IES Standard 80.1P -

DOE received sixtesn comments
related to the differences between the
proposed interim standards and the -

" proposed ANSI/ASHRAE/IES Standard

90.1P, Several who commented .,
suggested that DOE employ the same
consensus review and comment process
used by ASHRAE. Another questioned
the use of DOE standards as model
energy codes. Many of those who |
commented suggested that DOE wait

until the ANSI/ASHRAE/IES Standard -

90.1P is finalized and ther promulgate .
_that standard verbatim. Finally, one -
person who commented suggesied that.
DOE should be completely different
from the ANSI/ASHRAE/IES standard
because of the “controversy"”
surrounding that standard. _
DOE Response: The interim standards
are promulgated under a system
adopted by the Federal government for. .
all public rulemakings. This system
dictates that any or all individuals or
organizations are invited to provide
comment on a Federal rulemaking. * -
1t is not DOE's intention that the *
interim standards become model energy
codes. Rather, they are established as
guidelines from which model energy
codes may be developed. As has been
stated previously, the interim standards

are mandatory only for Federal agencies

and voiuntary for the non-Federal
sectot. ‘ K :

DOE intends that the interim
standards be complementary to the
private sector standards established by

voluntary industry organizations such as

ASHRAE and IES. It does so because it
believes that.the nation is better served
by consistent energy conservation -
standards. However, it recognizes that
federal construction practice-is
somewhat different than that found in- -

private industry. For exampie. financing -

..

" 4."Site” va. “Source” Edergy

. said that “site” favored elect_ricity asa

processes and laws governing federal
construction and building operation are
quite different and require some unicue
considerations. Therefore, the DGE
interim standards will zot be the exact
parallel of those standards prepared
exclusively for other sectors.

Finslly, DOE believes that the lengthy
process to develop the interim standards
was very valuable and that the interim.
standards are practical tools to help
save energy. The computer aids that will
be provided to interestad entities as
technical support documents greatly
enhance the “usability” of the
standards.

" 3. Practicality of Interim Standards

Six who commented qﬁestioned the .

_practicality of the proposed interim

standards, One said compliance was
impossible. Others said it was overly

. complicated and would increase first-

costs of buildings. Finally, another said

it favored designs using natural gas for )
© . procedures for Federal agencies in their

hesating and was unfair to electricity.
DOE Response: The standards were
prepared from an anzlytical standpoint.
1t was DOE's intention to address the
compiex interactions within a building,

- . especially those within the building . .
. envelope and lighting systems. 1t was -
. also important to develop several .

mpliance paths in order to increase
designer flexibility. This bas led to

" standards that appear far more compiex
" than earlier prescriptive standards. In
. Inct the-standards can be far less

complicated because the designer must.

-only choose one compliance path and
- . because DOE has prepared several

computer programs to assist in making-
the standard calculations of each -

_component section.. - -

DOE received four comments on this

" issue. Three who commented favored
~"site” over “sourcs” energy; the other

preferred “source”. The person opposed.

fuel R D R R
DOE Response: DOE believes that the

- originsl decisior touse life-cycle costing -
- . to select HVAC, service water heating,
- and process equipment fuels in § 12.0

remains valid. For this compliance
aiternative, it is also appropriate to only
comider energy as it is delivered to

. within the five-fdot line of the building

site. Therefore. fuel selection is held
constant for both the Prototype or
Reference Building and the Proposed

‘Design when determining compliance.

~.

5. Ceneral Comments—Section 435.98
a. Process Energy Exception

DOE received four comments
questionir:g the exciusion of tuildings
from the interim standards whose
energy lcads were not primarily for
occupant comfort and sanitation
purposes. Most of those who commented

. were confused by the wording used in
the exclusion. : o
DOE Response: 1t is DOE's intent to

*include energy related to occupant
comfort on senitation (service bot'
water) with exceptions only where that
criteria will result in significant impact .

- on operations in the building that fall
outside the intended scope of the interim
standards. Section 435.98 has been ’

_revised to clarify the exclusion. -

8. General Comments—Section 435.101
c. Standard Reporting Procedures

A comment was received requesting
DOE to provide standardized reporting

adoption of the interim standards.
DOE Response: The statutory
mandate under which DOE promulgated
.the interim standards does not cover
enforcement. Adoption and enforcement
of the interim standards by Federal
construction agencies is the .-
responsibility of the heads of those - :
-agencies. - -n. 0 . boo.0 o
. b. Cost-Effectiveness of the Interim
Standords - - : e
. DOE received four comments _
suggesting that language in § 435.101 be
amended to require that the standards
be life-cycle cost-effective as well as
require the maximum practicable energy
~savings. .
DOE Response: DOE agrees that cost-
effectiveness is an important part of

.. new building design criteria. However,
. its mandate was to establish standards

that promoted energy savings to the
maximum extent practicable. In
conducting the research that led to the .
formulation of the interim standards, -
one requirement was that the redesigned
buildings being tested have a life-cycle
cost equal to or lower than a building
designed to existing industry standards.

Therefore, DOE believes that the interim
standsards do consider cost-effectiveness
in their make-up. Additionally, as was
mentioned previously, Federal agencies
are required by Subpart A of 10 CFR
Part 438 to conduct life-cycle cost
analyses on each new building project.
This requirement is listed in Section
435.101, paragraph 1.1.3.
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7. General Comments—Section 435.163

© @ Suzgort for Proposed Lighiing

‘Stendards

DCE received several comments on
the general requirement levels of tae
lighting standards found in § 435.103. An
equal number of those who commented
feit that the standards were appropriaie
given current technology and desiga
skills, as were those who were opposed
to the levels. Those in favor cited
several examples of designs that easily
met the criteria. Those opposed mostly
agreed that the leveis were achievable
given current technology, but that the
skill level of most lighting designers was
such that the lighting standards could

-not be universally met. Several of those

opposed suggested the use of existing
lluminating Engineers Society of North
America guidelines or that additional
research be conducted,

DOE Response: DOE agrees that
many of the key components of optimal
lighting designs, given current
technology, are stil} missing. These
include more information on spectral
ctompoesition of lamplight, a more _
tharough knowledge of lamp and ballast
efficiencies and lighting maintenance,
and the nroper use of automatic lighting
controls. However, DOE beileves that |
the minimum levels specified in the
interim standards for current
implementation are well within the
capability of lighting designers.
Therefore, with few modifications, the
minimum levels will stand as written.

b. Proposed 1992 Lighting Lavais

In its proposed interim standazds,
DOQE published minimum lighting levels
for both 1837 and 1992, Severa] who
commented were opposed to the use of
1992 levels as technically impractical
and unsubstantiable, Others who -
commented were in favar of the 1952
levels. In fact. ane who commented
oprosed the use of 1987 levels and
would prefer that DOE utilize the
proposed 1992 levels immediately,

DOE Response: DOE will retain the
1992 lighting levels in its interim
standards, It is convinced that the levels
are currently achievable by good
designers with current technolozy and
vrill certainly be broacly achievable
beyond 1993 under programs of
contzued industry and professional
education. However, in the interest of
those opposed, DOE will change the
eifective date to 1993 and address the
issve in-depth during the demonstration
program prase that will follow today's
publication of the interim standards.

‘whiting Controls

4

DCE rezeived several comments
abzut lighting controls and switching
requirements, and the credits ajlowed
for automnatic lighting controls. A few
who zommented stated that the qumber
of switches to be required per unit of
electricity was not econcmical. Others
disagreed with requirements for switch
and contro] placement. 5lill others
disagreed with the ballast control
requirements, '

A few who commented felt that the ~
credits for controls allowed in proposed
Table 3.3-3 were excessive. Others
commented that areas equizped with
automatic controls should have manual
override switches for individuai work
canters,

DOE Response: DOE believes that the
lighting control requirements are
equitable and has not made any ckanges
to the number of controls required. [t
has, however, provided for some -
additional lighting control options and
has made editorial changes to the
standards where appropriate on the
requirements and contro} placement,
DOE also believes that the baliast
effcacy factors are appropriate and has
not made any changes to that
subsection.

Based on research conducted by DOE
at its Lawrence Berkeley Labaratory,

-~
(=

- DOE disagrees with the comment that

the credits given for lighting controls in
proposed Table 3.3-3 were excessive.
Properly used with fluorescent lamps,
controls can have a great effect on
energy consumption. DOE does agree
that controls used in conjunction with
incandescent lamps are not as effective
and therefore has not given credit for
controls on incandescent lamps in new
Table 3.3-1. DOE disagrees in concept
with the comment on manual overrides
because excessive manual overrides can
diminish the expected energy
conservation effect of the automatic
controls. DOE has made some editorial
changes that more clearly delineate the
placement of manual controls to ease
the concerns of the commenters.

& Power Adjustment Factors

One commenter requested the
addition of Power Adjustment Factor

credits (proposed Table 3.3—4) for energy

saving lamps, high efficiency
conventiona! bailasts and electronic
ballasts.

-DOE Response: The purpose of the
Power Adjustment Factor is to give
credit for use of daylighting and other
lighting strategies in the design of
buiidings. Since tke interim standards
are minimum standards. it is expected
lrat the desigrer will use more efficient

lighting and ballast tecanolozies as they
are cost beneficial.

e Unit Lighting Power Allowences

Several comments were raceiveq in
ragard to proposed Table 3.4=3 {now
Table 3.4~1), Unit Lighting Power
Alicwance. including a request to
eliminate factory spaces, (o reverse the
allowances [or fast food and leisure
food dining, to provide better definiticas
for the building categories listed. ard to
place the lighting allowances at the
minimum possible for maximum energy
conservation,

DOE Response: DCE has eliminated
the factory requirements as they may

-represent high.process energy space

which has been exempted from these
interim standards. Please consult

§ 435.088, General Definitions and
Acronyms for more information. DOE
has further redefined the building
categories found in Table 3.4-3 (now
Table 3.4-1) by combining four retail
building types into one category,
retaining the mall concourse category.
and adding a service establishment
category. The building areas for each
type now range up to 250.000 ft? rather
than 35.0G0 2, The lighting power
allowances have been adjusted to
reflect the new space categories. Also
Unit Lighting Power allowances have
been added for the year 1993 so that
Table 3.4-1 would be consistent with the
Unit Power Densities of § 3.5, the system
performance criteria, DOE has not
reversed the allowances for fast food
and leisure dining as suggestad because
it believes that the order is correct.

[ Interior and Exterior Lighting
Tradeoffs

Several comments were made
concerzing the tradeoffs hetween
interior and exterior lighting found in
proposed paragraph 3.4.4.2.

DOE Response: This language has
been amended to consalidate all
exterior lighting allowances into a singie
budget. Tradeoffs between intericr and
exterior aliowances are still not allowed
in an effort to keep exterior lighting at
minimum necessary energy usage and so
that interior lighting leveis not suffer
because of higher extesior levels.

8. General Comments—'—Sec;icn 435.103

-a. Minimum Requirements in Envalope

Section Not Regulatory Guidznce

DOE received a few comments that
stated that § 5.3 was a “philosophicai
engineering discourse” rather than
minimum requirements,’

DOE Response: DOE disagrees; whiie
it is true that the section runs through
several fundamentals of physics and
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2xp:nesring. it also contains speciiic
min.f.m requirements for the items
Jwove.

2 Ure of °F (degrees Fahrenkeit) vs, F.
:Tehreunneit cegrees)

Severdi who commented were
agpused 10 the use of F* throughout the
tznt of Section 5.0 and the rest of the
srocesed interim standards. Mest-were
appused because F * is not used in
ccmmon building and design practice.
2.though it may be proper in a physics
iabcratory. '

ZCE Response: DOE agrees to make
i2e change throughout the interim
stancards to maintain consistency in

termminology and avoid confusion within -

ghe ;:rofesaions that will apply and
impiement the standards.

o Suiidings in Climates Greater Then
15.000 HDD&s

L OE received several comments on
the requirements for buildings designed
for colder climates. Several suggested
that the U, values found in the envelope
section for uch buildings were
incorrect. Others requested specific
requirements for buildings over 10,000
riCD6s and 20,000 HDD63. A couple
poixted out that the tables found in the
system performance criteria section
{Tables 5.3-1 through 5.5-4) did not have
values for the colder climates. Another
reqguested that skylights not be allowed
in communities above 58 degrees north
tatitude.

DOE Response: DOE realizes that the
specifications for colder climates were
sot complete in the proposed interim
standards. In response, it has
strengthened several paragraphs to
correct the problems. Table 5.3-5, the
requirements for locations with heating
degree-days greater than 15.000, has
been amended. Included as part of the
amendment was a prohibition of
sxylights in locations of greater than
15.000 HDD6S. Also, Tables 5.5-1
through 8.5~4 have been modified.
Unfortunately, the lack of weather data
for the colder climates prevents the
adoption of more specific requirements,

d. Thermo! Mass Credits

DOE received a few comments about -
the thermal mass credits. Some were in
favor of retaining the credits and others
were opposed. Most asked how the
credits were determined.

DOE Response: There is a reference to
the research that established the credits
in Appendix D to § 435.105 entitled,
*Rules for External Wall Criteria”. The
thermal mass analysis was documented
in the peer reviewed paper “The Effects
of Thermal Mass Exterior Walls on the
Heating and Cooling Loads in '

Comfimercial Buildings™ by Wilcox, et al..
published in the proceedings of Thermal
Performance of the Exterior Envelopes
of Buildings IIL. DOE/ASHRAE/STECC,
December 1885, pp. 1187-1224.

The analysis of thermal mass effects

< was performed using the same buildings,

.

operating assumptions, internal gain

assumptions, and glazing characteristics

as were used to study insulation, glazing
U-value, glazing shading coefficient,
daylighting and all the other aspects of
the building envelope. Great care was
taken to ensure that the analysis was
consistent. DOE sees no reason to
remove the only thermeal mass aspect
from the interim standards.

e. Vapor Retorders

One person who commented
suggested more detailed specifications
for vapor retarders.

DOE Response: DOE believes that the
current criteria are adequate when
viewed in conjunction with the
referenced material for a national
standard. Local climatic conditions may
warrant more detailed criteria, but such
criteria should not be imposed '
nationally. )

f. Shell Buildings

Two comments were received which
indicated that lighting power densities
and equipment power densities for shell
buildings, found in proposed Table 5.3~
were too low.

DOE Response: They have been
modified in the interim standards, .

9. General Comments--Section 435.108

_ @ Opposition to Inclusion of Section

Several who commented on this
section were opposed to one entire
section of the interim standards being

" devoted to electric power. Their reasons

included the belief that electricity had
been treated differently than other firels
and that check-metering should be
required for other fuel uses,

DOE Response: Because electrical
energy is such a critical ingredient in our
way of life, we must consider every
means of conserving its use. The almost
complete reliance on electrical energy

by building subsystems is recognized by
this separate section. The treatmentis . .

not intended to be discriminatory since

other types of equipment are addressed

in other sections of the interim
standards. DOPR has included
requirements for other fuel types,
including sub-metering requirements for

. nature] gas, oil and steam, in §§ 8.0, 9.0

and 10.0. It believes the requirements of
. design.

the interim standards have been
designed to minimize burden and

‘maximize benefits,

The technical provision for check-
mntering is intended to {acilitate energy
management and not to encourage a
building owner to act as a utility and
charge tenanis for service. Such
provisions do not constitute
suometering, which may be in conflict
with some local regulatory
requirements. DOE aiso believes there is
informational value to check-metering
even where permanent metering is not
warranted. .

- Metering and measurement are-.
essential to the wroper operation of the
building. as well as for checking on
energy consumption. While the interim
standards dc not and cannot address
operation, they do attempt to provide
the operator with the proper tools for
good operation and maintenance. Not all
operators and owners will operate the
building systems in the most appropriate
way but the increasing sophistication on
the part of occupants and tenants is
causing owners to be more aware of the
need for proper cperating practice.

b. Transformer Requirements

A few who commented found the
transformer requirements of paragraph
6.3.2 burdeasome. This paragraph
recommends that transformer efficiency
shail be considered in electrical
distribution systems.

DOE Response: Transformers are &

.part of most such systems. Their no-load

and part-load losses can be significant
and should not be ignored.

¢. Electric Motors

A couple who commented indicated '
that the electric motors covered by the

‘interim standards serve a variety of

applications and that some of the
electric motors covered serve purposes
that are inappropriate for energy
efficient motors. They recommended
that a section be added to acddress
performance and use requirements other
than efficiency to determine the choice
of motor,

DOE Response: The purpose of the
table is to provide minimum efficiency
standards for motors and not to require
high efficiency motors, therefore the
section was not changed. However,
reference has been made 1o a National
Electrical Manufacturers Association
publication for detailed design guidance.

10..Ceneral Ccrmments—Seciion 435.107
o. Zoned Space Conditioning

A few who commented felt that DOE
should recognize the benefits of zonal
space conditioning for HVAC system

DOE Response: The interim standards
in no way preclude zonal systems. In
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- fact, zonal systems inherently meet the
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provisions of § 435.107, as they provide
separate air distribution systems to
every zore. The purpose of the section is
to discourage the use cf large central
systems serving zones with very
different load characteristics and in that
way actually encourages zonal systems.

& lasulation Levels

A few who commentad felt that
insu.ation levels for piping and

ductwork founrd in § 435.107 were below

economic levels and should be
increased. :
DOE Response: The insulation
requirements were based on an
economic analysis to determine the
‘insulation thickness that results in the
lowest life-cycie cost. For example,
Table 7.3-1 is a table of minimum
insulation thicknesses listed as a
function of fluid temperature range and
nominal pipe size. For each fluid
temperature range, a conductivity range
is specified on which thicknesses in the
Table were based. The conductivities
represent a broad range of commercially
available insulation products, including
fiberglass and expanded foam.

¢. Trermal Sterage Systems for Comfort

\ Cooling -

One who commented on this section
suggested that DOE was missing a
conservation-apportunity by not making
more use of thermal storage systems for
comlort cooling. ’

DOE Response: DOE has recognized
the benefits of thermal storage systems
for cooling and recommends. but does

. hot require, them in § 435.108.

d. Economizer Cycles

A couple of commenters suggested
that DOE investigate the increase in
energy use caused by increased fan
transport energy and the elimination of
heat reclaimed from the building, based
on its economizer cycle and variable air
volume systems requirements.

One who commented suggested that
an enthaipy economizer will show very
little use in most of the country and if
temperature controlled units are used,
humidity control is completely lost.
Another who commented felt that air
economizer systems are not cost-
effective for units smaller than 5.000
cfm. It was suggested that units with
supply capacity of less than 3.600 c¢fm or
total cooling capacity of less than 90.000

-, Btu/h should be changed to 5,000 cfm or
" 134,000 Btu/h.

DOE Response: DOE believes
economizers are the most generaily
applicable and effective energy
conservation measure to take advantage
of cool and cold weather cooling

requirements charactesistic 3f
commerical buildings. Heat ~ecovery
systems are only efizctive when heating
loads occur simuitaneously with cooling
loads. Zconomizers reduce snergy
conisumption both during coid weather
and during mild weather when heating
loads do not exist due to the generally
high internal loads.

DQE agrees in part with the comment
on enthalpy economizers and has
revised the economizer control section.
to allow calculations to determine
whether an enthalpy economizer is
practical and usefu] in particular
situations.

In regard to the comment on air

~ economizers, economizer controls are

readily and relatively inexpensively -
obtained for the size range required. For
most unitary products of this size range,
economizers are factory installed
options. DOE determined that

' economizers would therefore be cost-

effective in most applications.
e. Oversizing of Systems

A few who commented found that in
setting design conditions, no penalty is
given for maximizing of set-back and
set-up temperature, therefore reasonable
oversizing of the HVAC system is
necessary. One who commented felt
that an exception should be allowed for
oversizing equipment in a building
where planned future expansion could
be better served from an existing
system.

DOE Rasponse: The only oversizing
permitted is the 10% safety factor of
§ 7.3.1.9. The allowed 30% factor of
§ 7.3.1.10 is not oversizing but rather a
simple and commonly used methed for
calculating pickup loads. Pickup is a
load that a system must be designed to
meet if setback is used and reasonable
warmup times are to be achieved,

If a future expansion is designed at
the time of the HVAC system design,
then it could be considered part of the
design load and not oversizing.
However, it is believed that specific
exceptions for future expansion wouid
be too vague to be enforceable: the

‘scope and timing of expansion could not

be tightly designed. .
11. Ceneral Comments—Section 435.108
a. Uniform Equipment Standards

it was felt by several that DOE should
strive to establish equipment efficiency
requirements at an acceptable high and
uniform level, regardless of the -
equipment’s fuel source. Accordingly,
the interim standards should not attempt
to dictate the type of energy or fuei

* selection for a particular application.

DOE Response: There seems to be the
belief of some respondents that the
interim standards discriminate sgainst
electric energy. DOE believes that the
contrary is true. The interim standards
recognize the almost complete reiiance
of building systems on electrical energy
and provides equitable treatment for
consideration of all energy sources.
Because electric energy is such a key
ingredient to our way of life, we need 0
consider means to conserve its use for
long-term needs. Such conservation will

- certainiy be required as these buijldings

go through their 40- to $0-year lifetimes.
and varying degrees of energy scarcity
are experienced. -

b, Agreement with NAECA

Many who commented urged that the
interim standards be revised to compiy
with the provisions of the National
Appliance Energy Conservation Act
(NAECA) of 1987.

DOE Response: The interim standards .
are now based on the provisions of
NAECA. ‘

- & DOE Use of 1992 Efficiency

Requirements

In its interim standards. DOE has
chosen to set efficiency levels at 1692
minimum levels. This means that DOE
has chosen to forego 1988 levels for
more stringent standards. A few who
commented objected to these levels.

DOE Response: DOE contends that
the standards are primarily for use by

. Federal agencies and that these

agencies should become models for the
rest of the nation and design the most
efficient buildings possible in a life-
cycle cost-effective manner. Since
equipment bearing the 1992 efficiencies
are currently available and considered
cost-effective, Federal agencies are
required to meet these efficiencies in all
new construction. Because the
standards are voluntary for the non-
Federal sector, a choice can be made to
utilize the 1988 equipment efficiencies
found in proposed private sector

standards.

.d. Equipment Omitted From Interim

Standards

DOE received several comments
about equipment that have seemingly
been omitted from the interim
standards.

DOE Response: There is no intent to
encourage or discourage the use of
specific classes of equipment. Rather..
those types of equipment not
specifically included in § 435.108 may
qualify under either of the two Energy
Budget compliance paths, §$ 11.0 or 12.0.
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& Zlecesic Besistonce Heating

A Izw who commented felt that
<iactric resistance heating was unfairly
sinz.ed out because the only
recommended use of electric resistance
hesr was as a supplement to neat pump
creration.

b Fan Pl o]

2CF Reesanse: In practice, any type
(¢il. zas. electric) fuel could be used to
supniement heat pump operation and
saould be regulated to maximize system
eificiency. Revisions have been made to
- ~he standards that allow the use of
2ieciric resistance heating in selected
srimary situations and that allow other
eiectrie, gas, and oil furnaces to
supplement heat pump operation.

12, General Comments--Section 435.109

. M_finzlmum Service Hot Water
Performance

Several comments were received
concerning the minimum performance
tables found in this section. Those who
commented suggested that the service
water heating standards comply with
the provisions of the National Appliance
Energy Conservation Act of 1587.

DOE Response: DOE agrees and has
made the appropriate changes.

b. Standby Loss Requirements

DOE received a comment that the

standby loss requirements in Table 8.3=1
“for residential oil water heaters are far
too stringent.

DOE Response: Current research
results indicate that the levels of
stringency are well below the current
state-cf-the-art, that substantial

improvement in efficiency can be made,

and that the efficiency requirements of
the interim standards are defensible.

¢. Heat Pump Water Heaters . .

Several comments were received that
requested the elimination of
requirements that a heat pump water
heater be used in all applications of
electric water heater where supply
temperatures are under 145 °F.

DOE Response: The interim standards
make no assumptions about the cost of

electricity. Data and analysis reviewed -

by DOE show that heat pump water
heaters can yield substantial
improvements-in efficiency compared to
resistance hest that are almost always.
economical. Clearly, there are some
conditions in which heat pump water
heaters will not make economic sense,
but no general prescriptions for such
situations have been found.

d. Thermostat Controls

DOE received a few comments on the
requirements for thermostatic controls
for service water heating. One comment

suggested that § 9.3.4.1 is a meeningless
requirement: all automatic water heaters
have temperature controls adjustabie
through a range of set:ings.

Other comments irndicated concern
that lowering water temperature would
increase the likelihood of the production
of organisms that cause dis2ases such as
Legionnaires’ Disease.

DOE Response: The requirement
stands beczuse some water heaters are
incapable of settings as low as 80 °F.
DOE believes that the low settings will
provide substantial energy savings for
most types of non-residential buildings.
For residential dweiling water heaters
that rarely are capable of settings below
310 °F, an exception is provided.

DOE agrees that the issues of health
and safety are important and has raised.
the required thermostat settings to
conform with health and safety
standards.

e. Removable Showerhead Flow
Restrictors

DOE received a comment advocating

- that the restrictions on using removable

showerhead flow restrictors, in § 8.3.4.2,
be amended to allow for their use. The
rationale was that this requirement
would eliminate the major portion of all
showerheads manufactured today.

DOE Response: Since this is a design
standard for Federal buildings, DOE will
not make the change. DOE believes the $
potential for removal is so great that
removable flow restrictors cannot be
counted on uniess some vandal-proof
feature is required.

13. General Comments-Section 435.110
a. Minimum Requirements

DOE received a few comments
concerning the requirements of this
section, incinding a few that
recommended that either additional

guidance be provided on the use of

central monitoring and control systems,
or that the section be deleted. Other
comments requested that DOE temper
its requirements for post-construction
testing for small buildings.

DOE Response: DOE has taken these
comments under consideration and will
examine them and other requirements of
this section during the required
demonstration period {ollowing
promulgation of the Interim Standards.

b. Metering Requirements

DOE received a few comments that .
the metering requirements of § 435.110
are not apropos. The first of these deals
is the misconception that DOE is
exceeding its mandate by addressing
utility metering. The second concerns
the use of individual tenant meters:

unless the individual tenant meters are
required for billing purposes. the
commenter felt that the adcitional
expense for meters in government
faciiities is generaily not jusufied.
Finally, it is suggested that some smailer
buildings be exemptad from the
requirement for cost reasons.

DOE Response: There secms to be a
rmisunderstanding about the metering
process required by § 435.110. It is not
the intention of DCE to try to regulate
utility meters. Rather it is DOE's intent
to have each “distinct utility-provided
fuel source” metered. The purpose cf the
system is to measure and record  _
delivered energy so as to identify when
and where design energy use is being
significantly exceeded and to permit
timely corrective action to be taken.
Such meters will be used in analyzing
and reporting energy use.

With respect {0 tenant metering, when
tenants are of a single Federal agency
and no separate billing is required, the
agency is free to define tenants to avoid
unjustified cost/benefit results. .

Finally, DOE agrees that metering

- "some small buildings would be overly

costly and has amended the interim
standards accordingly.

c DOE Training for Federo! Agencies

Throughout the comments, but most
prominently in those comments directed
towards § 433.110, requests were made
for simplification of the compliance
process.

DOE Response: As mentioned earlier,
DOE intends.to make available easy-to-
use computer programs that will help in
determining compliance with the
lighting, envelope, HVAC, and service
hot water sections of the interim .
standards. In addition, DOE would like
to provide further guidance through
educational workshops, seminars, aste. It
is presently preparing @ plan for the
required demonstration program and
will link its educational planning to the
demonstration.

d. Exemptiaﬁ for Fossil Fuel Equipment

A few who commented requested
revision to §§ 10.3.1 and 10.3.2 which "
require individual meters for fossil fuel
equipment. The comments suggested
that requiring individual meters for
fossil fuel equipment in high rise
apartment buildings is impractical and
will slant installations to electric
equipment.

DOE Response: DOE believes that the.

proposed metering is consistent with

. that for other fuels in the standard and

has made no change in this requirement.
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a. Deietion of § 435.2111 enc'/or § 435.112

Several who commented suggested
tha! DOE eliminate § 432.:11. the
“3uilding Energy Cost Compilance
Alternatve." Others commenting on
§ 435.212, the “Building Energy
Compliance Alternative.” suggast that
DCE eliminate that secticn and leave
oniy § 435.111, The disagreements center
around the perceived reasans for the
inciusion of two separate energy paths
in *he interim standards and the basis -
for each. Those who disagree with the
use of § 435.111 see it as intended
primarily for builders of speculative or
tenant-occupied buildings. Compliance
under this alternative uses local monthly
energy costs s & basis, Their contention
is that while the alternative does
provide for more design flexibility, the
annual energy cost calculations ignore
life-cycle costs. Others contend that the
alternative discriminates against

- electricity because it appears to be

based on “source” energy.

Those suggesting that § 435.112 be
retained and § 435.111 deleted. present
counter-arguments. They contend that
DOE should focus on developing a

method of accounting for the energy lost
‘in the production and transmission of

each form of energy. Others complain
that it will take a sophisticated
computer user to contend with either
path. : '

DOE Response: DOE disagrees with
the basis for all these comments. It
contends that neither path discriminates
against any fuel types. Rather it has
presented two different compliance
alternatives, each that provides
maximum design lexibility, that are
easy-to-use, and that provide similar
criteria no matter which alternative is
chosen.

b, Modeling of Cogeneration

DOE received a comment on the
modeling of cogeneration when using
this section. The proposed interim
standards did not permit the sale of
energy off-site that was supplied by
either cogeneration or renewable energy
sources as a credit. It was contended
that the paragraph will effectively
eliminate the use of cogeneration and
renewable energy systema power in new
building design.

DOE Response: DOE has not changed
its provision and contends that the

/""" section allows the use of cogeneration

1nd renewable energy sources and it
anly precludes using the proceeds from
resale of electricity as a means of
offsetting energy consumption costs for
the building.

¢. Prototype Building Reguirsments

Several who commented oopose the
4 11.5 requirements ior 3 Prototype
Building. The typical comment was that
a Pretotrpe Building will gunerally give
an unrealistic comparison with the
Proposed Design of the building. Most

- sugguested that the use of the Reference

Building only is more appropnate.

DOE Response: DOE beiieves that the
Prototype Building defauit 2ssumptions
are needed to maintain consistency and_
to provide a standard means of

- comparison for all designers,

15. General Comments—-Section 435.112
a. Update Life-Cycle Cost Requirements

It has been suggestad by a couple who

commented that DOE should amend its
life~cycle cost procedures, 10 CFR Part
438, to include the necessary provisions
for non-government buildings.

DOE Respanse: The life-cycle cost

‘procedures, 10 CFR Part 438, are

developed and intended for use by the
Federal government only. They are part
of the requirements of DOE's Federal
Energy Management Program. DOE has
no intention of incorporating a
methodolegy for non-government
buildings. It suggests that private sector
use of this section base its life-cycle cost
analysis on accepted procedures for
private sector construction.

IV. Technical Support Documents:
Micro-Computer That Will
Ease the Uss of the Interim Standards

Along with the interim standards DOE
will issue several technical support
documents that will assist the users of
the interim standards in determining
compliance. Each program will be an
exact duplicate of the requirements and
the compliance calculations contained
in the relevant sections of the interim
standards. The computer programs
include the following:

¢ Lighting Program, inclusive of the
prescriptive path. system performance
path, and the lighting requirements for
roads and grounds:

¢ Two (2) Envelope Programs, one
each for the prescriptive path (ACP
Tables) and for the system performance
path: and '

* HVAC and Service Hot Water
Program. inclusive of prescriptive
requirements {there is no system
performance path for these areas).

-The technical support documents will
be available from: National Technical
Information Service, U.S. Department of
Commerce, 5285 Port Royal Road,
Springfield, Virginia 22161.

The computer programs have been
wrilten in the “C" computer language.
The compiled versions of the programs -

will be provided on a 5% inch computer
diskette, which will be accompanied by
a user's manual. The programs will run
on any MS-DOS cormpatible micro-
computer, requiring oaly the MS-CQS
operating systemn. A listing of ihe source
code will also be provided on r2quest io
DOE.

To run the programs, tha foilowing
equipment wili be needed:

* An IBM-PC, =XT, or -AT;
COMPAQ; or MS=DCS compatible
micro-computer with at Jeast 256K RAM
memory, and a double-sided, double-
density floppy disk drive or a double-
sided, double-density floppy disk drive
and a hard disk: .

¢ A monochrome or color monitor;

¢ An 8087 or 80287 or equivalent math

‘coprocessor {optional); and

* MS-DQOS operating system, version
2.0 or later.

V. Procedural Requirements
A. National Environmental Policy Act

DOE prepared and issued on May 8,
1887, concurrently with the proposed .-
interim standards, an Environmental

-Assessment (EA} of the proposed
.interim standards under the

Implementing Regulations of the Council
of Envitonmental Quality (CEQ) {40 CFR
Parts 1500-1800) and the National
Environmental Policy Act of 1969
(NEPA), as amended. (Pub. L. 91~190,
4221 et seq.), which requires agencies to
conduct environmental assessments
when their regulations constitutea
significant Federal action. A Finding of
No Significant Impact was issued in the
Federal Register at 52 FR 17224 e! seg.
on May 8, 1987, The Environmental
Assessment concluded that no
significant impacts will result to the
indoor or outdoor environments from
impiementing the Interim Voluntary
Performance Standards for New
Commercial and Multi-family High Rise
Residential Buildings that are
mandatory for Federal agencies. Baged
upon the findings in the Environmental
Assessment, DOE determined the
proposed interim standards do not
constitute a major Federal action
significantly affecting the quality of the
human environment within the meaning
of NEPA.

EPA Review: As required by section’
7{a}(2), 158 U.S.C. 778(c)(2). of the Federa!
Energy Administration Act of 1574. 15
U.S.C. 761 e! seq.. a copy of this
proposed rule was submitted to the
Administrator of the Environmental
Protection Agency for comments on the
impact of the interim rule on the quaiity
of the environment. The following
comments were provided:



3.2

Federal Register / Vol 34, No. 18 / Menday, January 30, 1989 | Rules and Regulations

-

72 U.S. Enironmental Protection
Azency {EPS) supperts the general goal
of :2erutemakiag, which is to identify
mv. .sures by which energy can be
soaserved, EPA has some specific
¢omments concerning the potential
2nvironmantal effects from radon within
siictures built to:comply with DOE's
pertormance standards. :

T:.e President signed the Indoor
Radon Abatement Act on October 28,

1588, This law established a national
goai that “air within buildings in the
United States should be as free of radon
as the ambient air cutside of the

“buiidings" and places a wide variety of
new requirements.on the EPA ‘
Administrator toward meeting this goal.

Seversal of the requirements
astablished by the Act create areas of
common interest between EPA and DOE
with respect to the Interim Final Ruole:

+ Section 304 (Model Construction
Standards and Techniques) requires the
Administrator to “develop model
construction standards and techniques for

.controiling radon levels within new
buiidings.” This section also requires the
Administrator to “work to ensure that
organizations responsible for developing
national model building codes * * * adopt
the Agency's model standards and
techniques.” EPA believes that the DOE
standards constitute a “national model
‘building code.” -

s Section 309 (Study of Radon in Federal
Buildings) requires ail Federal agencies

_ owning buildings to “conduct a study for the

purpose of determining the extent of radon
contamination in such buildings.” This
section aiso requires the Administrator to

“identify and compile a list of

areas * ° * which have a high probability of

including Federal buildings which have
elevated levels of radon.” This section also
requires the Administrator to provide to the
departments or agencies conducting studies
guidance and related information concerning
methods for reducing radon levels. |

The public good is best served if .
FPA's radon related requirements and
DOE's conservation requirements mesh
smoothly. While these are not mutually
exclusive requirements, there is no
assurance that the pursuit of one will
necessarily result in the accomplishment
of the other. DOE's standards were
initially developed before EPA's radon
protection mandate was established by
law  7PA recommends that the
---~riate staffs of both agencies
enge= in some dialogue to ensure that
DCE . standards do not result in
construction requirements that later
have to be modified to conform to EPA
radon reduction guidance.

B. Executive Order No. 12291

Section 3 of Executive Order No.
12291, 46 FR 13193, February 19, 1981,
requires that DOE determine whether 2

proposed rule is a “major rule® as
definec by Section 1(b; of that Order.
ard prepare a preliminary regulatory
imypact analysis for rules which fall
within that definition.

DOE prepared an “Economic
Analysis.” 52 FR 17085, May &, 1887,
wherein DOE reviewed the propesed
Final Interim Rule. DOE has determined
that the roie will not have an annual
effect on the national econcmy of $100
million or more, nor certain other effects
listed in the Order, ana that the Final
Interim Rule is not a “major rule” withi
the meaning of the Crder.

The rule was submitred to the Director
of the Office of Management and Budget
for a 10-day review period as required
by section 3(c}(3) of Executive Order No.
12291, The Director has concluded his
review under that Executive Order.

C. Regulatory Flexibility Act
The Regulatory Flexibility Act (5

" U.5.C. 603, £04) requires DOE to

calculate the effect its rulemaking will
have on small businesses in the nation.
DOE analyzed the small business
impacts the rule would have, including
its impacts upon manufacturers of
building and construction materiais and
equipment, architects, builders,
construction companies and utilities,

In accordance with the findings of
Chapter 3 of the Economic Analysis, 52
FR 17085, May 8, 1987, DOE certifies that
the Interim Energy Conservation

. Standards for New Commercial and

Multi-Family High Rise Residential
Buildings will not have significant
impact on a substantial number of small
entities,

D. Paperwork Reduction Act

No information collection or record
keeping requirements are imposed on
the public by the Final Interim Rule.
Accordingly, authorizations are not
required under the Paperwork Reduction
Act, 44 U.S.C. 3501, e! seq., as amended.
or its implementing regulations, 5§ CFR
Part 132,

E. Federaiism Effects

Executive Order 12612, 52 FR 41685
{October 30, 1987), requires that '
regulations or rules be reviewed for any
substantial direct effects on States, on
the relationship between the national
government and the States, or on the
distribution of power and
responsibilities among various levels of
government, If there are sufficient
“substantial direct effects,” then
Executive Order 12812 requires

‘preparation of a Federalism Assessment

to be used in all decisions involved im
promulgating and implementing a
regulation or & rule. Sections 2 through 5

. Pumps. Air Conditioning & Refrigeration

of Executive Order 12812 set forth the
principles, criteria, and requirements to
be used in pregaring a Federalism
Assessment. -

The principal impacts of today’s ruie
will be on commercial and muiti-famity
high rise residential buildings
constructed by tze Federal government.
These interim standards are being
promulgated pursuant to legislation that
states "except in the case of Federal
buildings, voluntary performance

.standards shall be developed solely as
guidelines for the purpose of providing
technical assistance for the design and
construction of energy eificient
buildings." Therefore, the rule will ot
have a substantial direct effzct on the
States, the relationship between the
States and Federal government, or
distribution of the power and
responsibilities among various levels of
government.

F. Section 32 of the Federa! Energy
Administration Act of 1974

The interim rule references several
building industry standards and requires
building designers to use these
standards in order to comply with the
interim standards. As required by
Section 32, 15 U.S.C. 788, of the Federal
Energy Administration Act of 1974, 15
U.S.C. 761 et seq., DOE must identify. by
name, the organization that promuigated
such standards and state whether the
organization complied with the
participatory requirements specified in
the section.

"The building industry standards
referenced in the rule are listed below:

ANSI/NFPA 1970. National Electric Code.
National Fire Protection Association. Quincy.
MA 02263, 1887 revision.

ANSI/ASHRAE Standard 55-1881,
Thermel Environmental Conditions for
Humen Occupency. American Society of
Hesting, Refrigerating, and Air Conditioning
Engineers. Inc., Atlanta. GA. 1881

AR Standard 31087, Package Terminal
Ajr Conditioners, Air Conditioning &
Refrigerstion Institute, Arlington, VA 22209,
1987. . ’

ARI Standard 380-87, Packcged Terminal
Heat Pumps, Air Conditioning & Refrigeration
Institute, Arlington, VA 22209. 1987.

ANSI/AHAM RAC~1~1982. Room Air
Conditioners, Association of Home
Appliance Manufacturers, Chicago. IL 806C6

- 1882,

ARl Standard 240-88. Air Source Unitary
Heat Pump Equipment. Air Conditioning &
Refrigeration Institute, Arlington, VA 22208,
1988, .

AR! Standard 320-88. Woter Source Hea! {

institute, Arlington, VA 22209, 1988
ANSI/IEEE 112-1984, Polyphase Induction
Motors and Generators, Test Procedures for.
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-watitute of Electrical and Elecmornics
Engineers. New York, NY 10017, 1284,

ANSI/NENA MG 137, Mlote~ and
Cenerctors, Nationsi Electrical
Mureriaciurens A sociation, Waahington. BC
SD0UT, 1887,

ANELRA LT 0=, Eneryy Guide for
Se'seticn a-1 Ure uf Polvatese Morors,
Nastonai Zlectren Manufacturers
Asencialion. V. ashinaton, DC 20037, 1983,

ANS? Celu-i84, Fivorescent Lomp
Bo:lusts, Meoseds of Measurement of.,
American Mationsi Standards (astitute. New
York, NY 10018, 1384,

IES LM=1-1955. Aporoved Method For
Photometric Trating of indoor Fluorescent
Lurningires, Ulum:inating Enginevring Society
of North America. New York. NY 10017, 1885,
' IES LVfwi0=i583, Approved Method for
Fhotometric Tesiing of Indoor Luminaires
L'sing High-intensity Discharge Lamps or
incandescent Fiiament Lamos, Wluminating
Engineering Society of North America, New
York, NY 10017, 1983,

IES LM~t3-1985, Approved Mathod for
Photometric Testing of Indoor Luminaires
Using High-Intensity Dischorge Lamps or
Incandescent Filament Lamps, Lluminating
Engineering Society of North America. New
York. NY 10017, 1885. .

{ES LM=33-1585. Approved AMethod for
Photomezric Testing of Floodlighrs Using
Ircandescent Filoment or Discharge Lamps.
Wuminating Engineering Socicty of North
America. New York. NY 10017, 1885,

ASTM C177-65, Test Method for Steady-
State Heat Flux Msosurnments cnd Thermol

- Trensmission Properties by Meuns of the
Cuarced-Hot-Plate Apparatus, American
Society of Testing and Measurement,
Philadelphia, PA 10103, 1985,

ASTAL C318-85, Test Method for Steady-
Sig:e Heat Flux Meosurements and Theemal
Trensmission Properties by Means of the
Heat Flow Meter Apparatus, ASTM.
Philadelphia, PA 19103, 1985.

ASTM C236-50, Test Miethod for Steady
Stcte Thermal Pesformance of Buiiding
Assemblies by Means of a Guarded Hot Box.
ASTM, Philadelphia, PA 19103, 1380,

ASTM C278-82. Test Method for Thermol
Performance of Building A\ssemblies by
Means of a Calibroted Hot Box. ASTM,
Philadelphia. PA 19103, 1982

ASTM E283-84, Test Method for Rate of
Alr Leakoge Through Extarior Windows,
Curtain Walls, and Doors. ASTM,
Philadeiphia, PA 19103, 1984.

ANSI/AAMA 101~1985, Alumirum Prime
Windows and Sliding Glass Coors. American
Architectural Manufacturers Association.
Des Plaines, IL 60018, 1988,

ASTM D4099-23, Specification for Poly
{Vinyl Ckloride} (PVC) Prime Windosws,
ASTM. Philadelphia, PA 19103, 1983,

ANSI/NWMA 1.85.2-83, Wood Window
Units, National Wood Window 2nd Deor
Association (formerly the National
Woodwork Manufacturers Association), Des
Plaines, IL 60018, 1983.

ANSI/NWMA [8.3-83. Wood Sliding Potio

. Doors, Nations! Wood Window and Door
Association (formerly the National
Woodwork Manufacturers Association!, Des
Pluines, I, 60018, 1983,

ASHRAE Standard 62-1981. Ventilation for

Acceptable Indoor AJr, American Society of

Heating, Refrigerating. and Air Conditioning
Enzineers, Inc., Adanta. GA. 1981,

Commercici wsd [aguserral Insulction
Standords. Midwest insulation Contraciers -
Assuciaticn, 2017 Scuth 139th Cirele, Omasa,
NE 68144, 101l

ASTM CE38-84, Tust Method for Sivadys
Srute Heot Tiunsier Properties of Horizenw!
Fize Insvlation. ASTHL Philadelphia. PA
19103, 1084,

HVAC Duct Construction Standas'ses
Netal and Flexibie. 15t Ed.. Shicet Metal snd
Alr Cunditioning Contractors Nutional
Associstion, Vienca, VA 22150, 1088

FVAC Duct Leaxuge Test Meanoul, 13t S,
Sheet Metal and Air Conditioning
Contractors Astociation, Vierna, VA 22130,
1983. ‘

Fibrous Glass Duct Censtructicn Standerd,
Sth Ed, Sheet Metal and Air Conditioning
Contractors Associntion, Vienna, VA 22180,
1979.

ARl Standard 210-81, Unitery Air
Conditioning Equipment. Air Condilioning &
Refrigeration Institute, Arlington. VA 22209,
1881, .

ARI Standard 340-38. Commercial and
Industrial Unitary Heat Pump Equipment, Air
Conditioning & Refrizeration Institute,
Arlington, VA 22209, 1988,

ARI Standard 360-88, Commercial ond
Indusirial Unitary Air-Conditioning
£Eguipraent. Air Conditioning & Refrigeration
Institute, Arlington, VA 22203, 1988.

AR Standard 3685-37, Commercial and
Industriel Unitery Air-Conditioning
Condensirg Units. Air Conditioning &
Refrigeration Institute, Arlington, VA 22209,
1887,

AR/ Standard 580-38, Reciproccting
Water-Chilling Packeges, Air Conditioning &
Relfrigeration Insttute, Arlington, VA 22209,
1888,

ARI Standerd 250-88, Centrifugal or Rotary
Warer-Chilling Pockages. Air Conditioning &
Refrigeration Institute, Arlington, VA 22208,
1988,

ANS! A112.18.2M-1979, Finisted and
Rough Bross Plumbing Fixtures, American
National Stendards lnstitute, New York, NY
10018, 1979.

CT7 Standard=-201 (88), Certification
Standard fur Commercial Water Cooling
Towers, Cooling Tower Institute, P.O. Box
73383, Houston, TX 77273, 1888.

AR Standard 825-85. Ground Waoter
Source Heat Pumps, Air Conditioning &
Refrigeration Institute, Ariington, VA 22208,
1988,

AR] Standard 210/240-84. Unitory Air-
Conditioning and Air Source Heat Pump
Equipment: Addendum 220/2:0-84, Air
Conditioning & Refrigeration Institute,
Arlington. VA 22209, 1984,

AGA 221.13-82, Gas-Fired Low-Pressure
Steam and Hot Water Boilers; Addenda
L21.23A-1582. American Gas Association,
Cleveland, OH 44121, 1982,

ASME PTC 4.1-84, Steam Generating
Units; Addendum PTC 4.1:A-88. Addendum
PTC 4,18-69 (R~1985), New York, NY 10017,
1964,

UL 795-73 Commercial-industrie! Gas-
Heating Equipment (R-1958), Underwriters
Labaruturies, Northbrook, (1. 80082, 1573,

ANSI/UL 72875, Oil-Fired Boiler
Assemblies (R-1986), Underwritars

Latoratories. Northbrook 1L 66082, 1973
revised 1988,

H.1 Testing & Ruiing Sternderd foriisatin
Builers, Hydronics Instutute, Serkeley
{leighta. N] 07922, 1982

AGCA Z21.47-82. Ces-Fired Centru!
Furnoces (Excrpt Direct Vent and Seporoie.
Combustion System fumaces ) Addenca
Z21.47A~i885. Addenda 221.47°8-1586.
American Gas Association, Cleveland. Ol
44131, 1983, 18886.

UL 727-88. Cii-Fired Cenzral Furnoces.
Underwriters Laboratories, Northorock, L
6CCG2, 19886, B ’

ACA Z83.8-85. Gus Lt Heaters: Addend.
283.6A-1088, American Cas Associutivn,
Cleveland. OH 44131, 1885, °

AGA-233.9-56..Gas-Fired Duct Furnaces.
American Gas Association, Cleveland. CH
44131, 1988,

UL 72178, Oil-Fired Unit Heaters (R-
1985}, Underwriters Laboratories,
Northbrook, IL 80082, 1875, revised 1985.

DOE finds that while each of the
organizations listed promulgates its
standards in'a manner that allows for
the response and critique of interested
persons, none of the organizations
follows procedures that meet all of the
specific requirements of Section 32.

List of Subjects in 10 CFR Part 435

Architects, Building code officials,
Buildings, Energy conservation, Energy
conservation building performance
standards, Engineers, Federal buildings
and facilities, Housing, Insulation, and
Voluntary performance standards.

In comsideraticn of the foregoing, the
Department of Energy hereby amends
Part 435 of Chanpter II of Title 10 of the
Code of Federal Regulations by adding
new Subpart A as set forth below:

Dr. John R. Berg,

Assistant Secretary, Conservation u:
Renewable Energy. :

10 CFR Part 435 is amended as foilows:

PART 435~-ENERGY CCNSERYATION
VOLUNTARYY PERFORMANCE
STANDARDS FOR NEW BUILDINGS;
MANDATORY FOR FEDERAL
BUILDINGS

1. The authority citation for 10 CFR
Part 435 is revised to read as follows:

Authority: Energy Conservation Standards
for New Buildings Act of 1978, as amended.
(42 U.S.C. 6831-8570), enacted as Title II] of
the Energy Conservation and Production Act
(42 U.S.C. 8201 et seq.); (42 U.S.C. 8255}
section 5435, National Energy Conservanon
Policy Act: Department of Esergy
Organization Act. (42 U.S.C. 701 ef sec.),

2. A new Subpaﬁ A, consisting of
$§ 435.97 through 435.112. is added to i(
CFR Part 435 to read as follows:
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Subpsrt A==Veiuntary Performancs

Standaras for New Commercial snd Multle

Family High Rise Resigential Buildings:

Mancatory tor Federal Buildings

Sez.

423.57 Purpose.

4£33.88  Scope.

425.98" Gereral defigitions and acronyms.

435.1010 Explanation of numbering system
for standards,

435.101 Implementation and compliance
procedures for Federal agencies.

435.102 Principies of effective energy
building design.

435.103 Lighting,

435.104 Auxiliary systems and equipment.

435.105 Building enveiope.

435.106 Electric power and distribution.

435,107 Heating, ventilation and airs
conditioning (HVAC) systems.

435.108 Heating, ventilation, and air-
conditioning (HVAC) equipment.

435.100 Service water heating systems.

435.110 Energy mansgement.

435.111 Building energy cost compliance
alternative,

435.112 Building energy compliance
alternative.

Subpart A==Voluntary Performance
Standards for New Commercial and
Multi-Family High Rise Residential
Buildings; Mandatory for Federal
Buildings

§ 435.67 Purposs.

{a) This subpart establishes energy
conservation voluntary performance
standards for the design of new
commercial and mult-family high rise
residential buildings. The voluntary
performance standards are designed to
achieve the maximum practicable
improvements in energy efficiency and
increases in the vse of non-depletable
sources of energy.

{b) The voluntary performance
standards will be used by Federal
agencies for the design of new Federal
commercial and multi-family high rise
residential buildings.

{c) Except in the case of new
commercial and multi-family high rise
residential buildings, which are Federal
buildings. voluntary performance
standards prescribed under this subpart
are developed solely as guidelines for
the purpose of providing technical
assistance for the design of energy
efficient buildings.

§ 435.88 Scope.

. {a) The voluntary performance
standards for new commercial and
multi-family high rise residential
buildings apply to the design of & new
commercial or multi-family high rise
residential building, except for the
following: .

{1) A building constructed and
developed for residential occupancy,
unless the building is a multi-family high

=ise residential building with 3 or more
stories:

{2) Heating, cooling, ventilating, or
service hot water requirements for those
spaces where processes occur for
curposes other than occupant comfort

- and sanitation, and which impose

‘hermal loads in excess of 3% of the
ioads that would otherwise be required
for occupant comfort and sanitation
without the process; .

(3) Eavelope requirements for those
spaces where heating or cooling
requirements are excepted in paragraph
{a)(2) of this section:

{4) Lighting for tasks not listed or
encompassed by areas or activities
listed in Table 3.5-1; and

(5) Buildings that are composed
entirely of spaces listed in paragraphs
{a) (2}, [3). and (4) of this section.

§ 43599 Genersl definitions and
SCTOMYymS.

(a) For the purpose of this subpart:

“Accessible (as applied to
equipment)” means admitting close
approach: not guarded by locked doors,
elevation. or other effective means. (See
also Readily Accessible.)

“Adjusted Lighting Power” means
lighting power, ascribed to a
lumingire(s), that has been reduced by
deducting a lighting power control credit
based on use of an automatic control
device, ‘

“Annual Fuel Utilization Efficiency”
means the ratio of annual output energy
to annual input energy that includes any
non-heating season pilot input loss.

“Air Conditioning, Comfort™ means
treating air to control its temperature,
relative humidity, cleanlineszs, and
distribution to meet the comfort
requirements of the cccupants of the
conditioned space. Some air
conditioners may not accomplish all of
these controls. - :

“Ambient Lighting” means lighting
that produces general illumination
throughout an area.

“Area Factor” means a multiplying

. factor that adjusts the base unit power

density (UPD) for spaces of various

.-sizes to account for the impact of room

" configuration on lighting power

utilization.

*Automatic” means a self-acting,
operating by its own mechanism, when
actuated by some impersonal influence,

_ such a8, a change in current strength.

pressure, temperature or mechanical
configuration. (See also Manual.)

“Ballast” means a device used with an
electric-discharge lamp to obtain the
necessary circuit conditions (voltage,
current, and wave form) for starting and
operating.

“Ballast Efficacy Factore=
Fluorescent” means the ratio of the
relative light output to the power input
in watts, at specified test conditions,
expressed as a percent.

“Ballast Factor” means the ratio of a
commercial ballast lamp lumens to a
reference ballast lamp lumens, used to
correct the lamp lumesn output from
rated to actual. :

“Boiler Capacity” means the rated
heat cutput in Btu/h of the boiler, at the

-design inlet and outlet conditions and

rated fuel/energy input.

“British Thermal Unit” means
approximately the amount of heat
required to raise the temperature of one

- pound of water from 59 °F to 80 °F.

“Building” means any new structure
to be constructed that-includes provision
for a heating or cooling system, or both,
or for a hot water system.

*Building Code" means & legal
instrument which is in effect in a state
or unit of general purpose local
government, the provisions of which
must be adhered to if 2 building is to be
considered to be in conformance with
law and suitable for occupancy and use.

“Building Design"” means the
architectural and engineering drawings
and specifications used for the
construction of a new building.

“Building Energy Cost” means the
computed annual energy cost of all
purchased energy for the building,
calculated using the methods of Section
435.111 of these standards.

*Building Envelope™ means the
elements of a building that enclose
conditioned spaces through which
thermal energy may be transferred to or
from the exterior or to or from
unconditioned spaces.

“Building Type"” means the
classification of a building by usage. In
this regulation the following
classifications of buildings are defined
by these uses: -

(1) “Assembly” means a building or
structure for the gathering together of
persons, such as auditoriums, churches,
dance halls, gymnasiums, theaters,

_Imuseumns, passenger depots, sports
. facilities, and public assembly halls.

{2) “Health and Institutional” means a
building or structure for the purpose of
providing medical treatment,
confinement or care, and sleeping
facilities such as hospitals, sanitariums,
clinics, orphanages, nursing homes,
mental institutions, reformatories, jails,
and prisons.

{3) "Hotel/Motel” means a building or
structure for transient occupancy, such
as resorts, hotels, motels, barracks, and
dormitories.



£

T

Fedsral Reyister / Vol 54. No. 18 / Mondav, January 30. 1589 / Rules and Regulaticns

4333

< (4] “Muii-Famulv" means a building or
structure contaimuny isrue or more
divelliny inits, (Ses Lweliing Unite. and
Mudtd-Femuly Diwveilizg.)

{5) “Cifice (Business|” means a
building s¢ soructure for oifice.
srofessional or sarvice type
transacions, such 4s medicai cFices,
banks, licraries, and businecs sffices,
including governmental office cuildings.

{6} "Restauran!” means a buiidingora
structure for the scnsumption of Sood or
drizk, including jast food, cotiee shops,
cafeterizs, bars, and restaurants.

{7) “Retail (Mercantile)” means a
building or a structure for the display
and sale (wholesaie or retail) of
merchandise, such as shopping malls,
food markets, auto dealerships.
department stores, and specialty shops.
{See also Retail Establishments.)

(8) "School (Educational)” means a
building er structure for the purpose of
instruction. such as schools, colleges,
universities, and academies.

{9} “Warehouse (Storage)” means a
building or structure for storage. such as
aircraft hangers, garages, warehouses,
storage buildings, and freight depots,

- *Check Metering” means :
measurement instrumentation for the
supplementary monitoring of energy
(electric, gas, oil, etc.) consumption, in
addition to the revenue metering
furnished by the utility, to isolate the
various categories of energy use to
permit conservation and control.

“Coefficient of Performance——
Cocling" means the ratio of the rate of
heat removal to the rate of energy input
in consistent units, for a complete
cooling system or factory assembled
equipment, as tested under a nationally

* recognized standard or designated

operating conditions.

“Coefficient of Performance, Heat
Pump--Heating” means the ratio of the
rate of heat delivered to the rate of
energy input, in consistent units, for a
complete heat pump system under
designated operating conditions. When
checking compliance with the heat pump
equipment COP’s listed in the tables in
Section 435.108.

*Combined Thermal Transmiitance
Values"” (See Thermal Tronsmittance,
Overall)

. “Commercial Building” means a
building other than a residentiai
building, including any building
developed for industrial or public

"y purposes.

. “Conditioned Floor Area” means the
area of the conditioned space measured
at floor level from the interior surfaces
of the walls. :

*Conditioned Space” means a volume
within a building that is designed to be

heated and/or cooled. directly or
indireciy.

“Connected Lighting Power" means
the power requirad :o 2nergize
luminaires and laxps instalied and
connected to the puiiding electrical
cervice, in watts. :

“Control Loop. Lzcal” means a control
system consisting of a sensor, a
controlier, anc a controlled device.

*Cooled Space” means an enclosed _
area within & building that has a
refrigeration system whose sensibla
capacity exceeds 5 Btu/h-ft3 oris
capable of maintaining space drv buib
temperatures of 80 'F or less at design
cooting conditions.

“Paylight Sensing Control” means a
device that sutomatically regulates the
power input to electric lighting near the
fenestration to maintain the desired
workplace illumination, thus taking
advantage of direct or indirect sunlight,

“Dead Band (Dead Zone)” means the
range of values within which an input
variable can be varied without initiating
any noticeable change in the cutput
variable.

“Default Assumption” means the
value of an input used in a calculation
procedurs when a value is not entered
by the designer.

“Degree-Day"” means a unit, based
upon temperature difference and time,
used in estimating fuel consumption and
specifying nominal heating load of
building in winter, For any day, when
the mean temperature is less than a
reference temperature, typically 65 °F,
there are as many Degree-Days as
Fahrenheit degrees differencs in
temperature between the mean
temperature for the day and the
reference temperaturs,

“Degree Day, Cooling” means a unit,
based upon temperature difference and
time, used in estimating cooling energy
consumption. For any one day, when the
mean temperature is more than a
reference temperature, typically 65 °F,
there are as many Degree Days as
degrees Fahrenheit temperature
difference between the mean
temperature for the day and the ,
reference temperature. Annual Cooling
Degree Days (CDD) are the sum of the

days over a calendar year.

“Degree Day, Heating” means a unit,
based upon temperature difference and
time, used in estimating heating energy
consumption. For any one day, when the
mean temperature is less than a
reference temperature, typically 65 °F..
there are as many Degree Days as
degrees Fahrenheit temperature
difference between the mean
temperature for the day and the
reference temperature. Annual Heating

Degree Days {HDD) are the sum of the
degree days over a calencar yzar. .

“Demand {Eiectnic)” means the rate at
which alectriz energy is celivered o or
by a systerm. part of a syster. cr a prece
of equipment; expressed iz > ..owat!s,
kilovoitamperes: cr-other-suizabie units
at a given instant or averazed over any
designated pericd.

*Design Conditicns” meézas the
exterior and intevior envir: tmentai
parameters spe Zified for c.r ~onditioning
and electrical cesign for a J.zility.

“Design Energy Consurption” means
the computed annual energy usage of a
proposed building design.

“Design Energy Casts"” means tha
computad annual energy expenditures cf
a proposed building design. :

"Dwelling Unit" means a single
housexeeping unit comprised of one or
more rooms providing complete,
independent living facilities for one zr
more persons including permanent
provisions for living, sleeping, eating,
cooking, and sanitation.

“Economizer, Air” means a ducting
arrangement and automatic control -
systern that allows a cooling supply fan
system to supply outside air to reduce or
eliminatie the need for mechanical
refrigeration during mild cr cold
weather,

“Economizer, Water” means a system
by which the supply air of a cooling
system is cooled directly and/or
indirectly by evaporation of water, cr by
other appropriate Quid. in order to
reduce or eliminate the need for
mechanical refrigeration.

“Efficiency, HVAC System” means
the ratio of the useful energy output {at
the point of use} to the energy input in
consistent units for a designated time
period, expressed in percent.

“Emergency System (Back Up.
System}” means a system which exists
for the purpose of operating in the event
of failure of a primary system.

“Energy” means the capability for
doing work; having several forms trat
may be transiormed from one to
another, such as thermal (heat),
mechanical (work), electrical, and
chemical. ' :

“Energy Cost” means the annual cost
of energy by unit and type of energy.

“Energy Cost Budget” means the
maximum silowable computed annual
energy expenditure for a proposed
building.

“Energy Efficiency Ratio” means the
ratio of net equipment cooling capacity
in Btu/h to total raie of electric input in
watts under designated operating
conditions. When consistent units are
used, this ratic becomes equal to COP,
{See also Coefficient of Performance.)
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“Energy Management Svstem”™ means
a conwrei svsrzm designed to monitor the
enviconment and the use of energy in a
facility and ‘o adjust the parameters of
local centrel loops to conserve energy
while maintaining a suituble
eavireamens,

“Energy, Recovered” iSee Recovered
Eaergy.) ' ’

“Enthalpy” means a thermodynamic
property of 8 substance defined as the
sum of its internai energy pius the
quantity PV/}, where Pmpressure of the
substance, V=its volume, and J=the
mechanical equivalent of heat; formerly
called total heat-and heat content.

“Exterior Envelope” (See Buriding
Envelope.) :

“Fenestration” means any light- -
transmitting section in a building wall or
roof. The fenestration includes glazing
material, which may be glass or plastic

- framing, mullions, muntins, and dividers;
external shading devices; internal
shading devices, and integral (between-
glass) shading devices. .

v “Federal Agency” means any
department, agency, corporation, or
other entity or instrumentality of the
executive branch of the Federal
Government, including the United States
Postal Service, the Federal National
Mortgage Association. and the Federal
Home Loan Mortgage Corporation.

“Federal Building" means any
building to be constructed by. or for the

" use of, any Federal Agency which is not
legally subject to Stats or local building
codes or similar requirements. '

“Footcandle"” means the unit of
illuminance on a surface one square foot
in area on which there is a uniformly
distributed flux of one lumen, or the
illuminance produced on a surface all
points of which are at a distence of one

:foot from a directionally uniform point
source of one candela.

“General Lighting” means lighting
designed to provide illumination

. throughout an area, exclusive of any

provision for special local requirements.

“Gross Floor Area" means the sum of
the areas of the several floors of the
building, including basements,
mezzanine and intermediate-floored
tiers and penthouses of headroom
height, measured from the exterior faces
of exterior walls or from the centerline
of we!ls separating buildings, but
excluding covered walkways, open

roofec-over areas, porches and similar -

spacee. pipe trenches, exterior terraces
or steps, chimneys, roof overhangs, and
similar features.

“Gross Lighted Area” means the sum
of the total lighted arees of a building
measured from the inside of the
perimeter walls, for each [loor of the

building.

“Gross Roof Area" means the total
surface of the roof assembly exposed to
the outside air, including all roof/ceiling
and skylight components through which
heat may flow between indoor and
outdoor environments, excluding service
openings.

“Gross Exterior Wall Area" means the
total surface of the wall assembly
exposed to the outside air and enclosing
a heated or cooled space consisting of
opague surfaces, including between
fioor spandrels, peripheral edges of
flooring and window areas including
sash and door areas but excluding
vents, grilles, and pipes. .

- “HVAC System"” means the .
equipment distribution network and
terminals that provide either collectively
or individually the processes of heating,
ventilating, and/or air conditioning 1o a
building.

“HVAC System Efficiency” (Ses.
Efficiency, HVAC System.)

“Heat” means the form of energy that
is transferred by virtue of a temperature
difference or a change in state of a
material, '

“Heat Capacity” means the amount of .

heat necessary to raise the temperature
of a given mass one degree. Numerically
the mass multiplied by the specific heat.

“Heated Space” means a volume
within a building which is provided with
a positive supply of thermal energy by &
system whose output capacity either
exceeds 10 Btu/h-ft ® or is capabie of
maintaining a space dry-bulb
temperature of 50 °F or more at design
building conditions,

“Heating Svstem Performance Factor”
means the total heating output of a heat
pump during its normal annual usage
period for beating, in Btu, divided by the
total electric energy input during the
same period, in watt-hours.

“Hest Trap” means a device coupled
to the inlet and outlet of a water heater
that effectively restricts the natural
tendency of hot water to rise in the -
vertical pipe during periods of standby.

© “Humidistat” means an automatic
control device responsive to changes in
kumidity.

“lluminance” means the density of

‘the luminous flux incident on a surface.

It is the quotient of the luminous flux’
multiplied by the area of the surface

when the latter is uniformly illuminated.

(See rlso Footcandle.)

“Industrial Process” means any
manufacturing or other process whose
energy requirements are not primarily
intended to contribute to the heating,
cooling, lighting, ventilation, or service
hot water energy load requirements of
the building.

“Infiltration” means the uncontrolled
inward air leakage through cracks and

crevices in any building element and
around windows and goors of a
building.

“Insolation™ means the rate of solar
epergy incident on a unit area with a
given orientation. )

“Integrated Part-Load Value™ means a
single number fgure of merit for
sirconditioning and heat pump
equipment based on weighted operation
at a set of less than full capacities for

* . the equipment

“Lighting Power Budget” means the -
lighting power, in watts, allowed for an
interior or exterior ares or activity.

“Lighting Power Control Credit”
means the amount of interior connected
lighting power which may be added to
the Interior Lighting Power Allowance
for lights in & space which is turned off
or dimmed by automatic control devices.

“Lumen” means SI unit of luminous
flux. Radiometrically, it is determined
from the radiant power. Photometrically,
it is the luminous flux emitted within a

- unit solid angle {one steradian) by a
point source having a uniform luminous
intensity of one candela.

“Lumen Maintenance Control” means
a device that senses the illumination
level and causes an increase/decrease
of illuminance to maintain a preset
illumination level.

“Luminaire” means a complete
lighting unit consisting of a lamp or
lamps together with the parts designed
to distribute the light, to position and
protect the lamps, and to connect the .
lamps to the power supply.

“Luminaire Efficiency” means the
ratio of luminous flux (lumens) emitted
by a luminaire to that emitted by the
lamp or lamps used therein.

“Manusa! {Non-Automatic)” means
action requiring personal intervention
for its control. As applied to an electric
controller, non-automatic control does
not necessarily imply & manual
controller, but only that personal
intervention is necessary. {See
Automatic.)

_ *Marked Rating” means the design
load operating conditions of a device as
shown by the manufacturer on the
nameplate or otherwise marked on the
device.

“Minimum Life Cycle Cost .
Methodology” means the methodology
specified in Subpart A of 10 CFR Part
438.

“Motor Efficiency, Nominal"” means
the median efficiency occurring in a
population of motors of the same
manufacturer and rating.

“Multi-Family High Rise Residential

- Building™ means a residential building
-containing three or more dwelling units
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‘end is designed to be 3 or more stories

above grade.

“Multi-Family Low Rise Residential
Suilding™ means a resicential building
Soataining three or more dweliing units
and is cesigned not to exceed twvo
sioties above grade.

“Non-Depietable Energy Sources™
rmeaxns sources of energy, excluding
minerals. derived from incoming solar

radiation: thermal chemicai or electrical.

energy derived directly from conversion
of incident solar radiation: wind, waves
and tides, lake, or pond thermal
differences; and energy derived from the
internal heat of the earth,

-“Occupancy Sensor” means a device
that detects the presecce cr absence of
people within an area and causes
lighting, equipment, and/or appliances
to be adjusted accordingly.

“Opaque Areas” means all exposed
areas of a building envelape which
enclose conditioned space, except
fenestration areas and building service
openings, such as vents, grilles, and
pipes.

“Orientation” means the directional
placement of a building on a building
site with referecce to the building's
longest horizontal axis. or, if none, with
seference to the designated main
entiance, o

“Qutdoor (Qutside) Air" means air _
taken from the exterior of the building
that has not been previousiy circulated
through the building. (See also
Verntiating Air.)

“Ozone Derletion Factor” means a
relative measure of the potency of
chemicals in depleting stratospheric
ozone. The ozone depletion factor
potential depends upon the chlorine and
the bromine content and atmospheric
lifetime of the chemical. The depletion -
factor potentials are normalized such
that the factor for CFC~11 is set equal to
unity and the factors for the other
chemicals indicate their potential
relative to CFC~-11.

“Packaged Terminal Air-Conditioner”
means a factory-selected wall sleeve
and separate unencased combination of
heating and cooling components.
assemblies or sections, intended for
mounting through the wall to serve a
single room or zone. It includes heating
capability by kot water, steam. or
electricity.

“Packaged Terminal Heat Pump™
mesans & PTAC capable of using the
refrigeration system in a reverse cycie

™. or beat pump mode to provide heat.

“Piping” means a system for
conveying fluids, including pipes,
valves, strainers; and fittings. -

“Plenum” means an enclosure that is
part of the air handling system and is
distinguished by having a very low air

veiscity. A picsum often is formed in
sa-t or in totas by portions cf the
ouiiding,

‘Power” means, in connection with
. :hines, the time rate of doing woris in
goonection with the transmission of
encrgy of all types, the rate at which
energy is transmitted: in inch-pound
units, is measured in watts (W) or
British thermal units per hour (Bru/h).

“Power Adjustment Factor” means a
modifying factor that adjusts the -
effective connected lighting power of a
space to account for the use of energy
tonserving lighting control devices.

“Power Factor” means the ratic of
total watts to the root-mean-square
(RMS) volt amperes.

“Prescribed Assumption” means a
fixed value of an input to the standard
calculution procedure.

“Process Energy” means energy
consumed in support of 8 manufacturing,
industrial, or commercial process, other
than the maintenance of comfort and
amenities for the occupants of a
building.

“Process Load™ means the calculated
or measured time-integrated load on a
building resulting from the consumption
or release of process energy.

“Proposed Design' meuns a
prospective design for a building that is
to be evaluated for compliance.

“Prototype Building” means a generic
building design of the same size and
occupancy type as the proposed design,
which complies with the prescriptive
requirements of the standards and has
prescribed assumptions used to generate
the energy budget concerning shape,
orientation, HVAC, and other system
designs.

“Public Facility Restroom” msans a
restroom used by the transient public.

“Radiant Comfort Heating" means a
system in which temperatures of room
surfaces are adjusted to control the rate
of heat loss by radiation from
occupants,

“Readily Accessible™ means capable
of being reached quickly for operation.
renewal, or inspections, without
requiring those to whom ready access is
requisite to climb over or remove
obstacles ar to resort to portable
ladders, chairs, and so on. (Ses also
Accessible.)

“Recooling” means lowering the
temperature of air that has been
previously heated by a heating system.

“Recovered Energy” mesans energy
utilized which would otherwise be
wasted {not contributing to a desired’
end use) from an energy utilization
systemn,

“Reference Building™ means a specific
building design that has the same form.
orientation and basic systems as the

oroposed design and ssets all he
criteria of the prescriptive compiiance
method.

“Reflectance” means the ratio of the
light rellected by a surface to the lignt
incident upon it.

"Reheating” means raising the
temperature of air that has bean
previousiy cooled either by a
refrigeration or an economizer system.

“Reset” means adjustment of the
controller set point to a higher or lower
value automatically or manually.

“Residential” means any structure
which is constructed and developed for
residential occupancy.

*“Retail Establishments” means, for
the purpose of determining lighting
power limit, buildings, the primary
functions of which are designed to be:

(1) Type A—Jewelry Merchandising,
where the minute display and
examination of merchandise is critical.

2) Type B-~Fine Merchandising: Fine
apparel and accessories, china; crystal
and silver, art galleries, etc., where the
detailed display and examination of
merchandise is important.

(3] Type C—~Mass Merchandising,
where focused display and detailed
examination of merchandise is
important. »

{#) Type D-~Ceneral Merchandising:
General apparel, variety, stationery,
books, sporting goods. hobby, cameras.
gift, luggage, etc., where general display
and examination of merchandise are
adequate.

(5) Type E~Food & Miscellaneous:
Bakeries, hardware and housewares.
grocery, appliances and furniture, etc.,
where appetizing appearance is
important. :

(6) Type F—~Service Establishments.
where functional performance is
important.

“Roof" means those portions of the
building envelope including all opaque
surfaces, fenestration, doors, and
hatches which are above conditioned
space and which are horizontal or tilted
at less than 45° from horizcatal. (See
also Walls.)

“Room Air Conditioner” means an
encased assembly designed as a unit 10
be mounted in a window or through a
wall, or as a console. It is designed
primarily to provide free delivery of
conditioned air to an enclosed space,
room, or zone. [t inciudes a prime source -
of refrigeration for cooling and
dehumidification and means for
circulating and cleaning air, and may
also include means for ventilating and
heating. - '

“Seasonal Energy Efficiency Ratio™
means the total cooling output of an air
conditioner during its normal annual



Federal Reaister / Vcl. 54, No. 13 / Monday. January 30. 1833 / Rules and Regulations

“ae 7 2ricd for cooling, in Btu/h,
Lt By Lne total electric esergy input
(ting the same period. in watt-hours.

:a ctermined by 10 CFR. Pari 430.

*Sarvice Systems™ means all energy-
~3.55% or distributing compoaents in a
Laiicing that are operated ta support the
cocupant or process functions housed
theren, ircjuding HVAL, service water
neanag. :lumination. transparta:ion,
coniking or food preparation, laundering
or sirular functions.

‘Service Water Heating” means the
tupply of rut water for purposes other
than comibart heating and process
raguirements., .

“8emice Water Heating Demand™
meuns the maximum design rate of
water withdrawal from a service water
Leating sysiem in a designated period of
time {usuully an hour or a day).

“Snading Coefficient” means the ratio
of solar hent gain through fenestration.
with or without integral shading devices.
to that occurring through unshaded %

inch thick clear, double strength glass.
> “Shell Building” means a building for
which the envelope is designed and/or
constructed prior to knowing the
occupancy type. {See also Speculative -
Building.)

“Speculative Building™ means a
building for which the envelope is
designed and/or constructed prior to the
design of the lighting and/or HVAC
systems. A speculative building differs
from a shell buildirg in that the intended
occupancy is known for the speculative
building. (See also Shell Building.)

“Standard Calculation Procedure™
means an energy simulation model, and
a set of input assumptions. thut produce
estimates of annual.energy consumption
{or heating. cooling, ventilation, lighting,
and other uses and that account for the
dynamic thermal performance of the
building.

"~ “"System™ means a combination of
equipment and/or controls, accessories,
interconnecting means, and terminal
elements by which energy is
transformed so as to perform a specific
function, such as HVAC, service wuter
heating, or illumination.

“Tandem Wiring"” means pairs of
luminaires operating with one lamp in
each luminaire powered from a single
two-lamp ballast contained in the other
luminaire.

" *Task Lighting” means lighting that
provides illumination for specific visual
functions and is directed to a specific
surface or area.

*Task Location"” means an area of the
space where significant visual functicns
are performed and where lighting is
required above and beyond that

required for general ambient use.

“Terminal Element” meuns a device
by which the transformed energy from g
system is finally deiivered; i.e.. regicters,
diffusers, lighting fixtures. faucets, etz

“Thermai Conductance” means the
constant time rate of heat flow through
unit area of a body indiced by a unit
temperature difference between the
surfaces, Btu/ft3.h-°F or Btu/h-°F. It is
reciprozal of thermaul resistance. (See
Thermal Resistance.)

“Thermal Mass™ means materials with
mass beat capacity and surface area |
capable of affecting building loads by
storing and releasing heat as the interior
and/or exterior temperature and radiant
conditions fluctuate. (See also Wa//
Heot Capocity.) .

Thermal Mass Wall Insulation
Position:

{1) “Exterior Insulation Position™
means a wall having ail or nearly all of
its mass exposed to the room air with
the insulation on the exterior of that
mass. :

{2) “Integral Insulation Position”
means & wall having mass exposed to.
both room and outside air, with
substantially equal amounts of mass on
the inside snd outside of the insulation
laver.

{3) “Interior Insulation Position"
means a wall not meeting either of the .
above definitions, particularly a wall
having most of its mass external to an
insulation layer. '

*Thermal Resistance' means the
reciprocal thermal conductance: 1/C as
well as 1/h. 1/U, h.ft2.°F/Btu.

“Thermal Transmittance™ means the
overall coefficient of heat transfer from
air to air, It is the time rate of heat flow
per unit area under steady conditions
from the fluid on the warm side of the
barrier to the {luid on the cold side. per
unit temperature difference between the
two fluids, Btu/h.ft3.*F,

“Thermal Transmittance, Overall”
means the gross overall (area weighted -
average) coefficient of heat transfer
from air to air for a gross area of the
building envelope, Btu/h-ft2.°F. The
thermal transmittance {U") value applies
to the combined eflect of the time rate of
heat flows through the various parallel
paths, such as windows. doors, and
opaque construction areas, comprising
the gross area of one or more building
envelope companents, such as walls,
floors. or roof/ceiling.

“Thermostat" means an automatic
controi device responsive to
temperature,

“Unconditioned Space” means a
voiume within a building that is not
designed to be directly or indirectly
healed and/or cooled. (See Conditioned
Spcce.)

*Unit Power Density” means the floor
area designated for a specific

occuvancy. functicn. or activity
expreased in W/t3, .
*Uaitary Cooling Equipment” means

-ore or more factory-made assembiies

which normally include an evaporator
cr conling coil, a compressor and
concenscr combination. and may
include a heating function as well.

“Uniiary Heat Pump’ means cne or
more factery-made assemblies which
normaily include an indoor conditioning
coil, compressor{s] and outdoor ¢coif or
refrigerant-to-water heat exchanger,
incluuing means to provide both heating
and cooiing functions. ’

“Unlisted Space™ means the
difference in area between the grass
lighted area and the sum of all listed
spaces.

“Variable Air Volume (VAV) HVAC
Svstem'" means HVAC systems that
control the dry-bulb temperature within
a space by varying the volume of suppiy
air to the space, .

“Ventilation” means the process o
supplying or removing air by natural or
mechanical means to or from any spsace.
Such air may or may not have been '
conditioned.

“Ventilation Air" means that portion
of supply air which comes from outside
{(outdoors) plus any recirculated air that
has been treated 1o maintain the desired
quality of air within a designated space.

{See also Outdoor Air.)

*Visual Task” means those details
and objects that must be seen {or the
performance of a given activity, and
includes the immediate background of
the details or objects.

“Voluntary Performance Standards”™
means an energy consumption goal or
goals to be met without specification of
the method, materials, and processes ta
be employed in achieving that goal or
goals, but including statements of the
requizements, criteria and evaluation
methods to be used. and any necessary
commentary.

“Walls™ means those portions of the
building envelope enclosing conditioned
space including all opaque surfaces,
fenestration and doars, which are .
vertical or tilted at an angle of 45° from
horizontal or greater. (See also Roof.)

*Wall Heat Capacity"” means the sum
of the products of the mass of each
individual material in the wall per unit
area of wall surface times its individual
specific heat, Btu/F. (See Therma!
Mass.)

“Watt" means a unit of power. Oze
watt is produced when one ampere,
flows at an amp of one volt {unity powes
factor). {Sce also Power.} }

“Zone™ means a space or group cf
spaces within a building with heating,
cooling. and/or lighting requirements
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. sufficiently similar so tha? desired
. coaditions can be maintained

throughout hy a sinyie controiling
device,

(b} Fr defimtions not found in
paragraioh (a} of this section. the 1988
edition of “Terminoiogy of Heating and
Ventilation, Air-Conditicning, and
Refrigeration” as pubiished by the
American Society of Heating,
Refrigeration. and Air-Conditioning
Engineers, Inc. (ASHRAE) shall apply to
these standards,

{c) For purposes of this subpart. the
acronyms and abbreviations shall have
the following mearings:

Ag~Total Building Floor Area.
Acull; rout, ero~Area of a Specific
Building component.
AAMA—American Aluminum
Manufacturers Associztion.
ACP--Alternative Component Packuge.
AF-Area Factor.
AFUE~-Annual Fuel Utilization
Efficiency.
AHAM-—Association of Home
Appliance Manufacturers,
ALP—Adjusted Lighting Power.

. ANSl=-American National Standards

Institute,
ARl--Ajr-Conditioning and
Refrigeration Institute,
ASHRAE—American Society of
Heating, Refrigeration and Alr
Conditioning Engineers, Inc.
ASME-—-American Society of
Mechenical Engineers.
ASTM=—American Society for Testing
and Materials.
Btu—British Thermal Unit. '
Btu/h~-British Thermal Units Per Hour.
C—Thermal Conductance.
Ce=-Cooling Criteria.
CDD—Cooling Degree-Days.
CD.}PSO-—Cooling Degree-Days Base 50

CI?I.I?Bs-—Cooling Degree-Days Base 85
CBH~-Looling Degree-Hours,
CZ?;-I&O——Cocling Degree-Hours Base 8¢
CEEU—Cost Equivalent Energy Units.
cim==Cubic Feet Per Minute.
CFR—Code of Federal Regulations.
CLP—Connected Lighting Power.
COP—Coefficient of Performance.
CU—~Coefficient of Utilization.
DOE~-U.S. Department of Energy.
DR—Average Daily Temperature Range
for Warmest Month ‘
EER—Energy Efficiency Ratio.
ELPA~—Exterior Lighting Power
Allowance.

ErD—Equipment Powe: Density.
*F—Degrees-Fahrenheit .
GLA~Gross Lighted Building Area.
HC--Hest Capacity,
HDD-—Heating Degree-Days.
HDDIG—Heating Degree-Dayvs Base 50
*F. :
HDCéz—Heating Degree-Days Base 83
" °F

Hl—Hydronics [ostitute.

HID—-High Intensity Discharge.

hp—Horsepower {furce), .

HPS=—High Pressure Sodium.

HSPF-Heating System Performance
Factor.

HVAC~Hesting, Ventilating and Air
Conditioning,

[EEE--Institure of Electrical and
Electronics Engineers, Inc.

IES—-Illuminating Engineering Society of
North America. .

ILPA~Interior Lighting Power
Allowance.

IPLV—Integrated Part Load Value.

ILDw-Internal Load Density.

IRF—Internal Reflecting Film.

1SSC—Internal Shading System
Coefficient. .

K,~=Daylighting Factor.

kVA~=Kilo-Volts Amperes.

kWKilo-Watts,

LPB—Lighting Power Budget.

LPCC--Lighting Power Control Credits.

LS—listed Space. :

NWMA--National Woodwork
Manufacturers Association.

0.6.—0On Center,

OLA—Occupant Load Adjustment.

OMB--U.S. Office of Management and
Budget.

Py—Base Unit Lighting Power
Allowance.

PAF-—-Power Adjustment Factor.

PF--Projection Factor.

PTAC-—Packaged Terminal Air-
Conditioner.

R—=Thermal Resistance.

r—Thermal Resistivity.

Se«—Shading Horizontal Adjustment

- Factor,

SC-=Shading Coefficient.

SEER—-Seasonal Energy Efficiency
Ratio, )

U,~Average Thermal Transmittance.

UL—Underwriter's Laboratories, Inc.

ULPA---Unit Lighting Power Allowance.

UPD~-Unit Power Density.

VAV-=Variable Air Volume.

VCP—-Visual Comfort Probability.

VDT—Visual Display Terminal.

VLT—Visible Light Transmittance,

VSEW-=Vertical Surface of the Facade.

W.C.—Water Column, '

| § 435,101

We=Watts. T
W/ft 2==\Vatts Per Square Foct
W/lin fte=Watts Per Linear Fool.
Wy~=Window Heizht
WiWVR—Window Wail Ratio.
WYZC~—Weather Year for Energy
Conservation Calculations.
§ 435,1C0 " Exptanation of numbering
system for stanclarcs,
{a) For purposes of this subpart, a
derivative of two different numbering

. systems will be used.

(1) For the purpose of designating a
section, the system employed in the
Code of Federal Regulations {CFR) will
be employed. The number 433, which
signifies Part 435, Chapter {J of Title 1C.
Code of Federal Regulations, is used as
a prefix for all section headings. The

. sutfix is & two or three digit number

beginning with “.97." For example, the
lighting section of the standards is
numbered § 435.103.

(2) Within each section, a numbering
system common. to many national

- voluntary consensus standards is used.

This system was chosen because of its
commonaslity among the buildings
industry. A decimal system is used to
denote sections and subsections. For
example, § 9:4.2 refers to section 9,
subsection 4; paragraph 2. :

(b} The hybrid numbering system is -
used for two purposes:

{1) The use of the Code of Federal
Regulation's numbering system allows
the researcher using the CFR easy
access to the standards, :

{2) The use of the second system
allows the builder, designer, architect cr
engineer easy access because they are
used to the system empioyed.

{c) To avoid confusion in the use of
the two systems, § 435.101 through
§ 435.112, the substantive technical
sections of the standards, have been
numbered so that the last two digits in
the suffix designate the section. For
example, once the reader enters the
body of § 435.105: Building Envelope., the
number “5" is used o designate the
section. References throughout the
standard do not employ the “435" prefix
but rather refer to the section by the
single or double digit numbers from 1~
12,

Impiementation and compHance
procedurss {or Federal agencies.

Alternative methods of achieving
compliance are illustrated in Figure 1.1~
. )
BILLING CODE 5480-01-40
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Figure 1.1-1 Alternative Methods of Achleving Cbmpliance

IMPELEMENTATION AND
COMPLIANCE
PROCEDURES
SECTION 3

\

PRINCIPLES OF
EFFECTIVE ENERGY
CONSERVING DESIGN
SECTIONS 2 THRUY 10

PROPOSED DESIGN

BUILDING ENERGY
e COMPLIANCE ALY.
SECTION 12 oY

4

LIFE CYCLE COST
FUEL SELECTION
SECTION 12,1

o MVAS
L]
© PROCESS EOUIPMENT

4

OISTRIBUTION s.3
HVAC SYSTEMS 7.3
HYAC EQUIPMENT 8.3
SERVICE MOT WATER 8.3

 ENERGY MANAGEMENT  10.3

RINIMUM COMPLIANGE
REQUIRDENTS

LIGHTING 3.3
AUX. 8YS./EQULP, 4.3
BUILDING ENVELOPE 5.3
ELECTRIC POWER A

Y

PRESCRIPTIVE/
SYSTEM PERFORMANCE
COMPLIANCE ALTERNATIVE|.
$EE FIGURE 1.1-2

EITHER/OR

BUILDING EXERGY COST

SEE FIGURE 311.1-1

1

COMPLIANCE ALTERNATIVE

BUILDING ENERGY
COMPLIANCE ALTERMATIVE|
SEE FIGURE 12.1-1

BLLING CODE 6480-01-C
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“&1 Cermzhiance

L...2 T.e head of each Feceral
ency responsible for the construction
Feceral buiidings shall adopt such
ocidurns as may be necessary to
ssure that the desizgn of tre buiiding

.

»
123

g ve,

PG

5
b
e
e

1.1.1.1 be undertaken in a manner
that provides for appropriate
consideration of the Prizcipies of
Effectuve Energy Building Desiqn
preseribed in §8 2.0, 3.2, 4.2, 5.2. 6.2, 7.2,
2.2 3.2 and 10.2; .

1112 compiy with the minimum
requirements of §§ 3.3, 4.2, 5.3. 8.3, 7.3,
8.3.9.3 and 10.3; and

1.1.1.3 meet or exceed. based upon
the analysis of life-cycie cost-
eifectiveness required by § 1.1.2 below,
the following additional requirements:

1.1.1.3.1 the lighting design shall
meet either the prescriptive
requirements of § 3.4 or the system
periormance requirements of § 3.5,

1.1.1.3.2 the building envelope design
. shall meet either the prescriptive
" requirements of Section 5.4 or the
system periormance requirements of
Section 5.5, and

1.1.1.3.3 the heating, ventilating and

air conditioning systemas design shall
eet the prescriptive requirements of
ection 7.4, and

1.1.1.34 the service water heating
systems design shall meet the
prescriptive requirements of Section 9.4.

112 Inlieu of meeting the provisions

cf Section 1.1.1 above, the building
dasign shail meet the crileria of the
building energy method of Section 11.0
or 12.9, Building Energy Compliance
Alternatives [ and 1.

1.1.3 The head of each Federal
agency responsibie for the construction
of Federal buildings shall also assure
that the decision-making process for the
design of the building shad employ the
methodology for estimating and
comparing the life-cycle cost of Federal
buildings and for determirung life-cycie
cost-eifectiveness prescribed in Subpart
A of 10 C.F.R. Part 438,

1.2 General Approach to Compiiance

1.2.1 The standards, in addition to
minimum requirements, establish three
alternate methods to determine whether
the design has achieved compliance.

- 1.22 There are several alternative
methods of achieving compliance-
provided for in the standards:

1.2.2.1 Prescriptive (Sectivns 3.4, 3.4,
7.4 and 9.4),

1.2.2.2 System Performance {Sections
3.5 and 5.5), or

1.2.2.3 Building Energy (Section 11.0
ar 12.0).

1224 The criteria established for
each of the methods allow for designs
that are roughly equivaient in terins of
energy conservation. The equivalency of
the methods can be demonstrated by
designing a building using the
Prescriptive approach, then modeling
the building using either the System
Performance or Buildirg Energy criteria
caleulation procedures and comparing
results. -

123 Compliance with these
standards shall be demonstrated by
meeting the set of minimum
requirements defined in Sections 3.2, 3.3,
4.2, 43,52, 83,62, 8.3, 72, 7.3, 8.2, 8.3,

8.2, 8.3, 10.2 and 103 and one of the
aieraative methods.

1.0 Hew To Select a Complicns
Alethod

3.3.1 Use the Prescriptive meihod
‘when the minimum amoust of
calculation and effort to.achieve
sompiiancze is cf primary concern. Its
requirements cun 2e readily specified in
construction docwments and are easily
reviewed by building code enforcament
authorities. The Prescriptive method
permits few trade-offs or optimization
procedures. but does permut several
energy-effective and cost-effective
alternate construction options to be
used. See Figure 1.1-2, .

1.3.2 Use the System Perfcrmance
method when more innovative design is
required, or when the Prescriptive
method does not provide the necessary
design flexibility. It requires more
manual calculations than the
Prescriptive method. See Figure 1.1-2

1.3.3 Use either of the Building
Energy methods (Sections 11.0 or 12.0)
when the most innovative design
concepts are being considered. The
Building Energy methods ailow the .
trade-off of energy among the building
systems as long as the total calculated
design annual energy consumption does
not exceed the limit prescribed. It will,
in general, require the use of a computer
program to simulate the operation of the
various systems and to model building
design energy use in accordance with

. the building loads and the proposed

schedules of operation. See Figures 11-1
and 12-1,

BILLING COOR $450-01~M
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Flgure 1.1-2 Prescriptive/Systen Performance Compliance Alternatives -

‘

PRINCIPLES oOF
EFFECTIVE ENERGY
CONSERVING DESIGN
SECTIONS 2 THRU 10

PAOSOSED DESIGHN

HINIMUM COMPLIANCE . -
REQUIREMENTS

LIGHTING 2.3
AUX. SYS./EOUTP. 4.3 .
BUILDING ENVELOSE 8.3

ELECTRIC POWER &

DISTRIBUTION .3
MVAC SYSTEMS 7.3
HVAC EQUIPHENT .3
SERVICE HOT WATER 8.3
ENERGY MAMAGEMENT  10.3
EITHER/OR X
. 4
LIGHTING PRESCAIPTIVE LIGHTING SYSTEX
REQUIREMENTS PERFORMANCE REQUIREWENT
SECTION 3.4 SECTION 3.8
; y -
: © +  EITHER/OR AR -
. - -
ENYVELOPE PRESCRIFTIVE ENVELOPE SYSTEM |
RECUIREMENTS PERFORMANCE REQUIREMENT
SECTION 8.4 © SECTION 5.8
L J
HVAS SYSTEMS
PRESCRIPTIVE REOUIREMENTS
SECTION T.4

A

. SERYICE NOT WATER
PRESCRIPITIVE RECUIREMENTS
’ SECTION 9.4

REDESIGN
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$433.102 P-neipies of sffective energy
builcing ges:3n.

21 Generci

1.1 This secticn complerzents the
ciher sections of the standards by
croviding gensrai principles of effective
Suilding design. The watantion of this
section is :o provide {deas on how to
improve tse integration of the building's
major energy using subsystems in a
coat-effective manner without
compromising the building's istended
functional use or internal environmental
conditions. In addition. more narrcwiy
focused principles are included in
sections 3.0 through 10.0. . :

212 To comply with the principles

~of effective design, designers shall use

their professional judgment to identify
the building's most significant energy
requirements and select appropriate
solutions from the general strategies
found in this secton and the more
specific strategies found in sections 3.0
through 10.0.

2.2 Identification or’ Significant Energy
Reguirements

221 Before energy design strategies
can be developed for a commercial or

1 mult-family high rise residential
 building, a clear picture of its most

significant energy requirements must be
developed, The basic approach to
achieving an energy conscious design is
te improve the energy efficiency of the
building by shifting or reducing loads,
improving transport systems, and

providing efficient environmental
systems and controls. This is
accomplished by first determining whxch
aspects of the building's energy
requirements are the most significant,
those that would result in the largest
annual energy costs to the building
owner if energy conserving strategies
werea otherwise not applied. For

example, for a given building, the largest

annual energy cost component may be
lighting, followed by cooling, heating,
and ventilation, respectively. In this
example electricity would be the major
energy source. Therefore, peak time-
rates of energy use (i.e., peak power -
demands), as well as direct energy use,
would have to be included in any energy
analysis. Consideration of peak
demands will reduce the requirement for
oversizing of energy systems in the
bmldxng and will aiso bave the added

impact of helping to reduce the need for
additional, low utilization peak capacity
on utility grids.

22.2 Once the most significant cost
componexts of the building's enerzy
requirements have been determined,
apply the strategies and design solutions
listed below and those that appear in

2ach of the following sections of the
standards. Io the exampie noted above,
lighting so:utions would be addressed
first, foilowed by cooling, heating, and
then venti.ztion.

2.2.3 Research results indicate that
the most significant energy uses for any
given commercial cr muln-family high

" rise residential building are generally

not accurately ideatiiable by
professional intuition. Therefore, use -
shajl be made of une of the several .
available analyasis tools. some of which
are microcomputer-based.

2.3 General Soiution Strategies

231 Consider energy efficiency from
the initiation of the building design
process, sizce design improvements are
most easuy and effectively made at that
time. Seek the active participation of
members of the design team early in the
design process, including the owney,
architect, engineer, and builder, if.
possible. Consider building attributes
such as building function, form,
crientation, window/wall ratio, and
HVAC system types early in the design
process, Each has major energy
implications. These considerations most
likely will result in solutions that
minimize both construction and

- operation costs, including-enerzy

demand charges. -

2.3.2 Address the building's energy
requirements in the following sequence:
minimize impact of the building
functional requirements; minimize loads;
improve the efficiency of distribution
and conversion systems; and integrate
building subsystems into an efficient
whole. Each of these is discussed below.

23.21 Minimize impact of functional
requirements by identifying major areas
that offer energy efficiency opportunities
based on the building’s functional use,
human cccupancy requirements, and
site characteristics. These areas will
vary considerably from building to
bmldmg depending upon function and
service requirements, and shall be
considered when applying the criteria of
these standards.

2322 Minimize loads by analyzing
the external and internal loads to be
imposed on building energy-using
subsystems, both for peak-load and
part-load conditions. Inciude a
determination of how the building

relates to its external environment in the

analysis, either adaptively or
defensively. Consider changes in
building form. aspect ratio, and other
attributes that reduce, redistribute, or
delay (shift) loads.

2.3.23 Improve subsystems by
analyzing the diversified energy and
demand (power) reqmrements of each
energy-using subsystem serving the

functicna! requirements of the building.
Censider s:atic and dynamic efficiency
¢f energy <r nversion and energy
transport sttsystems and inciude
consideratica of opportunities to
reclaim. recdisinbute and store energy
for later use.

2.4 Alternative ways to integrate
systems into the building will be -
accomplished by considering toth
power and time coraponents of e*1ergy
use. Identify. evaluate, and design each
of these compunents to control the
overall design energy consumption. The
following shall be considered when
integrating major building subsystems:

2.3.24.1 Address more than one
problem when developing design
solutions. and make maximum use of
building components aiready present for

‘non-energy reasons (e.g., windows,

structural mass});

2.3.2.42 Examine design solutions
that consider time since sufficient
energy may already be present from the
environment (e.g., solar heat, night
cooling) or from internal equipment (e.g..
lights, computers) but available at
different times than needed. Thus, active
{heat pumps with water tanks) and
passive (building mass) storage
techniques may be considered:

2.3.2.4.3  Examine design solutions
that consider anticipated space
utilization. For exaraple, in large but
relatively unoccupied spaces, task or
zone heating may be considered.
Transporting energy (light and heat)
from locations of production and
availability to locations of need shall be
considered instead of the purchase of
additional energy;

2.3.2.44 Never reject waste energy at
temperatures usable for space
conditioning or other practical purposes,
without calculating the economic benefit
of energy recovery:

2.3.2.4.5 Consider design solutions -
that provide more comfortable surface
temperatures or increase availability of
controlled daylight in buildirgs in which
human occupancy is a primary function:

2.3.2.4.8 Use design sclutions that
are easily understood as they have a
greater probability of use by building
occupants; and

23.2.47 Where the functional
requirements of the building may
change, the installed environmental
system should be designed to be
adaptable to meet functional changes
that can be anticipated as well as
providing flexibility to meet
indeterminate future changes in use,
occupancy or other functions.
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§435.103 Lghting.
31 General

+3.1.1 This section contains orinciples

of design, a set of minimunm
requirements, and two alternative
compliance procedures, prescriptive and
systems performance, for the design of
building lighting and lighting control
systemas. and inciudes provisions for
daylighting credit. The procedures in
this section are solely for use in
esteblishing lighting design budgets and
are not intended for use &s lighting .
design procedures.

312 Scope. The following are
covered by this section:

3.12.1 Interior spaces of buildings:

3.1.2.2 Building exteriors and
exterior areas, such as entrances, exits,
and loading docks: and
-3.1.23 Roads, grounds, parking, and
other exterior areas where lighting is
energized through the building electrical

3.1.3 Exemptions. The following are
exempt from these standards:

3.1.3.1 Outdoor manufacturing,
commercial greennouses, and processing
facilities: f

3132 Lighting power for theatrical
production studios and stages, television
broadcasting studios, audio-visual
presentztion, and entertainment
facilities in spaces such as stages, hotel
ballrooms, nightclubs, discos, and
casinos, and where lighting is an
essential technical element for the
function performed;

3.13.3 Specialized luminaires for
medical and dental purposes:

3.1.34 Outdoor athletic facilities:

3.1.3.5 Lighting power for display
lighting required for art exhibits or
displays in galleries, museums and
monuments; »

3.1.3.8 Exterior lighting for public
monurments; v

3.1.3.7 Special lighting needs for
research;

3.1.3.8 Lighting power for lighting
used solely for indoor plant growth
during the hours of 10:00 p.m. to 6:00
ams;

3139 Emergency lighting that is
automatically “off”* during normal
operation;

3.1.3.10 High risk security areas or
any area identified by local ordinances
or regulations or by security or safety
personnel as requiring additional
lighting;

3.1.3.11 Lighting power densities for
spaces with enhanced lighting
specifically designed for primary use by
the visually impaired, hard of hearing, or
for senior citizens;

3.1.3.12 Lighting for signs;

3.1.3.13 Store-front exterior-enclosed
display windows in retail facilities: and

3.1.3.14 Lighting for dwelling units.

3.1.4 Building Lighting Power
Allowance. The lighting power
allowance for a building consists of the
Exterior Lighting Power Allowance
(ELPA), in accordance with Section 3.3,
plus the Interior Lighting Power
Allowance (ILPA) in accordance with
Section 3.4 or 3.5. This lighting power
allowance is the upper limit to which the
building can be designed., based on the. .
criteria of the compliance aiternative
chosen.

3.1.4.1 The prescriptive criteria in
Section 3.4 provides a single compliance
procedure based on calculating a .
lighting budget by building type or major
area type within which a designer can
flexibly design a lighting solution. To
obtain credit for specific lighting energy
conservation measures, use Section 3.5,
Section 11.0, or Section 12.0.

3.1.42 The systems performance
criteria in Section 3.5 provides a more
complex compliance procedure based on
calculating a lighting budget by activity
or spaces within which the designer can
flexibly design a lighting solution and
receive credit for energy conserving
controls and daylighting measures. To
receive credit for more complex lighting
conservation measures use Section 11.0
or 12.0. .

3.1.5 Credit for Daylighting.

. Daylighting credit, for reduced use of

electric lighting energy resulting from
the use of automatic lighting contral
devices in conjunction with fenestration
(e.g., windows and skylights), may be
if the systems performance

alternative in Section 3.5 is chosen.
However, if such daylighting credit is to
be applied to other building subsystems,
such as use of additional fenestration
area, Section 11.0 or 12.0 must be used.
Thermal credit provisions for
daylighting are found in Section 5.0.

3.1.8 Compliance. A building shall be
considered in compliance with this
Section if the following conditions are
met:

3.1.81 The minimum requirements of
Section 3.3 are met; ‘ ,

3.1.8.2 The exterior lighting power to
be installed is not greater than the
Exterior Lighting Power Allowance
(ELPA), calculated using Equation 3.3~1;

3.1.8.3 The interior lighting power to
be installed is not greater than the
Interior Lighting Power Allowance
(ILPA), based on either the Prescriptive
Criteria in Section 3.4 or the Systems
Performance Criteria in Section 3.5.

3.1.84 Tradeoffs between ILPA and .
ELPA are not allowed. Tradeoffs of the
interior Lighting Power Budgets (LPB)
among interior spaces are allowed as-

long as the total Connected Lighting
Power (CLP) within the building does
not exceed the Interior Lighting Power
Allowance (ILPA) and Lighting Power
Control Credits (LPCC; are used only for
connected lighting power in those -
spaces for which credit is claimed.
Tradeoffs of exterior lighting power
budgets among exterior areas are
allowed as long as the total Connected
Lighting Power (CLP) of extericr lighting
does not exceed the Exterior Lighting
Power Allowance (ELPA) and the —
allowance for the building exterior
surfaces is not exceeded: .
317 Multi-Building Focilities, The
total lighting power allowances for each
building in a multi-building facility shali
be calculated separately.
3.2 Principles of Design

321 The lighting system is designed
to provide a productive, safe, and

pleasing visual environment for the

intended use of the space. However,
lighting is both a major energy end use
in commercial buildings (especially in
oifice buildings) and a major contibutor
to internal loads by increasing cooling
loads and decreasing heating loads.

Therefore, it is important to produce a

design that meets the lighting functional
criteria of the space as well as one that-
minimizes energy use. Recommended
maintained illuminance levels for visual
tasks and surrounding lighted areas are
included in the IES Lighting Hendbook,
Applications (1983) or Reference (1965).
Principles of energy conserving design
within that context are described below.

3.22 The following Design Concepts
shall be considered in the design of
lighting that is both energy efficient and
visually effective.

3.2.2.1 Energy use is determined by

the lighting load (demand power) and its-

duration of use (time). Minimizs the )
actual demand load rather than just the
apparent connected load, and control
the load rather than just switching, if
switching may adversely affect the
quality of the luminous environment.

3.2.2.2 Consider daylighting along
with the proper use of controls so that
the savings from electric lighting can be
realized. Design should be sensitive to
window glare, sudden changes in
luminances, and general use acceptance
of controls. Window treatment (blinds,
drapes and shades) and glazing should
be carefully selected to contro! direct
solar penetration and luminance
extremes while still maintaining view
and daylight penetration. |

3.2.23 Design lighting systems so
that illumination required for tasks is
primarily limited 1o the location of the
task and from a direction that will
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-

. munimize direct glare and veiling

seections on the task. For examgie, the
1ceai positioning of work stations :s
batween the rows of ceiling-mouniad
luminaires with the dirsction of werw
parailel to the primary task. In densciy-
nceupied work spaces, uniform
distsbution of general lighting may be
=est appropriate. Where stpplementary
tasx iliumination is necessary. general
or ambient illumination should not be
lewver than a third of the luminazce
required for the task. This will heip
maintain lumirance rates that are
visually comfortable.

3224 Use task lighting, whenever
possible, to accommodate the need for
higher lighting levels due to task visual
difficulty, glare, intermittently changing
requirements, or individual visual
differences (poar and aging eyesight).

3.22.5 Group simiiar aclivities so
high lluminance or special lighting for
particular tasks are locatized in certain
rooms ar areas, and so that less efficient
fixtures required for critical glare
control do not have to be installed
uniformly when they are only required
sparsely, .

22206 When indirect lighting ia
appropriate, use schemes that create

" reasonably uniform ceiling luminances.
if this is achieved, svork spaces may be -

located anywhere and occupants may
face in any direction witkout being
subject to excessive veiling reflection on
the tasks. The irdirect system may
allow more effective use of the spacs
than other types of lighting systems.
However, indirect lighting systems
generaily have lower utilization factors,
and may require increased ceiling height
to provide uniform ceiling luminance.

3.22.7 Use lighting controls
throughout that maintain proper lighting
levels when and where it is needed but
also allow reductions in lighting when
tasks are less critical, or spaces are not
fully occupied. The designer must
consider user acceptance of control
strategies to maximize energy efficiency.

3.22.8 Use lower levels of ambient
lighting in situations such as
merchandising, where the contrast
between accent lighting and ambient
lighting is critical. Accent lighting shall
not exceed five (5) imes the ambient
level. Consider fewer, more effectively-
accented displays, rather thar more
inefiectively-accented ones,

3.23 The following guidelines
identify Fixture and Lamp selection’

- strategies to be considered in the

yelection of luminaires and lamps for
nclusion in an energy efficient, visually-
effective design: '
3.2.3.1 Consider the use of more
efficient equipment with appropriate
distribution. glare contrel and visual

characteristics. Utiliza Sxturs desizns
that will provide high lighting 2fScieacy
while meeting the other lightia
obiectives of the installaticr.

3.2.3.2 Review visuul comfort
probability (VC?P) data. available fom
manufacturers, for speciric luminaires
when minimizing discomiort glare isa
criterion.

3.2.3.3 Consider luminaire
construction that minimizes light loss
due to dirt collection. .

3.2.2.4 Investigate the use of
dimmers to reduce energy consumption
when the system is new and capable of
providing more light than the average -

- depreciated design value,

3.2.3.5 Use more efficieat lamps with
appropriate luminous efficacy, life
expectancy and spectrum distribution
and color rendering characteristics,

3.2.3.8 Use more efficient ballasts for
fluorescent and HID lamps with
appropriate ballast factors, power
factor, noise rating, starting and
restarting characteristics.

3.23.7 Use luminaires with heat
removal and heat recovery capabilities,
thereby allowing the lighting equipment
to operate more efficiently at a lower
ambient temperature.

3.2.3.8 Limitthe use of lower
efficiency lamps, suck as incandescent.
to only those applications where their
color, lumens or distribution
characteristics cannot be duplicated by -
other sources. Due to their lower
efficiency, the use of “extended service™
incandescent lamps should be limited to
those applications where fixtures are
difficult to reach and/or maintenance
costs for revamping will be excessive.

32.4 Space Design

3.2.4.1 It is important to carry
through on the lighting design when
completing the interior design. Reduce
light absorption by encouraging the use
of lighter finishes, particularly on.
ceilings, walls and partitions. Select
colors and surface materials so that
their reflectance values are within the
ranges recommended by the IES. This
will aid the efficient use of light and
help to provide comfortable luminance
ratios, . ~

32,42 Inoffices with visual display
terminals (VIDT) that are susceptible to
reflections, it may be necessary to use
reflectances for some room surfaces at
the low end of the recommended ranges
to reduce unwanted reflections on the
screens, Where practical, treat the
screens of VDTs with anti-glare
materials to avoid veiling reflection.

3.3 Minimum Requirements
3.3.1 Lighting Controls.

3.3...1 AllYghiing skall be provided
with manual, automatic,. cr
grogrammable controis,

3.2.2.0.1  Ecceptina io Section 3.2.1.5:

{a) centrols for ¢emergency or exit
lighting,

3312 Alinimum Number of Lighting
Controis. Each space enciosed by walls
or ceiling-height partitions shall be
provided with control(s) thal, together or
alone are capable of controliing all
lights within that space, exciuding those
requiring ccntinuous operation for
security purposes.

33121 The minimum number of
controls shall not be less than: _ :

{a)} One lighting control for each
space: and

(b) One lighting contre] for each task
or group of task locations within an area
of 450 {12 or less.

3.3.122 Eguivalent Number of
Controls. The minimum gumber of
controls may be reduced. by using an

. equivalent number of controis from

Table 3.3~1. where control types listed
in Table 3.3~1 are used. However, the
minimum number of controls may not be
reduced to less than one control for each
1500 W of connected lighting power.
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3.3.1.23 Exceptions to Section
3312

(a) Lighting control requirements for
spaces that must be used as a whole,
such as public lobbies of office _
buildings, hotels, and hospitais; retail
and department stores and warehouses,
storerooms, and service corridors under
centralized supervision. shall be
controlled by a lesser number of
controls, but not less than one control
for each 1500 W of connected lighting
power, or a total of three (3) controls.
whichever is greater. Lighting in such
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spaces shall be controlled in accordance
with the week activities.

~ {5} Hotel ana motei guect rooms shall
have one or more master enatrols at the
thain entry door that turn off all
permanently wired lighting fixtures and
lishting and television receptacles. For
ultipie room-suites, contirois at the
entry of each room, in lieu of a master
switch, will meet these reguirements.

» 33.1.3 Controls provided for task
areas, if rendily accessibie, may be
mounted as part of the task lighting
luminaire,

3314 Contwol of the same load om
more than one location shall not be
credited as additional control points.

3.3.1.5 Alllighting controis shall be

readily accessibie to personnel
occupying or using the space.
Excep:ions are automatic controls,
programmable controls, lighting for
safe:y hazards and security, controis
requuring trained operators, and those
controls for spaces that must be used as
a whele,

3.3.1.8 Exterior lighting shall be
automatically controlled by timer,
photocell, or combination of timer and
photocell. Timers shall be of the
automatic type or otherwise capable of
adjustment for seven days and for
seasonal daylight schedule variations.
All time-controllers shall be equipped
with back-up mechanisms to keep time
during a four hour power outage.

Table 3.3-2

Flmt Ballast For Efficacy Factors®

3.3.1.7 When the buiiding is served
by an energy management systerm,
programmable controis, shared tenant
services that affect intericr
environments, or “intelligent building

vstems, provisions sha.l be made to

incorporate lighting coatrois into the
system if a separate automaticaliy-

) controiled lighting syster- is not

provided.

3.3.2 Fluorescent Lamp Ballast;. :

3.3.21 Fluorescent lamp ballasts
shall have a ballast efficacy factor not
less than that shown in Tabie 3.3-2

3.3.21.1 Exception t0 3.2.2.1: Ballasts
rot included in Tabie 3.3-2 and ballasts
designied for use with dimming controls
are excluded from these criteria.

H 1 1 ¥ ] i ¢ i
] | | womimaL | oEstew | | o, Lawe | mIN, BALLAST]
| emBER | | CPERATIONAL | STARTING | INPUT | OPSRATING | EFFICIENCY |
| OF LAWPS | LAMP TYPE | INPUT VOLTAGE | TEMPERATURE | FREQUENCY | TEMPERATURE | FACTOR |
: T — f } : : 1
I I | ! ! | | |
| | 4 ft rapid start | 1200, 277 | 0°F | 60Mz | <1000 mep | 1805 |
! | , I | | I ! , |
| 2 | & ft repid stast | 120 | *40ofF | 60Mz |<000mamp| . 1.080 |
| | oy . [ | | |
| 2 | 4 ft rapid start | 277 ] 0% | -é60Mz | <100 mamp | 1050 |
[ | I | I I al |
|2 | 8 fe slimtine | 120 -277 | »240°% | 6mz | <000 mamp | 0.570 |
l | | | I | | |
| 2 | 8t high output, ] | . . | b
| ] rapid start | 120 - 277 | w09 | 60Mz | <000 mamp | 0.350 |
H H i 5 i 1) i H

* for ballasts not specifically designed for use with dimming controls.

3.3.2.2 The Ballast Efficacy Factor
“shall be calculated in accordance with
Equaticn 3.3=1:

BF

BEF m wemmmmemnmmm
Power Input

Egquation 3.3-1

Where:

BEF = Ballast Efﬁcacy Fac:cr

BF = Ballast Factor, expressed as a percent.

Power Inputs=Total Wattage of combined
lamps and bailasts

3.3.2.231 Tests for ballast factor and
power input shall be in accordance with
ANSI Standard C~82.2-1984 “Method of
Measurement for Fluorescent Lamp

. Ballasts”, using “Standard" F40T1240A,

Fo6T12 75 watt, or FQG‘I‘IZHD 110 watt
lamps.

3.32.3 One-lamp or three-lamp
fluorescent luminaires shall be tandem-
wired to eliminate unnecessary use of
single lamp ballasts if they are: used for
general lighting: recess mounted within
ten feet center-to-conter of each othern:
or pendant or surface mounted within 1
ft of each other, and within the same

room. Tandem wiring consists of pairs
of luminaires operating with one lamp in
& luminaire powered from a single two-
lamp ballast contained in a second '
luminaire.
3.3.23.1 Exception to Section 3.3.2.2:
{a) Three-lamp ballasts may be used.
3.3.24 Fluorescent lamp ballasts
shall have a power factor equal to or
greater than 80%.
3.3.2.4.1 Exception to 3.5.2.4: Ballasts
for circline and compact {lucrescent {
lamps and low wattage, high intensity
discharge lamps of less than 100 watts.
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3.4.1 Purpose

© 3.4.1.1 This subsection sroviues a
prescriptive procedure {or determining
an exterior lighting power ailowance
and the Interior Lighting Power
Allowances for illumination systems
instalied in six types of new buildings. It
is intended for use with buildings kaving
simple lighting requirements and where

the minimum amount of calexlation and
eifcrt to achieve cempliance is of
primary concern. For other building
types, to receive credit for switching,
daylighting, or cther trade-oiTs, or to
receive credit for lighting optimization,
use Section 3.5, Section 11.0, or Section
12.0.

3.4.1.2 This section also serves as the
basis for calculating the skylight area in
Section 5.3.9.8, and may be used for
estimating the lighting heat gain for _

3.2

calcuiating the internal load density in

Equation 5.4=1 and Section 5.3.6.2.
General

3.4.21 This method for compiiance
prescribes a total sllowable Unit
Lighting Power Allowance {ULPA) for
interior lighting for the building type/
area as listed in Table 3.4=1. There is no

.recognition of specific makeup of spaces

and activities within the buiiding.
BILLING CODE $485-01-4
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© Table 3.4-1
Prescriptive Unit Lighting Power Allowance (ULPA), Wftz

¢ [ '

i | Gress Lighted Ares Ranges i :
i : } ; . ’ . . { Effective
| SUILDING TYPE/AREA | O to | 2,001 to ] 10,001 to | 25,001 to | 50,001 to | ! tate
| FUNCTiON 12,000 #t2{ 10,000 f¢2 | 25,000 #¢2 | 50,000 ¢¢2 | 250,000 f22 | » 250,000 ¢¢2 |
' : : 1 ; T } } t T
I | | ] ] | < !
| Food Service ] ! | | o | |
| Fest Fooc/Cafeterie | 150 | 138 | 1.3% | 132 | 1.3 ] 1.30 | 1588
| ] o2 | o.8s | o2 | 0.8t | 0.8 | 0.80 | 1993
| I | | ‘ | | | ]
| Leisure Dining/Bar | 2.20 | 191 | L7 | 156 | 1.4 ] 1.40 ] :
| | 160 | 156 | 1.52 | 1.48 | 1.44 | 1.40 | 1993
| | - | | : | | | oo
| Offices | 190 | 181 | w2 | 1.8 | ws7 ] 1.50 | 1988
| | 140 ] 136 | wr ] w2 ] 18 | 1.11 | 1993
! ; | | ] | | | |
| Retail | | | | | ] !
| Retail Gemeral | 330 | 308 | 2m | 250 | 228 ] 2.10 ] 1588
| | 270 | 282 | 232 | 208 |. 1.& | 1.72 | 1993
| o | | I | | | !
| Mall Concourse | ] ] | | | ]
| Multi-Store Service | 1.60 | 158 | 152 | 146 | 1.43 | 1.40 | 1928
| | 0.69 | 0.8 | 0.5 | 0.3 | 0.61. | 0.40 ! 1593
] | [ I | | | !
| Service Establishment | 2.70 | 2.37 | 2.08 |. 1.82 | 1.80 | 1.70 ] 1988
} | 2.8 | 2.03 | 1.78 | 1.6 | 1.5 ] 1.46 | 1993
! I o | | | | |
| Garsges j o30 | 628 | 0.2 | 62 | .02 I 0.20 ! 1988
I | 0.5 | o026 | 0z | 0.2 | 0.2 | 0.20 | 1993
I | ] | | | | ]
| schools I | | | | | |
| Pre-elementary | 1.88 | 1.80 | 1.72 . | 1.45 } 1.57 ] 1.30 ! 1988
| | 1.3 | w33 - 1wz | w2 | 1.8 b 1.41 | 1993
! | I | o | | |
| Jdr. Migh/Migh School | 190 | t90 | 1.8 | 1.8 | .7 | 1.70 | 1588
| | 140 | 140 | 13 | 135 | 1.3 | 1.26 | 1993
I | o | | ! | |
| Technical/Voestional | 2.40 | 2.33 | 2.17 ] 2.01 | 1.56 | 1.70 | 1988
| | w77 | wm ] 1.60 | 1.69 ] 1.36 | 1,26 | 1993
I | | . ] | | |
| Warehouse/Storage ] v.80 | 0.86 | 0.56 | 0.48 | 0.43 | 0.40 | 19838
| | 060 | 050 | 042 | 036 | 0.3 | 0.30 ] 1993
i § i { 1 1 1 {

Notes:

1. Includes genersl, werchandising and display lighting. ~

BILLING CODE 6480043
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4 w\\\ 3.4.3 Exterior Lighting Power

-Allowance

3.4.3.1 Building exteriors and
exterior aress, as defined in Section
3.12.2, and roads, grounds, parking, and
other exterior areas, defined in Section
3.1.2.3, shall have a lighting power
density not to exceed the Exterior
Lighting Power Allowance (ELPA),
which is the sum of the allowances for
each of the areas listed above, as
calculated by Equation 3.4~1 using unit
nower densities from Table 3.4=2.

Tante 141
fasorier Lighting Uit Pexar Dusity
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ELPAwl DO, UPDo+ X A, UPDym= X

[(DOy X UPDys . . .+ DO, x UPDpa)+
{AXUPDu ... A.>UPD,)]

Equption 2.4=-1

»,, Where: .

ELPA = Exterior lighting power allowance, in
Watts.

imnumerical subseript (1.2. . ... n}for
each occurrence of exterior openings or
exterior areas of the building, :

nmtctal number of occurrences of exterior

apenings or areas of the building.

LO=Door opening, linear feet,

UPDp = Unit pawer density for the door, W/
in. it from Table 3.4=2.

UFD = Unit power deasity for the area in W/
f: 3, from Table 3.4=2.

AmExerior area in {t3

3.4.4 InteriorLighting Power
Allowance

3.4.4.1 The Interior Lighting Power
Allowance {ILPA} shall be calculated
using the prescriptive Unit Lighting
Power .\llowances (ULPA) in Tabie 3.4=
1. First, determine if the predominant
function of the proposed building is one '
of the six building types listed in Tabie
3.4~L If not, Secton 3.5, 11.0, or 12.0
must be used. Next, determine whether
the proposed design has secondary
functions that are 10% or more of the
gross lighted area of the building and
are listed in Table 3.4~1. If so. the
designer has the option of using the
predominant building function to
calculate the ILPA or using the
calculation method for multiple-use

buildings in Section 3.4.4.1.2 below.

d.4.4.11 [f the proposed building has
only one function, bas no secondary
functions with 10% or more of the gross
lighted area, or the designer chooses to
determine the [LPA based on only one
function, Equation 3.4~2 shall be used to
determine the building ILPA. First, select
the appropriate building tvpe in Table
3.4=1, and the appropriate column for
the Gross Lighted Area (GLA) of the
proposed building. This value is the Unit
Lighting Power Allowance (ULPA).
Determine the [LPA by multiplying the
ULPA by the GLA as skown in Equation
J.4=2,
LPA=ULPAXCLA

Egquation 3.4-2
Where:

[LPA mInterior Lighting Power Allowance, in -

Watts,

. ULPA = Unit Lighting Power Allowance, in-

W/it2, from Table 3.4=1. :
GLA =Gross Lighted Area of the Proposed

Building, in f3. ] ’

3.44.12 If a building design has

mors than one function listed in Table
3.4-1, such as an office building with
parking and retail stores, with mors than
10% of the gross lighted area, Equation
3.4~3 may be used to calculate the
building Interior Lighting Power
Allowance (ILPA). First, determine the
gross lighted area of the building (GLA)
and the gross lighted area for each
qualifying secandary function (GLA) ia
the building. Select the ULPA from

" Table 3.4~1 under the column

corresponding to the gross lighted area
of the entire proposed building and
multiply it by the gross lighted area of

that function. Surm the products to

determine the building ILPA, as shown

in Zguation 3.4~3 below,

LPA=ULPA, GLA,+ 2 (ULPA, CLA )=

V1PA, GLA, +{ULPAa ClAq -

Ui \aGlAa . . . ULPA, GLA

Egquctive 34=3

Where:

‘imnumerical subscript (1.2, . . . n} for euch

secondary function with 10% or more of
the gross lighted area of the building.

n=number of secondary functions.

ILPA = [nterior Lighting Power Allowance, ia
Watts. )

ULPA, m Unit Lighting Power Allowancs of

" . the predominant function based on the
grosy lighted erea of the entire buiiding,

- from Table 3.4-1. in W/ft2

ULPA, = Unit Lighting Power Allowance of
qualifying secondary functions based on
the gross lighted area of the entire
building, from Table 3.4~1. in W/ft2

GLA, = Gross lighted area of the predominant
function of the proposed building.

GLA s Gross lighted area of each qualifying
secondary functon. .

3.4.4.3 Lighting compliance in
pertially defined speculative buildings.
For defined functions in partially
defined speculative buildings, the total

‘connected lighting power shail not

exceed the interior lighting power
allowance for that portion of the
building. When determining the ILPA for
those cases, the gross lighted area of the

‘entire building must be used.

3.5 Lighting—System Per:fdmance
Compliance Alternative

3.5.1 Purpose

3.5.1.1 This subsection provides a
procedure for determining the maximum
lighting power allowance for buildings,
roads and grounds. It allows the
designer to take credit for the use of
daylighting and other lighting vontrols. It
also serves as a basis for estimating th+
lighting heat gain and lighting energy
use for Section 5.0.

3.52 General

' 3.5.21 The total Connected Lighting
Power (CLP) in a building, including
permanently installed lighting plus
supplemental or task related lighting
provided by movable fixtures or plug-in
luminaires, shall not exceed the Interior
Lighting Power Allowanca (ILPA). A
Lighting Power Control Credit (LPCC).
taken for individual spaces, may oniy be
utilized for credit to connected lighting
power in those spaces for which credit
is claimed,

3.3.22 Compliance for lighting in
partially defined speculative buildings.
The total connected lighting power of
lighting designs of defined areas ot
partially defined speculative buildings
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shall not exceed the iaterior lighting Esuation 1.5-1 , 3.5.3.1 The room area (A) shall be ;
power ailowance for those areas of the Where: calcuiated from the inside dimensions of -
i:vui{ding for which lighting has been . LPBm=Lighting power budget of the space.in  the room. :
designed. ) ‘ : watts : 3.5.32 - The Base Unit Fower Density
3.3.3 The Lighting Power Budget . Av"’,’“;" of the room at the §°ﬁz°n“1 - (UPD) shall be selected ircm Table 3.5=
{LFB) of each interior space shuil be Upn‘hg.g:d w;ri_uz;g Pl“gef’ iy, W/ 1. For applications to areas or activities
determined in accordance with Fquation (‘X-':bl: g_s_‘;’; ower Uensity, W/lt% - other than those given, seiect values for
351 » AF = Ares factor of the room, (Figure 2.5-1) similar areas or activities.

LPBa(A x - LPCCas Lighting Power Control Credit. as SILLING CODE 8480-01-4
( UFD.xAﬂ+LPCC determined by § 3.5.8 ,
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TABLE 3.5-1
BASE UPD (P,) FCR AREA/ACTIVITY

|
I
I
§
I
I
l
l
!
!
|
!
|
!
I
I
I
|
I
I
I
|
I
I
f
I
!
|
I
I
I
I
!
|
I
I
|
!
!
|
I
I
!
I
!
|
!
!

. i
1929 1993 ] 1929 1593
o i
AREA/ACTIVITY LPO NOTE PO NOTE | AREA/ACTIVITY UPC NOTE PO MOTE
- CoMMON ACTIVITY AREAS ] COMMOM ACTIVITY AREAS .
Aditoriumeeeresecccccscncs 1.6  (d) 1.4 (&) | Offices seeccecoccconans
Corridor esscscccccccnccsecn 0.8 (a) 0.8 (a) | Erclosed offices of less than thy - )
Classroca/Lecture Hall <eees 2.0 1.0 | 900 #22 ard all coen.plan offices
Elec/Mech Equipment Roos ‘ | wrout partitions or w/partitions
Ganeral ceccsesecvcsoccaces 0,7  (a) 0.7 (2) | lower than 4.5 ft below ceiling. .
Control Roamy cewescessecas 1.5 (a) 1.5 (a) | Resding, Typirg and Filing eeees- -« 1.8 (g3 1.3 (g
: | Orafting emcecececcececcecececacnes 2.6 (3) 2.2 (g)
food Service | Accounmting eececescecccccccececacecd 1 (g) 1.8 (9)
fagt Food/Cafeteris ceeeeee 1.3 c.8 |-
Leisure Dining ~ececeesecee 2.5  (e) 1.4 (c) | Open plan offices, 900 12 or th) )
Bar/Loungs ~cecccccscccsece 2.5 (c) 1.3 () | larger, w/madius hefght
Kitchen sscerccececcccccess 1.4 ' 1.4 | partitions 3.5 to 4.5 ft balow
] eceiling.
Recrestiorvlounge ~eceecsaccs (0.7 0.5 | Resding, Typing and Filing s=eeecee 1.9 (&) 1.5 (a)
‘ | Orafting eeeecccmcececcacciocieanea 2.9 () 2.5 (a)
Stairs ) | Accounting esecsccococecmccacncecs 2.4 (2) 2.1 (&)
Active Trattic eeecececcces 0.6 0.6 ] ‘
Emergency Exit eesceccesce 0.4 0.4 | pen plan offices, 500 ft or
_ , | larger, w/partitions higher
Toilez & Vashroom eeceeccves 0.8 0.5 | higher than 3.5 ft below
' 1 eeiling, . thy 5}
Garsge | Reading, Typing ard Filing seeecees 2.2 (&) 1.7 (&)
Auto/Pedestrian Circulation 0.3 0.5 | Orafting seeccccececocccacsancnn. -~ 34 (3 3.0 (&)
Parking Area c-svescccccscs 0,2 0.2 | Accounting eeeececcaciecececcees aee 2.7 (a) 2.4 (a)
|
LaDOr#LOry cecccssscecncoses 2.3 2.2 | Common Activity Aress
| Conferenca/meeting Rocm ccceecscece 1.8 (d) 1.3 (&)
Library » | ComexrtersOffice Equipment secececcee 2.1 2.1
Adio Vigual ceesccesccncca 1,4 1.1 | Filing, Inactive ceeemeccecuccccees 1.0 1.0
Stack Ares cecesececcecaces 1.5 1.5 | Hail Roow sececcecrecannccennncccns 1.8 1.8
Card File & Cataloging === 1.4 ¢.8 ! '
Resding Area -wccscccccccas 1.9 1.0 | shop (Nom-Incustrial)
| Mechimery eseesseccnacacioncancance 2.8 2.5
Lobby (General) " | Electriesl/Electronic sesscmnoscas 2.5 2.5
Reception & uaiting ~cecece 1.0 0.55 | Painting .- ccenemes 1.4 1.6
Elevator Lotbies cemveccees 0.8 0.4 | Carpentry seecceccccescccccscceceas 2.3 2.3
Atrius (Multi-Story) | Velding ecceccccccccocincacaanacnes 1,2 1.2
First 3 floors eececcescs 0.7 0.4 | ' '
Esch Additionsl Floor - 0.2 0.5 |
' | Storage ¢ Warehouse
Locker Rocm & Shower <eeecee (.8 C 0.8 | irsetive Storage cceemcecsccccsceon 0.3 ¢.2
: | Active Storage, Bulky esecescecceec 0.3 0.3
| Active Storsge, fine ecccomceccceas 1.0 0.9
| Material Mencling e=escceeesccccece 1,9 1.0
|
| unlisted Space ~ecceccmcecrecccnecce §,2 0.2
J,
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TABLE 3.5-1 (Contirued)
BASE UPD (Pp) FOR AREA/ACTIVITY -
po— 1
: 1989 1993 { 1989 1993 |
i AREAZACTIVITY UPD  NOTE UPD WOTE | AREA/ACTIVITY UPD NOTE  UPD  NOTE |
! SPECIFIC BUILDINGS : 1 SPECIFIC BUILDINGS |
— : "
Airoort, Bus and Rail Station C | Notel/Conference Center I o
Gaggage Ares w~cecscceccese (1,8 0.75 | Banquet Room/Multipurpose-=-- 2.4 .(d) 1.6 «(d) |
Soncourse/Main Thruay === 0.9 . 8.45: | Sathroom/Pouder Room ==eese=- 1.2 0.6 |
Ticket Counter -eeeeeeseces 2.5 13 | Guest Roem -= 1.4 0.7 |
Waiting & Lounge Area -==== 1.2 0.5 | Public Ares seeccesecmcneeces 1.4 0.8 - I
v | Exhibition Mall eeceoccsceces 2.6 3.}
3ank o | Confersnce/Mesting -eeeesese= 1.8 (d) 1.5 (&) |
Customer Area sscecscscsses 1.0 0.8 | Loy ceee 1.9 - 1.3 9
Banking Activity Ares =weeo 2.8 2.2 { Reception Dask <esescecsccces 2.4 2.4 ]
‘ , A E . | ; , . . |
Barber I Beauty Parlor =-=-- 2.0 . 1.6 | taundry ; |
L | Waghing eecresccmccceccenceas 0.9 0.6 |
Church, Synagogue, Chapel . . : | 1roning.& Sorting =-=ecescece 1.3 ¢ 1.3 |
Worship/Congregational --== 2.3 1.3 [ : S I
Preaching & Sermon/Choir == 2.7 1.8 | Wuseunm & Gallery |
| General Exhibition seceececee 1.9 1.2 |
dormi tory | Inspection/Restoration =eeeec 3.9 3.0 o
Bedroom --=s=esseesssceeces 1.0 0.6 i | Storsge (Artifacts) : |
Bedroom with Study =eeseeee 13" 1.3 ; - | Insctive 0.6 0.25 ]
Study Hall eeemecsccececass 1.8 6.9~ | active --- 0.7 0.5. |
Fire & Police Department . ; : Post omee o -
Fire Engine RoGm s=-eseeeee 0.7 0.7 | -eeeeee SRR B 0.8. !
Jail Cell woccsemccacionnnl 0.8 0.6 | SQrting & Mailing eeseeeeeess 2.1 2.1 oy
. I . , 1
Hospi tal/Nursing Home . : | Service Station/Aute Repair -« 1.0 0.8 |
Corridor ecemsecesccscccese 1.3 (a) 0.9 ta) | : |
Dental Suite/Exam/Trest === 1.6 1.4 | Thester . o : |
ETergency seseesessccscioce 2.3 2.0 | : Performence Arts e-=vaesseees 1.5 1.1 |
Laboratory -ssseceessccceas 1,9 1.7 | Motien Picture -e-e=secezeees 1.0 e |
Lounge/waiting Room ==eeees 0,9 0.6 | loblyy sssecescecomcnsiocecans 1.5 1.0 I
Medical Supplies seeececces 2.4 2.4 | o |
HUrsery ssescccccsecccccaas 2.0 1.6 | Retail Establishments - ) |
Nurse Station seeecdeceeees 2.1 1.8 | (Merchandising & Circulation Area) |
Occu./Physical Theragyee=== 1.6 1.6 | Applicable to all lighting, including’ ]
Patient Room seessvencccoee 1.4 0.9 | - accent and display lighting; irstalled |
Pharmacy =es=erecssencccacs 1.7 1.5 | in serchandising end circulation aress |
Radiology se=seerececeanaee 2,1 1.8 | TYpe A scemceemccencececeee 5.6 (@) : 6.0 (&) |
Surgicsl & 0.8. Suites. . : | Type B.ecccecocccccsceacens 32 (@) 2.9 (e) |
General Ares ==eeceececee 2.1 1.8 | Type € secccccceccucacacces 33 (e) 2.7 (&) |
Operating Roagm =eseseeses 7.0 6.0 " | Type D =----- sescereceeece 3.0 (e) 2.5 (&) |
Recovery =eecseccsceccccs 3.0 2.0 | Type € eeceeeee- cemameeeees 2.8 (@) 2.6 () |
' ' | Type F seccomcmconccccccean 2.7 (&) 2.6 (&) |
] mall Concourse =-=asesaccee 1.4 ) ]
| Retail Support Area ' ) |
| Tailoring =emeeececacaces " 2.1 2.1 |
| Dressing/Fitting Rooos - 1.4 1. -t
] J
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TABLE 3.5-1 (Contimued)

BASE UPD (Py) FCR Auugncrxvva

| 1989 1993
é .
H AREA/ACTIVITY LPO NOTE  UPD
| iNCOOR ATWLETIC AREAS - (B)
Seating Ares, Aitl Sportseeeses 0.4 8.5
Sscminton -
CluD emecsesconcccenncsccsae (.5 0.5
TEUrNIMENT cwesescoscecacces (.8 0.8
Zasketbal l/vol leyball . ) .
. Intrasursl eeccccsscsccocces 3.8 Q.8
Cotlege vevecccvcscsccosaces 1,3 1.3
Professional secececesesscse 1.9 1.9
Sowl irg. " .
APDEORCH Arge. cesseccccssses (.8 Q.5
Lanes secesssocecaccesassenn 1,1 1.1
taxing or Urestling (plecform) - '
. MPRLEUP secsescaccscasencess 2.4 2.l HOTES:
" Professionel cceseececesesec .8 4.8 (8)...Ares Fector of 1.0 shall be used for
» o ‘these spacss.
Gymrasium (b) -Ares Factor of 1.0 shall be used for
General Exercising & . atl irdoor stnietic spaces.
Recrestion Only =s=eeeeces 1.0 1.0 (c) 8ase UPD includes lighting power
' ' ’ requi red for clean-\p purpose.
Hancbal [/Racouetdal L/Squash (d) A 1.5 edjustment factor is
Club cevsmcccecvacccescceces { .3 t.3 spplicable for multi-functional spaces
TOUrNEMENE ~eccessccscecasces 2.4 2.4 (e) See Section 11.0 - Definitions for
" Classification of Retail Fecilities
.uociuy. {ce (f) ' These Stardsrds do mot prescribe
ABRCEUr =cemccssessascascess 1.3 1.3 . UPD for cwelling wnits.
College -or Professionsl ===~ 2.6 2.6 : cgr-mr'hctur'mn not exceed t SS.
o " ’ (h) Minimam of 90% .of all work stations
* Skating Rink - . shall be enclosed with partitions
Recreational ceecsmsaccccsss (.6 0.4 of the height prescribed. -
Exhibition/Professional <==- 2.6 2.6 ' ' B
Swimming i
Recrestionsl ceeeereseccccce 0.9 0.9
Exhibition seeseessoececccas 1.5 1.5
Urdieruater s-sesesecscccccce 1,9 1.0
Tenis -
Recreational (Class II[) === 1.3 1.3
Club/College (Class [I) === 1.9 . 1.9
Professional (Class ) «s-=~ 2.6 2.4 .
Ternis, Table : ‘
Club eececceccocenvecccacacs 1,0 1.0
Tournamant ceececcssscccccss § 4 1.6

e . ——— ——— — —— — A —— a_ ot —— — —— T St G o — —— —— — q— . W—— ——— — " pF " - —pes e e At et e g e bl g e meme W e
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SRLING CODE 0488-01-C



S IST: Feceral Register / Vol. 54, No. 18 / Monday, '{aﬁuary 30, 1989 / Pules and Regulations

2.5.1.3 The Area Factor (AF) shall be heighlt and activities, and with similar determined from the average area of the
cetermined from Figure 3.5-1 based on size may be treated as a group. The AF rogms.

ihe fizor area and ceiling heignt of the of such a group of rooms shall be Equation 3.5-2 gives the formula used
room. Rooms with identical ceiling in developing Figure 3.5~1.

.

S . 10.21 X (CH = 2.5) '
AT = 0.2 + 0.8 exp. = -1l] x Ln (0.9)
. - '. '/ Ar

Equation 3.5-2

Where:

AF=Ares Factor

CHm Ceiling Height

A,=Floor Ana_cfkoom. ft2
iIf AF 1.0 ther AF=1.0 -
1f AF>1.8 then AFm1.38

BILLING CODE 8680014
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Figure 3.5-1 Base Unit Power Density Area Factor
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.34 Special Spaces and Activities.
341 Muiti-Function Rooms.

3.3.4:1.1 For rooms serving muiti-
fumzsions. such as hotel banquet/.
= 22ting rooms and oilice conference/
cewsentalion roorms. an adjustment
faciee of 4.5 imes the base UPD may be
used i a supplementary lighting system
is auotually installed to serve the ‘
secuadary function of the room and the
design meets the following conditions:

{a) The installed power for the
supplementary system shail not be
srzater than 33% of the adjusted LP3
caleulated for that room: and

{b) Independent controis shall be
insialled for the supplementary lighting
sysiem.

3.5.4.2 Simultaneous Activities.

3.5.4.21 Inrooms containing multiple
simultaneous activities, such as a large
general office having separate
accounting and drafting areas within the
same room, the LPB for the rooms shall
be the weighted average of the activities

in proporticn to the areas being served. -

- 3.53.4.3 Indoor Sports.

2.5.4.3.1 The floor ares of indoor
sports activities areas shall be
~onsidered as the area within the
rlaying boundaries of the sport, plus the
* floor area 10 it beyond the playing
houndaries, not to exceed the total floor
area of the indoor room less the -
spectator seating area.

3.3.5 Calculation of Interior Lighting
Power Allowance. The system
rerformance Interior Lighting Power
- Ajlowance {ILPA) shall be calculated in

accordance with Equation 3.5-3. The
iLPA shall include a 0.20 W/ft?
allowance for unlisted spaces.
1.7 A = (LPB % LS1 4 LPB; X LSyemmen
198, xLS,}+0.2 W/ftx {Unlisted Space)
Eguation 3.5-3
\Where:
LPAm=ntericr Lighting Power Allowance.
Wi

n
!alisted spuce ={CLA ~ 2 LS,.a) It?

=1

GLA =Gross Lighted Area, ft?
LPBa Lighting Power Budget. Watts
LSmListed Space Area. ft?

3.5.8 Lighting Power Controis Credit .

and Power Adjustment Factor

3.5.5.1 When calculating the ULPA in
this section. the connected power for
lights autornatically controlied by
daylighting sensors. occupancy $ensor.
programmable timing controls. or lumen
maintenance controls may be reduced
by factoring contrcl creditson a specific

area by area basis. This credit is termed

the Lighting Power Controls Credit

{LPCC) ard shall be determined in

accordance with Equation 3.5

LPCC=CLP « PAF

Equation 3.5=4

Where: -

LPCC = Lighting Power Controls Credit.
Watrs

CLP=Connected Lighting Power for the
luminaires controiled by the automatic
control device, Watts

PAF =Power Adjustment Factor. from Table
33=2

“The adjusted lighting power (ALP) is

then equal to CLP minus the LPCC.

3.5.8.2 The Lighting Power Controls
Credit is limited to the specific
luminaires controlled by the automatic
contol device.

3.5.8.21 Only one adjustment factor
may be used for each building space or
juminaire, and 50% cr more of the
controlled luminaire shall be within the
applicable space to qualify for the
power adjustment factor.

3.5.8.2.2 Controls shall be installed in
series with the lights and in series with

all manual switching devices in order to
‘qualify for an adjustment factor. '

3.5.8.2.3 When sufficient daylight is

available, daylight sensing controls shall

be capable of reducing electrical power
consumption for lighting, continuously
or in steps. to 50% or less of maximum
power consumption.

3.5.8.2.4 Daylight sensing controls
shell control all luminaires 10 which the
power adjustment factor is applied and
that direct a minimum of 50% of their

" light output into the daylight zone.

3.5.6.2.5 Occupancy sensors located
in daylighted spaces should be installed
in conjunction with a manual ON
switch, or photocell override for ON.

3.5.8.28 Programmable timing
controls used for credit in conjunction

with Table 3.5-2 shall be:
tame 352
[ ]

i | St g
| MATSTIC CONTEEL SEVICL(S). | e |
1 1 1
1 (O Compormy wEmee e |
t t '
1 (21 boviignt DIMDIRG GRS HRRG OLOIRAY 1 ot )
i i |
P31 berivera Bomg GnTIDe BASD Gy | =
3 : { 3
T o) Sevt i tosnim CRASHS 1 & |
{ H !
i ©F \uEms eoREEEY e}

’ 1 i

" . P LOGBIVGRR PEITES CEUSE B oS P RTEmsTE Hehous.

(a) Prograrmnablé for different

" met

schedules for occupied and unoccupied
days: :

(b) Accessible for temporary override
by cccupants of individual zones. spaces
or tasks, with automatic return to the,
original schedules: and

{) Capable of keeping time during
power outages for @ minimum of four
bours.

© § 435,104 Auxiliary systems and

equipment.
4.1 General .

This section contains a few minimum
requirements for auxiliary systems and
equipment. Because auxiliary systems
and equipment vary greatly among
buildings. the section is not more
comprehensive.

4.2 Principles of Design

421 Energy recovery should be used
when coincident thermal and
refrigeration loads of similar magnitude
are expected.

422 Consideration shall be given to
the use of waste heat, energy recovery
or heat tape systems to conserve energy.

4.2 Minimum Requirements

4.3.1 Transportation Systems.
43.11 Automatic elevator and/or

- conveyor systems shall incorporate

schedule controls and efficient motor H
controls, such as solid state control o
devices. :

4.3.2 Freeze Protection System.
. 432.1 Boilers or water heaters used
for purposes such as freeze protection in
fire protection storage vessels and
defrosting sidewalks and driveways
shall meet the efficiency requirements of
sections 8.3 or 8.3 when they operate in
excess of 750 hours per year.

4.33 Retail Food and Food Service
Refrigeration.

4.3.3.1 Refrigeration systems
containing multiple compressors shall
have compressors sized to optimally
match capacity with loads.

4.3.3.2 Variable speed shall be
considered.

§ 435.105 Buliding Envelope.
5.1 General

5.1.1 This section contains . .
requirements for the energy conscious *
design of building envelopes. 1t sets
principles of good envelope design. and
provides a set of minimurm requirements *
and two slternative complidnce paths—
prescriptive and system performance.

5.1.2 Compliance. A building shall be
considered in Compliance with this
section if the following conditions are

L e o TR VP R
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5121 The minimum requirements of
Secion 5.3 are met:

-8.1.2.2 Tte design of the building
envelope complies with either the
rrescriptive criteria of Section 5.4 or the
svstemn performance criteria of Section
3.3. For the design of buildings with high
internal heat gains, unusual operating
schedules, or that incorporate
innovative design strategies,
consideration shall be given to using the
compliance paths set forth in Sections
110 or 12.0.

8.1.3 The prescriptive compliance
aiternative of Section 5.4 provides
requirements for buildings designed to
take advantage of perimeter daylighting,
thermal mass, high performance
glazings, and fenestration shading. The
designer is allowed to make trade-offs
between thermal mass, wall insulation,
amount of fenestration, shading
coefficients, shading projections,
thermal transmittance of the glazing,
daylighting for several different climate
locations,

5.1.4 The systems performance
compliance alternative of Section 3.5
provides calculation procedures that
give credit for the benefits of more
complex energy conserving envelope
desizns.

§.1.5 Information on thermal
properties, performance of building
envelope sections and components, and
beat transfer shali be obtained from the
ASHRAE Handbook, 1985 Fundamentals
Volume. When information is not
available from this source. the data shall
be obtained from lahoratory cr field test
measurements conducted in accordance
with ASTM Standard C-177-85,

“Standard Test Method for Steady-State

Thermal Transmission Properties by
Means of the Guarded Hot Plate,”
ASTM Standard C-518-85, “Steady-
State Thermal Transmission Properties
by Means of the Heat Flow Meter,”
ASTM Stendard C-236-80, “Standard
Test Method for Steady-State Thermal
Performance of Building Assemblies by
Means of a Guarded Hot Box.” and
ASTM Standord C~976-82, “Thermal
Performance of Building Assemblies By
Lleans of a Calibrated Hot Box.”

5.1.8 Daylighting Credit. In this
section. daylighting credit for reduced
energy use resulting from the use of

. automatic lighting control devices in

conjunction with fenestration. is given
cnly for space heating and cooling
loads. Credit for the reduced use of

7. electric lighting energy igcalculated in
" Section 3.5.8. If daylighting credit for

educed electric lighting energy use is
dasired to be applied to other buiiding
systems. such as more {enestration area,
Section 11.0 or 12.0 shouid be used.

5.1.7 Tha requirements of this
section arz not intended to replace
building lcads calculaticn procedures.
5.2 Princiries of Design
5.21 Building Loads

3.2.2.%  Building loads result from
scurces external and internal to the
building. {1} External loads, from
outdoor temperature, humidity, wind,
and insolatior. Quctuate daily and
seasonally. (2) Internal loads from the
activities coaducted within the building,
including heating and moisture produced
by the occupants, lights, and process
equipment (2.g., appliances, computers)
vary with irternal activities. Improving
energy efficiency in a building depends
on achieving a balance between and
among the internal and external loads.
The building design should, therefore,
oifset gains and losses of heat, light, and
moisture between the interior and
exterior of the building, among interior
spaces, and over-time, (daily,
seasonally, and annually).

§.2.1.2 This balance of loads can be
most eificiently achieved if the building
envelope is viewed as, and designed to
be. a controlled membrane rather than
an immutable barrier, The typical design
of a modern building has considered the
building envelope to be a fixed barrier
that restricts heat and air fow to the
maximum extent possible. This will not
tgsutlxlaUy yield the most energy efficient

5213 The desired goal of the enerzy
design of the building envelope shall be
to produce a controlled membrane that
allows or prevents heat, light, and
moisture flow to achieve a balance
between internal and external loads.
Thus the enveiope becomes an integral
part of the building's environmental

.conditioning systems.

85214 To achieve control of the
building envelope as a membrane, and
to simultaneously achieve occupant
comiort in the perimeter zones, many of
the tracitional building skin components
must be used (insulation, mass, caulking
and weather stripping). However, other

~ concepts shall also be considered to

tamper supply air or utilize waste heat
in exhaust air to temper envelope
conditions, such as operable solar
shading devices, and the integration of
glazing systems with the HVAC
distribution system.

52.1.5 Control of External Loads
5.2.1.5.1 Control of Conduction

(a) Controlled conductivity may be
considered through the careful use of
insulation, sensible (mass) or phase-
change storage and movabie insulation
al levels which minimizes net heating

a=d cooling loads oa a time integrated
(annual) basis. :

(b} Uninteational or uncontroiled
thermal bridges shall be minimized and
considered in energy related
calculations since they can radically
alter the conductivity of a buiiding
eavelope. Examples include wall studs.
baiconies. iedges. and extensions of
building slabs.

§.2.1.52  Control of Infiltration (Heat
Loss or Gain)

(a) Infiltration shall be minimized and
all efforts to achieve a zero level shall
be taken. This will minimize fan energy
consumption in pressurized buildings

'during occupied periods and heat loss

{or unwanted hest gain in warm
climates) during unoccupied pericds.
Infiltration reduction shall be
accomplished through design details
that enhance the fit and integrity of
building envelope joints in a way that
may be readily achieved during building
construction. This includes infiltration
control by caulking, weather stripping..
vestibule doors and/or revolving doors
with construction meeting or exceeding
accepted specifications,

{b) The quantity of mechanical
ventilation must vary with the need.
with recommended values at any given
time equal to that required by ASHRAE

" Standard 62-1981. Higher levels of

ventilation (e.g. economizers] shail be
considered to substitute for mechanical
cooling.

{c} Operable windows may be
considered to allow for oczupant
controlled ventilation. When using
operable windows, the design of the
building's mechanical svstem must be
carefully executed to minimize
unnecessary HVAC energy
consumption, and building operators
must be cautioned about the improper
use of the operable windows.

(d) Non-mechanical ventilation can be
enhanced in the shape of the building as
well as the physical elements of the
building envelope, such as cupolas.

(e} For hoteis and high rise dwelling
units and other systems having exhaust
totalling 3000 cfm or more, with annual

.operation in excess of 3000 hours and

within 200 linear ft of simultaneos
make-up air equipment, they shall
incorporate energy recovery or
treatment to ASHRAE 82-1981 quaiity
levels and reuse exhaust air when
allowed by code.

5.2.1.5.3 Control of Radiated Heat
Losses and Gains

(a) Capability for occupant radiant
comiort shall be maintained regardless
of whether the building envelops is
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designed to be a static or dynamic
n:rmbrane. Opaque surfaces shall be
desined so that the overcge inside
suriuce temperatures will remain within
3 °F of room-temperature in the coldest
antcipated weather (i.e., winter design
ccaditions), and the coldest inside
suriace will remain within 25 °F of the
‘Toom temperature, :

{b} In & building with time-varying
internal heat generation, thermal mass.
may be considered for controlling
radiant comfort. In the perimeter zone,
thermal mass is more effective when it
is positioned internal to the envelope
insulation. : :

{c} The effective control of solar
radiation is critical to the design of
energy-efficient buildings due to the high
level of internal heat production already
present in most commercial building
types. In some climates, the lighting
energy consumption savings due to
daylighting techniques can be greater
than the heating and cooling energy
penalties from additional glazed surface
ares, provided that the building
envelope is properly designed for
daylighting and lighting controls are
installed and used. In other climates
they may not. Daylighting designs are
most effective if direct solar beam
radiation is not allowed to cause glare
in building spaces.

{d) The transparent portions of the
building envelope shall be designed to
prevent solar radiant gain sbove that
necessary for effective daylighting and
solar heating. On south-facing facades,
the use of low shading coefficients is
generally not as effective as external
physical shading devices in achieving
this balance. Light shelves offer a very
effective means of admitting daylight
while shading the view glazing and
simultaneously allowing occupants to
manipulate interior shading devices
{draperies, blinds) without eliminating
day light.

{e) The solar spectrum contains &
range of wavelengths including visible
and infrared (hesat). Designers shall
consider which porton of the spectrum
{o admit into the building. For example,
low emissivity, high-visible-
transmittance glazings may be
considered for the effective control of
radiant heat gains and losses. For

stading control designers may consider
the carelful use of vegetation that can
biock excess gain, year-around or
seasonaily depending on the plant
species chosen.

3.3 XNinimum Requirements

£3.1 Overall Thermel Transmittance
U,)

5.3.1.1 The overall thermal
transmittance of the building envelope
above grade assembly shall be
calculated as follows:

U IUA/Am([UiA1+UiAs
e UNAL A

Equetion 8.3-1

Where:

U,mthe ares weighted average thermal

© transmittance of the gross srea of the
building envelope assembly, e.g.. the
exterior wall assembly including
fepestration and doors; roofs and ceiling
assembiy; or the {loor assembly, Btu/
h.ft 2.°F,

Agm 1:lhe gross area of the envelope assembly..

2

Uim=the thermal transmittance of sach
individuai path of the envelope assembly
{see Section 5.3.2), Uym1/R, (where R, is
the total regsistance to heat flow of an

- individual path through an envelope
assembiy).

A,mthe ares of each individual element of

. the eavelope agsembly, f# 3,

5.3.2 Thermal Resistance of Below
Grade Components (R)

83.2.1 In calculsting the thermal
resistance of all below grade
components, the thermal performance of
the adjacent ground shall be excluded.

53.2.2 Slabs

§.32.21 The R-value required.for
siabs refers only to the insulation
materials. Insulative continuity shall be
maintained in the design of slab edge
insulation systems. Continuity shall be
maintained from the wall insulation
through the slab/wall/footing

intersection to the body of the slab edge -

insulation. . .

5.3.2.22 Slab-on-grade floors shall
have insulation around the perimeter of
the foor with the thermal resistance (R}’
of the insulation specified in accordance

with Figure 5.5-2. The slab insulation
specified shall extend either in a vertical
plane downward from the top of the
slab for the minimum distance shown or
downward to the bottom of the siab
then in a horizontsl plane beneath the
slab or outward from the building for the
minimurm distance shown. The
horizontal length, or vertical depth, of
insulation required varies from 24 in. to

© 48 in. depending upon the R-value

selected. For heated slabs, an R of 2
shall be added (o the thermal resistance

. Tequired.

5.3.22.3 Vertical insulation shall not
be required to extend below the
foundation footing. There are no
insulation requirements for slabs in
locations having less than 3,000 HDDSS
or for footings extending less than 18 in.
below grade,

5.3.224 The dimensional
requirements for horizontal insulation
refers to the insulation materials only.
Horizontal applications shall have a
thermal break in the slab edge that
‘provides continuity between the wall
insulation on the slab and the horizontal
insulation. .

Below Grade VWalls

5.3.23.1 The R-value required for
Below Grade Walls refers to the oversll
R-value of the wall assembly excluding
air film coefficients and the thermal

- performance of the adjacent ground.

$.33 Thermsl Trensmittance (U) of an
Envelope Assembly .

5.3.3.1 The thermal transmittance of
each enivelope assembly shall be -
determined with due consideration of all
major series and parailel heat flow
paths through the eiements of the
assembly. Compression of insulation
shall be considered in determining the
thermel resistance.

5.3.3.2 The thermal transmittance of
opaque assemblies U, shall be :
determined using & series path’
procedure that corrects parallel paths,
such as insulation and studs in a wall
cavity or the roof assembly shown in
Figure 5.3-1. Table 5.3-1 prescribes the
-procedure to be used for Subsections
5.3.3.2.1 and 5.3.3.2.2.

BILLIND CODE 4800 vl
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%221 For envelope assemblies procedures specified in Section 5.1.5. Tables 5.3-2 and 5.3-3. is available. ihe
conta:ung metal framing, the U, shall be (b) For non-metal surfaces attached to  10tal resistance of the series path mav
« determured by using one of the foilowing  metal framing. where data from ‘ests be calculated using Equations 5.3~2a
wnethods: conducted using drocedurss specified in  and 3.3=2b, and iliustrated in Figure 3.5~
a) Results from laboratory or fleld Section 5.1.3, such as those provided in 1t

iest measurements, using one of the

Table §.3-2

parallel Path Correction Factors"

¥ + ] i Tt i L o i B i . [ N . 1
|* 8ridged | l I | | l b | For |
| R-value | o] S |10 | 15 | 20 | 25 | 30 | 35 | 40 | 45 | SO | S5 |
N e} 1 ] ] 1 et 7 ; 7 7 i i
| Cerrection | I | | ! } I | I L~
| Fecter ~ | 1.0 | 0.96 | 0.92 | 0.83 | 0.85 | 0.81 | 0.79 | 0.76 | 0.73 | 0.71 | 0.69 | 0.67 |
| l l | l | | | | I l | | |
L '_. ! L] ! ! ! 1 I { | | 3 )’
1. Table 5.3-2 values are based upon metal trusses with & ft spacing that penetrate the
insulation, and 0.65 in. dismeter crossmembers every 1 ft.
_ Table 5.3-3
: Wall Sections With Metal Stops
e e , Parallel Path Correction Factors
i b i I _ I !
[ size of | Gauge of | Spacing of | Cavity Insulation | Correction |
| Meabers | Stud | Framing, In. | R-value [ Factor [
! 1 !
i : 1 } ; |
| 2x4 | 1816 | 16 cc. | R-11 [ 0.50 |
-~ -2x4 ] 1816 | 2 o.c. [ Rt ] 0.60 |
| 2x6 | 1816 | 160 | | Re19 | 0.0 [
| 2x6 | 18-16 | 26 o.c. | R-19 | 0.45 |
L ] ! ! ! ]
U=1/R, . R, = the equivalent resistanca of the element ASHRAE Handbook, 1985 Fundamentals
Equation 5.3-20 m:mins the parallel path. the value of  Vo/ume shall be used. The equations on
v Ry = (R-value of insulation] xF, . pages 23.13 and 23.14 shall he t{aed.
RemR,+R, ) e .. . {d) For sheet metal construction,
Equation 8.3-2b ' Equation 5.3-2¢ . . internally insulated with an internal
- Where: ;Vhr mgtai stmcmrelbc;(xlxded on one or botk
‘ =the total resi == the correction factor from Table 5.3-2 or sides to a metal skin or covering (see
R ueut:‘biymx;mncc of the enveiope Table 83-3. Figure 5.3-2), the following steps shall
Ry == the resistancs of ths series elements (for (c) For elements other-than those be used to calculate the U-value of the
jem1 to n) excluding the purallel path covered in item (b) above. the zone envelope construction.

element(s) method described in Chapter 23 of the BILLING CODE 6460-01-4
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(1) First, calculate the resistance of
the thermai ridge Reg as follows:

Rﬂ- R. -R,-.R,.-R.-&
Eguation 83~3
(i) Whers R, the effective mean flow

path along the cuter metal surface. is
“calculated by:

Ry = 3 - i
2 x L Jhlkl‘rl
Eguazien S.3=-4 °

Bx L xhy

(i) And if it ocours, the resistance of
insulation (R:) between the outer metal
surface and the metsl structural member

T,

ok ERCA
AR

is calculated by:
2 =
k x L- [ z:l
{iii) And. the resistance of the

structural member (R,) is calculated by:

L
Lictadks

Equation 5.3-6

{iv) And if it occurs, the resistance of
.insulation (R} between the inner metal
" surfide and the purlin flange is
calculated by:

R4' 1
XxL | by +2
H4 T

atio . 3=7

(v) And finally, the effective mean
flow path along the inner metal surface
(R} is calculated by:

g = b - lb

2 2 L MaksTsg B xL xhsg

Where:

Le=total lenyth

hwmcoefficient of heat transfer
k= thermal conductivity
Tm=temperature

Bmtotal width

H=spartial height

tss thickness of shest metal

(2) Then calculate the parallel path
resistance of the homogeneous
insulation Ry as follows:

t]

(3) Then obtain the overall
construction resistance Re by combinin
Ry and Reg as two parallel resistances:

Res X Ry

Reg+ Ry

Equation 5.3-10

{4) Then add the inside and outside
surface resistances R, and R, to get the
total resistance Rege:

Equotion 5.3-11

(5) The total area resistance myor is
then calculated by:

MroresRegrX B L

Equation 5.3-12
(6} And finally, obtain the U-value by

U m e

Myor

Equation 5.3~13

{7} Where additional resistances are
introduced in the construction. introduc
them in lieu of the above (R; and R.)
resistances. An example of this would
be the calculation of both a metallic
fastener and a block of higher thermal
conductivity material between the oute
shest metal and the internal structural
member as shown in Figure 5.3~3. In thi
case the original Ry is re-calculated by
first calculating the thermal bridge Rurs
as follows:

BILLING CODE S46001-M
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Rirpm Ry =Ry = R

't Eyuation $.3=i4
(i) Where the resistance of the heads
ci number (N) of fasteners per length {L),
adjusting for surface resistance in
common with the sheet metal surface, is
calculated by:

1. 1

R' -. . L )
NX2xoxXMXtXf(Bn, o) aevBxlL . .

Equat)'on&d—ls

Where:

Na=the number of fasteners in Length L
[=the function of B'r for different velues of
the ratio rz/r, given in Figure 5.3,

RY;

tye=the radius of the fastener shank.
ramthe outer radius of the fastener head.

BLLING CODE 845060180
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Fisure S.3~4 - The Function (f) Givenasamt:imofﬁrarﬂfmrnizfera:t ‘
Values of the Ratio, ri/ry ~
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lii) And. the nsistan;é of the shank of

' the fastener is cajculuing by

He
Nrsaxwxry

R =

Equotion 8.3-16

Ui} nd. finally, the resistance of the
cun::_ec::pn to the intersa: structuraj - -
memoer is caleulated by:

R2
lnxrl

Nx20e %2 ¢t

-,

-
- -

o)

(iv) Then calculate the resistance of - -. .-

the block of higher thermal conductivity
material as fcllpwx:

Rg = b3

2 .z{]
. '~'

el
Eguztion $.3-18

ASkh
{v) Then cbtain the resistancs tobe
used in lieu of the original Rs by

RrsX
Re = —
Rnfn‘

Egquation £3-10

$.3.3.22 For envelope assemblies
containing Non-Metal Framing, the U,
shail be determined &om one of the
laboratory or field test measurements
specified in Section, 5.5.5 ot from the
ASHRAE series-paralle] method.
Formulas in Chapter 23, page 23.2 of the
ASHRAE Handbook, 1985 Fundamentcls
Volume, shall be used for these '
calculations.

5.3.3.3 The thermal transmittance of
fenestration assemblies shall be

corrected to account for the presence of °

sash, frames, edge effects and spacers in
multiple-glazed units.

If thermal transmittances of sash and .
frames. are known, Equation 5.3~1 shall
be used, otherwise the thermal
transmittance offenestration assemblies
shall be calculated as followe:

UgmI UpXForx A‘/A‘,f-

{Upu XFea XAt +Ugsvprs X As...

+Upa X Fra X Axl/ Au

Egquotion 5.3-20

Where: :

Aymares of ** [enestration assembly .

{=numerical subscript (1.2.. .. n) refers to
each of the various fenestration
assemblias present in the wall

nesthe number of fenestration assemblies in
the wall

U, e the overall thermal traasmittancs of the

Jsnestration axgembly, including sash
ans rames. Bly/h-f13°F,

Upan e wermal transmittance of the centeal
am1 of the fenmstraiion excluding edge
¢{Taceg, spacers in multipie-giazed unus,
any the sash and frame., Btu/h-R¥E -

Fryas raming adjustment factor for sash,
{rzmes. atc

Ages= the area cf all fenestration including
gazeil portions, sash, fames. stc.

8.3.2.3.1 Values for U, shall be the
‘winter velue obtained from the glazing
manulacturer's test data or frem Table

13 or Figure 14 of Chapter 27 of the

. ASHRAE Hendbook, 1985 Fundementais
- Volume. Values fos F, shall be obtained
< from the frame manufacturer's test data

or from the average adjustment factor
for a particular product in Table 13, Part
C, in Chapter 27 of the ASHRAE
Handbook, 1985 Fundamentals Volume,
For glass produtts with a U value of 0.45
or jess, use the F, for triple insulated

- glazing Alternatively, values of the U,°F
- product may be used fram

manufacturer's test data for open
window and frame assemblies tested as
& unit provided that the tests referenced
edge-effects and windspeed are
accounted for winter tested U-values are

534 Gross Area of Envelope -
Components

. - %341 The groas area of a roof
assembly consists of the total surface of .
-the roof zssembly exposed to outside air-

or unconditioned spaces. The roof .
assembiy shall include all roof/ceiling
coxponents through which heat may
flow between indoor and outdoor
environments including skylight
surfaces. but excluding service openings.
5.3.4.11 For thermal transmittance
purposes. when return air ceiling
pleaums ere.employed, the roof/ ceiling
assembly shall not include the thermal
resistance of the ceiling, or the plenum.
space, ag part of the total thermal

- resistance of the assembly.

5§3.42 The gross area of a floor
assembly over outside or unconditioned
space consists of the total surface of the
floor assembly exposed to the outside .
air or'an unconditioned space. The floor
assembly shall incinde ail floor '
components through which beat may:
flow between indoor and outdoor or
unconditioned space environments.

$.3.43 The gross area of exterior
walls enclosing x heated or cocled
space is measured on the exteriorand
conaizts of the opaque wall including
between floor spandrels, peripheral
edges of flooring, window areas
including sash and door areas, but
excluding vents, grilles and pipes..

8.3.8 Shading Coefficients

5.3.531 The Shading Coefficient (SC} -
for fenestration shall be obtained.from.
Chapter 27 of the ASHRAE Handbook,

1985 Fundamentals Volume or from
manufactorers’ test data. For the
prescriptive or system performance
envelope compliance calculations i
Sections 5.4 and 3.5, 1 factor, SC,, is
used. SC, is the-Shading Coefficien: of
the fenestration, including internal and
external shading devices, but exclud:ng
the effect of external shading .
projections, which is calculated :
separately. The shading coefficient used
for louvered shade screens shall be
determined using a profile angie of 30°,
as found in Table 41 Chapter 27 of the
ASHRAE Handbook, 1985 Fundamen
Volume. , .

5.3.8 Wall Heat Capacity

5.3.8.1 Hest capacity in Btu/*F-h3,
shall be-determined as the product of
the average wall weight in Ib/ft? and the
weighted average specific heat of the
wall component in Btu/1b."F.

53.8.2 If the wall syster is-defined.
as.having exterior insulation only tke
properties of the wall elements inside of
the insulation layer shall be used in
determining the wall heat capacity.

8.3.83 . For walls with integral
insuiation, all of the elements of the
entire well system may be used in the
calculation of the wall heet capacity.

837 Air Leakage and Moisture
Migration ;

$3.2.1 The requirements of this
subsection apply only to those locations
separating the cutdoors from interior
building conditioned space. Compliance
with the criteria for air leakage through
building components shall be
determined by ASTM E 283~1984.
“Standard Method of Test Rate of Air
Leakage Through Exterior Windows,
Curtain Walls and Doors.”

5372 AirLeakage Requirements for
Fenestration and Doory

5.3.721 Fenestration meeting the
following standards for air leakage is
acceptable: .

{a) ANSI/AAMA 107-85, "Aluminum
Prime Windows."”

(b} ASTM D—¢099-83, “Specifications.
for Poly(VinyiChloride) (PVC] Prime
Windows.”

{c) ANSI/NWMA LS. 2-80, “Wood
Window Units (Improved Performance
Rating Only).”

83.72.2 Sliding Doors shall meet one
of the-following standards for ajs
leakage:

(a) ANSI/AAMA 101-85, “Aluminum
Sliding.Glass Doors.”

(b) NWMA LS. 3-83, “Wood Sliding-
Patio Doors.”

53.72.3 Commercial entrance
swinging or revolving doors shall limit
air leakags. to a rate not to exceed 1.25.
cim/ft? of door area. at standard test
conditions.
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33724 Residential swinging doors
shall limit air leakage to a rate not to
exceed 0.5 cim/it? of door area. at
standard test conditions.

5.3.7.25 Where spaces have regular
high volume traffic thro::zh the buiiding
envelope, such as retai! store entrances
and loading bays, estimates of air
leakage for HVAC system design shall
ge based on air exchange by trafic

ow,

8.3.72.8 To reduce infiltration due to
stack-eifect draft in muiti-story
buildings, the use of vestibules or
revolving doors on all primary entries
and exits shall be considered.

- 83.7.3 Air Leakage Requirements for
Exterior Envelope Joints and
Penetrations. )

53731 Exterior joints, cracks. and
holes in the building envelope. such as
those around window or door frames,
between wall and foundation, between
wall and roof, through wall panels at
penetrations of utility services or other
service entry through walls, floors, and
roofs, between wall panels, particularly
#t corners and changes in orientation,
between wall and floor. where floor
penetrates wall, around penetrations of

. chimney, flue vents, or attic hatches, .

shall be caulked, gasketed, weather
stripp :d, or otherwise sealed,

et e L
ot an

- 5.3.74 Moisture Migration
Requirements for Exterior Envelopes
53.74.1 The building envelope shall
be designed to prevent moisture
migration that leads s deterioration in
insulation performance of the building.
5.3.7.4.2 Vapor retarders shall be
considered to prevent moisture from

~ collecting within the envelope. Designs

should incorporate the principles of
ASHRAE Hundbook, 1935 Fundamentais-
Volume, Chapter 21, "Moisture in
Building Construction.”

53.8 Shell Buildings

5.3.81 The following conditions shall
be assumed if determination of building
envelope compliance occurs prior to the
determination of lighting power density,
equipment power density, or <.
fenestration shading device :
characteristics: o

53.8.1.1 Lighting Power Density and
Eguipment Power Density. For Section
54, the total power density shall be
assumed tp be those listed in Table 5.3~
4. For Section 5.5, the values in Table
8.3-4 shall be assumed to be
apportioned as 35 lighting and % for
other equipment. Note that these are not
recommended design values, but are for

compiiance purposes only.

a

tessa $.3e:
tommun (REvel Laa Ser BN\ S0 Wmmastive fun\GeFE

et L3 wee

b b

130 wa
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§
i
t
t
|
i
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e <

5.3.8.1.2 Fenestrationskading ..
devices. Only those shading devices that
are part of the design when itis being
evajuated for compliance shall be
congidered when determining..
compliance., . - ° .

5.3.8.1.3 .Daylighting controls for
electric lightinig. Only those controis
that are part of the design when it is
being evaluated for compliance shall be
considered when determining

- compliance.

5.3.9 Buildings Located in Climates
With Greater Than 15,000 HDD Base
=3 . 4

§.3.8.1 For locations with a heating
degree-day base (HDD) 85 °F greater
than 15:000, the envelope criteria listed -
in Table 5.3-8:shall apply, and the
window wall ratio (WWR) shall be lees

- than.er equal 10.0.20.

BLLIG CODE 6400414
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Table 5.3-5
Recuirements For Locations With
Heating Degree-Days Base &5 OF Greater Than 15,000

Skylights: Not allowed for locations with HODS&S grester than 15,000.

. N ]

A . o ‘ !

Enveloce Statement Maximum Minimsm |

U value R Value Hotes |

| - |

Yy opacue wall for bui ldings \nth : . . i

> 12, OOO ftz af gress floor area 1,3 0.053 : See 5.3.3.2 |

~ | - |

U, opecue wall for buitdings with ‘ ]

< 12,000 #¢2 of gross floor ares o5 0.040 |

| |

U fermestration - o 0.450 . Use Eq 5.3-20]

. :' ] . . o ]

U roof o 0.026 |

. . |

floor over uncenditicned spaces® 0.03 ' See.5.3.3.2 |

L | | ,

wall below grade® o | 12 l

. | |

Slab-on-grade: |
" : W : . l ]

Minimem Minimem R Value |

Insulatien Unheated  Heated . |

Position Distarce, in, Stab - Slab |

. l

Horizentil 4“8 .15 B |

Vertical 48 é : 8 |

| I

|

]

footrotes for Table 5.3-5:

1. For wirdow to wall ration, WWR < 0.20. Shall include corrections for parsilel
paths within the envelope assembly. For WR > 0.20, see Footnote (3).

2. For window to wall ratio, WWR 5'0.15. shall include. corrections for parallel
‘paths within the envelcpe assembly. For WiR > 0. 15, see Footnote (3).

3. The wirdouw to wall ratio and the stated U-values for cpacue wall ard

: femstratxcn may be increased or decreased prcwded that the carbined thermsl
Kall. transmittance shall not exceed 0.125 for buildings 2 12,000 tt2, ard 0,091
for buildings < 12,000 ft2,

4, Including pile-supported floors and elevated floors.,

5. Installed on the exterior of perimeter foundation walls for heated fcmdat\cm.

SLING CODE 8880-§%C
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+ 3.3.10 Daylight Credits for Skyiiz~ts.’
5.3.10.1 Sxvlizhts used in conjunci:on
with qutomatis lighting controls for
deylighting can significantly reduce the
lighting enerqy consumption, thereby
more than ofisetting the increase in
_eavelope heat ransfer.

5.3.102 Wkhen determining building
roof compliance. daylight credits for
skylights may be used if the criteria of
this subsection are met.

5.3.103 Skylights for which daylight
credit is taken may be excluded from

the calculation of the overall thermal
transmittance value (U,.) of the roof
assembly, if all of the foliowing
conditions are met:

5330331 The opaque roof thermal

transmittance U,, value does not exceed

the value determined within the selected
Alternate Component Package (ACP)
table for the prescriptive method or by
Equation 5.5~1 for the systems
performance method.

§3.10.3.2 Skylight areas, including
framing, as a percentage of the roof area

-

do not exceed the values specifie in
Tables 5.2-6A and 5.3-GB for buiiaing
sites located within the climate ranges
listed in the two Tables. where Visible
Light Transmittance (VLT) is the
transmittance of a particular glazing
material over the visible portion of the
solar spectrum. Skylight areas shall be
interpolated between visible light
transmittance values of 0.7°5 and 0.50,
only. .

BILLING CODE 64600144
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Table 5.3-6a

-

_ (VLT = 0.75)
Maximum Percent Skylight Area for Given Conditions of Lighting Power

Density, Light Level (fc), HCD&5 and CDHEO
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Teble 5.3-6b

Maximum Percent Skylight Area for Given Conditions of Lightihg Power

(VLT

Density, Light Level (fc), HDD&S and COKS8O
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$.3.10.3.3 The skviight aree
sssociated wita daylign: credit can be
taken is the area under encn skyiight
whnse dimension in each girection
{centered on the skyiight) 1: equal to the
skyiignt dimension in that irection plus
2 distance equal to the focr to ceiling
height,

8.3.10.3.4  Skylight areus that overlap
areas that kave already taken daylight
credit (perimeter window areas or other
skylight areas) do not again take
daylight credit.

5.3.10.3.5 All electric lighting fixtures
within skylight areas are.controiled by
daylight-activated automatic lighting
controls.

8.3.10.3.6 For buildings located in -
climates that have less than 8000
$IDD8S5, the overall thermal
Iransmittance of the skylight assembly,

-including framing, is less than or equal

to 0.7 Btu/h-ft 2.°F. For locatiors greater
than 8000 HDDSS, the overall thermal
transmittance of the skylight assembly,
including framing, is less than or equal
to 0.45 Btu/h.ft 2.°F,

5.3.103.7 Skylight curbs have
thermal transmittance (U) values no
greater than 0.21 Btu/h.ft 2.°F,

$.3.10.3.8 The infiltration coefficient

~7, of the skylights does not exceed 0.05

‘ofm/ft 2,

i0.4 Skylight areas in Tables 5.3« -

8A and 5.3-6B may be increased by 50%
if a shading device is used that blocks
over50% of the solar gain during the
peak cooling design condition.

3.3.10.5 Areas for vertical glazing in
clerestories and roof monitors shall be
included in the wall fenestration
calculation.

5.3.10.8 For shell buildings. the
permitted skylight area from Tables 5.3~
6A and 5.3-8B shall be based on a light
level of 30 fc and a lighting power
density (LPD) of less than 1 W/ft 2.

5.3.10.7 For speculative buildings,
the permitted skylight area from Tables
§.3-8A and 5.3-8B shall be based on the
unit lighting power allowance from
Table 3.4~1 and an illuminance leve! as
follows:

5.3.10.7.1 For LPD less than or equal
to 1.0 W/ft 2, use 30 fc:

£.3.10.7.2 For LPD greater than 1.0
W/t * and less than 2.5 W/ 3, use 50
fz: and

5.3.10.7.3 For LPD greater than 2.5
W/Et %, use 70 fe.

5.3.10.8 Buildings with roof assembly
devices that cannot be evaluated under

. this subsection shall be evaluated using

*he Building Energy Compliance
lethods of Section 11.0 or 12.0.
5.4 Building Envelope—Prescriptive
Compliance Altarnative
5.4.1 GCeneral

- ]

5.4.1.2  This section provides a simpie
compiiance path using precalculated
prescriptive requirements for selected
exterior envelope configurations of new
buildings.

3.4.1.2 The Alternate Component
Packages (ACP). found in this
subsection. provide design criteria lor
use with the {sllowing options:

5.4.1.2.1 “Base Case"—buildings
with envelopes designed without
perimeter daylighting.

5.41.22 "Perimeter Daylighting"= *
buildings with envelopes that use
additional fenestration area by
incorporating automatic lighting controls
in the perimeter zone to permit the use
of daylighting in lieu of electric lighting.
This ACP is not available for those
climates that do not usually require
space cooling by means of mechanical
sefrigeration.

(a) This daylighting credit is in
addition to the increased lighting power
allowance provided in Section 3.5. Some
perimeter daylighting options allow a
greater proportion of fenestration area
due to the increased visible and .
decreased thermal transmittances of
high performance glazings in
combination with automatic lighting -

- controls.

$.41.3  Each ACP provides a limited
number of complying combinations of
building variables for a set of climate
ranges. The criteria, such as maximum
percent feneswration, were calculated
using the system performance criteria of
Section 5.3. Values were chosen from
within climate and other variable ranges
for the most restrictive resuits, to ensure
compliance uf any combination of
values within those ranges. Thus, for
most climate locations and envelope
parameters, the prescriptive criteria may
be alightly more stringent than the
system performance criteria of Section
5.5,

5.4.1.4 Both the base and perimeter
daylight cases have two or three
fenestration U-value ranges depending
on the climate.

‘5.4.2 Compliance,

3.4.21 Tbe envelope design of the
building being evaluated is in
compliance with the prescriptive criteria
of this section provided that

54211 The minimum requirements
of Section 5.3 are met. .

5.4.21.2 All envelope thermal
transmittance (U] values are less than or
equal to those chosen from the ACP
Table seiected for roofs, opaque walls,
walls next to unconditioned spaces. and
floors over unconditioned spaces.

5.4.2.1.3 The percentage of.
fenestration of the combined gross wall
area is less than or equal to the value

permitied for internai icad range and
giazing in the seiecied AZP Tabie.

5.4.2.14 Siab-on-grade floors have
insulation uround the nerimeter of the
floor with the thermai resistance (R.,} of
the insulation as listed in the ACP table
The siab insulation specified shall
extend either in a vertical plane
downward from the top of the slab for
the minimum distance shown or
downward to the bottom of the slab
then in a horizontal plane beneath the
slab or outward frem the building for the
minimum distance shown. The
horizontal length. or vertical degth. of
insulation required varies from 24 in. to
48 in. depending upon the R-value
selected. For heated slabs, an R of 2
shall be added to the thermal resistance
required, .

{a) Vertical insulation shall not be
required to extend below the foundation
footing.

(b) There are no insulation
requirements for slabs in locations
having less than 2.000 HDDSS5 or for
footings extending less than 18 in. below
grade.

5.4.2.1.5 The thermal resistance of
the below-grade wall nssembly must be
greater than or equal to that listed in the
ACP table, or the heat loss calculated in
accordance with Chapter 25 of the
ASHRAE Hendbook, 1985 Fundamentais
shall be less than or equal to that of a
wall below grade having a thermal
resistance equal to that specified in
Figure 3.3-3. No insulation is required
for climates with less than 3.000 HDD83
or for those portions of walls more than
one story below grade. -

5.43 Procedure for Using the
Alternate Component Packages (ACP).

5.4.2.1 The prescriptive envelope
criteria for each of 30 climate ranges are
contained in Tables 5.4-2 through 5.4-31,

5.4.3.2 The following steps shall be
used to determine compliance with
these prescriptive envelope criteria,

54321 Determine appropriate
climate range using either (a) or (b}
beiow, :

{a) From Tabie 3.4-1, select the
appropriate ACP Table based on the
climate for the building site. The main
ciimate variables that are needed for the
proper selection of an ACP Table are
cooling degree-days base 85 *F (CDDsS),
heating degree-days base 50 °F (HDDs50),
and annual average daily incident of
solar radiation on the east or west
vertical surface of the facade, Btu/f12/
day (VSEW). For certain climate ranges
this must be augmented by cooling
degree-hours base 80 *F (CDHS0).

(1) This data. for a specific building
location, may be acquired from the U.S.
Weather Service of the National
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‘Seeanic and Atmospheric ,
Administration or the local weather
Sureau. The column designated "ACP
Table No.” in Table 5.4~1 contains the
table number of the appropriate ACP
Table. . o
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ACP Table weose =3 . vsew | couso
oter Rarge large ¢ lange Aange Exarple Cities
i
$.4-2 0 | 3001-4500 >220 Barbers Point, ®ilo, Hemslulu, Lihwe
8.4-3 6 #4500 2848 Guantsnsno Bay, Kmajalein, San Jusn, Wake [sland
S.é6 11000 0-1150 | $60-85 Arecata, Rorth Berd .o
$.4-5 1-1000 0- 3co »845 Oakland, San Francisco, Senta Maria, Sunyville
§.476 1-1000 301-11%0 34§ El Toro, Long Basch, 103 Angeles, San Diego :
L 4 1-1000 | 1151-2000 | $60-8S Atlanty, Augusta, Birmirgham, Cherry Point, Greenwville
$.6°8 1-1000 | 1151-2C00 »84% fresno, Red Rluff, Sscramento
S.be9 1-1C00 | 2001-3223C | S40-84% Charleston, Houston, Jackson; Mentgomery, New.Orlesns
S.4-10 11000 | 2001-32%0 »8L5 [ 0-180C0 Austin, Bakerstieid, El Pssc, Fort Worth, Tallahassee, Jaspa
S.4-13 _1-10C0° | 2001-32%0 »8.5 > 18000 Chira Lake, Las Vegas, Tucson -
S.4-12 T 1-1000 | 3251-43500 >84S | 0-18000 Browrnville, Corpus Christi, Mismi, Orlando, West Palm Be
$.4-13 1+1000 | 3251-4500 >845 | »18000 Loreds, Phoenix, Yums ’ . -
S.be14 1001-1750 0- 500 | 580-&S ! Otywpia, Portland, Salem, Sesttle/Tacoma, Whichey lsland
Seb-18 1001-17%0 §C1-1150 | $60-84% Agheville, Nedford : :
S.4-16. | 1001-17%0 1-1150 >84% Prescott, Winslow, Yueea
5.4+17 1C01-1750 | 1151-2000 | S40-84% Charlatte, Chattanooga, Knoxville, Norfolk, Raleigh, Richmend
$5.6-18 1001-1750 | 1151-2000 >84S Albugusraue, Lubbock, Oklahoms City, Roswell, Tucuncari
S.4-19 10011753 | 2001-3250 | 540-845 Fort Smith, Memphig, Tulsa :
$.4-20 1781-2400 0-1150 560‘345 Baltizore, Bosten, Colusbus, Harristurg, New York., vash ington
5.4-21 2501-3200 0-1150 | 560-845 Akron, Chicago, Detroit, Rartford, Indianapolis, Pittsbursh
.62 17513200 0-1150 »845 Bcise, Coloraco Springs, Denver, feno, Salt Lake City
$.4-23 17313200 | 1151-2000 | S40-245 Evaraville, Lexington, Louisville, Saint Louis, Springfield
S.6-26 1731-3200 | 11532000 »845 becge City, Grang Junction
$.6-25 | 3201-4008 |  0-1150 | s60-845 Albany, Butfalo, Concord, Des Moines, Miluacskee, Rapid City
$.4-26 4001-5000 0-1130 | $63-848 Sangor, Cutbenk, Huron, Minneapolis, Rochester, si&a Falis
9 i » .
§.4-27 | 3201-4000 0-1150 >845 Casper, Cheyerve, Ely, North Platte, Scottsbluff
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5.4-29 5001-4500 0-1150 | S40-85% Bismmrck, Duluth, Fargo, Glasgow, International Falls
$.4-30 1-4500 < 160 <540 Adak, Anchorege, Junesu, Xodiak, Yakutat
5.4-31 »6500 < 100 <560

Bethal, Fairbmk;, King Salmon, Mame, Swuit
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Table 5.4-32
Climate Data Used for ACP Tables

wall,

AT? Exterior Facades Roof floor,
TasLes Stap
HDDSO  HODES VSN VSEW VSS CDOSO LoDé5 COHSBO DR HODES (D045  DH30 ¥OD4S
5.6-2 0 0 8§57 817 &05 8456 3019 1112 11,0 0 4150 4537 0

$.4-3 0 0 &% 1082 977 10849 5384 10167 .7 0 6160 16217 0
S.acé se2 5020 &07 T2 926 1038 1 0 8.9 5020 1 0 5020
S.4-5 157 2922 453 . %09 1102 © 2752 82 3 6.4 338 3 204 3233
S.4-6 . 3 1494 LB2 962 1166 44656 &7 136 14,1 L8t 834 2391 1577
5.6-7 569 25386 44 826 996 §277 178 3516 15.2 2832 1825 627 3220
5.4-8 381 2783 &4 987 1185 4276 11N T35 3.6 2884 1930 16434 2534
5.4-9 433 2194 467 796 925 §722 2005 5249 16.4 3091 2055 &150 31
5.4-10 699 2708 4TS 842 06 584 2378 12065 20.2 3049 2259 . 146487 -3059
S.4-11 409 2644 W68 1091 1312 6222 2782 25739 27.4 2644 2TE2 28739 2573
S.4-12 33 §32 S1t 381 974 8288 1312 9787 171 874 34852 15512 839
5.4-13 65 &2 532 %00 936 8827 4130 25225 21.4 782 4186 37BY2 1382
S.4-16 1080 522% 350 588 2 1357 29 145 12.3 5550 79 L6 5550
5.4-15 1531 4893 405 8% 1008 2681 563 4081 32.% 4893 548 4081 4893
S.b-16 1677 LLb2 473 1090 1334 3385 295 3973 2.0 6802 1041 11548 4302
5.4-17 1261 3760 &9 810 99 L7 1298 3642 17.4 T 4192 1133 3305 4192
S.4-18 1633 4423 469 1105 1361 3042 1257 S705  25.3 3825 1834 £s78 &L23
5.4-19 1034 3259 4480 808 935 $319 2049 7807 19.2 3732 2072 10045 3732
5.4-20 2323 5877 I3 770 1091 237 1534 3288 3.2 6665 28 2390 8645
$.4-21 2983 &727 383 758 1066 - 2094 383 1595 25.3 6514 698 1746 6727
S.4-2 1947 S583 419 907 1183 2395 856 2073 16.2 64T 486 6366 647
5.4-23 1839 4509 &b 812 982 4115 131 <170 20.% $201 1388 © S212 5448
5.4-24 2280 $131 &S0 942 - 1196 4008 1384 718 26.0 s701 1221 6147 s701
5.4-25 - 3492 7560 343 706 957 1629 221 1513 30.8 817 ns 177N 7817
5.4-26 4583 8397 380 708 862 2026 365 913 20.9 - 8351 774 3739 8%41
5.4-27 3683 7666 432 1014 1350 1650 157 1317  30.1 1617 495 2499 7666
S.4-28 4709 9288 445 1043 1384 899 4 69 30.0 gees & 69 g288
$.4-29 5087 9282 359 640 858 1399 119 2+ 21.0 10535 119 167 10535
5.4-30 1582 8913 280 434 452 124 0 Y] 9.9 10540 0 o] 10540
$.6-31 6843 11992 270 499 840 330 4 6 15.6 14848 3 0 14848

BILLING CODE 6450-01-C
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{b) From the list of cities in Appendix

+ 3A, “List of Tities and Climate Data™.

‘which contains data for 234 cities, select
the closest city ciimatologically to the
buiiding site. If the site is ot one of the
cities listed or if the climate at the site
diffars signifizantly from a listed
adiacant zity, obtain the information
from the weather bureau or other’
reliabie source and use (a) above. The
column designated “ACP Table No.”
contains the table number of the
appropriate ACP Taole.

{c} For information purposes only, the
climata data used to develup the ACP
tables for the above-grade wail section
are shown in Table 5.3-32 The criteria
for ail other envelope sections was -
based on the most stringent level for the
cities listed in the ACP Table.

5.43.22 Determination of Maximum
Allowabie Percent Fenestration.

(a) Using the appropriate ACP Table,
determine the maximum ailowable
percent fenestration. The maximum
allowable percent fenestration is the

" total area of fenestration assemblies

divided by the total gross exterior wall
area, considering all elavations of the
building. Determining the maximum
ailowable percent fenestration requires
the following five steps:

{1) Based on the Internal Load Density
(D} for the proposed design. select one

cf the three Internal Load Ranges as the -

point of entry to the tables. Note for
[LD's greater than 3.5 W/t 2 use the 3.5
W/ft 3 range, For shell buildings. see
procedures in Section 5.3.8. Determine
the ILD of the proposed design, based on
the sum of the Internal Lighting Power
Allowance (ILPA), the Equipment Power
Density (EPD) and Occupant Load
Adjustment {OLA), as shown in
Equation 5.4-1.

LD =ILPA +EPD +CLA

Eguation 8.4-1

Where:

The Internal Lighting Power
Allowance (ILPA) shall be:

1. The building average Internal
Lighting Power Allowance (ILPA) of the
design building in W/ft * as determined
in Section.3.4 or 3.5:

2 The average of the Lighting Power
Budgets (LPB) for all activity areas
within 15 [t of each exterior wall based
on the procedures specified by the
Systems Performance Criteria of Section
3.5.3, or

3. The actual lighting power density of
the proposed design in W/t 2, either the

" building average or the average of the

lighting power within 15 ft of each

exterior wall.

Note.~The lighting prescriptive path,
Section 3.4. does not provide lighting values
for heaith, assembly, multi-family high rise,

[ T T M e s e o ittt S ot i Sve s o e psms s s o

and hotel/mntel buildings tyme cecupancies.
Use the 1.51 0 3.0 range of (aternal Load
Density for nealth and assembly buildings:
and the 0 to 1.5 range ‘or muiti-fazuly high
rise and hotei/motei baildings.

The Equipment Power Density (EPD)
shail be eithar .

1. The building averuge receptacle
power density seiected irom Table 5.4
BinWiltsor

Table §.4-33
Aversge Receptacle Power Densities

1.

| /el

ki

SUILDING TYPE

1. Assesbly. » o o o o .+ . .0,

2. Office. . . . . 0 o0 . J0.75

3. Retaitl. . ., .. ... .0.2}
4, darehouse . . . . . . . .0.10
S. $chool.,,.,.,...‘.0.5'0
6. Motel/motel . . . . ., .0.25
7. Restaurant. . . . .. . .0.10 ’
8. Health. . . ., .. ...

9. Multi-Family., . . ...

N S e i vt Tty GOt e e et i, e et et et e ol st

2. The actual average receptacle
power density for all activity areas
within 15 ft of each exterior wall in W/
ft 2, considering diversity. For
determining compliance in Tables 5.4=2
through 5.4~31, the actual average
receptacle power densities calculated
by this method that exceed 1.0 W/t 2
shall be limited toc 1.0 W/ft 2 in
Equation 5.4=1.

The Occupant Load Adjustment
{OLA} shall be either

1. 0.0 W/ft*, This recognizes the
assumed occupant sensible load of 0.8
W/t that is built into the ACP tables:
or

2. A positive or negative difference
between the actual occupant load and
0.8 W/ft? if the design building has a-
larger or smaller occupant load.

(2) Select externcl shading projection.
factor (PF). If no external shading
projections are used in the proposed
design. select the column designated
Projection Factors=0.000-0.248, If

external shading projections are used,
determine the average area weighted -
projection factor on the window.in
accerdance with Equation 3.4=-2 Then
select the appropriaze column in the
ACP Table,

PFwP,/H

Equatiua j.4=2

Where: ) .

PF =\ 2rage area weighted projection factor

Pym Zxternal horrzontal shading peojection
cepth, in. or it

HaeSum of height of the fenestration and the
distance from the top of the fenestration

* to the bottom of external shading

projection in units consistent with P

{3) Select the Shading Coeificient of
the fenestration (SC,) including internal,
integral, and external shading devices,
but excluding the effect of external
shading projections (FF). This inciudes
curtains, shades, or blinds. Reference
ASHRAE Handbook, 1985 Fundamen:als
Volume, Chapter 27.

(4) Select one of the daylighting
options, either: ;

1. Base Case, no daylighting: or

2 Perimeter Daylighting {automatce
daylight controls for lighting system
must be used). This option is not
available in some locations.

{5) Select appropriate fenestration
type. For most options, this is
determined by the thermal
transmittance value (U, of the
fenestration assembly. For some
fenestration options, the visible light
transmittance (VLT) of the fenestration
should not be less than the shading
coefficient of the glazed portion of the
fenestration assembly, not considering
any shading devices. The ranges
generally correspond to single glazing,
double glazing, triple glazing and high
performance glazing incorporating low
emissivity coatings/films or more than
two glazing layers. Each ACP table
includes at most, three ranges of giazing-
U-value.

5.4.4.2.3 Determine the Maximum
Uee for the Opaque Wail Assembly. In
the appropriate ACP Table the
Maximum U,., for the opaque walil
assembly is determined using the
following steps:

(a) For a lightweight wall assembly,
heat capacity (HC) less than 5 Btu/
ft2.°F, use the vaiue indicated. This U,
is constant over all internal load ranges.

{b} To-use the mass wall adjustment,
the following additioral steps are
cecessary:

{1} Select the same internal load range
as that used in determining the
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maximum allowabie percent
enestration.

\2) Select the mass wall heat capacity
{HC) and insulation position. [f the wall
insuiation is positioned internal to ot
integral with the wall mass. use the
column headed Interior/Integral
Insulation. If the wall insulation is
positioned external to the wall mass use
the column headed Exterior Insulation.
For HC less than 5 Btu/ft2."F this
adjustment table cannot be used. At this
~ step you will have two choices of Upe -

that are keyed to a small or large
percent fenestration. This represents the
full range of U, values allowed.

(3) Select or interpolate the
appropriate maximum U, for the
opaque wall based on the maximum
ailowable percent fenestration
determined in Section 5.4.4.2.2 or the
actual building percent fenestration
whichever value'is lower. The U,., shall

_be determined by straight line
“interpolation for fenestration
rercentages between the smallest and
largest values listed. If the design
building percentage fenestration is less
than the smallest value listed, select the
Upw for the largest percentage
fenestration listed.

5.4.4.24 Determine Other Envelope
Criteric. In each ACP table. the criteria
for roof, wall adjacent to unconditioned
space, wall beiow grade (first story
orly), floor over unconditioned space,
and slab-on-grade floors. shall be met.
For neated slabs on grade, the R-value
shall be the R-value for the unhesated
slab-on-grade plus 2.0. For skylights, the
daylight credit procedure presented in
Section 5.3.10 ghall be used. )

5.5 Building Envelope—Systen
Performance Compliance Alternctive

5.5.1 Roof Thermal Transmittance

‘Criteria

5.5.1.1 Any building that is heated
and/or mechanically cooled shall have
an overall thermal transmittance value
{U..) for the gross area of the roof
assembly not greater than the value
determined by Equation 5.5-1. The
provisions of Section 5.3 shall be
followed in determining acceptable
combinations of materials that will meet
the required U,, values of Equation
5.5=1,

Uym1/(5341.8X10°I x HDDES +1.3x 1073
X CDD8S 2.8 x 10~ *x CDH80}

Eguation 5.5=1

5.5.1.2 Equation 5.5-1 applies only
for climate locations with HDD65 (ess
than or equal to 15.000. For climate
locations with HDDgS3 greater than
15.000, see subsection 5.3.8, Tabl2 5.3-3.

5.3.1.2.1 Excepiions to Section
5.5.1.2

{a).any building that is only heated
shall have an overall thermal -
transmittance vaiue (U,,) for the gross

* area of the roof assembly less than or

equal to the value determined by
Egquation 5.5-1 with CDD&5 and CDH80
set equal to zero; and

(b) any building that is only
mechanically cooled shall have an-
overall thermal transmittance value
(Uee) for the gross area of the roof

" assembly less than or equal to the value

determined by Equation 5.5~1 with
HDD63 set equal to zero.
5.5.2 Floor Thermal Transmittance
Criteria ‘
5.5.2.1 The floors of any buiiding that
is heated and/or mechanically cooled
shall meet the following thermal criteria:
. 8.5.2.1.1 Floors of conditioned spaces
over unconditioned spaces shall have a
thermal transmittance (U,) not greater
than that specified in Figure 5.5-1.
NG COOE 0480-01-M
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3.5.2.1.2 . Siab-on-grade floors shall
have insuiation around the perimeter of
‘e floor with the thermal resistance (R,)
ol the insulation as specified in Fizurs
3.53=2. The insulation specified in Figure
5.5-2 shall extend either in a vertical

20

i8
16
14
12

o N A O ™

Thermal Re

plane downsvard {rom the top of the
siab for the mirumum distance shown or
downward to the bettom of the siab for
the minimum distance shown thenina .
horizonta! plane beneath the slab, The
horizonti! length, or vertical depth, of

rigure 5.5-2
sistance for Unheated

Slab on Grade

insulation required varies from 24 in. to
42 in. depencing upon the R-value-
seiected. For hested slabs, an R of 2
shail be added to the therma} resistance
required in Figure 5.5-2.

~

i _ | :
L

.i24in. Horizontal

e

36in. Horizontal

¢
i

,
i

I
l

428in. Horizontal

7=

|

- |

i
|
—
i

’24in. Vertical

77
.

\ i

N U . DUVSU SO

| 2361n. vertical |

|
' 481in. Vertical?

.

P
|
L

| |

Note:

Thousand H

for HDD65 < 3000, R, =
for 3000 > HDDE5S > 15

7 8

DD65S

8

o 10 11 12 13 14 15-

000, see graph above
for HDD65 2 15000, see Table 5.3-5

R values for heéted slab-on-grade = R unheatied ¢+ 2

R, = R, + 2

n



Federal Register / Vei. 54, No. 18 / Monday, January 30, 1989 / Ruies and Reguiations 4831

. "¢} “ertical insuiation 1s not requirsd 5.5.3 Thermai Transmittance Criteria u=conditivaed scaces shali have an -

+ to ex:end -below the foundation icoting. ror Opaque Wails Enciosing overail thermal transmittance (U, 20t
Thers atz no inculation requirements for ~ Conditioned Spaces Exposed to Interior  greater than the value speciiied in
3leBs in iccations having less than 3.000  Unconditioned Spaces _ Figure 5.5-3.

HDZES fer footings extending less than 3.33.1 All opague walls 2nclesing
18 in. below grade, conditioned spaces exposed ‘o interior

| Figure 5.5-3
Maximum Overall Thermal Transmittance of

Opaque Wall Sections With HC < 7

f
!

CcC O O =
~N oo 0o o

\

0 1 2 3 4 5 6 7 8 9§ 10 1 1z I3 i i:

Thousand HDD65

© © © 0o © o .o
©O H N W b 0O o

Mote: for HDD65 s 540, U, = 1.0 | :
for 540 < HDD65 < 15000, U,, = 0.0528 + 510.9/HDDES

for HDD65S 2 15000, see Table 5.3-5 ,

.
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5.3.4 Ther=al Resistance Criteria for
£xtenor Wail Insulation Below Grade

- 3.3.4.1 The thermal resistance (R] of
‘2 wal assembly shall be greater than,
nr equal to the insulation level specified
:n Figure 3.5=4, or the heat loss

First Story Below Grade

cileulated in aceardance with Chapter
25 of the ASHRAE Handbook. 2985

‘Fundamentals Volume shall be less

than, or equal to that of a wall below

grade having a thermal resistance equal

to that speciiied ia Figare 3.5~ No

Figure 5.5-4
Thermal Resistance of Wall

insulztion is required for climate

locations with less than 3,200 HDDES fer  / o

those portions of wails more thax one
story below grace.

16

14

12

10

Note: for HDD6E5S
for 3000
for HDDES

<
2

5§ 6

7 8 9 10 11 12 13 14 15

Thousand HDD6S
< 3000, R = 0

HDDES < 15000,

15000,

see Table 5.3-5

R=4.5+ 0.00075 x HDDES
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§53 Externa: Wall Critasia for Heating
1= Cooling
5.3.5.3 The external wall heatina

criteria WGC,j 3nd cooling critena (WC,)
ropresent limits oa zumelative annsal
reating and coaling energy Hux
artributanle to trunsmission and solar
g2in. These limuts accammodate
voriation in internal load and wail 1eat
cugacity. They thall be determinad Sora
building enveicoe desizn using
Egquations 5.5-2 and 5.5-6 in Altachment
58, “Equatiors o Determine Extarnal
*all Heating and Cooling Critesia (WC,
and WC,) and to Determine Compliance
{G and H,) With the Criteria.”

§.5.8 Wall }Heating and Cooling
Compliance Values

5.5.6.1 The wall heating compliance
value H, and the wall cooling
compliance value C, are estimates of the
cumulative annual heating and cooling
energy flux attributable to heat
transmission and solar gains. These
estimates consider the effects of
variations in internal loud and wall heat
capacity. They shall be calculated using
Eg.uutions 5.5-2 and 5.5-8 in Attachmen
L3
5.5.8.3 Applying the Criteria

5.5.8.3.1 Tte wall criteria shall be
applied as fcllows:

{a) For all buildings that are heated
and mechanivally cooled, the sum of the
calculated wail heating and cooling
compliance values, H, and C, for all
crientations of the preposed design, as
determined in Section 5.5.6, shall not
cxceed the sum of the corresponding
wall criteria for all orientations for wail
heating (WC.,) and wall coaling (WC,).

(b) For buildings tha! are only heated.
the sum of the calculated wall keating
compliance values, H, for all
orientations of the proposed design, as

determined in Section 5.3.8, shall sot
excaed the sum of tha corresponding
wall heating criterion WC, for all
arientations.

{c}) For buildings that are only
mechanically cocled. the sum of the
calculated cooiing compliance vaiues,
C.. for all orientations of the propesed
desizn, as determined from Section £.5.8,
shall not exceed the sum of the
corresponding wail cooling criteria, WC,
for all orientutions.

£.5.8.4 Constraints on Thermal
Transmittance Values

5.5.6.41 The compliance caiculation
Erocedure in Section 5.3.8.3 ailows great
flexibility in selecting valuves for
envelope components as long as the
overall criteriz are met. In calculating
compliance, two constraints are
imposed on thermal transmittance
values for opaque wall assemblies and
fenestration assemblies comprising the
U, term. as [cllows:

{a) Opague Wall Assembiies: The
opaque portion of walls with heat
cupecity (HC) less than 7 Btu/ft3 F shall
have an overall thermal transmittance
{Uew) not greater than the value
specified in Figure 5.5-i. Procedures.
specified in Section 5.3, shall be used tn
cetermine acceptable combinations of
materials that meet the required value.

(b) Fenestrotion Assemblies: The
overall thermal transmittance (U, ] of
fenestration assemblies shall not exceed
0:81 Btu/h-ft2.°F for all locations with
more than 3000 HDD6S if the
fenestration area exceeds 107 of the
total wall area exposed to the outside
air. Thermal transmittance for the
fenestration shall be determined using
the calculation procedures in Section
5.3.1 and shall include the effects of
sash, frames. edge effects, and spacers
for multiple-glazed units.

Constraiat == Daylighting Credit

5851 Foragas -aorieatstion.

davlight credit ma- -3 used in Eguutions
5.3-Z and £.53=5 on. F:rthat poruon of
the fanestration ta..: "5 less thsn or
egual to 857 of the 27tss wal area of
the orientation.

§.5.3.8 Lighting P2 wver Density

8.5.6.8.1 The Lighiing Fower Density
used in calculating ae compliance value
shall be: .

{a) The building i+ -ruge unit Intericr
Lighting Power Allow ince of tae
proposed design in V. 1% as specified in
Section 2.0;

(5) The.average of the Lighting Power
Budgets for all activity areas within 15 &
of each exterior wall based on the
procedures set forth in Section 3.3; cr

{c) The actual lighting power density
of the proposed design ia W /fi2, either
building average or average of the
lighting power withia 15 it of each
exterior wall,
5.5.8.7 Equipmezt Power Density

5.5.6.7.2 The equipment power
density used in determining comgplinace
shail be either

(a} The “Average Receptacle Fower
Densities™ from Table 5.4=32, or

{b] The actual average Ecuipment
Unit Power Density, considering
diversity, either buiiding average or

3 £y

. averaqe in the activity areus within 15 1t

of each exterior wall, not to exceed 1
W/ ft2,
5.5.8.83 Occupancy Loads

5.5.8.8.1 An occupancy load of 0.5
\W/It2 is assumed. If the cccupancy

loads in the building design are different
from this value. use the larger value.

BILLING COOE $450-01-M
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AtTachemnt SA
List of Cities a2re Climate Data

. . : HO HRS EBAM-LPH ACP
=2 21Ty eT37E uns €9 HODES VoM VSEW vse CO0SO  CEO4S  CDHBOD DR T¢88 E8<7445 TABLE
itasyes co

23 Birmingnam AL 768 c882 &6 789 908 $182 1835 4272 7.5 v 760 S.6- 7

163 Mobile Al 166 580 - 436 816 19 6678 2619 T 16.6 C8 77é S.4= 9

145 Mentgomery at «91 2261 &é2 83 o8 5821 2118 873 19.8 609 734 S.b= 9

Alaska

2 Acak AK 352 8913 280 3% £52 126 0 0 9.9 2756 186 ° $.4-30

9 Archorage Ax $301 10563 2T $38 926 ratl 0 0 13.8 2398 524 $.4-30

-.10 Arnette lsland AX 2565 TRTT 285 . L& 739 756 12 0 10.1 49 e 5.46+30

26 Beshel AX. 8285 13449 252 453 789 312 0 0 16,3 2855 | 37 $.4-31

S Big Delta AK 9355 14069 - 249 $7 989 7T 16 - S 19.8 . 236l 806 S.4-31

76 Fairparks AX 9841 16kl 261 492 919 §22 19 8 18.2 208 682 §.46-31

93 Gulkane AKX - 8285  13BLS 257 $2 863 498 & 6 18.5 225 618 £.46-31

105 Jumeau AX 6323 9350 256 610 &2 %8 0 8 12.7 &7 540 5.4-30

108 Xing Salmon AX 6843 11992 270 11 8460 330 4 & 15.4. 295 502 5.6-31

109 Xediak AX 377s 8% 276 So9 852 3560 é 0 10.6 2519 384 5.6-30

132 McGrath AX 9967 16848 246 &&7 841 s78 3 0 15.9 2265 596 S.4-31

152 Nome AX P061 1464618 242 1%¢- N 7a 19’ 0 .0 9.0 270 210 5.46-31

208 Summict AX 9210 4530 247 4838 &3 155 4] g 13 2616. 298 $5.6-31

31 Yakutst AX p24.71 STIe 247 &02 650 268 0 o 9.3 an 439 S.4-30

Arizona : .

143 Phoenix A2 0 1382 488 1116 1310 7830 38467 3452y 21.2 373 766 5413

171 Prescote A2 14677 62 4TS 1090 1334 3385 895 . 3973 2.0 102 725 S5.4=16

238 Tucson A2 178 1601 SO0 1112 1280 6822 7847 194657 21.9 k1= é S.4-11

229 winstiow AZ 3 &603 7Y 1092 1338 3708 1141 367 22.7 1130 &34 S5.4-16

T8 e AZ &3 782 493 1181 1330 - B2l 418 3T .S a7 697 $.46-13

CArcansas : » '
7V Fort Smith ' | A2 1169 J39% Lé2 82 1008 S307 277 10413 A 95 547 $.6~19
AR

121 Little Rock 912 3091 &85 & 981 5351 2055 850 17.5 | 285 626 5.6 9

Caii*o.m\'a .
582 S020° 407 7% 928 1038 -1 0 8.9 1I% 1509

12 Arcata oo
19 Bakersfield 305 2194 474 1083 1211 SE79 2286 15447 28.9 645 848 b=t
&8 China Lake . &09 446 4868 1091 1312 6222 TR 26739 27.4 582 R b1
58 Daggert -7 1916  &75 1102 1309 4516 " 2T0 22302, 27.0 ¥ 841 el
71 ELl Toro , 32 1577 486 977 1143 L7646 &34 391 22.3 215 1474 oo
22 Fresmo ' 492 2700 4S9 1029 1199 5070 1803 13085  31.8 780 785 oo

56 1283 &2 956 116 867 900 1616 16.1 263 1302
3 . %S &B2 92 1166 . WUS6 - 4T2 136 141 145 1849
S583 419 909 1153 395 556 073 6.2 156k 756
157 ave2 453 909 1102 a7 R 3 16.6 70 1905
8 2193 477 §3% 11 3435 145 70 1.3 209 214

122 Long Beach
123 Los Angeles
146 Mount Shasta
156 Cakland

167 Point Mugu

)

(LR TNV AV RV AV EV RV RV RV VRV AUV SV NV )
.
bb'hhbbhbl:bhhht-bbb
ummouamumoomo-a-aoh

ggeeegeeeepepepep
2
~

176 Red Sluft 589 288L 428 | 951 1177 $110 1930 144046 29,5 850 810 a-
185 Sacramento ki3] TSI 987 1185 4276 1N 7318 3k.6 84 990 b
191 Sen Diego 2 1275 430 - 950 112 4845 62 ;1.8 102 191 e
192 San francisco 186 IBZ8 456 9Lt 1148 2696 73 -206 20.2 T8 1M ohe
196 Santa Maria 138 3061 476 950 1128 2683 - 92 $13 20.9 416 2018 o
209 Sumrwyville 162 2708 456 86?7 1135 3112 206 &1 16.9 410 1S Wb
Coloraco . :
50 Cotorsds Sprimgs ce 2587 §996 &35 976 132 2557 &91 X7 .0 1387 75 5.6-22
62 Denver [=+] 2652 6083 428 N 1321 411 567 2936 5.5 139 9 5.6-22
&8 Eagle co “232 8317 432 9T6 1296 1680 90 1008 35.6 1450 &40 5.6-28
84 Grard Junction .C0 2516 §701 438 1003 13C3 3611 1221 8147 27.4 1333 518 S.626
173 Pusblo €0 2223 §285 442 092 1309 3384 k2a! $899  27.5 w77 720 $.4-2
Commesey .
95 nartford ¢t 2953 6277 384 644 &34 2857 706 2197 B.T 459 588 5.4-24
Delaware

227 Wilmington ) 0E 2133 808 Li6 0 TS 521 3882 1078 2183 17.2 1289 617 S.4-20
| c.1 '
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: NQ #RS BaM-4ow AS?
X0 31TY SRATE WDOSOQ  uncsS  wSM  NSEY  VS3 G229 eossS | cowEd 22 Te33 SSeves0 -iand
giesrics of Cotimpria '
223 wasaington o1 2204 <328 &9, T S - IML e 3592 13.6 1208 45T 8.4-20
Florids i
11 Apslachieala L 143 1386 508 . Lid 1g 6367 2495 8229 1.3 322 3 5.5-1%8
60 Caytona TR 81 a7 sc3 350 53 TLOL 0 2435 5252 14.8 1hed i 1 S.a012
106 Jecksonville 129 o] 1357 4%3 89 L3 TCAS ™A 7L28 16,4 354 £74 §.4-10
1356 Miami L 3 i85 s27 87s §33% 9338 &34 9148 12,6 55 =9 S.612
16Q Orlamis Fi 33 €32 £ 881 S 5288 1312 g7 17y . W .62
211 Tsllahasses FL 307 1721 498 84S L2 %4 6662 2601 T2 6.1 Y4l s S.e-1C
212 Tempa R 37 5§75 si1s 850 T4 . TP8S 3047  &S05 4.9 T SRS 8,612
224 Yest Palm Reach flL 0 17T S19 8.8 906 §203 3%C& 10325 13.1 2 S.6-%2
Georais _
15 Atlanta GA 856 3070 w87 807 Latel 837 1546 I 17.6 915 ) $.4- 7
16 Augusta GA 8% 25846 &8 803 933 5438 1904 06 21.3 60 TS S, 7
128 Hacon GA $14 2330 478 8 939 S769 2111 8097 18.7 847 737 . 5.4 F
196 Savarcuh GA 410 1967 474 805 928 6112 21%% &3C8  16.6 5<% 25 Sl 3
Hauwaii .
22 Barbers Point ¥l 0 3 s 978 &5 9314 . 3342 3837 11,2 1 7 §.6- 2
97 nilo L} 0 0 %7 817 &S 8% 3019 1112 11,0 ] 153 S.6v 2
%8 Honalulu L3 0 0 sz3 953 932 9625 4150 4537 9.8 0 59 §.6- 2
120 Lihue L} [+] 2 %7 895 893 1 IS 1912 9.6 0 13 S.b- 2
) : . . .
30 Boise - 10 2276 S&7T 359 916 1228 2823 T&h 4512 28,9 1542 g §.4-22
117 Lewiston 19 2018 §&25 3N 29 ses a7y 645 4121 9.7 .47 7 S.4-20
166 Pocateilc o 3404 075 &85 935 1382 2330 sS4 3293 12.8 163 5668 50427
llinois ) ; .
42 Chicago i 3ceo 8151 402 29 936 39 1048 3190 16.6 1428 413 5.4-2%
16 Moline R {2 3cas 6250 405 734 959 3204 =4 28c8  19.5 1357 L% 5,425
207 springfield 148 246%Q S46e8 422 48 962 3875 158 4838 20.2 1280 400 S.é'ZI
Indiana
75 Evarsville , N 1948 L6258 L2673 890 4043 1245 4288 18,4 114 611 §.4-23
80 Fort Wayme IR 3023 6145 395 14 8% 3096 743 1629 17.7 1600 601 Se~219
101 Indisrapalis CIN 26824 5620 407 492 851 3330 951 2283 18,0 1373 632 S.o-2%
2046 South fend - IN 3033 6280 396 690 7 2917 684 1840 2101 181§ 435 Sl
35 Burlington 1A 3009 6094 419 802 1430 3393 1002 Be8  1T.Y 13% 69 5.4-21%
&3 Des Hoines 1A 3273 k7 Q13 788 1027 3116 812 B 17 uwT &7 §.4-28
130 Mason City 1A &311 7735 400 723 1083 s 658 1882 20.8 1548 410 S.4-25
202 Sioux City IA 3408 6750 . 406 %6 1064 3328 953 3838  18.6 1433 662 §.4-25
Kansas
é6 Doctge City Xs 2280 S131 450 82 1196 4008 1384 nas  26.0 1282 7 S.4e2¢
84 Goodland 4] 2757 6090 434 935 1228 37 908 S147  28.3 1353 625 S.46-22
215 Topeka KS 2458 5201 &3 837 18 4120 1383 212 .3 19 608 §.4-23
Kentie : . .
~ 36 Covington Y 2184 S030  &c8 687 &3 3456  10S7 2538 18,3 1318 &1 §.6-20
119 Lexington KY 1921 (23 Y ¥4 0% &2 3906 1187 <853 15,6 211 618 S,.6-23
~ 126 Leuisville Y 1851 4539 &2 7 883 s - 1357 476 T8 NIS2 836 $.4-23
igisna -
23 Baton Rouge LA =7 1573 488 806 829 6482 283 814 17.2 440 & S 9
113 Lake Charles LA 214 1485 &89 795 854 6849 2615 1 NI 14.8 366 . &8 S.6° §
1463 Hew Oriesns LA 179 1392 497 833 923 6863 578 7380 15,1 3% 29 S ©
- 201 Shreveport LA &7 2285 434 843 954 6022 2385 10039 18.1 7 697 S.b- 9
Maine o
21 Banger ME 6132 7998 378 693 950 1853 263 456 21.8 172 &9 £.6-2%
38 Caribou ME $297 . 9483 357 669 922 1440 121 203 8.1 1862 692 $.4-29
169 Portiand ME 3531 7305 374 643 856 1966 248 399 19.6 1634 &5 £.4-25
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: : HO HRS 8AM-LPM AP
A 21Ty STATE isleld] wDES VEN VSE ves G_DDSO C=p&S COHED DR T<55 . 85<7<40 TJABLE
meny | wegd ¢ . ’
22 Saltirore b ] 2020 &S 419 739 932 3583 1134 2825 18.4 1248 593 §.6-20
te! Patuxent ) T oM 1618 4002 429 758 863 L1680 1289 - 29&6  12.9 18 rerdd 8,617
agssen setss . h
31 desion MA gelé S77s 387 459 89 2810 695 1601 16,5 1455 713 5.6~20
7 Alpens o L282 8166 3IN 661 882 1928 335 &% 17.3 1707 695 S.4+25
& Detroit ) At 29 5997 350 676 838 3199 g2 238  18.8 1604 632 5,621
73 flint. : 14 U7 917 3IM 641 81 2502 &73 g21 18.1 1543 &34 £.4-25
87 Creext Rapids L1} 3392 6777 390 638 v 2680 SO0 st 2.2, 15&2 622 5.6-25
195 Sault Sainte Marie L] $c87 G282 359 6460 858 1399 119 266 21.0 1838 733 5.4-29
216 Traverse City M1 3934 7856 349 662 818 2193 £33 1126 21.0 1851 &79 §.4-25
irmeants B ’ . : .
67 duluth S N $Ty? $918. 355 633 836 1511 157 258 20.0 1882 &50 5.4-29
162 Intermational Falls - MM 66146 10535 351 659 8462 1673 119 . 167  22.0 1870 656 $.4-29
140 Hinnescol is L] 4563 8040 330 709 972 2731 - T3 309 20.7 1620 S66 5.6+26
181 Rechester MM 4544 8100 383 691 Lryg 3560 &42 590 18.8 1584 452 g.4-26
igssiesiomi . . ’ o .
103 Jackson [+ 56 2626 &B1 33 942 §527 2330 g7y 17.2 (27 640 8.4~ 9 -
135 Meridian ‘NS 54 bbb 48D an 90S §73 2148 o508 20.2 613 ne S.b- @
issouri .
51 Columbia Mo 2225 4994 431 790 §72 I 12346 4262 2.5 1& &3 . 5.4
184 Saint Louis "o 2111 L850 432 757 93 4193 467 279 18,7 1 614 §5.6°
204 Springtield o] 1239 4509 &b 812 a2 4118 1319 4170 20.6 1218 54l ST
ortans .
26 8illings .11 3427 7156 380 814 1160 25464 568 2695 5.6 1650 617 5,425
$7 Cutberk 14 78 8%41 3IST 788 1150 1348 117 ™R O27.6 1836 72 $.4-25
&5 pillon nt 6168 8210 385 838 1187 1564 159 78, 28.6 1814 &39 S.b-26
&3 Glasgouw uT - 5082 8828 3% 752 1118 272 543 2642 25.0 1638 s70 .49
&8 Great falls NT 3728 74854 364 e 1133 2199 450 1888 26.7 1654 &1 S 4L=25
95 Helena 11 3926 7817 3N 777 1098 1971 328 7T 28.3 1784 451 5.4-5
18 Lewistomn MY 4027 8089 348 753 1086 1629 216 1270 29.8 1740 673 S5.4-28
1328 Miles City Y 4435 7589 37t 200 1156 2656 773 4366 26.9 1588 . - 585 5.4-25
142 Missoula Mt 3492 7560 343 704 957 1629 21 1513 " 30.8 1843 458 5.4-25
2orasky . ’ ' : :
&5 Grard !siand NE 3318 8477 420 83 1115 3309 996 4580 24.5 1431 611 S.b6-25
155 North Platte HE 3647 6905 419 230 1183 731 75 348 26,2 151 592 Seke27
159 Omaha NE - 2981 5068 b14 806 1086 3518 1130 "38%m  19.6 1355 586 5.4-21 -
197 Scottspluff NE 3338 6900 413 841 1168 2503 © 693 3748 28.3 WST 620 - 5.4-27
72 Elko Wy 3348 7I78 . 620 1000 1332 ¢ 1997 385 4085 3I7.8 1540 569 - 5.4-27
73 Ely . NV 3483 7666 632 1016 1350 1450 157 1317  30.1 1529 633 $.4-27
116 Las Vegas L1 &9 399 456 1136 1617 6567 3043 26408 5.5 604 9 5.6-11
125 Lovelock Ny 2438 S84S5 418 1096 1452 2813 745 6459 34,7 1358 606 $.4-22
178 Rero v 2181 8841 428 1048 1801 2180 3485 4059 39.3 1306 72 S22
214 Yonopah L 44 08 5452 427 1130 1502 2762 611 T kL 1257 650 S.e-2
228 WJimmemuccs NV reg(s 6471 418 10 1350 226% L8 8346 41,0 1383 &08 $.6-2
233 Yucca Flats WY 1864 4802 450 1112 1399 3378 1041 11568 35.9 1004 670 5.6016
=y Mpmoshire . : . :
54 Comcord ‘ HH 3762 7625 . 375 - 630 826 2556 L83 1855 22.6 1533 653 5.4
aw Jlersey - '
1146 Lakehurst N4 2176 8288 L7 - T2 917 3299 s 3019 20.5 1312 645 5.6-20
151 Newark LF] 2027 L9586 &D6 710 912 3556 1009 2687 7.7 135 (23 5.4-20

C.3
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. ’ NO KRS BAM-LPH ACP
HO CITY STATE  HOOSH  WODAS VSN VEZW  VSS  (BESA (9045 CoKAQ D9  T<53 - §3<Ten  Taime s

Now Bexico -
5 Albumuergue - L] 1433 423 W9 118 134 32 1287 b 2%.3 1143 3 S.«-18

&9 Clayton L] 233 S176 457 1079 1390 2 &85 2% 20.0 1S ™0 5.,4-22

184 Roswel! NM 1608 3486 450 1981 s2%¢ 45386 183y 11138 26,1 823 &77 §.,5-'8

217 Truth or Corsequences MM 1076 389 488 113 1326 &a57 1500 6882 23.4 289 7o S.6e'8
219 Tucumcari NM 13,6 . 3922 470 iCL6 1300 L4571 1556 8L26  28.7 9ie ba] §.6+38

h{

< & Albany Ny 3488 6770  I9% 719 %2 2812 619 1308 19.7 1687 &0 $.4-28
27 Binghasoton NY 1335 7397 I §92 733 73 410 672 18.5 1457 &62 §.46-35
. 3% suffalo Ny 3213 &1 I 309 74 2476 509 T 19.2 71 - 477 §.46-25
131 Massena NY 4583 8397 320 708 942 2026 345 913  20.9 1674 827 $.6-25
149 Kaw York (Central Pk) WY 1938 5022 392 450 817 273 &34 ?11 2.5 - 1335 T 70 5.4+20
150 New York (LAG) Y 1986 s022 392 450 817 3273 3% 911 12.8 1338 750 §.4-20
182 Rochester L2 4 3482 699%. 376 622 ™m 2557 595 1662  20.1 1812 508 £.6-28
210 Syrscuse Y. 3448 6856 I 611 764 2579 513 926 20.2 1S21 730 §.6-25
North Carclins : : .
13 Agheville NC | 14607 L2083 &9 782 968 3542 783 1298 21.1 1083 F15 $.62%S
37 Cape Matterss . NG 43S 2765 &80 819 9re 4978 1613 2039 10.0 765 820 .6~ 7
&3 Chartlotte NC 1084 3412 458 809 968 4498 1549 4299  19.8 892 tegd S.6-17
&S Cherry Poing ‘NC 549 2556 &1 826 96 $77 17es 3616 15,2 450 757 S.4- 7
90 Greensboro N 1251 3760 & 810 994 4276 1298 %42 17.6 1018 s S.%-17
. 174 Raleigh RC 1131 3509 &S s §3S &85 1389 3657  14.5 918 750 Sob17
North Oskota '
) 29 Bismarek L T 11 892 N 7% 111 2173 494 2067 27.8 1724 556 £.4-29
77 fargo o 382 g282 3N 751 w7 2328 573 2288 2.2 7R 548 $.4-29
141 Hinot NO 53368 9178 1s8 % 1059 2054 431 1570 26.5 18C0 581 8§.4-29
i .
3 Akren SH g2 8172 336 464 g12 284S 461 1190  17.7 16480 430 5.46-2§
-’ 53 Coliwmms oM 2424 $493 401 -T2 819 3198 789 258 R.6 375 708 §.4-30
- 59 Dayton OH 2573 549 402 656 255 3387 848 1326 17.1 1323 811 8.4elf
- 213 Toledo oM 132 8514 393 676 - 853 2791 658 7% 17.8 1500 -~ 452 §.46-21
232 Youngstoun o 3129 6557 183 426 780 2593 S4éb 1128 21.4 153 479 §5.4-21
Ekianoma ‘
157 Okishoma City 21 4 1817 3825 &5 &7s 1083 4501 1824 8378 20.8 980 733 $.4-18
220 Tulsa o 1629 3732 483 820 Lcal $3a 2072 10045 19.7 983 591 5.4219
Qregon '
16 Astoria OR 1080 S$226 IS0 5E3 82 1357 3 145 12.3 1571 1236 $.4°14
133 Mecford OR 1531 893  40S 816 1005 2481 548 4081 32,9 1442 749 S.6-15
154 North Berxd oR 629 L4678 392 740 77 14629 rd g 1.8 1351 1553 S.he &
170 portland oR 1151 Q577 34 647 81 . 2321 n 1086 22.8 1621  1cs0 S.av 16
177 Reciord oR 2535 6665 395 ass w7 1573 228 2390 34,6 1631 55 §.4-20
187 Salem OoR 1128 4926 373 480 874 1849 172 1226 29.3 1459 916 S.4-14
Permgylvania . : : .
6 Allentown : PA rird §760 401 482 844 3108 698 1146 17.0 1338 710 Seb=21
18 Aveca PA 2931 4236 3&9 bid 811 2823 452 1547  19.7 1508 708 S.4-21
76 Erie PA 3006 6626 384 bbb ”2 2527 72 378 14.8 1532 716 S.4-21
94 Harrisburyg P 2302 $281.  &04 687 264 1518 992 2860 20.%t 1342 6.3 $.4-20
142 Philaceipnia PA 2044 4923 %08 701 289 3881 1045 N 17, 28 &b 5.4-20
145 Pittsburgh Pa 773 $907 3% 642 780 2989 648 1060 19.0 1426 700 5,621
Rhede Island .
172 Providence R1 2410 4022 3I¥3 . &T77 874 2756 693 128  16.8 149 &35 $.4-21
South Carotina
41 Charlesten SC &35 2196 467 796 925 §722 - 2008 $267 1.4 b et 747 §.4- 9
82 Colwmbis CE ¥ ) 2666 W47 816 353 5613 2110 8541  19.5 741 708 5.4 9
91 Greenville s¢ 907 3220 459 814 §71 4543 1400 Uee  17.7 846 8s1 S.be 7

4

CI4
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: O KRS BAM-4&PH AP
‘se STy STATE  WODSO HODAS VSN VSEW veS  PDS0  CDLES COHBO o) 4 T<88 8§95 <cT<A0 TABLE
Sousn Sexora ’ o
180 Huron $o £820 8381 390 765 134 ryat-] 776 7P 2.5 1430 545 k=28
44 Pierre L] &028 7358 392 £22 1167 - 30D 936 262 26.2 1544 8§57 5.46-26
175 Rapid City S0 3872 TR 3% 8319 1182 2581 [x3 %77 28.2 1530 sT2 5.5'222
}>]

203 Sioux Falls 6260 7683 3% 78 1078 2811 w 3029 20.2 1553 599 S.b-

& Chattancoga ™ 1832 3595 s 728 849 L452 1543 5079 17.6 1050 4346 §.6-17
08 Knoxville ™ 1283 3818 &6 782 898 £485 . 15146 38L0 17.8 1076 703 $.4-17
136 Mamphie. - TN 1034 3259 &0 808 935 319 2069 7807 19.2 855 851 Seb-19
167 washville ™ 1148 3609 &3 769 83 6583 1552 so78  18.2 897 7469 - 8.6-17
Tex . - ’ . .
1 Abilera ™ 752 by e VRN A 92% . 1088 5068 2616 13206 21.5 760 68 S.4610
8 mmrillo ™ 1592 4331 47 1013 1253 &113 1377 6763 3.9 109 &30 $.6-18
17 Amtin ™ - 1735 " S03 877 L1 6873 2BE2 14093 9.3 $64 (29 5.4-10
32 srownsvillie ™ 35 b2 547 908 $08 8531 3446 122718 14,8 191 &2 S.4-12
" 85 Corpus Christi ™ 108 &9 529 905. SL6 8200 3508 13109 17.2 269 543- 5.46-12
61 Del Rio ™ 186 1397 S11 903 1008 7376 3112 16870 19.8 474 732 %.4-10
70 El Paso ™ $22 2605 503 1133 1306 $617 228 13226 1.3 880 735 S.4-10
81 fort uorth ™ 605 23546 - &35 87s. o4 6176 2448 13482  20.5 673 kged 5.4-10
99 Houston ™ 195 13é6 490 8us 813 7218 2891 10549  18.2 2 - TO3 S.4 9
107 Kingsville ™ &9 876 827 881 g22 - &302 3652 18512 19.2 260 523 5.46-12
115 Lareco ™ 45 82 532 900 936 8827 4130 25225  21.4 284 508 5.4-13
126 Lubbock ™ 1173 3643 48B3 1070 1257 L7546 1769 o827 25.1 917 743 5.6-18
127 Lutkin ™ 37 186 492 848 62 66T 2668 11737 215 &78 681 5.4-10
137 midlard ™ &34 2573 S04 1079 1247 §69% 2159 11177 5.9 698 729 5.4-10
148 Port Arthur ™ 167 16146 497 824 00 4888 2682 8837  17.4 384 &7 .6 9
189 San Armelo. ™ $38 2110 S03 S&h 1076 6522 2819 14821 20.% (23] 619 - 5.4-10
190 San Antonio ™ 251 1579 510 &7 955 7170 3013 - 13Bet 2001 &hé2 &30 5.4-10
200 Sherman ™ 699 2708 476 v 4 996 5BLL 237 12065 20.2 T3S T8 S.4-10
21 vaco ™ L83 2166 495 876 L1ed 4676 2879 15658 21.1 451 622 $.4-10
25 vieghita Falls ™ %84 3049 480 911 w077 S708 2299 14487 18.8 8 Al 5.410
Yrsh
I3 sryce Carwon ut L7099 9288 LS5 1083 1388 &9 & & 30.0 1680 841 5.4-28
&0 Cedar City ut 2892 SB88 &7 . 1056 1362 2802 626 3119 7.1 132 629 S.6-22
188 Salt Lske City ur 2570 $7S &2 75 12566 3011 %1 73D 29.1 12s 585 S.6-22
Vermont -
34 Burlington VT &211 7932 - 3% 658 &5 2118 345 490 18.3 1697 637 S$.4-25
Virginis '
153 derfolk VA 1188 3609 L43 ka4 964 L4346 1585 45%6 15.0 1016 685 S.6-17
179 Richmond VA 1322 3895 430 745 923 425 133 L1 17.6 996 716 S.4-17
180 Rosrcke . VA 1520 4192 433 763 94b - 3986 .. 1IK3 3306 19.0 1468 713 5.6-17
Washington
158 Clyrpia A 1566 %550 351 619 819 1550 ™. W& 26,6 1ST7 85 §5.6-16
198 Saattle/Tacoma WA 1382 5281 350 621 828 1483 106 %56 165 1700 982 S.b~14
205 Spokane WA 2983 6727 343 738 1064 2096 363 1595  25.3 1669 60 - 5.6-21
225 whichey [sland WA 17 5276 344 630 878 1403 2 7 1.8 1671 1169 S.b=16
230 Yakima WA ravsd sgrr 373 ™0 1091 paygsd &9 3285  31.2 1413 3 L 5.4-20
West Virainia : ‘
w2 Charteston W 1816 LS87 409 667 78 3712 1008 2056 20.8 1215 7046 5.4-20
Yisconsin
49 Eau Claire Wl L7351 8285 378 683 g3 2545 603 1898 18.2 1565 41 $.5-25
89 Gresnbay 1°14 4310 89 3m0 656 967 2172 25 957 2.1 1606 - 65% b2
112 La Crosse 4] 3838 7243 388 ™ 937 784 716 2121 18,9 1568 blolo $.4-28
129 Medison Wi 4009 7.8 39 7 955 2559 542 1329 19.1 1511 458 $.5-25
139 Hilusckes L H 3584 7121 396 T 941 2427 487 1013 7.1 1887 618 5.4-25

c.5
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. : NO KRS 8a4-4PM
NO 217V STATZ _MODSD  WED&S  YSN  se2y WSS CopSQ  CoeaS  coMED 30 T<S3 E5<vc4@

syoming
39 Casper : WY 3824 7617 433 61 1323 77 455 2459  29.8 1670 £33
&S5 Sheyarne %24 3438 7213 416 9Cs AT 93 raa) 1020 24.4 1418 603
183 Rock Serings <Y 4407 a3zt &N Gl 1358 1678 207 72 29.1 1228 5§52
199 Sherican WY 3405 7386 387 g 1133 . 2074 340 2:C5 30.3 1630 (A

her locatiens Cutside U.S A,

92 Guantanamo Bay =3} 0 0 612 1045 1018 1071 %566 18452  15.8 '} 17
110 Xoror {sland Py 0 0 &2 250 87 1435  S560 14543 9.5 0 0
111 Ruajalein Island PN Q 0 678 961 888 - 1°435 4160 14277 8.2 g ]
193 san Juan PR 0 0 608 963 931 iC=ed 5173 11843 2.7 0 16
222 dske Islard T PN 8 . 0 609 1002 977 1089 53%% 10147 9.7 0 0
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ATTACS®EXNT 58 TO SECTION 435,105 o
SLATICNS TO DETERMINE EXTERNAL GALL KEATING AMD COOLING CRITERIA : ‘
' : nO ’ !

T0 DETERHIKE COMPLIANGE WITH THE CRITERIA

3.1 Equations and Coefficients ‘

This sttachment contains the externel sall eqations for se :
in cetermining externsl wall hesting ard cooling criteria (WC, ' , ,
and WC.) and for datermining complisrce (H; and C;) with the ' ' : {
-criteria for north, esst, south and west orientations, For NE, i
¥d, S\ ard SE orientations, WC,, WC., My and C; shall be i
determined by tresting half of each wall ares as though it faces . - {
ench of the adjscent cardinal directions, e.g., treat XE as half : : .
rorth and half east.

tquations 5.5-2 and 5.5-6 are statistical regression
esuations that corrslate envelope cooling and hesting leads,
respectively, from thermal transmission and solar gains, as
sodified by internal gain end smess, to the physical conpoments of
the snvelope. Seven individual terms are identified for both
coolimg end hesting that correlate varisbles with physical
menning such as U-values, internal gains, and westher related
varisbles. They are as follows:

1. LU, CLUO, CLXUO: Terws that correlate cunsiative amual -
cooling losds with thermal transmittance of the wall.

2. CiM: Term thal correlates cumslative awwal cooling loecs
with heat capacity of the wall, )

3. CLE: Term that correlates cunslative snnusl ceoling loads

with internal gairms from-occupant light snd equipment.

4. CLS: Term that correlates cumulative anvual cooling loads
with incident solar gains.

§. CLC: Terss that correlates cumiiative anmuasl cooling losds
with climats variables for a specific location. . i

4. HLY, allO, HLXUC: Terms that corrslate cumulative armusl o 1
heating loads with therma( transmittarce of the wall. '

7. HLM: Term that correlstes cumilative anrusl hesting loads
with hest capacity of the wall. ’

8. ch.': Term that correlates cumnulative snrual heating loads
with internsl gains from occupants, lights, ard equipment,

9. HLS: Term that correlates cumulative snrual heating losds
with incigent solar gairs,

-

——
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, 19, HLZ: Term chat correlates cumilative ammual hesting loacs

=it climate variaoles for 2 spezific lscation.

“e cseling ama heatirg esuaticrs with their ccefficients

follow,

raolirg Zeustion

g oer &y ® Sl e CLUO; o CLAWOp * CLM; » CLG; = Cuf; = CuT

‘:g"ﬁion 2 €.

Where:

i =  for esch orientation

i ®  for esch wall msﬁ censtruction type for the
orientatien '

€U =FOxU, x

CLYO = FT x LOC x

CLXLO = FC x 1/700C x

ClY .= FO,-xC.‘t‘C{x

oG =FCx G x

[ CUl x cowes

owz;caueoz

. CUS x (VS x COnEn)2

* CU6 x CR }

[ &0 x EA x VS x 2050
02 x 6

* 003 < 62 x 242 x vs x =083
- o6 x 6° x A2 x v§ x 965 ]

¢ ¢ & &

CHY »

* M3 x

¢

¢ & ¢ ¢

™6 x

e¥s x ¢l

M5 x
M7 x
™8 x

€31 »
ca3 x
o4 x
€GS x
C&s x
Cs?7 x
& x
Ca9 x

X EA x VS x £3050
x EA x (VS x £9850)2
x G x CDOST '
x 6% x 282 x vs x 22050
2 62 x 065 )

M2 x EA x VS x C2050
EA x VS x CDDA&S

£a% x vs x 3050

x 045

G x CBCS0

G x CO0SS

G x EA x VS x 2050 )

€a2 x Co0S0

EA x (VS x €£050)2

€42 x VS x CD0SO

o085

coos0s

eo0es3 )

[ CG8 x EA x v§ x CDCSO
82 x vs x 950 1 )
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‘ €S = PCx (EAx [ £S1+CS2x Vs x COCSO . :
, . 283 x (VS x £9050)° - R
o CS4 x VS x 3065 : ’
OCSSx(‘JSxmocS)zl
< EAZ x [ S8 = CS7 x (VS x £3045)% 1 )

L = PFCx [ €21 < £2050
- 22 x o502
« CC3 x CDHED . )
ocux:naaoz : o
« CLS x CDD&S '
~c:5x(v5xcnués)2
+ CC7 x VS x £OOS0
+ €28 x (VS x £D0S0)°
OCCVx(VchsHSO)z
e £C10 x v§
* CC11 x DR
* €012 x RS
¢ 0213 ]

%OTE: The cocfﬁéim: for various orientations in the eguations
listed above are found in Table $8-2. 1f WC. or Cy is less
than 0.0, WC. or Cy is set equal to 0.0.

vhere:
Climote Doty ;
(‘«%“"’J

oS0 = Cooling agmays base 50 °F
€065 = Cooling degree-cays base & o
 COHBO = Cooling degree-hours base 80
OR = Awraee daily terperature range for warmest monen.

Vs ® Arrwsl average cdaily incident solar emergy on facade
\nder corsiceration, a:u/ftzlchy.

Buitgirg Deva

2 = wall ares {cpagque and'guzed)‘ ¢f 20re under comsiderstion
diviced by totat wall sres (ocoaque and glazed) of all
0nes .

0 =  Cpaque wall ares of 20me under consiceration divided by
total wall ares (cpague and glazed) of all zomes. If
aultiple mass corstructiont are present, the Fo,- is
eslculated for esch comstruction | and used o form tne
sres weighted mess correction.

Uow = Ares sversge U-value of cpsque =slls (including those of
mass comstruction) in zone urder consiceration.
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LOC ®  Ares aversge U-value =f wa:l (cpesue e glazed, evelustey
cer cooling corgitions) in zeme unoer cemsicerszisa.
LCC i3 ecual %o \OH.

R =  Wirdow wall ratio tor forme urder csnsiceration: dafined as
‘emestration grea Sivided by total wall sres (ccaque arng

" glaze).

Ef e Effeccive spersture frection for zane urcer corsiderstion,

where:
BA = Wi x S8, x S,
Equasion 5 $-3
there: .
Sec * The cooling adjustment factor for horizental

externsl shading projections:
For 0.0 < PF < 0.5 from Equation S.4-1
for the north orientation:

Sec 1+ 0.4 x7PF

Ecuacion 5.5-3s '

Ffor the esst, south ard west orientations:

Sec * 1.0« T.GETT x PF o 1,0689 x £ird

ey BB

G s Effective internal gain ‘(h’/ftz) for zone
wnder consideration, where: '

G =B elpx (1R xKeD
i -

Where:
Lp = Lighting power, from Section 5.5.7.4
Ep s Equipment power, from Section $.5.7.5 -
R. = The ratic of the electric lights in the same
space served by the orientation that heve
automatic controls for daylightimg,
0y = Occupant load adjustment, from Sectien 5.5.7.6
Kye 5.87 (\m’xw.rxs,c>

% “13.311 ( WR x VLT x S )2

ousti -4
i
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.

It (AR x VLT x S,.) > 0.22, then Ky » 0.847

Wherg:

‘ Wik = As setined avove, but Aot to excesd 3
maximm value of 0.45 in Egquation §5.5-4a,
per Section 5.5.7.3.

VLT = visible light transmittance of the glazing

" smaterial, as defined in Section 5.5.2.1,
including sy shading devices present thet B
modify the visible transmittance of the
gtazing material.

CC =  Mess correction (Cooling Delta Losd Factor)
: from Equation 5.5-5. If sultiple mass . .
constructions are present, each OKC; is ' o
evalusted sepsrately and combired by sres -
weighting. 1f the U-value of the mess wall
is less than 0.05, then U, * 0.05 shall be
used to calculate the CMC, 1f the value of
HC is greater than 20.’ then HC = 20 shall
be wsed to calculate the CMC.

COOLING DELTA LDAD FACTOR ECUATIONS . : ' ; ;

Equation 5.5-5 is used to predict the Cooling Delta Losd Facter
values. .

cgr:‘- Cooling Delta Load Factor =

| ,
| ~ePyeHee1 || &2, b |
1 - -
:. ¢ :l oy - g - wepeghocn || 7|
| @2 1o (g + CPUe !
x |
Eguation 5.3-3
where:

NC = uall Heat Capacity (Btw/ fto+OF),
U = -uall U-value (Btuh/fte-OF),
A 8 (Cooling degree-hours base B0 ©F)/10000 + 2 (5F°h).

B = (Caily Range)/10 + (°F),




\&Li)‘}
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Py = &

R N R S

g & C/AS ¢ Co8° « €8° « Erta? /By o €

P, = Lo/ (A%82) o Cyy/BS o 2y,

@s = Cg

Py = CglNCA) VB + Gy

L = Matural Logarithm

Py & Cio/tA%82) ¢ €0/(AB) + Cy1a%/ VB © Coy

g = Ca/(A%E2) + C/(AB) © Cyu%s B = Ty

The coefficients C1 through C22 sre taken froam the followimg table, Table

S8-1.

HEATING EQUATICH

Wy or Hy = I (HLUG - HLUD; » HLXUO; © NLM; « mG; * HLS; *» HLC;)

wWhere:

i = for esch orientation

3 i -’

i = for esch wall mmss comstruction type for the crientation

Wy = mxuwx

WUO e FC x UOH x

KLXUO 8 FC x ( (1/UOM) x

o (1/U0%) x

HM = FO} b4 HHCj X

¢ HUT x HODSO  WUZ x (VS x WDD&SI2 ) -

{ M1 x HOOSO » MJO2 x KOD&S
o HO3 X EA X VS x HODGS )

(amoue.u(vs“noso;z
* WXUOZ x EA x (VS x H00&5)2 ) .
tHXUOSxEAZxVSxMODéS 1)

[ #M1 + M2 x & x UCH x KODAS
w3 x 62 x EAZ x vS x HD0SO
K6 X USH X EA X VS x HOD&S
M5 x UOH x HODSQ

M6 x EA x (VS x 06532
wu7 x €szx VS x MOD&S/UON' |

*

¢ ¢ o @
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HS =

RE =

¥OTE:

PFCxCGx, [ 461 x HDD&S
o HG2 x UOH x HOD&S
 + HG3 x EA x ¥S x HODGS
+ WG4 x EAZ x VS x HDDSOl )
x 6% x { MCS x HODES + HGS x EA® x VS. x HODAS )

FC x € BA x { HS1 x VS x MODSS + HS2 x (V§.x HODS0)2 )
el { HS3 x VS x HOOSO + HS4 x VS x HOD&S] )

rex [ HC1 + HCZ X KDDES © HCS x WDO&S?

onuxvszou:vasxmso B
© HCS x VS x HODSS
- HCT x (VS x HD0S0)2 )

The coefficients for varicus orientations in the equations listed
gbove are fourd in Table 58-4. 1f WC, or Hy is less than 0.0, WC,
or Hy is set equsl to 0.0. ‘

WOUSO =  Nesting cegree-cays base 50 °F.

K065 = Nesting degree-cays base 65 °F. »

Builaging Saea

K

‘s Anrual aversge daily incidens solar energy on
facsde urder considerstion, Btw/fté-day.

= uell nn‘ (opecue end glazed) of 2ome under ©
consideration divided by total wall sres
(cpaque and glazed) of all zomes.

u Opaque wall area of lome urder consiceratien .
divided by total wall ares (opacue and )
glazed) of all zones. [f multiple mass
corgeructions. sre present, the ng is
esleulated for each and used to form the ares
weighted mess correction, ‘ S

= Ares sverage U-value of opaque walls
(including those of mess construction) in
zone urdler consideration.

wWH = Ares awnqi U-value of well (oosque and

glazed, eveluated.under heating corditions)
in zone under corsideration. UOH is equal to
e,
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wheres

where:

Wirdow «all ratio for zone urder
congideration; cefimed as ferestration ares
divides by total wall ares (ccacue ama
glazed).

Effective aperature fraction for tone unce
consideration.

Q-stczxsm

ien -7

For 0.0 < PF ¢ 0.5, from Equetien §.4-1:
for the morth orientation:

Sen = 1-0.3 x"PF.

tion 73

For the esst, south and west orientation:

1 - 9.985 x PF « 0.4513 x PF2

ion 3.3-

Effective internsl aainm (wft'z) far rene
e cors gt o

G =By iy (!~ R AR

Eemog?s -

Lighting power, from Section 5.5.7.6.

Ecuipment power, from Section 5.5.7.S.

Gccupant load adjustment, from Section
$.5.7.4

The ratio of the electric lignts in the
spece served by the orientacion thag
have sutomatic controls for
daylightirg.

5.8”(MXVLTXSQ‘)
13311 ¢ WR X VLT x S 02

jon -8a
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dhere:

R &

TVLT

RMC

S1f R X VLT X Sy, > 0.2, then Xy @ 0.647

As cefined above, but mot to excesed 2
maxiess value of 0.65 in Equation 5.5-8a
per Section 5.5.7.3.

vigible Light transmittance of the
glazing material, as cefined in Section
5.5.2.1 including sny shading cevices
present that modify the visible
tremmittance of the glazing meterial.

Mass correction from Equation 5.5-9. If
multiple mass constructions are present,
each mcj {s evalusted separately ard
_combined by area weighting. 1f the
Usvalue of the smss wall is greater than
0.40, then U, = 0.6 shall be used to
ealculate the HMC. If the U-valus of
the mass usl! {8 less than 0.05, then
“Ugy ® 0.05 shall be used to caleulate
the ¥MC. [f the value of HC is greater
than 20, then HC = 20 shall be wsed to
csleculate the NMC,

WEATING DELTA LOD PACTOR EGUATICHS

Equstion 5.5-9 {s uzed to predict the heating Delta Load Factor

values,

WC = Weating Delta Load Fector =

-y (He- 1| | e, 1,0
1-e [ | upy « WPy - ~CHP o HP g2 Y (HC- 1) 0.7
[l 1+ (HPg * HPUYe
|
fon §.5-9
where:
HC =  uall Heat Capacity (Btw/fte-SF)
U = wall U-valus (Bewh*$#22-%F)
A s

(Heating degree-cays bese &5 °F/100 + 2 (°F days)

.
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”‘ L4 ”6
”2 ] n1‘L’“A).H’s
LN 3 Hatursl Logarithm

Wy w HkSeHaaZenss JAe M, VA » N

We = Hygaen, oAt 3

Wy = Hig
. We = Wpiag : ' .
Wy = "17/“3 +Hig

Mg = Hg/AeHyg

The coefficients H1 through H18 are taken from the follswing table, Teble 58-3.

S/
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— .

58.2. Determining Resting orxd Cooling Zriteria . » : 7

Using Eqmtione in Section 58.1

To determine the wall thermal criteria for 3 bui lding design, the .

following inputs to the egaations in Section $8.1 shall be used.

°

(1) Azpsct Ratio. An aspect ratio of 2:1 with longer

-

dimengions ;facinq e8s? arcl west.

. €2) Shading. No use of external shading projections

or soreens.

(3) Ddaylight Comtrols. No use of sutomatic dsylight

controls for the lighting systen.

(6) Intermal Gain (G). The sum of the lighting power
density ch), the equipment power cansity (Ep) and the octupant
load adjustment (0y), or 3.0 W\‘tz, Qﬁchmr is soaller, shall

be used. In determining L, the value of R, and VLT shall be set

~equal to 0.0 in Equations 5.5-4 and 5.5-8.

(5) uall Ares Factor, Opocpee arxd Glazod (FC). The
combined opacue and glazed srea for the corientation for the
building design, divided by the total uall sres (opscue and
glazed) of all orientations, shall be used. Hote that {f one
changes the wall area or floor area in & zone, this changes the
geametry of the building. The criteria and compliance values
will change for all 2omes becsuse both valuss for esch zome are

weighted by the relative size of that zone.

(6) Wirdow Wall Ratio (WR). The smaller of the
values of Wik . snd WWR), determined from (8) and (5) below shall

be used,

(a) uUsing the value for internal gain (G) -

determined in (4) above, the WR, for cooling by interpolation of °

.
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the resulss of (a) ard (b) below, shall be determined usina

Equstion 5.3-10:

vhere: Mqo is the window to wall ratio at 0.0 U'/ftz internal

load (G = 0.0 w/ted),

-“3‘.’0 is the windou to wall ratio ac 3.0 H/frz
internst load (G = 3.0 W/ft2),

U.Jc ® mgo - {6/ 3.0) x (“w - Mssa)
tion =10

for G = 0,02

1 CDOSO x VSEW < 8,000,000, then Equation 5.5-11 shall
e used.
VR g ® 8.48 © ¢ o050 x VSEW x 1.625 x 10°% )

Naapa?’ } 11

1 €30S0 x VSEW > 8,000,000, then Equation 5.5+12 be

used:
0“,0-0.3‘
Esystion 3.5:12
. G=30:

1f €050 x VSEW < 8,000,000, then Equstion 5.5-13 shall
h‘ useds

MR gy » 0.28°+ { D050 x veEW x 5.0 x 10°7 )

ion <1

!\»»/
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1f SODS0 « VSEW 2 §,000,000, then Equation 5.5-16 shall
be used:

Mm s 0,26

1 3 -14

(b} The WMiRy, for heating shall be cetermined

using Equation 5.5-15 or Equation 5.5-16.

o

if HDOAS < 4000, then Equation 5.5-15 shall be used:

VR, = 0.6 - ( HODSS x 2.5 x 1075 ) _ ' .

i -9
{f HOOES > 4000, then Equation $.5-16 shall be usec-

WRRy @ 0.3
Eguation 5.5 146

(7) Opacpe Wsll Arva factor (FO). The value cof FO
shatl be determined from Ecuation 5.5-17.

FO % FC x (1 - WR)

Egestion 5.5-17

(8) shadirg Cosfficient (SC,). The value of ST, shall

be cetermined frua (a) .or (b) below, or &8 shown in Figure 58-3.

(a) If the hesting degree-cays base &5 °F for the
building lecation is < to 3000, either Equation 5.5-18 or

Equation 5.5-19 shall be used:

If CDDSO x VSEW < 4,000,000, then Equation 5.5-18 shall
be used:

Sc, = 0.85 - (CD0SO x VSEW x 8.75 x 10°8y

¢ion -1
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1 CZDSO x VSEW » 4,000,L00, then Esustion 5.5-19 shatl
be used:
sy ® 0.5

tion -9

(b) 1f the heating degree cays base &5 °F for the
Suilding location is > 3000, either Equation 5.5-20 or Equaticn
€.5-21 shall be used: ‘
1f CO0S50 x VSEW < 4,000,000, then Equation 5.5-20 shall
Se used: '

ST, = 0.85 - (G050 x VSEW x 1.25 x 10°7)

jon -

If COOSO x VSEW > 4,000,200, then Equation 5.5-21 shall
be used: '

s’ , ¢, = 0.35

ion -21

(9) Exterral Shading Projection (Sg,). The value of

Sen shall be set equal to 0.0.
(19) Opmcue Wsll U-vValue (U, ). The value of U, shall
ba dc:&nimd from either Equation $.5-22 or Equation 5.5-23, as

shown in Figure S8-4.

1f HDD&S < 196, then Ecuation 5,.5+22 shsll be used:
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if HDOGS » 196, them Equation 5.5-2% shall be used:

"Ug, ® 42.787 x wopes (*0-712)

3 1 on -

€11) ¥est Capmeity of Opecpse Usll (XC). The velus of .
KC shall be ser equal to 1.0.

€12) Fenmstration Ascesbly U-Value (U 0). The value of
vuaf shall be datermired fram ¢ither Equation 5.5-24, 5.5-25, or
5.5-26; or as ghown in Figure S8-5.

If HODE5 « 3000, then Equation S$.5-24 shall be used:

Ugs = 1.15 - .

ion - 26

1f KOO 2 3000 snd HDOGS < 7500, then Equation 5.5-2%
shall be used:

Ugs = 0.81 « [(HDDES - 3000) x 8.0 x 1075
If HDO > 7500, then Equation 5.5-26 shall be used:

Ugg = 0.45

tion §.S-

(13) For all other irguts to the epations in Secticu
8.1, the values for the building envelope design under
cansideration shall be used.
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Tacle £3-1

COOLING DELTA LCAD ZSEFPIZIENTS

INSULATION eCsi™icy

] 1]

I I

i |

| coErrICIENT b

] LABEL i EXTER;CR INTESRAL INTERICR
L 1

H 1

I 1 ] 220,726503 139. 1085667 181.616775
| @ ] -, 056539 -, 033591 «. 055166
] s | -118.835328 10325704 34158964
| c4 | «13.6764620 -20.867335 -25.591934 .
! s ] 2348381 2382 L081029
] £ } 559528 305281 1.478998
] c7 | ©, 55004 022822 432421
| 3 | -90S.677979  -3C7.543848  -1232.9267%8
| (=] | 425, 191855 £38.259610 463, 195801
|.. e ] -2.5106C0 045955 .430200
] c11 | ~43.387955 -5,987545 -28.285065
] c12 | -:9.72380 «11.396114 -63.5622%4
| €13 ] ~33.57352S 366851 20.8445%50
l. 73 | 20, 428235 30,253494 9.817521
] c1s ] -26.209152 3.833706 26.45082¢
] cis | -2et.17T3s - 22254423 70337494
] c17 ] 18897781 29.329697 9.284280
| c18 ] - 3537%0 -.023878 ~ 114848
| c19 | 156.308%43 63.3227%4 326.3484727
|° ¢ | 7409899 < 16.33L456 <77.435498
] e | 645363 L -.0111%% -.074728
A - | 7456456 1.295576 5.204088
I |

i ]

R
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TASLE £3-2

CCOLING CCEFFICIENTS

!
i HCRTY EAST SOUTH EST
l
=T I 0.201€39 0.00331$ 0.003153 0.60321
=2 | -0.3CBS42E-07  -0.8968182-07 ~0.712993€-07  -0.81053CE-C7
&3 | 0.7R93E-13  0.375280E-13 0.183C83-13  0.I358108-13
oL | -0.079&7 0.163114 0.286453 0.11178
L ’
o | 8.33% 0.515262 0.73477 0.752543
™2 0.153CL08-CS  0.1281972-05 0.161630E-05  0.1422286-05
CG | ~0.204322E-05  -0.1502408-05 -0.2110432-C5  -0.197738¢-03
e | -0.7S3865-C6  ~0.T67B45E-06 -0.6644308-06 -0, 74008TE-06"
o5 | -0.1004728-05 0 0.8C1C57€-05 . 0.3151536-05
™6 | 0.3667085-06  0.356503E-04 - 0.4481088-04  0.296012€-04
7 ] -0.873C45E-04  -0.640938E-04 -0.000119 -0.766719€-04
8 | -0.238IISE-07  -0.47253LE-07 -0.497449E-07 O
[
Cot | -0.451094E-05  -0.838869E-05 -0.288996E-05  -0.TS64456-05
=2 | -1.040207 -1.507235 -1.512625 -1.238548
SLS3 | -0.4332548-05  -0.278828E-05 -0.2313528-C5  -0.4125672-05
ol | 0.12658CE-C4  0.209874E-05 0.736219E-05  0.1087122-04 -
|
ST 0.103744E-35  0.115I32£-05 0.11858%2-05  0.123251€-CS
CUC2 | -0.132180E-12  -0.134456E-12 -0.1162526-12 -0, 1300C2E-12
oxues | 0.27SSS4E-04  0.202621E-04 0.2023656-04  0.Z36964E-04
oxoh | 0.974090E-07  0.117514€-06 0.7392078-07  0.1362746-06
CXUCS | -0.11B247E-06  -0.909692E-05 <0.9091926-C5  -0.111077E-C4
I ' -
€3t | 0.291286 0.5333238 0.393756 0.948654
c | 0.001477 0.001531 0.002081 0.001662
€3 | -0.5520428-12  -0.28213%g-12 “0.284764E- 12 -0.4557208-12
et | 0.252311€-05  0.370£21E-05 0.430536E-05  0.591511€-CS
€ss | -0.001151 -0.001745 -0.001864 -0.C0153
€cs | 0.1952638-11 0 +0.2960556-11  0.316352¢-11
€3, ] -0.8352056-11  0.101085E-10 0.3300272-10 O
css | 0.1430226-05  0.7S387SE-06 0.713300B-06  0.9707S2E-04
€5 | -0.238287E-05  -0.164541€-05 +0.163927E-05 . -0.1973638-CS
! v
ES1 | &4.9871 33.9683 18.32016 29.3089
cz2 | 0.3480918-04  0.3741125-C4 0.3406P0E-C4  0.502498%-C4
cs3 | 0 0 0.271313e-11 0
€S4 | -0.166405E-04  0.4%4775E-05 -0.282181E-04  -0.277153E-C4
ess | 0.8427856-11 0 -0.304877E-11  0.291137E-11 -
Cs6 | -56.5446 o - 26.995 16,977
€37 | -0.134764E-10  -0.5882097E-11 -0.450089E-11 -0, 789218E-19
!
1
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TABLE 58-2 (Comtirueq)
CICLING COEFRISIENTS

: X -
P !
] | NCRTH EAsT SCUTH LEST |
: } {
] l
cc1 | 0.002747 0 0.010349 0.007265 |
=B B 0.318928£-04 +0.304%138-06 0 !
e | -0.0003:8 0.000319 0.£C026 0.00056S 1
ces | 0.122123t-07  -0.7753182-07 “0.2714438-07  -0.5043808-07 |
es | 0.012132 0.011896 0.013248 0.00923% ]
ccs | C.1040278-11  -0.422861E-12 -0.2051728-11 @ I
€7 | -0.1260138-04  -0.7082%0£-0S -0.1653772-C4  -0.602465E-05 |
eS| 0 0. 0.22c8408-12 0 b
€9 | -037STOTE-13 0.40623%E-13 C.197592E-13  0.229425E-13 | -
ecig | 0.030056 0.023121 0.0265 0.01704 |
et | 0 0 -0.271026 -0.264276 |
cc12 | 0.002133 0.001103 0.006348 0.007323 !
CC13 | -12.867% -13.16522 -18.2n +10. 1225 !
| I
3 ]
Table 58-3
MEATING DELTA LORD COSFFICIENTS
i Y .
| | i I
] | INSULATION POSITION !
| COEFFICIENT | —
| taseL B EXTERICR INTEGRAL INTERIOR |
[ } *_11
| !
1 | .00C006 .800007 .000006 |
H ] -.001537 -.001799 -.00%52 |
3 | 13.388575 15.116148 19831350 |
"o | 1.933217 2.1055%¢ 1.5 I
S | <11.896660  -13.305299 -15.562034 I
" | 484317 183964 orizsr |
14 | 009447 .025504 .026392 [
18 I - 099954 045871 JTTSE32 |
w | -1223.396240  -422.080078 . 200792 |
#10 | -.$45353 - 519158 -.63787
K11 | -.000067 » .000069 -.000007 | :
H12 | 385849 4.137914 2.624339 |
H13 | 7.582887 6.238024 7.980352 |
H1e ! - TTT369 W ealtai - 169907 |
1 | 9.014718 7.722863 8.585047 |
16 i .200680 .208271 -. 038589 |
W17 | 206.638216  105.984894 3. 13974 I
418 | .= . 198297 . 186252 |
' ! ’ l
| S— ! J
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Taeble 58-4

HEATING CCEFFICIENTS

|
! | NCRTH EAST SoUTH WEST
3 1
'v
W1 | 0.006203 0.007691 0.005064 0.006672
w2 | -0.1358682-11  -0.5T1616E-12  -0.268998E-12  -0.435643E-12
l .
M1 i 0.531005 0.545732 0.837501 0.616936
w2 | 0.000152 0.600107 0.000208 0.00015
e 4 | -0.5318266-06  -0.106191E-06  -0.482531E-06  -0.264565E-06
LA |  -0.7738132-06  -0.147B7DE-CS 0.211938£-05  -0.457827E-04
HMS | - -0.000712 -0.000484 -0.001042 -0.000625
M ! 0.3348596-12 0.495742E-13 0.770190E-13  0.737105E-13
w7 | 0.235071E-06 0.2750456-06  -0.389887E-06 O
ot | 0.004543 0.008683 0.005028 0.008566
o2 | 0.013485 0.011055 0.010154 0.0%146
o3| -0.1101788-06  -0.288956E-05  -0.7323178-05  -0.8986453E-05
!
ot | 0.1245408-11 0.7856L4E-13  -0.282023E-12  0.304904E-13
U2 | -0.730S82E-12  -0.810900E-13 ~ 0.745599€-13  -0.74T1848-13
s | 0.19T090E-05 0. 194025E-06 0.987387E-07  0.1957766-06
i .
HG1 | -0.201051 -0.000983 -0.000981 -0.000%8
W2 | -0.001063 -0.00093 -0.00081S -0.000975
HG3 | 0.299013E-05 0.252260€-05 - 0.261880E-05  0.249976E-05
HG4 | 0.7490458+06  -0.1110546-05  -0.216687E-0S  -0.854049E-06
4GS | 0.000109 0.934310E-04 0.97S5Z3E-C4  0.8523896-04
3 | -0.555914E-06  -0.315801E-06  -0.260995E-05  -0.291334E-06
31 | -0.218248E-04  -0.209216E-04  -0.210885E-04  -0.202049E-04
Hs2 ] 0.335179€-11 0. 1905008- 11 0.1483885-11  0.2182156-11
Hs3 | -0.453253E-05  -0.2234138-06  -0.1847245-0C4  -0.240482E-04
HSh | 0.223087E-04 0.261331€-04 0.265412E-04  0.Z30S3BE-04
!
- KCY I -0.106468 -5.19297 ~3.66743 -5 . 25681
2 | 0.00729 0.007684 0.007175 0.007672
RES |  -0.297600E-06  -0.307837E-06  -0.2641928-06 -0.307127E-06
Wes | 0.201569€-05 0.430350E-05 0.332112E-05  0.643491E-05
Hes | 0.129081E-04 0.477552€-05 0.325089€-05  0.483233%-0%
RCS | -0.128594E-04  -0.618539€-05  -0.4430846-05 -0.625101€-05
(erg | 0.275851E-11 0.820051E-12 0.4381488-12  0.809106E-12
N
1

¢ .
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§ 435,108 Electric power and distribution.
€1 General

8.1.1 This section contains minimum
requirements for all building electrical
systems, except required emergency
systems,

6.1.2 A building shall be considered
in compliance with this section if the
minimum requirements of Section 6.3 are
met. .

6.2 Principles of Design

621 Electric Distribution Systems

8.21.1 Transformers and generating
units shall be sized as close as possible
to the actual anticipated load (i.e..
oversizing is to be avoided so that fixed
thermal losses are minimized).

8.2.1.2 Distribution of electric power
at the highest practical voltage and load
selection at the maximum power factor
consistent with safety shall be
considered. The use of distribution
system transformers shall be minimized.

6.21.3 Tenant submetering can
one of the most cost-effective energy
conservation measures available. A
large portion of the energy use in tenant
facilities occurs simply because there is
ro economic incentive to conserve.

6.3 Minimum Requirements

8.2.1 Electrical Distribution System

6.3.1.1 All commercial or multi-
family high rise residential buildings.
having designed connected electric
service over 250 kVA. shall have
electrical energy consumpticn check
metered on the basis of usage category
or tenant occupancy, depending on
conditions defined below. For buildings
that are occupied by multiple tenants.
the metering shall be per tenant. if the
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ten-int has a connected load of 100 kV.A
ar mare. HVAC and service hot water
systemy, shared among tenants, need
nut meet this requirement but shall be
segurately metered,

£3.12 The electrical power feeders
for each facility for which check.
metering is required shall be by tenant
and shall be subdivided in accordance
with the following categories:

8.3.12.1 Lighting and receptacle
nutlats; '

8.3.122 HVAC and service water

heating systems and equipment; and

6.3.1.2.3 Special occupant equipment
or systems of more than 20 kW, such as
elevatars, computer rooms, kitchens,
printing equipment, and baling presses,
83.1.2.4 Exception to Section 6.3.1.2
(a) 10% or less of the loads on a feeder
may be from another usage category.
8.3.13 The power feeders for each
category shall contain portable or
permanent submetering prior to or

within any primary or secondary
distribution panels. Such provisions

shall include a separate compartment or
panel of adeguate size and design to
house the necessary voltage and current
transformers. An accessible means of
attaching clamp-on meters or split<core

current transformers shall be provided.

6.3.1.4 The locations of these points
of measurement may be central or
distributed throughout the huilding, as

appropriate to tne lavout of the building,

A minimum arrzngement shall provide &
saie method for access to the enclosures
through which feeder conductors pass,
and have sufficient space to attach
clamp-on or spiit-core current
transformers, These enclosures may be
separate compartments or combined.

.with electrical cabinets serving another

function. Enclosures so furnished shall
be identified by available measuring
function. A preferred arrangement
would include k\Vh meters and demand
registers, or a means 1o transmit such

Information to a building encrgy

management control system, )
83.1.5 In multiple-tenant buiidings,
where designed connected electrical
service is over 250 kVA. each tenant
space having a total connected load of

-~ more than 100 kVA shall have provisian

made to permit check-metering of the
total tenant load. If the building is
served by a common HVAC system. the
HVAC loads need not be check metered
for each tenant. T

832 Tronsformers

6321 All permanently wired
transformers, that are part of the

building electrical distribution systers,
uxcept utility-ownad transformers. shail
be seiected to minimize the combination
of no-load. part-icad, and fuil-load
lonses, without compromising the
electrical system operating and
reilability requirements,

8.3.22 If tne totai capacity of the
transformers exceeds 300 kVA. a
calcuiation of total estimated annual
operating costs of the transformer losses
shall be made. This caiculation shali be
based on estimated hours of transfarmer
operation at prmjected part-lcad and

‘full-load conditions, and the associated

transformer core and coil losses. If
appropriate data for projecting this
calculation is unavailable, use Form 6.3-
1 “Transformer Loss Calculation
Estimate” as a basis for making the
estimate. The calculations made in
accordance with this section shall be
used to compare among types of
transformers and configurations
available to the designer to balance
energy costs with necessary operating
flexibility, reliability (redundancy), and
safety. The projected annual energy
costs for the losses of the seiected
arrangement skail be retained as part of
the electrical design documentation.
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8.33 Electric Motors

8.3.3.1 Al permanently wired
polyphase motors of 1 hp or more
serving the building, shall meet the
requirements of this section. Motors
expected to operate more than 500 hours
per year shall have a minimum
acceptable nominal full-load motor
efficiency no less than that shown in
Table 83-1. - :
- 83.3.L1 Table 8.3~1 applies

motors having nominal 1200, 1800, or
3800 RPM: with open, drip-proaf, or
TEFC enclosures. Other motor types are
exempted from the minimum efficiency
requirements of these standards.

8.3.3.12° Motor efficiency ratings
shall be bused on a statistically valid
quality control procedure conforming
with ANSI/IEEE 112-1984, Test Method
B (Dynamometer) vsing NEMA MG 1-
1987 (MG 1-12.54 and MG 1-~12.55) for
motors below 5C0 hp. For motors 500 hp
and above, ANSI/IEEE 112-1984, Test
Saltiud S o Method F (T ivalent
Clrouit Calculatios), shiud 52 used.

83.3.1.3 Values lis. *d in Tabls 5251
are nominal efficiencies. M. num
motor eific'sncies shall no ‘oe less than
the correspondiag viluus provided in
NEMA MG :-12.54,
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8.3.3.1.4 Motor efficiencs shatl be
tested using a statistically valid quality
contrul procedure confor<:ing with the
IEEE 1124, Test Meth«d B (1978}

{Dynmometer] fan motors E below 500
hp. or Test Method F (1978) (Equivalent
Circuit Calculation) based on no-load
measurements for motors 500 hp and
larger.

6.3.32 Motor nameplates shall list
the minimum and the nominal fuil-load
motor efficiencies and the full-load
poswer factor,

6333 Full-load motor power factor

for three-phase motors can be calculated

.from nameplate data by Equation 8.3-1

% Power Factorw(hp X 748 X 100)/(nominal
efliciency X full-load amps X rated
voltage x3e9), .

Eguation 83«1

6.3.34 Motor horsepower rating shall
not exceed 125% of the calculated

maximum load being served, or the next .
"larger standard motor size if a standard

rating does not fall within this range,
8.2.5 Operation and Maintenance o

Electrical Systems =
6.34.1 The designer shai} specify

* that building owav.i'Be provided with

written informati .n that provides basic
data relating to the desiym, cperation,
and maintenance f the electrical
distiibution system for the building. This
shall include:

84451 asirgle-line diagram of the
“as-built” building electrical system:

6.3.4.1.2 schematic diagrams of
electrical contrs] systems (other than
HVAC, covered elsewhere);

6-3.4.13 mauufacturers’ operating
and mJinterance manuals on active
eivctrical nquipment; and

854134 the Transformer Loss
Zalculation Estirate if required by
Section 8.3.2.2,

§ 435,107 Heating, Ventitation, and Alr-
Conaitioning (HVAC) systema,

7.1 Genera!

7.1.1 This section contains minimum
and prescriptive requirements for the
design of HVAC systems. It is
recommended that the designer evahuate
ather energy conservation messures that

. may be applicable to the proposed

design.

7.1.2 A building shall be considered
in compliance with this section if the
following conditions are met:

7121 The minimum requirements of

Section 7.3 are met; and

7.1.22 The HVAC system design
complies with the prescriptive criteria of
saction 7.4. For the design of HVAC
systems that incorporate innovative or
alternate design strategies, the
compliance paths set forth in Section
110 or 12.0 should be used.

72 Principies of Design
721 Control of Equipment Loods

7.2.1.1 The thermal impact of
equipment and apniiences shail be
minimized by use or roods, radiation
shields. ‘or other conrimng techniques,
and by use of coatrals to assure that
such equipment is turned off when not
needed. In addition, majcr heat-
generating equipment shall, where
practical, be located where it can
balance other heat .0zseés. For examole,
computer centers or <itchen arezs couid

. .be located in the norcth or northwest

perimeter areas of uildings depending
on climate and prevailing wind

~directions. In addition. hes trecorery

shall be specificaily considemd for this
equipment, :

7.22 HVAC Spsiem Design

7221 Separate HVAC systems shall
be considered to serve areas expected

- to operate on widely differing operating

schedules or design conditions. For
instance, systems serving office arecas
should generally be separate from those
serving retail areas. When a single
system serves a multi-tenant building,
provisions shall be made to shut-of or
sel-back the heating and cooling to each
area independently.

7.2.2.2 Spaces with relatively
constant and weather-independent
loads may be served with systems
separate from those serving perimeter
spaces. Areas with special temperature
or humidity requirements, such as
computer rooms, shall be served by
systems separate from those serving
areas that require comfort heating and
cooling only, alternatively, these areas
shall be served by supplementary or
auxiliary systems.

7.2.2.3 The supply of zone cooling
and heating shall be sequenced to
prevent the simultanecus operation of
beating and cooling systems for same
space. Where this is not possible due to
ventilation or air circulation
requirements, air quantities shal. be
reduced as much as possible before
rebeating, recooling, or mixing hot and
cold air streams. Finally, supply air
temperature shall be reset to extend
economizer operations and to reduce
reheat, recool, or mixing losses.

7224 Systems serving areas with
significant internal heat gains (lighting,
equipment, and pecple), especially
interior zones with little or no exposure
to outside air. shall be designed to take
advantage of mild or cool weather
conditions to reduce cooling energy if
heat recovery systems are not used.
These systems, called air or water
economizers, shall be designed 1o
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provide a partial reduction in cocling
louds even whea mechaznical cooling
must be used to provide the remainder

nf 'he load. Ecunomizer controls shall be

integrated with the mechanical cooling
{(leaving uir temperature] controls so
that mucharical cooting is ornly operated
when necessary and so supply air is not
cvercooled 10 a temperature below the
desired suppiy temperature. The
systems and controis shall be designed
so that economizer operation does not
increase heating energy use. For
instance, single fan dual duct or
muitizone systems that use the same
mixed air plenum for both heating and
cooling suppiies shail not be used.
7.2.23. Controls shall be provided to
allow systems to operate in an occupied
mode and an unescupied mode, In the
occupied mode, contrels shall provide
for a graduslly changing control point as
system demands change from cooiiLg to.
heating. In the unoccupied mode,
ventilation and exhaust systems shall be
snut off if possible, and comfort haating
and cooling systems shall be shut off
except to maintain “setback” space
. conditions. The setback conditions shall
be the minimum and maximum levels
required to preverit damege to the
building or its contents and provide for a
reasonable morning pick-up period. Note
however that night setback may not
conserve energy in buildings with large
amounts of thermal mass.

7228 Inareas where diurnal
temperature swings and humidity levels
permit, the judicious coupling of air
cistribution systems and building
structural mass may be considered to
allow the use of night-time precooling to
recuce the use of day-time mechanical
cooling. ‘

72.27 High ventilation, such as in
Bospital operating rooms, can impose
enormous heating and cooling loads on
HVAC equipment. In these cases,
consideration shall be given to the use
of recirculating Altered and cleaned air,
rather than 100% outside air, and pra-
heating outside air with sclar systems or
reclaimed heat from other sources.

723 Energy Transpor: Systems

7231 Energy shall be transported
by the most energy efficient means
possible. The {following options, are
listed in order of efficiency from the
{most efficient) lowest energy transport

" burden to the highest:

7.23.1.1 Electric Wire or Fuel Pipe,

72312 Two-Phase Fluid Transfer
{Steam or Refrigerant),

7.2.3.1.3 Single-Phase Liquid Fluid
{Water, Glycol, Ete.), and

72314 Air.

7.23.2 The distribution system shall
be selected to complement other svstem

parameters such as control strategies,
storage capabilities, and conversion and
utilization system eficiencies.

r23.3 Stecr: Systems

7.2.3.31 Provisions for seasonal or
“non-use time" shutdovm shall be
incorporated. )

7.2.3.3.2 The venting of steam and
ingestion of gir shall be minimized with
the design directed toward full vapor
performance,
be?.z.a.s.a Subcooling shall generally

prevented.

7.2.3.3.4 Condensate shall be
returned to boilers or source devices at
the highest possible temperature.

7.23.4 Water Systems

. 7.234.3 Design fiow quantity shall
be minimired by designing for the
maximum practical temperature
differential.

7.2.3.42 Flow quantity shall be
vanad.with lead where possible.

7.2.3.4.4 ~Designs shall be for lowest
practical pressure dss-or arop) "

72.3.4.4 Operating snd idle control
modes shall be provided.

7.2.34.5 When locating equipment,
the critical pressure path shall be
identified and the runs oized for
minimum practical pressure drop.

77385 AirSystems

72351 Al flow quantity shall be
minimized by careful loac analysis and
an effective distribution system. If the
psychometric nature of the application
allows, the supply air quantily shall
vary with the sensible load (l.e.. VAV .
systems). The fan pressure require2ent
shall be held to the lowest practical
value, Fan pressure shall be avoided as
a source for control power.

7.2.3.52 Each fan system shall be
designed and controlled to reduce
mechanical cooling requirements by

taking advantage of favorable weather

conditions.

. 72353 *“Normal" and “idle” control
‘modes shall be provided for the fan
systems as well as the psychometric
systems,

72354 Duct nm distances shall be
as short as possible, and the runs on the
critical pressure path sized for minimum
practical pressure drop. '

-7.2.4 Radiont Heating

7241 Radiant heating systems shall
be considered in lien of convective or
all-air heating systems to heat areas
which experience infiltration loads in
excess of two (2) air changes per hour at
design heating conditions.

7.2.42 Radiant heating systems
should be considered for areas with high
ceilings. for spot heating, and for other

applications where radiant haating may
be more energv efficient than convective
or all-gir heating systems.

7.2.5 Energy Recovery

7.2.5.1 Systers that recover energy
should be considered when rejected
fluid is of adequate ternperature and a
simultanecus need for energy exists for
a significant number of operating hours.

7.3 Minimum Requirements
731 Caleulction Procecures

7311 Heatimg and cooling system
design loads for the purpose of sizing
systems and equipment shall be
determined in accordance with the
procedures described in the ASHRAE
Handbovk, 1985 Fundamentals Volure,
or & similar computation procedure. The
design parameters specified in sections
7.3.1.2 through 7.3.1.10 shall be used for
calculational purposes only and are not
requirements or recommendations far |
operating setpoints. ..

-.. 7312 Indoor IZesign Conditions.
Indoor design temperature and humidity
conditions for general comfort
applications si:all be in accordance with
the comfort criteria established in
ANSI/ASHRAE Standard 5§5-1881.
“Thermal Environmental Conditions for
Human Occupancy,” and/or Chapter 8
of the ASHRAE Heondbook, 1985
Fundomentals Volume, except that
winter humidification and summer
dehumidification are not required.

7.3.3.21 Exceptions o Section
7312

(a) Health care institutions and
similar facilities where the indoor
conditions may not be appropriate for

—ihe health and safety of occupants; and

{h) Where special room temperature
and/or humidity conditions are required
by a process or procedure, other than
comfort, such as rooms used for surgery
nr data processing. ’

.. #31.3 Outdoor Design Conditions.
Chutdocr design conditions shall be
sedected for listed locations from the
ASSHRAE Handbook, 1985 Fundamentals
Voliune. from the columns of 99% values
for hrating design and 2.5% values for
cool ‘ng design. Local weather data from
the Nutional Weather Service of the
National Oceanic and Atmospheric
Administration based on the same 99%
and 2.5% values (or statistically similar
annualized values such as 0.2% winter
and 0.5% summer) may be used.

7.3.1.3.1 Exception to Section 7.3.1.3:

{a) Where necessary to assure the
prevention of damage to the building or
to material and equipment within the
building, the m>dian of annual extremes
for heating and1% column for cooling
may be used. -
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7.2.1.4  Ventilation. Ou:zuar air
vertiation rates shall be sejected from
seClon 8.1 of ASHRAL Standard 52-
1921, “Ventilation for Accertabie Indoor
Alr Quality.”

7.2.1.4.1 Exception 1o Section 7324

() Ouidoor air quantities, exczeding
those shown in ASHR4E Stenderd 62-
1862, required because of special
OCCupancy or process requiresents.
source control of air contamination. or
local codes,

7.3.1.8 [nfiltration. Indiltration for
heating and cooling design loads shall
be calculated by the procedures in the
ASHRAE Handbook. 1985 Fundomentals
Volume, or a similar computation
procedure.

7.3.1.8 Envelope. Building envelope
heating and cooling loads shall be based
on envelope characteristics, such as
thermal conductance, shading
coefficient and air leakage, consistent
with the values used in the proposed
ouilding design to demonstrate

" comgliance with section 5.0,

73.1.7 Lighting. Lighting loads shall

" be based on proposed design lighting

levels or power budgets consistent with
section 3.0. Lighting may be ignored for
heating load calculations.

73.18 Other Loads. Other HVAC
system loads, such as those due to
peopie and equipment, shall be based on
design data compiled from at least one
of the following sources:

73.1.31 Actual information based on

‘the intended use of the building:

7.3.1.82 Published data from
manufacturers’ technical publications
and from technizal society pubiications
such as the ASHRAZL Hendbook, 1987
HVAC Systems Applications Volume:

7.3.1.8.3 " Alerezg, “Estimates of -

. Recommended Heat Gains Due to

Commercial Appliances and
Equipment,” ASHRAE Transactions 90
Pt 2A), 25-28 (1984);

7.3.1.8.4 Default values to be used in
determining the design energy budget in
section 11.0 or 12.0 taken from Tables
11=2, 113, 114 and 11-8; and

73.1.85 Other data hased on
designer's experience of expected loads
and occupancy patterns.

7.3.1.88 Exception to Section 7.3.1.8

(a) Internal heat gains may be ignored
for heating load calculations,

73.18 Safety Factor, Design loads
may, at the designer's option. be
increased by as'much as 10% to account
for unexpected loads or changes in
space usage.

73.1.10 Pick-up Loads. Transient
loads such as warm-up or cool-down
loads that occur after off-hour setbuck

or shutoff, may be calculated from basic -

prirciples, based on the heat capacity of
the building and its contents, the degree

of setback, and desired recovery time, or
mzy be assumed to be up to 305 for
keating and 10% for cooiing of the
steady-state design Joads.
752 System and Zquipment Sizing
7.3.2.1 “HVACsystems and .
equipment shall b sized to provide no
more than the space and system loads
require, ¢s caiculated in accordance

with section 7.3.1, .
7.3.2.1.1 Exceptions to Section

‘73.2.1:

{a) Equipment capacity may exceed
the design load if the equipment
selected is the smallest size needed to
meet the load within avaijable options
of equipment;

(b) Equipment whose capacity
exceeds the design load may be
specified if calculations demonstrate
that oversizing can be shown not to
increase annual energy use:

(c) Stand-by equipment may be
installed if controls and devices are
provided that allow stand-by equipment
to cperate avtomativ.lly crdy whan the
primary equipment is not operating;

(d) Multiple units of the same
equipment type, such as multiple chillers
and boilers, with combined capacities .
exceeding the design load may be
specified to operate concurrently oniy if
controls are provided that sequence o
otherwise vptimally control the
operation of each unit based on tooling
or heating load;

(e) For unitary equiprient with both
heating and cooling capability, only one
function, either the beating or the
cooling, need meet the fequirements of
this subsection. Capacity for the~Zier
function shall be, within available
equipment options, the smallest size
necessary to meet the load; and

(f) For buildings complying with
section 11.0 or 12.0, equipment of higher
capacity than the design load may be
specified if the oversized equipment is
modeled in the building energy analysis
of the proposad design and the proposed
design complies with the standards,

7.3.3 Separate Air Distrsbution
Systems »

73.3.1 Zones in a building that are °
expected to operate non-concurrently
for 750 or more hours per year shall
either be served by separate air
distribution systems, or off-hour controls
shall be provided in accordance with
section 7.3.5.3.

" 7332 Zones with special process
temperature and/or humidity
requirements shall be served by
separate air distribution systems from
those serving zones requiring only
comfort heating and/or cooling, ar
supplementary provisions shall be

included to allow the primary sysiems i
be specifically controiied for comiart
purposes only,

7.3.3.21 Exception i Section * LA

{a} Zones, requiring comsurt heanns
and/er eocling, thatare served by a
svstem primariiy usea for procees
temperature and humidity controi. need
not be served by a separate system if
the total supply air to these zcnes is no
more than 25% of the total system
supply air, or the zones total .
conditioned floor area is less than 10C0
HE

7.3.3.3 Zones having substantiaily
different heating or cooling load
characteristics, such as perirmeter zones
in contrast to interior zones, shail not be
served by a single multiple zone air
distribution system.

7.3.4 Temperature Controls

7.34.1 System Control, Exch HVAC
system shall include at laast one
temperature control device.

7.3.42 . Zone Controls. The suppiy of
heating and/or cooling energy to cach
zone shall be controlled by an
individual thermostat located within the
zone, »

7.3.4.2.1 Exceptions to Section
7.3.4.2

(a) Independent perimeter systems
may serve muitiple zones of the
primary/interior system with the
following limitations:

(1) Tke perimeter system shall include
at least one thermostatic control zone
for cach major building exposure having -
exterior walls facing only one
orientation for 50 contiguous feet or
more; and

{2) The perimeter system heating and/
or cooling supply shall be controlied by
thermostat controls located within the
zone(s) served by the system: and

(b) A dwelling unit may be considered
& single zone.

7.3.4.3 Zone thermostats used to
control comfort heating shall be capable
of being set, locally or remotely, by
adjustment or selection of sensors,
down to 55 °F.

7.3.44 Zone thermostats used to
control comfort cooling shall be capable
of being set, locally or remotely, by
adjustment or selection of sensors, up fo
85 °F. _

7.3.4.5 Zone thermostats used to
control both heating and cooling shai] be
capable of providing a temperature
range or dead band of at least 5 'F
within which the supply of heating and
cooling energy to the zone is shut off op
reduced to a minimum,

7.34.5.1 Exceptions to Section
7.2.4.5:
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(a) For tuildings complying with
. Section 11.0 or 12.0, dead band controls
are notrequired if, in the building
energy analysis, heating and cooling
thermostat setpoints are set to the same
value between 70 °F and 75 °F and
assumed 1o be constant throughout the
vear
{b) Special occupancy, special usage

or construction code requirements
where dead band controls are not
appropriate, adjustable single setpoint
thermcstats may be used; and

_{c) Thermostats that require manual
changeover between heating and cooling
modes,

3.5 . Off-hour Controls

7.3.5.1 Each HVAC system shall
have automatic control setback and/or
shutdown of equipment during periods
of non-use or alternate use of the spaces
served by the system. -

7.3.5.1.1 Exceptions to Section
73.51:

(a) Systems serving areas expected to
operate continuously:

{b} Where equipment with a full load
demand of 2kW ({6826 Btu/h) or less may
be controlled by readily accessible
manual off-hour controls; -

{c) Where setback or shutdown will
not result in a decrease in overall
building energy use.

7.3.5.2 OQutside air supply and/or
exhaust systems ghall be equipped with

motorized o gravity dampers or other
means of automatic volume shutoff or
reduction during periods of non-use or
slternate use of the spaces served by the
system,

73521 Exceptions to Section
7.3.5.2: .

(a) Individual ventilation systems
when design air flow is 3000 cfm or less:

{b) Systems that operate continuously:

{c) When restricted by code, such as
st combustion air intakes; or

{d) When gravity and other non-
electrical ventilation systems may be
controlled by readily accessible manual
damper controls.

7.3.52.2 Dampers may be required in
some climates to prevent equipment
damage due to freezing and/or to

‘provide proper warm-up control.

7.3.5.3 Systems that serve areas that
operate non-concurrently for 750 or
more hours per year shall have isolation
devices and controls for shut off or set
back of heating and cooling to each zone
independently. Isolation is not required
for zanes expected to operate
continuously or expected to be
inoperative only when all other zones
are inj tive.

73531 For buildings where
occupancy patterns are not known at
the time of system design, isolation
areas may be predesignated.

7.3.5.32 Zones may be grouped into
a single isolation area providing the

total conditioned floor area does not
exceed 25.000 ft 2 per group nor include
more than one floor.’ }

7.5.6 Humidity Control

7.3.8.1 U a system maintains specific
relative humidities by adding moisture,
a humidistat shall be provided.

7.3.6.2 lf comfort humidification is
provided, the system shall be designed
to prevent the use of fossil fuel or
electricity to maintain relative humidity
in excess of 30%. _
' 7363 U comfort dehumidification is
provided. the system shall be designed
to prevent the use of fossil fuel or
electricity to reduce relative humidity
below 80%. .

7.3.7 Muaterials and Construction

7.3.7.1 Insulation required by Section
7.3.7.2 and 7.3.7.3 shall be suitably
protected from damage. Insulation shall
be installed in accordance with the
Midwest Insulation Contractors ,
Association “Commercial and Industrial
Insulation Standards,” 1983.

73.7.2 Piping Insulation. All HVAC
svstem piping installed to serve
buildings and within buildings shall be
thermally insulated in accordance with
Table 7.3-1.

BILING CODE S480-01uidt
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Table 7.2-3
Hinimum Pipe lnsulation (Xn.)‘

r T e 1
| ] ! |
i Fluid } lrsutation | !
) Design | Concuctivity | somira{ Pipe Diazater (In.) !
| Operating | ] , ) ' |
| Temperature |} Y o Y 1 v T ; !
| .Range, °F . | Ccomcuctivity | Mesn Ratimg | ! - | | [
! | Rarge | temersture | Ruouts® | ted | 1e16 | 212 | S | 8 |
] ] stutin./Fhefe2 | O | wto2 | less | 2232 | tws | 86 |[ad |
: 3 } 1 1 13 1 M 1 ! ;
I . I
| Westing Systems (Steam, Stesm Comdensate, & Hot Water) |
: ] ] 4 1 ) L i I :
I v ! ! , ! | ] |- | | ]
| 3S1es80 | 0.32:0.3% | 250 | s | 28 | 25 | 30 [ 35 | 15 |
| 30 | gzv-a3 | 200 | W5 ] 28 | 2.5 | 2.5 | 3.5 | 3.5 |
| L6 | 0270300 | 150 | w0} 18 | s | 2.0 | 2.0 | 3.5 |
| w1200 | 0.25-0.29 | 125 oS | 1S | 15 | 1S | s | 1S |
| 100 | 0.2¢-0.28 | 100 | 85 | %0 | 1.0 | 1.0 | 1.5 | 1.5 |
t i 1 : 1 A 1 + 1 ¥ J
| : [
| Oomestic and Service ot Water SystemsS |
:‘ ] 13 t . i H H + i %
] [ ! f | | ! | ¥ |
| 105140 ] 0.264-0.28 P 10 ] TR R I S R - D R - S O | 1.8 |
: ] M s ) ; 1 1) 1 : :
] |
| Cooling Systems (Chilled Gater, Brine, & ﬂefrigemt)‘ |
} i ] i i ke 1 + ¥ - :
! ! A | | ] | | | !
z &0-55 | 0.23-0.27 | 73 ] 8.8 } .5 | 0.7 | 1.0 } 1.0 | 1.0 |
|  Selow 40 | 0.23-0.27 | 75 | 1.0 | 1.0 | 1.8 | 1.5 | 1.8 I 1.8 |
I I | | | | | | | |
L L] b t 1 1 1 1 ! ]

1.
2.
3.

4.

-For minieum thicknesses of stternstive insulation types, see Section 7.3.7.2.2.

Rurouts to irdivicual terminal units not exceeding 12 ft in length,

Applies to recirculating sections of service or domestic hot water systems ard first § f¢t from starm
tank for nomerecircuiating systems.

The required minimm thicknesses do rot consider water vapor tramnsmission end cordensation. Ad:hnml
insulation ard/or vapor retarders owy be nquind to limit water vapor trensmission. snd cordensatien.

BLLING COOE 6480-0%-C
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. 73721 Exceptions to Section from piping without insulation will not insulating materials having
F3T2 increase building energy use. conductivities more than of those shown

{a) For manufacturer installed piping
within HVAC equipment tested and
rated in accordance with Section 8.3;

{b) For piping conveying fluids at
temperatures between 55 °F and 105 °F;

{c} For piping conveying fluids that . .

have not been heeted or cooled through
the use of fossil fuels or electricity: and
(d) When calculations demonstrate -

that heatgalnnnd/o; heatlosstoor - .

Bquation 7.3=1
Where:

T = minimum insulation thlcknm fo;'}-xuteﬂal

with conductivity K in.
PR = pipe actuzl outside redius, in. -
t=insulntion thickness from Table 7.3-1, in.

723722 Alternctive Insulction
Types. Insulation thicknesses in Table
7.3-1 are based on insulation with
thermal conductivities listed in Table
7.3-1 for each fluid operating
temperature range, rated in accordance
with ASTM C 335-&4, “Test Method for

Steady-State Heat Transfer Properties of

Horizontal Pipe Insulations,” at the

mean temperature listed in the table. For.

-

C . TmPRX[1+YPRIk=1) .

" Kmconductivity of alternate material at the -

mekn rating temperature indicated in -
. Table 7.3-1 for the applicable fluid
tempersture range, Btu-in./h-"F-fi *

k = the lower value of conductivity listed in.
Table 7.3-1 for the applicable fluid i
temperaturs range, Btu-n./hF.ft ®

7.3.2.3 Air Handling System

. Insulation. Al air handling ducts.

in the Table 7.3-1.{or the applicable

fluid operating temperature range and at

the mean rating temperature showrn,
when rounded to the nearest 1/100th
Btu/h.*F.ft %, the minimum thickness -

“shall be determined in accordance with

Equation 7.3-1:

«

plenums, and other enclosures installed
as part of an HVAC air distribution

system shall be thermally insulatedin- .

accordance with Table 7.3-2 (This table
comes from Section 1005 of the 1885
Uniform Mechanical Code).
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Table 7.3-2

Minimsm Duct Insulation’

[

735>‘Q 5.6%

l ] i 1
| I I |
I | Cooling? | m:mg3 I
! _ b= T t Y i
| . buct Location ] | . I : o o
] C & Arnual | Irsulation . | . Ancuasl ). Insutation |
] | Cooting I R-value® | - sesting .~ | R-value® }
[ | Degree Days | fe2nCF/Btu | Degree Days' | ft2-n-Spgy |
| | Sasess % | ] sesess %r | ' |
} } } aaa t {
] . | oo : ! ; |- |
| Exterior of building | below 500 _ | 3.3 ] below1s00. | - 3.3 - !
| -] 500 to 1150 | 5.0 | 1500 to 4500 | - 5.0 |°
| | 1151 2o 2000 | R ] 4501'to 7500 | 65 .|
| | ebove2000. | 80 - | above 7500 | .. 8.0, |
} e } e } {
I I ] | o I
| inside of building | | | 1. ]
| envelope or in | 4 B N |
| unconditioned | l | 3 |
| spaces’ | t [ ~ | A 1
} T0° <aiS ] | Nore Requ'd ] t Nore Req'd }
| 48>=T00 > 18 | . ! 3.3 I -ee- | 3.3 |
| S | s.é. | eee | |
! | | ! ] ]
1 1 4 } ]

=
.

[

7.

Insulation R-values shown are for the irsulation as installed and do mot include film resistarce.
The required minisum thicknesses do not censider water ‘vapor transmission srd condensation.
Additiomal fnsulation and/or vapor retarders may be required to limit vapor transmission and

concersation. For ducts shich are designed to convey both heated snd cooled air, duct insutation

shall be as required by the most restrictive condition. Where exterior walls sre used as plemem
valls, wall insulation shall be as required by the most restrictive condition of this Section or
Section 5.0,

Cooling ducts are those desigmed to convey mechanically beat-d air or return ducts in such
systems.

Hesting ducts are those designed to convey mechanical ly heated air or return ducts in such
systess.

Insulation resiszance measured on a horizontal plane in sccordance with ASTM CS18-25 at a mean
terperature of 75 °F at the instalied insulation thickness.

TO is defined as the temperature difference at design conditions (see Section 7.3 1) between the
spece within which the duct is located and the design air tenperature in the duct.

Insulation resistance for runouts to terminal devices less than 10 feet in length need not
exceed 3.3 ft2-n-F/mtu. } : :
Unconditicned spaces include crawl spaces an attics,

_ RLAING CODE 6480-01=C
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7.3.53.1 Exception to section 7.2.7.3:

Duct insulation is not required in any of
* the foilowing cases:

{a) Manufacturer instalied plenums,
casings or ductwork furnished as a part
of HVAC equipment tested and rated in
accordznce with section 8.3; and

(b} When calculations demonstrate
that heat gain and/or heat loss to or
from ducts without insulation will not
increase building energy nse.

7.3.7.4 Duct Construction. All air
handling ductwork and plenums shall be
constructed, erected and tested in
accordance with the following Shaet
Metal and Air Conditioning Contractors
National Association (SNACNA)
Standards: HVAC Duct System Design
Manual, 1888; HVAC Duct Leakage Test
Manual, 1985: and Fibrous Glass
Construction Standards, 5th edition,
1979,

7.3.7.41 Ductwork designed to
operate at static pressure differences
greater than 3 in. W.C. shall be leak
tested and conform with the following
requirements of the HVAC Duct

Leakage Manual, 1985: Test procedures
shall be in accordance with those
outlined in section 5.0 of the manusal, or
equivalent: test reports shall be
provided in accordance with section 8.0
of the manual, or equivalent; the tested .
duct leakage class at & test pressure
equal to the design duct pressure class
rating shall be equal to or less than
leakage class 6 as defined in section 4.1
of the manual. Leakage testing may be
limited to representative sections of the
duct system but in no case shall such
tested sections include less than 25% of
the total installed duct erea for the
designated pressure class.

7.3.7.4.2 Where supply ductwork
designed to operate at static pressure
differences from % in. t0 2 in. W.C. are
located outside of the conditioned
space, including return plenums, joints
shall be sealed in accordance with Seal
Clase C. as defined in the SMACNA
manuals referenced above. Pressure
sensitive tape shall not be used as the
primary sealant for such ducts designed
to operate at 1 in. W.C. pressure
difference or greater.

7.3.8 Completion Reguirements

735.81 An operating and
maintenance manuai shall be provided
to the building owner. The manual shail
include basic data relating to the
operation and maintenance of HVAC
svstems and equipment. Required
soutine maintenance actions shall be
clearly identified. Where applicable,
HVAC controls information such as

diagrams, schematics, control sequence

descriptions, and maintenance and

calibration information shall be
included. '

7382 Air system balancing shall be
aceomplished in a manner to minimize
throttiing losses and then fan speed
shall be adjusted to meet design flow
conditions. Balancing procedures shall
be in @ccordance with those established
by the National Environmental
Balancing Buresu (NEBB), the
Association of Air Balancing Council
(AABC}. ur similar procedures.

73821 Excsption tosection 7382

(a) Dasnper torottling may be used for
air system balancing with fan motors of
1 hp or leas, or if throttling results in no -
greater than % hp fan horsepower draw
above that required if the fan speed
were adjusted. :
~ 7:383 ‘Hydronic system belancing
shall be zcoommplished in 8 manner to
minimize throttling logses and then the

p impeller shall be trimmed or pump
gpeed shall be adjusted to meet design
flow conditions.

v3.8.3.1 ZExceptions to section 7.3.83:
Valve throttling may be uséd for
hydronic systems balancing under any
of the following conditions:

(a) Pumps with pump motors of 10 hp
znd less: .

(b} If throttling results in pump
horsepower draw no greater than 3 hp
sbove that required if the impeller were
trimmed;

(¢) To reserve additional pump
pressure capability in open circuit piping
systems subject to fouling. Valve
tirottling pressure drop shall not exceed
that expected for future fouling: or

{d) Where it can be shown that
throttling will not increass overall
building energy use.

7.3.84 HVAC control systems shall
be tested to wssure that control elements
are calibrated, edjusted. and in proper
working condition.

7.4 Heating, Ventilation and Air-
Condilionirg {HVAL] Systemge=
Prescriptive Compiionce Allernative
74.1 Zone Controls

=431 Zone thermostatic and
humidistatic controis shail be capable of
operating in sequence, the supply of
heating and cooling energy to the zone.
‘The controls shall prevent:

24411 Rehesting (heating air that
is cooler than system mixed air};

7.41.1.2 Recooling (cooling sir that is
warmer than system mixed air):

7.41.1.3 Mixing or the simultaneous
supply of air that has been previously
mechanically heated and air that has
been previously cooled. either by
mechanical refrigeration or by
economizer systems: and

24.11.4 Other simultaneous
operation of heating and cooling
gystems to one zone. .

7.4.12 Exceptions to Section 7.4.1.1:

24.1.21 Variable air volume systems

that, during periods of occupancy. are

~ designed to reduce the air supply to

each zone o a minimum before
reheating. recooling. ar mixing during
periods of occupancy. The minirmum
volume setting shall be no greater than
the larger of the following: T

{a) 30% of the peak supply volume:

{b) The minimum volume required to
meet the ventilation requirements of
Section 7.3.1.4: and

(c) 0.4 cfm/ft® of conditioned zone -
area. In addition, supply air
temperzatures shall be automatically
veset based on representative building
joads or outside air temperature by at
least 25% of the difference between the
design supply air and room alr
temperature. Zones expected to
experience relatively constant joads,
such as interior zones, shall be designed
{or the fully reset supply temperature.
Supply air reset control is not required if
calculations demonsirate that it
increases overall building energy use:

24122 Zones where special
pressurization relationships or cross-
contamination requirements are such
that variable air volume systems are
impracticsl, such as some areas of
hospitals and laboratories. In these
cases, systems shall include automatic

.supply air reset contrels in accordance

with section 7.4.1.2.1 above:

. 74123 Atleast 75% of the energy
for reheating or providing warm air in
mixing systems is provided from site-
recovered encrgy that would otherwise
be wasted, or from non-depletable
energy SoUrces:

7.4.1.24 Zones where specific
humidity levels are required to satisfy
process needs, such as computer rooms
and museurns (see section 7.3.3.2): and

4125 Zcwes with e peak supply
air quantity of 300 cfm or less.

v4.2 Economizer Controls

2421 Each fan system shall be
designed to take advantage-of favorable
weather congditians to reduce
mechanical coaling requirements. The
system shall include either of the
following:

7.4.2.1.1 A temperature or enthalpy
air economizer system that is capable of
automatically modulating outside air
and return air dampers to provide up o
85% outs:de eir for cooling: or .

7.4.2.1.2 A water economizer system

" that is capable of cooling supply air by

direct and/or indirect evaporation. The
system shall be designed and controlled
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to te abi2 to provide 100% of the system
sooling {213 ut outside air temperarures
of 50 °F Zre-bulb/45 *F wat-bulb and
Selow. Zsck e2concmizer system shali be
s2pavle of sroviding pastial cooling
evsn when additional mechanicai
cooling is required to meet the
remainder of the cooling load.
74.21.3 Exceptions 1o Section
7422
{a) individual fan/cooling units with
supply capacity of less than 3.000 cim or
a total cocling capacity less than 90,000
Btu/h. The total capacity of such units
per building complying by this exception
shail not exceed 660,000 Btu/h per
building or 10% of the total installed
cooling capacity, whichevar is largen
(b) Systems with air or evaporatively
cooled condensers and for which one of
the following is true:
(1) The system is located where the
quality of the air, as defined in ASHRAE
Standard 62-1981, is sopoorasto  ~
requu'ed ire extensive treatment of the air,
an .
(2) Calculations indicate that the use
of outdoor air cooling affects the
operation of other systems, such as
humidification, dehumidification, and

- supermarket refrigeration systems and

-will incregse overall building energy
use; : : :

(¢) Culculations demonstrate that the

-overall building energy use for - _ e
alternative designs, such as internal/
external zone heat recovery systams,

-are less than those for an economizer

. sSystemu: ‘

{d) The system is Iocated where the
outdoor summer wat-bulb design
condition (2.5% occurrence, ASHRAE
Handbook, 1985 Fundamentals Volume)
is more than 72 °F and annual HDDs3
are less than 2,000; '

(e) Systems that serve envelope

_ dominated spaces whose design space
sensible cooling load. excluding
transmission and infiltration loads, is
less than or equal t transmission and
infiltration losses at an outdoor
tez&p;ranm of 60 °F; 4 |

ystems serving residentia spaces
including hotel/motel rooms:

(8) Cooling systems for which 75% of
its annual energy consumption is
provided by site-recovered energy that
would otherwise be wasted, or from
non-depletable energy sources: and

(h) The zone(s) served by the system
each have operable openings (windows,
doors, etc.), the openable area of which
i8 greater than 5% of the conditioned
floor area. This exception applies only
to spaces open to and within 20 f of the

o operable openings: Automatic controls

shall be provided that lockout sysiem
mechanical cooling when outdoor air
temperatures are less than 60 'F,

7422 Eccaomizer sysiems shall be
capable of providing partia} coaoling
even when additional mechanical
couiing is required tc meet tha
remainder of the cooling load.

74I21 Excapiions to Secticn
rd22 |

{a} Direct expansion systems may
include controls to reduce the quantity
of outside air as required to prevent coil
frosting at the lowest step of compressor

- unloading. Individual direct expansion

ucits that have a cooling capacity of -
180.0C0 Btu/h or less may use
economizer controls that preclude
economizer operation whenever
mechanical cooling is required
simultaneously: and

(b) Systems in climates with less than
750 average hours per year between 3
a.m. and 4 p.m. when tha ambient dry
bulb temperatures are between 53 °F
and 69 °F inclusive. See Attachment 5A
for climate data for 234 U.S. cities.

7423 System designand .
economizer controls sha!l be such that
economizer operation does not increase
the building heating energy use during
normal operation.

7.4.2.3.1 Exception to section 7.4.2.3-

(a) At least 75% of the energy for
heating is provided from site-recoverad
energy that would atherwise be wasted,
or fromrnon-depletabie energy sources.

. 74.3 Fan System Design Requirements,

74.31 The following design criteria
apply to all HVAC fan systems used for
comfort heating, ventilating and/or
cooling. For the purposes of this
subsection, the energy demand of a fan
is the sum of the demand of all fans that
are required to operate at design
conditions to supply air from the heating
and/or cooling source to the conditioned
space(s] and return it back to the source
or exhaust it to the outdoors.

743.11 Exceptions to section 7.4.3.1:

(a) Systems with total fan system
motor horsepower of 10 hp or less;

(b) Unitary equipment for which the
energy used by the fan is considered in
the efficiency ratings of Section 8.0; and

(c) Total fan energy demand need not
include the additional power required
by air treatment or filtering systems
with final pressure drops in excess of 1
in. W.C. , .

7.4.3.2 ° Constant Volume Fan Systen:s.

7.4.3.21 " For supply and return fan
svstems that provide a constant air
volume whenever the fans are operating,
the power required for the combined fan
system at design conditions shall not
exceed 0.8 W/cfm of supply air.

7w3.3 Varicdle Air Volume (17417
Tan Sys:ems.

7.4.3.3.1 For supply and razurm “un
systems that vary system air voiume
actomatically as a function of icad. t5e
pawerrequired by the moters for the
ccmbined system at desizn conditions
shali not exceed 1.25 W/cfm.

7.4.3.3.2 Iadividual VAV fans with
motors 75 =p and larger shall inciude
controis and devices necesaary for the
fan motor to control demand to no more
than'50% of design wattage at 507 of
design air volume, based on
manufacturer's test data,

7.44 Pumping Sys:em Design Criteric.

7.4.4.1 The following design criteria
apply to all HVAC pumping systems
used for comfort beating and/or cooling.
For the purposes of this section, the
energy demand of a pumping system is
the sum of the demand of all pumps that
are required to operate at design
conditions to suppiy fluid from the
heating and/or cooling soures to the
conditicned space(s) or heat transfas
device(s) and returs it ‘o the source.

74411 Exception to section 744

(&) Systems wilh total pump system
motor horsepower of 10 hp or less.

7.4.4.2 Friction Rate. Piping systems
shall be designed at a design friction
pressure loss rate of no more than 4.0 it
of water per 100 equivalent ft of pipe.
Lower friction rates may be required for
proper noise or carrosion control.

7443 Varioble Flow. Pumping

* systems that serve control valves

designed to modulate or step open and
close as a function of load, shall be
designed for variable fluid flow. The
system shall be capable of reducing flow
to 50% of design flow or less. Flow may
be varied by one of several methods,
including, but not limited to, variable
speed driven pumps, staged multiple
pumps, or pumps riding their

.characteristic performance curves.

7.4.4.3.1 Exceptions to section 7.4.4.3:

(a) Systems where a minimum flow
greater than 50% of the design fiow is
required for the proper operation of
equipment served by the system, such as
chillers:

(b} Systems that serve no mare than
one control valve; ' .

{c) Where the overall ‘building energy
use resulting from an alternative design,
such as a constant flow/variable
temperature pumping system. is no more
thz:in those from a variable flow system:
an .

(d) Systems that include supply
temperature reset controls in
accordance with section 7.4 52 without
exception.
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4.5 System Temperature Reset -
‘ontrols.

7.4.5.1 AirSystems. Systems

:upplying beated or cocled air to
nultiple zones shall include contrals
‘hat automatically reset supply air
emperatures by representative building
oads or by outside air temperature.
Temperature shall be reset by at least
25% of the design supply-air-to-room-air
remperature difference. Zones that are
expected to experience relatively
zomstant loads, such as intarior zones,
shall be desigmed for the fully reset
supply temperature.

7.4.5.1.1 Exceptions to section 7.4.5.1:

() Systems which comply with
section 7.4.1 without using exceptions in
sections 7.4.1:21 or 7.41.2.2 and

(b} Where it can be shown that supply
air temperature reset increases overall
building wnrual energy costs.

7.452 Hydronic Systems. Systems
supplying heated and/or chilled water
to comfort conditioming systems shall
include controls that automatically reset
supply water temperatures by
representative building loads {including
return water temperature) or by outside
air temperature. Temperature shall be
reset by at least Z5% of the design
supply-tostetum water temperature
difference.

» 4521 Exceptionstossction7.45Z
.{a) Systems that comply with section
7.4.4.3 without exceptiom -

(o) Where it can be shown thst sepply 1
texnperature reset inCTEEEES overell
building ennual energy vse;

(c) Systems for which supply
temperature reset cannot be
implemented without causing improper
. operation of beating. cooling.
humidification, or dehumidification
systems: of

(d) Systems with less than 600,000
Btu/h design capacity.

§ 435.108 Hexting, ventiistion snd sir-
conditioning (HYAC) squipment. :
&1 General

811 ‘This section contains minimum
requirements for fundamental to good
practice and/or the minizrum acceptable
state-gi-the-art in energy efficient
HVAC equipment.

g12 A building shall be considered
in compliance with this section if the
minimum requirements cf Section 8.3 are
metl.

2 Principles of Design

821 - The rate of energy irput(s) and
the heating or cooling output(s) of ell
HVAC products sbell be ascertained.
This information shall be based on
equipment in new condition, and shall
cover full load. parzial load, and standby

conditisns. The infarmatios shal elso
include performance data for modes of
equipment operation and at ambient
conditions &s specified in the minimum
equipment performanoce requirements
below. .

8.2.2 Source Systems

8.2.21 “To zllow for HVAC
equipment operation &t the highest

- efficiencies. conversion devices shall be

matched to load increments, and
operation of modules shall be
sequenced. Oversized or lerge scale
systems shail never be used to gerve
small seasonal loads [eg. a large
heating boiler to serve & summer service
water heatine lond). Specific “low toad”
units shall be incorporeted in the design
where prolenged use at minimal

8222 Storage techniques should be
used 10 ievel or distribute ioads that
vary on s time or spatial basis to allow
operation of & device at maximum {full
load) efficiency.

8223 All aquipment shall be the
most efficient {or highest COP) practical.
at both design and reduced capasity |
{part-load) operating conditions.

8224 Fluid temperatures for heating
equipment shall be as low as practical
and for cooling equipment as high as
practical, while meeting {oads snd
minimizing flow quantities. -

83 Minimum Regquirements

83.1 Eguipment Efficiency

B.3.14 Minimum Eguipment
Efficiency. Equipment shall have 2
minimum efficiency at the specified
rating conditions, not less than the
values shown in Tables 8.3-1 through .
8.3-10. Minimum efficiencies Ior
equipment using chiorofuorocarbons
{CFCs) refrigerants reflect the
assumption that the use of certain
refrigerants may be restricted because
of ozone layer depletion cancerns.

83.1.2 Data furnished by the
equipment supplier or certified under &
nationally-recognized certification
program or rating procedure may be
used ¢o satisfy these requirements.

2313 integrated Part-Load Value
(IPLV) iz the descriptor for part-ioad
efficiency for tertain types of
equipment. The IPLVs are found in the -
referenced AR! Standards. Compliance |
with minimum efficiency requirements

_ specified for certain HVAC equipment

shall inclnde compliance with part-load:
requirements as wel &s standard or full-
load reguirements.

8314 U natienally~recognized test
prooedures for combined equipment are
not available, efficiencies for service
water heating shall be determined nsing

data provided by equipment and
component m rs, exrploying
reasonable assumptions conceming
uncertain parameters.

8.2.15 Omission of minimum
performance regquirements for certain
classes of HVAC aquipment does not
preclude use of such equipment where
appropriate.

8.32 Field Assembled Equipment and
Components

8321 Where components, such as
indoor er outdoor coils, from more than
cne manufacturer zre used &s parts of a
cooling or heating unit. it shall be the
responsibility of the sveters designer to

ify component efficiencies, which
when combined will provide equipment
that is in compliance with the
requirements of these standards, based
on data provided by the component
manufacturers.

8.3.22 ‘Total on-site energy inputto
the equipment shall be determined by -
combining the energy inputs to all
components, elements, and accessories
including but not limited to
compressor(s), internal circulating
pump(s), condenser-gir fan(s),
evaporative-condenser cooling water
pump{s), purge devices, viscosity control -
heaters. gnd controls.

8.3.2.3 Hent-Operoted Water
Chilling Package. Double-eifect. heat-
operated water chilling packages shall
be used in lieu of single~effect
equipment, due to their higher efficiency.
except where the epergy input is from
low temperature waste-heat or non-
depietable energy sources.

233 Eguipment Controls

8333 Heat pumps equipped with
supplementary rasistance heaters for
comiort heating shall be installed with a
control to prevent hester operation
when the heating load can be met by the
heat pump. A two-stage room
thermostat, that controls the
supplementary heaton its second stage.
will meet this requirement. :
Supplementary beater operation is
permitted where it canrbe shown that
supplementary hecting reduces energy
use. Supplementary heater operation is
permitted during short ransient periods
of less than 15 minutes during defrost
cycles.

83333 Controis shall provide a
mesns of activating the supplementary
heat source on an emergency basis and
a visible indicator shall be provided to
indicate the emergency heat status.

8334 <Cooling Equipment Auxiliary
Controis. Evaporatar coil {rostng and
excessive compressor tycling at part-
Joad conditions shall not be controlied
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By use of either hot gas by-pass or
evaporator pressure regulator control.
&3.4 Comfort [{eatlny Equinment

8.3.4.1 The designer shail obtain data
and information from ‘1 manufacturer
of electric resistance comiort heating
equipment regarding fuil-load and part-
load energy consumption of the heating

k;quipz:nent over the range of voltages at

which the equipment is intended to
operate, All auxiliaries required for the

operation of the heater equipment such -

as, but not limited to fans, pumps,
viscosity control heaters, fuei handling
equipment, and blowers shall be
included in the energy input data

‘ provided by the manufacturer(s).

8.3.5 Maintenarice

8.3.5.1 Provisions shail be made to
provide necessary prevertive
maintenance informadton o maintain
efficient operation of all HVAC
equipment.
BILLING CODE 8280014
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- , Table 8.3-1 :
" ‘ Stardard Rating Conditions and Minimsm Performance
- Unitary Air Conditioners snd heat Pums - Air-Cooled, Electrically-Cperated
<135,000 Btu/h Cooling Capscity - Except Packaped Terminal and Room Air Conditioners

H 4 H o ‘]
! | l I | I
{ Reference | Catepory |Phases| Subcategery ¢ Rating Cordition | Hirvigm |
| Standards { ] ! (Outdoor Temps. °F) { Performence |
F — $ f t i
! | T ! I : : | -
| | «45,000 Brush 1 | Sepsonal Raring! | |
| | ! ! - ! l
| AR1 210-81 | cooling Capacity | 1 | SplitSystem | 10.0 .SEER |
! ' 1" S I | I l
| ARI 260-81 | Cooling Mode | | Single-Package ! 9.7 sEER ] -
l R ; ; ? {
| &1 2107 | o | ] | 1
j 260-84 | -<&5,000 srusn | | Stendard Ratimg ] ]
! ] . | I l . I
| | cooling Capscity | 3 | split-System L Single-pkg. | 9.5 EER |
| | | ! ! |
| . .| Ctooling Mode ! | lngegratred Ppre- val gy | |
: . | l l o
| ‘ | | Split-System & Single-Pkg. ] 8.5 Ly |
I : B : :
l. I . l ' 'M“\—.._.._ ' I
] | 265,000 <135,020 Btwh | | $zendard Revi TTTTT 8.9 EER ]
! ;. ’ | t - ; { -
| | Ccooling Moge | All | Intecrsted Part-oad Value (80 cb) | &3 1PLV |
l - E— ‘ : |
I | , I | | I
| | «45,000 Brurh - | Seesons! Rating} ] |
| | | | ! I
] | Cooliny Capacity | 1 | Split-Systems | 6.6 nsPF |
l | - | | | !
{ | Hestirg Wode (Hest Pumps) - | | Simgle-Package ] 6.6 wsPF |
! F t ? 1 { -
! | I | | |
| | <65,000 Bruh i | $plit-Sverem ¢ Sinale Pkg, | ]
| I . ' I | : I A
] " | cooling Capscity | 3 | High Temo. Rating (47c8/43wd) ] 3.0 cop |
l I : I | b |
] .| Hesting Wode ] | Low Temp. Rating (17cb/15/wb) ] 2.0cop |
l } : ? t i
I | ! I | |
] | 265,000 «135,000 Btwh | | Split-System ! Single Pkg, ] |
| | ! | I |
| " | Ceoling Capacity | ALl | High Temp. Rating (47db/4Sub) | 3.0 oo |
| | - ! o i I
| | Mesting #Hode | | Low Temp. Rating (17cd/15uwb) | 2.0 co@ |
L 3 1 - ! J

1. To be consistent with Nationsl Applismce Energy Comservation Act of 1987 (Pub. L. 100-12)
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"Table 8.3-2 ,
Standard 2ating Conuivians and Minimusm Perforcance
unity Air Conrditioners and Heat Puncs - Evaporatively-Cooled, Electrically-Cperated - Cooling Mode
<135,000 Btu/n Coolirg Capscity - Except Packaged Terminal and Rooam Air Corditioners

RBtwh

[ i 3 i 1
| | . | | |
| Reference | Category ] Rating Condition °F | Ninimum I
| starcards ] | Incoor Temp, Outdoor Tesp. | Performmnce |
, ] } m—— —]
l 1 | S x 1
| | «5,000 Btwh | Stondsrd Rating | |
| | _ | : : I 1
| ARl 210-81 | Cooling Cupacity | 30ch/67wd 95/ 7Sub | 9.3 EER |
| I t } {
] I | . | | -
| | «5,000 stwh . | inteqrated Part-Load Value (80db/67wb) | 8.5 tpLy |
| f - } {
| | | | !
[ arr 210/ | 265,000 <135,000 | Standard Rating | I
| 2m0-& | | 1 |
| ] gtusn | 80/ 87wbd Scd/7Sub | 10.5 EER l
| : : ; ; ;
] | | R |
i cu 201 (886 | 265,000 <135,000 | nt ted Part-Load Yalue (ROUh/67v5 i .7 1PLY i
I |- | ' | |
| | ! I |
] ¢ 1 b

[ -
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Table 8.3-3
Starciard Reting Conditions & Minisum Perforsence
Yater-Cooled Air Conditioners and Heat Pumes -Cool ing Mode
<135,000 Brw/h Coolimg Capacity « Electrically-Gpersted

f R 1 : ' I
Lo neference | Category ] Rating Cordition °F | Kinismm
| - Standsrd 1 ' | indoor Air Entering Water | Performance
| ; ; z
] o | B . ] I : 2
| uater-Source | <£5,000 Btw/h . | - §tendargd Reging |
] Hest Pusps | Cooling Capecity | 80av/En ‘ & | 9.3 EER
! : I B S F meassaamearsnte ‘ -t
! ART 320-86 . | ] hou Tempersture Rating |
| L i i oL |
| CT1.20%- (%) - | | 80cvé7ub - , S | 10.2 ER
N Coe ) } - . — ;
| | >65,000 <135,000 Btwh | ' Stengard Reting !
B | cooling Capacity | 20ce/6Tud : g5 | 10.5 e
b ¢ : e :
! | ] ' " |
| Srounduater~Cooled | ! Stardargd Rating |
! ' ! : | ¢ -
. : ‘
i Heat Pures | <135,000 Bu/h | 70 F Entering Yater i 11.0 €ER
| ‘ | } :
1 AR] 325-85 | Cosling Capacity I Low Terperatyre Rating |
| | | A
| ] ] S0 F Entering uater ) MSEm
? ; : :
I g ! ' I
| vater-Cooled | | © §terciarg Rati I
] ] i - : S I
] - Unitary | <45,000 Btush | 80db/6Twd 8 | 9.3 EER
| a X o . :
|  Afr Conditioners | Cooling Capacity ] ntecrated Pert. value N
i | | ' !
| ART 210-81 ) l .75 F Entering Water | 8.3 1PLY
! ' $ - ~ -
| ARI 210/260-84 | 265,000 <135,000 Btum | Stendard Rating !
| ) | o |
] £T1 201 (86) ] Cooling Capacity | eoch/éTwn g8 | - 0.5 EER
i N 1 . L] H

e e e e b i — et ol e — ——— s i e it e s ——e e o s - i s whs iy ettt Sl s . aa et bt ottt Vo s
. v N
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Table 8.3-4a
Standard Rating Canditions and Ninima Pertormenrce
Packaged Terminal Air Conditizrers and hest Pups
Air-Cooled, Electrically-(parsted

T T T
- . | !
Refererce | - Category | Subcategory & Rating Condition ] i mum
Standards | ] (Outdoor Temps. °F) ] Performerce
} ; }
| o . | .
. | - PTAC'S. & PTAC M.P.'s? i Staraard Rating (95 db) | -10.0-¢.16 x Cap.
ant 310-87 | Cool ing. Mode I ‘ | ¢BTwh)/1000) EER
. [1 . [l . 1.
1] L] . .
] | Low Temp. Rating (&2 amy! | 12.2-(.20 « cap.
| I _ ] (Bruny/1000) £ER
1 | T
g t . 1 . i
AR 380-87 | PTAC H.P.'s - Heating Mode |  Standard Rating (47cb/a3ubd) - | 2.7 cop
. § . 1 ) N :

1. For mlti ~capacity oqu:ment thc minimam performence shall apply to. each capacity step provided arnd

2‘

allowed by the controls.
1f the unit's copacity is .ess than 7000 Stu/n, use 7000 Btwh in the calcutanon.
is greater than 15000 Stush, we 15000 8twh in the calculation,

l_f the unitts capacity ‘

b S el a s dohn —ir mais e todar ra— o— 2wl
' . :
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Table 8.3-4b o
Sterciard Rating Conditions & Minimm Performence
Room Air Cornditioners and Room Alr Corditioner lest Pumps

1 4 L i i

| . ] | |

| Reference | Category | . dinimm Performance’ ]

| assi/amam maC-4-82 | | -

i 1 [ i

1 & } 1

J | dithout Reverss Cycle and With Lowversd Sides | |

! | - I |

| | < 6000 stwh | . 8.0 €28 1
| | , | , |

| | 2 6000 < 8000 Btu/h | 8.5 EER |

| | ' | I

| | 2 8000 < 16000 Btuh 1 9.0 EER |

| i | I
] | 2 14000 < 20000 $twh | 8.8 EER ]

I | ' I : |

] | 2 20000 Btwh ] 8.2 EEr ]

| [ | P
! F t !

| | without Reverse Cycle secd Without Louvered Sides | - |

! | ' I |

| | < 6000 Stwh 1 8.0 EER |

| I : 1 |

| | 2 6000 < 20000 Btwh - | 8.5 EER |

| ] l , |

| | 2 20000 Btum | 8.0 EER |
! } i { .
| | with Reverse Cycle ardd With Louvered Sides i 8.5 EER |

! — t . {

] | wWith Reverse Cycle, Without Louvered Sides | 8.0 EER |

{ L I J

1. To be consistent with Mationsl Applisnce Energy Conservation Act of 1987 (Pub. L. 100-12).
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Table 8.3-5
Standard Rating Conditions ard Minimum Performance
Water-Source and Grouncsater-Source Heat Purps - Electrically-Cperated
<135000 Stw/h Cocling Capacity ’

{ ] - i ]
! | I I
] Reference | Rating Conditien °f! ] Hinimm |
] Standards ] | . Performence |
| : : -
! I ‘ | 1
| - water-Scurce | Standard Ratirmg ] 1
| | | |
| Heat Purps | 70 F Entering Water? | 3.8 cop |
| ! | |
| ARl 320-85 | | |
l I | l
| et 20 (8) | I |
! l ; {
| Groundwater-Source | 1. High Temperature Rating | |
I | : - !
| Heat Pumps | 70 F Entering Vater? ] 3.4 Cop |
I l , } i
] AR 325-85 | 2. Low Terperature Rating | ]
! | ! \ }
| } SO F Entering Mater? I 3.0 cop ]
{ 3 H H

e
It 1. Air entering indoor section 70cb/60wd (mex.).
2. water Flow Rate Per Manufacturer's Specifications.
3

\-‘;,:‘,7’
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Table 8.3-6 .
Stardard Rating Conditions and Minimum Perforterce
Large Unitary Air Corgitiomers amc Weat Pumps - Electrically-Opersted
> 135,000 8TU/K Coolimg Casscity

Category/

Reference Stardards Hinimm Performence

Efficiency Rating

- T
|
I
+

| I ] Kl
! I | |

i | | |

| | I |

1 1 1) ]

i 1 t 1

I | I _ . !

| Air Corditioners 1 EER | < 750,000 Bzu/h > 760,000 Btuh |

! B t t —

| Air-Cooled ARl 360-65 | 1LY | 7.5 |

1 1 i ]

L) i i ]

| Afr Conditioners | EER . | 9.6 .
| Water/Evap. -Cooled } PLY ] 9.0 |

! - | !
| 4RI 360-85, cT1 201 (86) | [ |
F : i ! . {
| Heat Purps | | | |
Lo . | | | |

|- -Air-Cooled - Cooting i EER | = 760,000 Rrush | > 760,000 Btwh |

l : { 1 )I

I | 1PLY I 7.5 |
I ' T {

| =Air-Cooled - Hesting i P (47 Oy I 2.9 |

! ' I f {

| AR 340-84 | P (17 %) | 2.0 [

4 1 1 J

+ f ] 1

f Condersing Units | EER | 9.5 |

! ' f {

| Air Cooled AR! 345-87 ] IpLy ] 11.0 ] .
b fer } !
| Conderging Units | EER | 12.9 ]

| ' f : {

] uater/Evap, -Coocled ] 1PLY | 12.9 |

I | | |
1, i L J

AR 345-87, C€T1 201 (26)

{. For units that have a heating suctiqn. decuct 0.2 from all required EER's ard IPLV's.
2. Condersing unit requirements sre based on single-riurber ratings defimed in parsgrash 5.1.3.2
of AR] Stanclard 345-87. )
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. “able 8.3-7 v
o : Stardard Rating Congitions and Minimea Performance _ :
water-Chilling Packages - Water. amg Air-Cooled - Electrizally-Coeratea

N i B 1 1
I | ! ‘ | |
i Reference ] Category | efticiency Rating | Minimam |
| Stancards | ] | Pertformwnce |
I . T } - {
! | | - I
| | water - Cooled. I I ‘l
| | A T : " i
O] amiss0-s8 | .2 300 tons ] c» l 5.2 !
! | I f : {
| ARI 550-88 | | 1pLY | 5.3 I )
i } - t } !
| CT1 201 ¢8) | 2 150 Toms < 300 tons ] cee | 4.2 |
! | I ! !
| | | 1PLY | 4.5 |
! b t 7 i
| | < 150 tons ] = J | 3.8 |
t ! : } B =
i | o 1PLy | 3.9 |
; : H i 3
+ A H +
] | AirsCooled Vith Cordenser | | | .
| i : | | |
! ] > 150 tons - J P | 2.3 1
e f ! l t [ )
g f T 1
: | | 1 O i 2.5 |
| F t ! { g
| I < 150 ters } cop I 2.7 |
! | } T {
! | I W | 2.2 [
| f T ; !
| | Condensertess, Aie-Cooled | | |
! N ’ | I |
] | All Capacities ] coe ] 3. |
I | f % : i
I | | 1LY | 3.2 1
L i 1 ! ]

1. where R-22 or CFC refrigerants uith equivatent azone cepletion factors are used these
requirements are recuced to 4.7 CCP ard 4.8 IPLY (see Section 8.3.1.1)

%QTE: The lavels sbove are minimum performance leveis. Betler energy efficiencies may be
available, end their use is encoursged.
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‘ Teble 8.3-8 _
‘Standara Rating Conditiers and Winimum Performance = A o Vot
: Beilers: Gas- ard Oil-Fired . C. o e

Hinimm
“performmnce

Reference . - - Category ‘Rating Cordition

| DOE Test Procecurs Gas-Fired ARE .

10 CRR, Parg, .30 . | -<<300,000 Btwh goztes

PR

7 Dil-Fired .

wow

«300,000 Btwn Rating

AGR Z21.13-82 " GageFired 1. Mex. Rated Cap.?

K.l. Wtg. Bofler Std. 8 |  <300,000 Btwh . Stesdy-State

ASHE PTCL, 166 -

Uulie 79573 ° Stesdy-State -

Uol. 72675 Oil-Fired 1. wex. Rated Cap.?"

K.l. Htg. Sofler Std. & 300,000 Btuw/h . " Stesdy-State:

ASHE PTC 4,164 2. Min. Rated Cap.2

sfendy'szatc

H.i. Htg. Boiler Ofl-Fired 1. Max. Rated Cap.®

Std. 8 (Resicdual) Steady-State

ASME PTC 4.1-64 2300,000 Btuh

2. Kin. Reted Cap.z

S}tndr- State

. "
v o e e s s s fe e . e e s s e e e s Wit et s et ol e St s g ooenn ettt ‘et e e o Ve o]

{

]

]

i

!
t

!
L
l .
?

i

|

|

i 2. Win. Rated Cap.2
l . .
|

i

|

!

i

1 -
!

i

|

i

|
.'-
]

e e s g s e oo e e - -l — — s e e o fn wr v o e - - — — ol —— — — ]
m
,ﬂ'\ - .
e i e e i maiandErn R P PAPR VARSI S ——

1. To be consistent with Hatidmal Applisnce Energy Conservation Act of 1687 (Pub. L. 100-12).
2. Provided end allowed by the controls. .

3. Except for gas-fired stesm boilers for shich minimum AFUE is 75X,

4. E, ® combustion efficiency, 100X - flue losses.
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Table 8,3-9
. Standard dating Corditiors and Minimum Performence
warmAie F«rmcu‘ and Cobination Warm-Air furraces/Air-Corditioning Units

he e v ana whis s dm—n o e alhn tmam S a—

e e e e e e e . —h e— a— —

- 2.

i € i iv
| | i L I o
] Referance - - | Category - } - Ratimg Condition | Ninissm
] ' | | I Performence
I ? ¥ 1
| | : | |
| OOE Test Procedure | =~ Gas-Fired | Seasonal ] - AFUE
| : ! . °; ’ . e g ! .o
| 10crm, Part 30 |  <225,000 Brwn | Reting ] mx s
! N t t :
| App. ¥ . | Oil-Fired . [ - Seasoral | amse
] RO AT N
! | <225,000 Btwh | . Rating ] -8
[ ! (- - 4
H i 1 4
| AGA 221.47-83 | Gas-Fired | 1. Max. Rated Cap.? | £ |
| N l | B
| | 2225,000 8tuh } Steady-State ] 80% ]
| o f ? {
] I | 2. wWin. Rated C2p.? | Ewt
! I ! . |
] ] ] Steady-State ] g~
{ ! ] 1
¥ i ) +
| u.L. 72786 | Oii-Fired | 1. mex. ated Cap.? | £,
| o ' ! | .
! | 2225,000 Btwh | Stesdy-State b Bi%
! ! : < b )
| l | 2. Win. sated tap.? - | R
| | | . |
] | ] Steody-State } R 13
[ 3 1 1
1. 7o be consistent with Natiomel Applisnce Energy Cornservetion Act of 1987
(Pub. L. 100-12).
Provided anct allowed by the controls. .
3. Minisam performance requiremt: for furnaces <45,000 8tush capscity sre to be
established by DOE under Pub. L. 100-12.

‘0

E, » theroml efficiency, 100X - flue losses.
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Taeble 8.3-10
Warm Alr Duct Furraces and Unit Westers

-

Hinisum
Perforeence

Rating Conditions

Reference Category

" AGA Z83.9-8 | Duct Furnaces 1. Wax. teted cap.!

Gas-Fired Steady-State

. 2. Min. Rated Cap.!

Stesdy-State.

‘AGA 2£3,8-85 Unit Hesters Max. Rated Cap.)

Gas-Fired Steacly-State

2. Min. Rated Cap.!

$teady-State

u.L 731-75 Unit Neaters 1. vus'x. fated bp.‘

© . Qi{+Fired Steady-State

2. #in, Rated c-u:.‘

[ e s ot W—- i —— - b o — e s s soirs i e wr——, G— —— —— ot amtn. S o s ey e o)
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3 ¢35.10§, Service water heating systems,

2.1 Generc!

9.1.1 This section contains minimum
und prescriptive requirements for the
design of Service Water [{eating
Systems, :

9.12 A building shall be considered
in compliance with this section if the
following conditions are met:

8.1.21 The minimum requirements of
section 9.3 are met: and

9.1.2.2 The Service Water Heating
System design camplies with the
prescriptive criteria of section 9.4.

8.2 Principles of Design

© 821 Showerheads shall be designod

to provide and maintain user comfort
_..and energy savings. They should not use
removable flow restricting inserts to
meet flow limitation requirements,

922 Point of use water heaters shall
be considered where their use wiil
reduce energy consumption and is life
cycie cost effective. '

9.2.3 High temperature condensats,
when returned to condensation pump

" tanks or other vented tanks. will have a

vertain portion flashed into steam. thus
wasting energy. To conserve this energy,
a heat exchanger shall be considered for
use in the condensate return line to heat
" or preheat the service water, cool the
condensate, and prevent flashing.
8.2.4 Storage may be used to

optimize heat recovery when the Jow of

“the demand for heated water. or when
energy use for water heating can be
shifted to take advantage of off-peak
rafes.

. heat to-be recovered is out of phase with

9.3 Minimum Reguirements
9.3.1 Sizing of Systems

8.3.1.1 Service water heating system
design foads for the purpose of sizing
and selecting systems shali be
determined in accordance with the
procedures described in chapter 54 of
the ASHARAE Handbook, 1587 HVAC
Systems and Applications Voiume. or a
similar enmputation procedure.

9.3.2 Equipment Efficiency

- 83.2.1 All water heaters and hot
water storage tanks shail meet the
criteria of Table 9.3-1. Where muitiple
criteria are listed. all criteria shal] be
met. Where no criteria are provided. no
requirements need be met.

BRLING. CODE $450-0 144
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Table 9.3-4
Standarg Rating c...ndtts s & Minioum 9erfor=~:nce of Water Heating Cquipment (Cont.)

! t

; }i Tvpe ; {m‘mu Perfcrmeg

F T 4 T 4 A;phcaclc Test Procedure } ]
i | I | input | 1 }
| Class | Fuel .| Copacity | Rating | } ]
i » . * ] + [ i L
f b : | ! | 1 o
| unfired | B SR 1 S A YU Foe H |
| Storage ! | voiume | Inputs | b : —
i ! t I I -1 w5
i . I i | 'l '1 !s:wn-fcz ! .
i Inetantanscus? ; Ges | - i Att ; " ARST 221.10.3-19% ; £, i - i
f ! } | Inpues | ; - —
! LT EIE
| [ oiscitt | | A} be | - !
l oot} o | tnpues | ——— [
| T I
l ool [ Gasz- | au E ARSE I28.56-19%8 [ & | - 11
! { ot ' - | Inputs | —— ]
i ? E ! il B

Notes for Tabie 9.3-1:

,Terma Defined: : _

1. EF = Energy factor, overatl heater efficiency by OCE Test Procecure
€¢ = Thermal efficiency with 70 OF, of
E. ® Combustion efficiency, 100% - flue Loss when ssoke » 0 (trace is perm:ted)
SL = Stancby loss based on 80 °F, sor m:perhowbasndonrmxml%”? a7
R = Kea? loss of tank surface sres - .
V = Storsge volune in gallons

2. an instantaneous water hutes' is & device uith an uput rate greater than 4000 8tu/h per ~
galion of water stored and less than 10 saunm £¢ storsge capecity.

uu...eomms—c
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2.3.2.1.1 Exception to-section §.3.2.1

(a} storeze water heaters and hot
water storzge tanks having more than
500 gallons of storuge capacity need not
meet the standby loss {SL) or heat loss
HL) requirements of Table 8.3-1 if the
tank curface ares is thermaily insulated
to R=12.5 and if a standing pilot light is
not used. .

8.3.L.2 Fect Trops. Storage water
heaters not equipped with integral heat
traps and having vertics! pipe risers
shi«ll he installed with heat traps on

‘both the inlet and outiets. The heat trap

shzll be installed directly, or as close as
possitle to the outlet fittings. Circulating
sysiems need not employ heat traps.

- 9.3.22.1 A heat trap may take the
form of a bent piece of tubing that forms

a loop of 260 degrees: an arrangement-of —

pipe fittings, such as elbows, conzected
so that the inlet and outlet piping make
vertically upward runs just before
turning downward to connect to the
water nester's inlet and outlet fittings: a
commercially available heat trap: or any
other type that effectively restricts the
naturul tendency of hot water to rise in
the verticul pipe during standby periods.
8.3.2.22 \Vhen the water heater
outlet is directly horizontal out of the
tunk. or is piped with an elbow on the
vertical outlet and then downward, this
piping arrangement itself is effectively a
neat trap and a separate heat trap is not

* then needed.

8.3.53 Piping Insulation

9.3.2.1 For circulating systems,
piping insulation shall conform to the
requirements of Table 7.3-1 or an
equivalent level as calculated in
accordance with Equation 7.3-1.

9.33.2 For non-circulating systems, =
the first 8 ft of piping from a storage
system that is maintained &t a constant
temperature shall be insulated in
accordance with Table 7.3-1. oran
equivalent level as calculated in
accordance with Equation 7.3-1.
Systems without a heat trap to prevent
circulation due to natural convection
shall pe considered circulating systems.

8.3.4 Controls

8.3.4.1 Temperature. Service w;ater
heating systems shall be equipped with

- temperature controls capable of

N

adjustment from 90 °F to a temperature
setting compatible with intended use,
except for svstems serving residential
dwelling units may be equipped with
coutrols capable of adjustmerit down to
110 °F onlv. (See ASHRAE Handbook,
1987 Systems and Applications Volume.
Chapter 54.-Table 3).

8.3.4.1.1 Where temperatures higher
then 120 °F are required at certain :
outlets for a particular intended use,

separate remotc hesters or booster
heaters shall be installed for those
outlets unless it can be shown by
calculation thet either energy is not
saved by the application of this’
requirement or that the totul cost over

“the life of the equipment is not reduced.

9.3.4.1.2 Circulating Hot Water

Systemns and Heated Pipes. Systems
designed to maintain temperatures.in
hot water pipes. including circulating
hot water systems and heat tape on
water pipes, shall be equipped with
automatic controls that can be set to
turn off the system when hot water is
not required.

8.3.5 Equipment end Control
Regquirements for the Conservation of
Hot Water

8.3.5.1 Showers used for other than
safety reasons shall limit the maximum
hot water discharge to 2.75 gpm when

. tested according to ANS/ A112.18.1M=-

197%. “Finished and Rough Brass
Plumbing Fixtures”. The designer shall
evaluate the use of lower flow
showerheads than 2.75 gpm. particularly
for heavily used facilities. Removable
flow restricting inserts shall not be used
in showerheads to meet this criterion.
When flow restricting inserts are used
&s a component part of a showerhead,
they shall be mechanically retained at

the point of manufacture. [Mechanically V

reteined means a pushing or pulling
force to remove the flow restricting
insert at 8 pounds or more.] This
requirement shall not apply to
showerheads that will cause watser to
leak significantly from areas other than
the spray face, if the flow restricting -
insert were removed.

* 8.3.5.2 Lavatories in public
restrooms, with the exception of .
lavatories for physically handicapped °
{»:rsons. shall be equipped with devices

at: . ’

8.3.5.2.1 Limit the flow of hot water
to either:

{a) A maximum of 0.5 gpm:

(b} 0.75 gpm if a device or fitting is

-used that limits the period of water

discharge, such as a foot switch, fixture
occupancy sensor; or

{c) 2.5 gpm if equipped with & sell-
closing valve;

8.3.5.2.2 Either be equipped with a

foot switch or occupancy sensor or

sitmilar device or limit delivery with a
self-closing valve or a foot switchto a
maximum of 0.25 gallons of hot water for

- circulating systems:

8.3.5.23 Limits delivery with & sell-
clozing valve or a foot switch to a
maxymum of 0.50 gallons for non-
creulating systems: and

9.3.5.2.4 Limits the outlet
temperature to a maximum 110 °F.

8.3.6 Swimming Pools

8.3.6.1 Pool Heaters. All pool heaters
shall meet the criteria of Table 9.3-1 and
be equipped with a readily accessible
“on-off"" switch to allow system shut-off
without adjusting the thermostat setting
and. when applicable. allow restartirg
without manually relighting the pilot
light. ’

8.3.6.2 Pool Covers. Outdoor heated
swimming poois shall be equipped with
& pool cover. However, pools deriving

" over 70% of the energy for heating from

non-depletable sources or from recovery
of energv that would otherwise be
wasted {computed over an operating
season) need not be equipped with pool

covers.

9.3.6.3 Time Switches. Time switches
shall be installed on ell swimming pool
pumps and all electric swimming pool
heaters. These switches shell allow for
the shutdown of heaters during hours of
peak utility demand except asis ~
pecessary in peak period operation to
maintsin water in a clear and sanitary
condition in keeping with applicable
public healith standards.

8.3.8.3.1 Exceptions to section 8.2.5.5:

{a) Where public health standards
require 24 hour operation of pumps: and
. (b) Pumps are required to operate
solar pool heating systems. -

9.4 Service Hot Water Heating
Systems--Prescriptive Compliance
Alternative

9.4.1 Combination Service VWater
Heating/Space Heating Equipment

£.4.11 Water heaters used for
combination service water and space
heating shall meet the appropriate
minimam efficiency requirernents of
both section 8.3 and 8.3. ’

8.4.1.2 Combiration space heating
and service water heating equipment
shall only be used when at least one of
the following conditions is met:

8.4.1.21 -where the annual space
heating energy use is less than 50% of
the annual service water heating energy
use;

8.4.1.2.2 where the energy input or
storage volume of the combined boiler
or water heater is less than twice the
size of the gmaller of the separate
boilers or water heaters otherwise
required:

9.4.1.23 where calculations show
that the combined system uses no more
energy than separate svsiems that meet
the requirements of sections 8.3 and 8.3;
or

8.4.1.24 where the inpu! o the
combined boiler is less than 150,000
Btu/h.
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8.4.1.3 Coumbination function
equipment fspace heating, sesvice water
Sheating, couilng, etc.) shall comply with
minimum atficiency reguirements in
accordance with nationally recoynized
test proanuires. Where such procedures
are not av.:ubie for particular
eyuipment cesigns, compiiance shall be
determined 5ased on the function
represensing the maximum annual
enargy consumption. using data
provided by equipment and component -
manufacturers.

942 Additionc! Equipment Efficiency
Measures '

9.4.2.1 Electric Water Heaters. In'
applications where water temperatures
not greater than 145 °F are required. an
sconomic evaluation shall be made on
the potential benefit of using an electric
heat pump water heater(s) instead of
electric resistance water heater(s). The
analysis shall compare the extra costs of
the heat pump unit with the benefits in
reduced energy costs, less increased
maintenance costs, over the estimated
service life of the heat pump water
henter. :

8.4.2.1.1 Excsption to section 9.4.2.1;

{a) Electric resistance water heaters
used in conjunction with site-recovered
or non-depletable energy sources ar off-
peak heating with thermal storage.

8.42.2 Gas-Fired Water Heaters. All
gas-fired storage water heaters that use
indoor air for combustion or draft hood
dilution and that are installed in a -
conditioned room shall be equipped
with a vent damper unless the water
heater is already so equipped. Unless
the water heater has an available
electrical supply, the installation of such
& vent damper shall not require an
electrical connection. The vent damper
shall be listed as meeting appropriate
ANSI standards and shall be installed in
accordance with manufacturer's
instructions and local codes.

9.4.221 Exception to section 9.4.2.2

(a) where the cost of the damper

- exceeds the value of reduced energy

costs over the damper’s lifetime.

9.43 Use of Waste Heat. Solar Energy,

and Thermal Storage

8.4.3.1 An evaluation shall be made
of the potential for the use of condenser
heat, waste energy, solar energy, or off-
peak heating with thermal storage to
reduce water heating energy cost.

9.4.3.2 Storage shall be used to

- optimize heat recovery when the flow of

heat to be recovered is out of phase with
the demand for heated water, or when
energy use for water heating can be
shifted to take advantage of off-peak
rates.

§435.110 Energy management.
10.1 Generol

30.1.1 This section contains
minimum requirements for building
energy management systems. [t _
describes the energy measurement,
control, testing and documentation that

shall be provided to the building owner. -

The intent is to minimize energy use by
providing the building operatar «w'th
design. construction and equipment

. data, along with a means of testiny the

completed facility.

10.1.2 A building shall be considered
in compliance with this section if the
minimum requirements of Section 10.3
are met-

102 Principles of Design

10.2.1 Energy Mancgement Control
Systems '

102.1.1 An energy management
control system is critical to the effective
management of building energy. Energy
management systems require
measurements at key points in the
building system and must be capable of
part-load operation recognition and be
equipped with controls to match svstem
capacity to load demands. -

'10.2.1.2 Controls cannct correct
inadequate source equipment, poorly
selected components, or mismatched

- 8ystems. Energy efficiency requires a

design that is optimized by realistic
loads prediction, careful system
selection, and full control provisions.

102.2 Building Operating
Documentation

10221 The building construction
drawings and specifications must show -
system types, sizes, performance
criteria, controle, and materials intended
for use prior to construction. The system
designer shall provide or specify that
documentation be provided for the .
education and guidance of the building
operator showing the actual elements
that have been installed, how they have
been installed, how they performed

during testing, and how they operate-as -

a system in the completed facility. Since
minimum energy use is the ultimate goal,
operating procedures are one of the
majar factors in controlling énergy use
in buildings. The activities of building
occupants and operators can result in

differences as great as two to one in the

energy consumption of essentially
similar buildings. While neither the
designer nor these standards can control
the way the building is actually
operated, the designer shall contribute
to the education and guidance of the
building operator by including this
documentation in the contract

specifications,

13.2.2.2° The building operator shali
be provided with the following:

10.2.221 As-built drawings and
specifications:

10.2.2.2.2 Cperating manuals with a
schematic diagram. sequence of
operatinn-and systern-operating-criteria
fer each-and ali svstems installed: ‘

102.2.2.3 - Where the building -
systems a’e complex. a comprenensive
balancing and testing program and
report to demonstrate the energy.

_performance capabiiitiés of the system:

and

10.2.2.2.4 Maintenance manuals with
complete information for all major
components in the facility.

103 Minimum Requirements

103.1 Each distinct utility-provided
energy service shall be metered. This
shall apply to central and individual

‘tenant meters. Such meters shail be

located. or arranged. so that the meter
can be visually monitored. B

10.3.2 Each distinct commerciallv-
provided energy service shall have a
sysiem to measure and record the
amount of energy being delivered, based
on the energy content.

10.3.3 - The energy delivery systems.
shall be arranged %o allow individual
mesasurement of occupant lighting and
outlet services, production processes,
auxiliary systems, service water heating,
space heating, space cooling, and HVAC
delivery systems, ;

10.3.4 Provisions shall be made for
the measurement of energy inputs and
outputs (flow, temperature, pressure,
etc.] to determine equipment energy
consumption and/or installed
performance capabilities and
efficiencies of all heating, cooling, and
HVAC delivery systems equipment,
greater than 20 kVA or 60,00 Btu/h
energy input.

103.5 Energy Mecsurement

. Instrumentation

10.3.5.1 In buildings or tenant areas-
with electric service greater than 130

- kVA or fuel use greater than 500.000

Btu/h, energy use shall be measured for
electrical lighting, miscellaneous power
outlets, HVAC systems and equipment.
service hot water, and process loads
and when the peak use of:

10.3.5.1.1 Production processes.
including manufacturing, computers,
laundries, kitchens, etc., is greater than
100 kVA or 300.000 Btu/h:

10.3.5.12 Auxiliary systems and
service water heating is greater than 100
kVA or 300.000 Btu/h:

10.3.5.1.3 * Space heating (including
reheat) is greater than 100 kVA or
300.000 Btu/h;
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. 10.3.5.1.4 Space cooling is greater
:kan 1C0 XV A or 200,000 Bu/h: and

10.3.3.1.5 HVAC delivery systems is
sreater than 100 kVA or 300.000 Bu/h.

30.3.5.1.8 Exception to section
J0.5.5.4: .

{2) When there is an energy service
fer only 2 of the 8 categories listed. a
singie:measurement may be made for
the larger of the two energy services and
the second use determined by
subtraction from the primary service
megsurements, '

10.3.8 - HVAC System Controls

10.3.81 The designer shall designate,
specify, or otherwise show in the
construction documents the type of

controls and control systems needed. . . .

This shall include a description or
sequence of control of the system's
cperational procedures,

10.3.62 Controls may be electric,
pneumatic, electronic, or direct digital.
Control action may-be “on/off”, or
proportional that can use manual,
automatic, or remots resst-and can have
rate of action or derivative action
compensation as designated by the
designer. Control devices may be

-provided by the manufacturers of
equipment or by the field installers, but
all shall be compatible with the design
sequence of control The designer shall
designate accuracy and long term
requirements for controls. :

10.3.8.3 All primary energy
conversion equipment such as boilers,
neat exchangers, refrigeration units,
furnaces and heat pumps shall have a
ioad activated local control loop for
each piece of equipment. Controls for
multipie equipment shall integrate the
individual control units or provide
system control for all the units,

10.3.6.4 Al energy delivery systems
shall have a local control loop for each
svstem.

10.3.8.5 Energy consuming systems
cr components with a peak use greater
thanr 1 kW or 3.500 Btu/h shall be
provided with & means of shut-off when
occupancy or weather conditions do not
require its operation.

10.3.8.8 The control equipment
provided for local control loops except
for “on/off” and self-contained sensor
devices shall be arranged so that
sensing, control action. and control
setting variables can be read or tested at
the device.

103.6.7 * Contro: loops for terminal
unit zones with less than 24 hours per
day or 7 days per week occupancy shall
have separate control points for day and
night heating and cooling, The devices
shall be capable of local resetting, and
have provisions for remote management
system selection of the occupied or

unoccupied heéting or cooling mode of
operation.

10.3.7 Centrc! Monitoring and Contro
Sysiems '

10.3.7.1 A central monitoring and
contro! system shall be provided in any
building er submelered tenant space
exceeding 40,000 [1% in gross Joor area.

10372 The minimum energy
management requirements for such a
system shall be to: -

10.3.7.2.1 Read and retzin daily
totals for all energy measurement
insguments:

103.7.22  Total all energy values
weekly and record and retain values
placed on a summary report;

10.3.7.2.3.. Record and plot hourly -
outdoor and indoor temperatures
against real time and summarize and
report for each year in a format
compatible with degree-days or bin
temperature; .

10.3.7.2.4 Based on time schedules,
turn on or off any HVAC or service
water heating system or equipment;

10.3.7.2.5 Based on time schedules,
turn on or off major building lighting and
occupancy power circuits; .

- 103728 Reset Jocal loop control
systems for HYAC equipment;

103.72.7 Monitor and verify
operation of heating, cooling end energy
delivery systems;

10.3.7.2.8 Monitor and verify
operation of lighting and occupant
power, auxiliary and service hot water
systems:

10.3.7.29 Provide readily accessible
override contrels so that time-based
HVAC and lighting controls may be
ten;poraﬁly overridden daring off hours:
an

1037230 Provide optimum start/
stop for HVAC systems.

103.8 Completion Requirements

10.3.8.1 The building construction
documents shall describe the
requirements for placing all energy
management systems in operation. This
includes check-out procedures and al}
controls and metering equipment
operational information.

10.3.82 The building construction
documents shall describe the
requirements for balancing and check-
'out procedures for all HVAC systems
and equipment. All HVAC system
balancing shall be required to be
accomplished in @ manner to minimize
throttling losses. I air systems, fan -
speeds shall be required to be adjusted
to meet design conditions. Water
systems shall be required to be
proportionally adjusted to minimize
throttling losses and then corrected to
design flow conditions by trimming the

pump impeller or changing pump speed.
The design specifications shal! stace that
a pump shall not be brought to final flow
conditions by valving.

10.3.3.3 The building construction
documents shall describe the
requirements for control system testing -
to assure that control eiements are
calibrated, ranges adjusted. set points
ascertained, and full travel of moveable
elements assured. All elements in the
control system shall be tested with the
system in operation.

10.3.9 Energy Performance T es:i:;g

10.3.9.1 The building construction
doctments shall describe the
requirements for determining building
energy performance in the completed, °
operational brilding.

10.3.8.2 The building energy

" performance testing shall be performed

in winter for heating and in summer for
cooling. These tests shall ascertain the
in-gite capabilities of all HVAC systems
and equipment. Internal building loads
shall be aceounted for in assessing
cooling performance. Heating
performance shall be determined during
unoccupied night time periods during
winter weather, If any internal load,
such as lighting, contributes to building
heating, such loads shail be accounted
for in assessing heating performance.

10.3.83 Energy use measurements
shall be made for the overall building
system while HVAC system
performance is being tested. Each
energy management and control svstem
shall be used to determine energy use
for: :

10.3.8.3.1 Utility enerpw:

10.2.8.3.2 Commercial service energy:

10.2.8.3.3 Occupant lighting and
receptacle power;

103.9.3.4 Production process energy:

10.3.9.25 Auxiliary systems and
service water heating energy;

10.3.8.3.6 Space heating energy:

103.8.3.7 Space cooling energy: and

103.8.3.8 HVAC delivery system
energy.

10.3.83.8 Test periods shall be at
least six {6) hours in duration. Hourly
outdoor and indoor temperatures, solar
intensity during a day test. and wind
speed during a night test shall be

_recorded.

10.3.9.4 The building epergy
performance test data shall, at
minimum, measure energy use and
outdoor temperatures hourly for each
test period.

t»:{r}
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10.5.i0 Cocumertciion Data
Reguiremnnts

103.20.0  As-buiit information snail
be proviuzd ‘or all the ‘ollowing energy-
related zatures of the huilding:
. 10.3.20.2.1  Thermal 4nd solar/optical
transmiss:on characteristics of the
building envelope, including infiltration;

10.3.10.1.2 The operating
charactenstics of the HVAC, lighting,
and service water heating equipment
and systems; .

10.3.10.1.3 Internal heat gain
contributed by equipment and
processes: and

10.3.16:1.4 The operating
characteristics of controls.

103.1C.2 A summary report shall be
provided outlining the design basis data
for the building envelope, the internal
heat gains, the weather extremes. major
heating/cooling equipment sizes and
sequence of operation.

10.3.10.3 The construction
documents shall require that shop

-drawings, schematic diagrams, control

sequence, maintenance manuals, and
operating instructions, with data on all
HVAC, auxiliary equipment and. service
water heating systems be provided to
the owner. .

-10.3.104 A system balancing report
shall be provided that follows National
Environmental Balancing Bureau or the
Association of Afr Balancing Council

formats with an extra section
summarizing the energy-related values
gathered during balancing.-

10.3.20.5 An energy performance test
report shall be provided showing all the
data gathered during the energy
performance tests. The results shall be
presented in a format that provides
convenient comparison with design
values. _ : .
§ 435111 Building energy cost

N

‘complianca aitermative,

1.1 Generaol

11.1.1  This section provides an
alternative compliance path that allows
greater flexibility in the design of energy
efficient buildings using an annual
energy cost method. Energy cost is used
as the common denominator in
determining compliance. Using unit
costs rather than units of energy or
power such as Btu, kWh or kW allows
the energy use contribution of different
fuel sources at different times tc be
added and compared. This path allows
for innovation in designs. materialy, and
equipment, such as daylighting, pussive
solar heating, heat recovery, better
zonal temperature control, thermal
storage, and other applications of off-
peak electrical energy, that cannot be
adequately evaluated by the
prescriptive or system performancs
alternatives found in sections 3.4. 3.3,

4. 5.5, and 7.4. This compliance path is
intenced lor design comparisons onlv
ard is not intended to be used to either
rre ict, document, or verify annual
er: Ly consumption or annual energy
£asrs, .

i1.22 The Buiiding Energy Cost
Comziiance Alternative is to be used in
lieu of the prescriptive or system
perisrmance methods and in
conjunction with the minimum
requirementa ‘vund in sections 3.3. 4.3,
8.3, 8.3, 7.3, 8.3. 9.3 and 10.3. )

11.1.3 Comoliance. Compliance

-under this method requires detailed

energy analyses of the entire Proposed
Design. referred to as the Design Energy
Consumption; an estimate of annual
energy cost for the proposed design.
referred to as the Design Energy Cost:
and comparison against an Energy Cost
Budget. Compliance is achieved when -

.the estimated Design Energy Cost is less
- than or equal to the Energy Cost Budget |
~(see Figure 11-1). This section provides

instructions for determining the Energy
Cost Budget and for calculating the
Design Energy Consumption and Design
Energy Cost. The Energy Cost Budget
shall be determined through the
calculation of monthly energy
consumption and energy cost of a
Prototype or Reference Building design
configured to meet the requirements of
sections 3.0 through 10.0. .

BILLING CODE €450-01-M
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- Figure 11-1 Building Energy Cost Compllance Alternative
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11.1.4 Designers are :ncouraged *o
employ the Building Ercray Sost Budiot

* compilance method set fores in this

seztion for evaluating pronased desim
aliernatives in preferencs :o using 1=
prescriptive/system methods. The
Buililing Energy Cost Suazet establisans
the relative effecuveness of each desiyn
alternative in energy rost savings,
providing an energy-cos! busis upon
wiich the building owner and desiznar
may select one desizn uver anothar,
This Energy Cost Budget is the highest
allowable caiculated Enerqy Cost
Budgat for a specific building desiyn.

- Other alternative desigms are like!y to

have lower annual enecrgy costs and life

cvele costs than those that minimully .

meet the Energy Cost Budget,

11.1.5 The Fnergy Cost Budgnt is a
numerical target for annual energy cost.
It is intended to assure neutrality with
respect to chuices of HVAC system
type. architectural design. fuel choice,
etc.. by providing a fixed. repeatable
budget target that is independent of any
of these choices wherever possible (ie.,
for the prototvpe buildings). The Energy
Cost Budget for a given building size
and type will vary only with climate, the
nuomber of stories, and the choice of
simulation tool. The specifications of the
prototypes are-necessary 1o gssure
repestability, but have no other
significance. They are not recommended

" energy consarving practice. or even

physically reasonable practice for some
climates or buildings. but represent a
reasunable worst case of energy cost
resulting from compliance with the spirit
and the letter of sections 3.0 through
10.0. -

11.2 Determination of the Annuu!
Energy Cost Budget -

11.2.1 The annuval Energy Cost
Budgets shall be determined in
accordance with the Prototype Buiiding
Method in section 11.2.3, or the
Reference Building Method in section
11.2.5. Both methods calculate an annual

-Energy Cost by summing the 12 monthly

Energy Cost Budgets. Each monthly
Energy Cost Budget is the product of the
monthly Building Energy Consumption
of each type of energy used multiplied
by the monthiy Energy Cost per unit of
energy for each type of energy used.

11.2.2 The Energy Cost Budget shall
be determined in accordance with
Equation 11-1 as {ollows:

ECBwmECBua+ . . . ECBu= " .. +ECBq.
Equation 11-1

Based on:

ECBn = BECON, < ECOSui+ . . .

+BECON. X ECOS,,

Equation 112 ‘
Wheres:
ECB=The annual Enerny Cost Budget
ECB., = The monthly Energy Cost Sudget
EECONu = The monthiv Budget Energy
Consumption of the i* type of »nergy
ECQOS.=The monthly Energy Cost. par unit
of the i** typw of enerqy
11.2.3 The monthly Eneray Cost
Budget skail be determined using
current rate schedules or contract prices
available at the building site for-all non-
depletable types of energy purchased.

‘These costs shail include demand

churges, rate biocks, time of use rates.
interruptable service ratey, delivery
charges, taxes, and all other applicable
rates for the type. location. operation,
and size of the proposed design. The
monthly Budget Energy Consumption
shall be calculated from the first day
through the last day of cach month,
inclusive. ‘

11.2.4 The Energy Cost Budyet,
Design Energy Consumption and Design
Fnergy Cost calculations are applicable
only for determining compliance with
these standards. They are not
predictions of actua! energy
consumption or costs of the proposad
building a{ter construction. Actual
experience will differ from these

- calculations due to vuriations such as

occupancy, building operation and
maintenance, weather, energy use not
covered by these standards, changes in
energy rates between design of the
building and occupancy, and precision
of the calculation tool.

11.2.5 Prototype Building Procedure -

11.2.5.1 The Prototype Building
procedure shall be used for all building
types listed below. For mixed-use
buildings the Energy Cost Budget is
derived by allocating the fioor space of
each building type within the floor space
of the prototype building. For buildings
not listed below, the Reference Building
procedure of section 11.2.5 shall be used.

11.2.5.1.1 Prototype buildings
include:

{(a) Assembly;

(b} Office (Business):

(c) Retail (Mercantile):

(d) Warehouse (Storage});

(e}'Schoo!l (Educational);

{f) Hotel/Motel:

(g} Restaurant:

(h) Health/Institutional: and

{i} Multi-Family.
11252 Use of the Prototype Building
to Determine the Energy Cost Budget

11.252.1 Determine the building
type of the Proposed Design using the

_ categories in section 11.2.5.1. Using the

appropriate Prototype Building
characteristics from Tables 11-1 through

11-3, the building skall he simujated
using the same gross flear ares and
number of floars for the Protasroe
Building as in the Proposed Design.

11.2.3.2.3 The form, arientation.
ocsupancy and usz profiles for the
Prototype Buildin: shall be fixed as
described in seciiun 11.3.3: Enveione,
lighting. other irtemnal icads and HVAC
sysiems and encipmant shali meet tha
prescriplive.or system reguirements of
section 3.0 through 10.0 asd are
standiscdized inputs.

i12.6 eference Buila'.":-:',' Method

11.2.8.1 The Refrren:e Building
procedure shall be used oaly when the
Proposed Design caznot be represented
by one or a combination of the
Prototype Building listed in Secrion
11.2.5.1 or the assumptions for the
Prototype Building in Section 11.3, such
as occupuncy and use-profiles. do not
reasonably represent the Proposed

Design.

11.28.2 Use of the Reference Buildiny
to Determine the Encrgy Cost Buczet

11.2.821 Each floor shall be oriented
in the sume manrner for the Reference
Building as in the Froposed Design. The
form, gross and conditioned floot arnas
of-each floor and the number of flcors
shall be the same as in the Proposed
Design. All other characteristics, such as
lighting, envelope and HVAC systems
and equipment, shall meet the
prescriptive/system requirements of
Sectinn 3.0 throughn 10.0.

1127 Calculotion Procedure and
Simulation Tool :

11.2.7.1 The Prototype or Reference
Buiidings shall be modeled using the
criteria of section 11.5 and section 11.6.
The modeling shall use a climate data
set appropriate for both the site and the
complexity of the energy conserving
features of the design. ASHRAE
Weather Year for Energy Calculations
{WYEC) data or bin weather data shall
be a default choice.

11.3 Determination of the Design
Eneryy Consumption and Lesign Energy
Cost

11.3.1 The Design Energy
Consumption shall be calculated by
modeling the Proposed Design using the

.. same methods. assumptions. climate

data. and simulation tool as were used
to establish the Energy Cost Budget.
except as explicitly stated in 11 5. The
Design Energy Cost shull be calzulated
per Equation 11-3. If the Proposed
Design includes cogeneration ornon-
depletable energy sources designed for
the sale of energy ofi-site, then energy
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sost wild ncome resulting from outside
sajes chaii .ot be used to reduce the
Design Energy Costs..Such systems shall
Ue modeied as operating to supply
anerty need's of the Proposed Design
iy,
DUCOS=DECCS e
a OECOS e
Eurtion J1=3
Dased nn: . .
DECOL s UECON,i »ECOSpi . & o
+CZCONmXECOSe .
Lquestion 13-4
Vhers: ' :
CECOS= The unnual Dosign Energy Cost  ~
DECUS, = The moathly Design Energy Cost
{CON. = The monthly Design Energy
' Consumption of the i*® type of energy
ECU8 = The monthly Energy Cost per unit
of the i*® type of energy :

" The DECON,, shall be calculated
fromn the first day through the last dav of
the mounth, inclusive. .
11.4. Compliance =

11.4.1 If the Design Energy Cost is -
less than or equal:to the Energy Cost
Budget. and all of the minimum
requirements of sections 3.0 through 10.0
are met, the Proposed Design complies
with the standards.

11.5 .. Standard Calculation Procedu}e :

11.5.1 The Standard Calculation
Procedure consists of methods and- .
assumptions for calculating the Energy -
Cost Budget for the Prototype or
Reference Building and the Design
Energy Consumption and Design Energy
Cost of the Proposed Design. In order to
maintain consistency between the
Energy Cost Budget and the Design
Energy Cost. the input assumptions to be
used are stated below. These inputs
shall be used to-determine the Energy
Cost Budget and the Design Energy
Consumption. .

1152 Prescribed assumptions shall
be used without variation. Default
assumptions shall be used unless the
designer can demonstrate that a
different assumption better
characterizes the building's energy use
over its expected life. No modified
default assumptions shall be used in
modeling both the Prototype or
Relerence Building and the Proposed
Uesign unless the designer demonstrates
clear cause to do otherwise. Special
procedures for speculative buildings are
cdiscussed in section 11.5.9. Shell
buildings may not use section 11.0.

,..DECOS-...."

11.53 Crientation and Shape

11.53.1 The Prototype Building shall
consist of the same number of stories,
and gross and conditioned floor area as
the Proposed Design, with equal ares-

per story. The building shape shall. be
rectangular, with a 2.5:1 aspect ratio.
The lony dimensions of the building
shall face East and West. This is
intended to provide an energy budget
that can be met even if thers are -
unfavorable site constraints. The
fenestration shull be uniformiy
distributed in proportion to exterior wall

ares.

11.8.3.2 Floor-to-floor height for the
Prototype Building shall be 13 ft except
for dwelling units in hotels/motels and

* multi-family high rise residential

buildings where fioor-to-floor height
shall be 8.5 ft.

11.5.3.3 The Reference Building shall
consist of the same number of stories,
and gross floor area for each story.as.
the Proposed Design. Each floor shall be
oriented in the same manner as the
Proposed Design. The geometric form
shall be the same as the Proposed
Design. )
11.5.4 Internal Loads

11.5.43. The systems and types of
energy specified in this section are
intended only as constraints in
calculuting the Energy Cost Budget.
They are not intended as either
requirements or recommendations for
either systems or the type of energy to
be.used in the Proposed Design or for
calculation of Design Energy Cost. .

11542 Internal loads for mult. -
family high rise residential buildings are
presented in Table 11-1. These' ‘
assumptions shall be prescribed
assumptions. Internul loads for other
building types shall be modeled as
noted in this subsection. ’
11.5.4.2.2 Occupancy

{a) Occupancy schedules shall be
Default Assumptions. The same
assumptions shall be made in computing
Design Energy Consumption as were
used in calculating the Energy Cost
Budget.

{b) Table 11-2. Occupancy Density,
establishes the density, in ft2/person of
conditioned floor area, to be used for

each building type. Table 11~3, Building _

Schedule Percentage Multipliers,
establishes the percentage of total.

‘occupants in the building by hour of the

day for each building type.
11.54.22 Lighting

{a) Interior Lighting Power Allowance
{ILPA), for calculating the Energy Cost
Budget shall be determined from section
3.0. The lighting power used to calculate
the Design Energy Consumption shall be
the actual adjusted power for lighting in
the Proposed Design. If the lighting
controls in the Proposed Design are
more effective at saving energy than

t'hose required by section 3.3, the actual
installed lighting power shall be used

. along with the schedules reflecting the

action of the controls to calculate the
Design Energy Consumption. This actusl

- instalied lighting power shall not be

adjusted by the Power Adjustment
Factors listed in Table 3.5-2

{b} Lighting energy proiiles are shown
in Table 113 that establish the
percentage of the lighting load switched-

- on in each Prototype or Referencs

Building by hour of the day. These
profiles are default assumptions and can

o be changed when calculating the Energy

Cost Budge! to provide, for example, a
12 bour rather than an 8 hour work ﬁay.

11.5.4.23 Re:eptac/es

(a) Receptacle loads and profiles are .
default assumptions. The same
assumptions shall be made in .
‘calculating Design Energy Consumption
as-were used in calculating the Energy
Cost.Budget. - : o

(b] Receptacie loads include all
general service loads that are typical in
a building. These loads exclude any
process electrical usage and HVAC
primary or auxiliary electrical usage.
Table 114, Receptacle Power Densities;
establishes the density, in W/[t2, to be
used for each building type. The
receptacle energy profiles shall be the
same as the lighting energy profiles in
Table 11-3. This profile establishes the
percentage of the receptacle load that is
gwitched on by hour of the day and by -
building type. . _ .

11.5.5 Building Exterior Envelope
11.551 "Insulation and Glazing

11.5.5.1.1 The insulation and gluzing

characteristics of the Prototype and -
Reference Building envelope shall be
determired by using the first column
under “Base Case", with no assumed
overhangs for the appropriate Alternate
Component Tables (ACP) in section 5.0,
as defined by climate range. The
insulation and glazing characteristics
from this ACP are Prescribed
Assumptions for Prototype and .
Reference Buildings for calculating the
Energy Cost Budget. In calculating the
Design Energy Consumption of the
Proposed Design, the envelope

. characteristics of the Proposed Design

shall be used.
11.5.5.2 Infiltration

11.5.5.2.1 ' For Prototype and
Reference Buildings. infiltration
assumptions shall be prescribed
assumptions for calculating the Energy
Cost Budget and default assumptions for
the Design Energy Consumption.

o
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fnfiltraton shall impact perineter zones
only.

118322 When the HVAC systam i3
switched “ca”, no infiltrar.ca shall be
assumed. When the HVAC svstem is
switched "oil”, the infiltration rate for
buiicings with or without operabie
windows shali be assumed {0 be 0.038.
afm/ 82 of gruss exterior wail. Hotels/
motels and multi-family high sise
residential buildings shall have
infiltration rates of 0.038 cfm/ft3 of gross
exterior wali area atall times,

11.5.5.3 Envelope and Ground
Absorptivities

11.5.3.3.1 For Prototype and - -
Reference Buildings, absorptivity
assumptions shall be prescribed
assumptions for computing the Energy
Cost Budget and default assumptions for
computing the Design Energy
Consumption. The solar absorptivity of -
opaque elements of the building
envelope is assumed to be 70%. The
solar absorptivity of ground surfaces is
assumed to be B0% (20 reflectivity).

11.5.54 Window Management

11.5.54.1 For the Prototype and
“Reference Building, window
managament drapery assumptions shall
be prescribed assumptions for setting
~ the Eneryy Cost Budget. No draperies
shall be the default assumption fos _
computing the Design Energy :
- Consumption. Glazing is assumed to be
internally shaded by medium-weight
draperies, closed one-half time. The
draperies shall be modeled by assuming
that one-half the area in each zone is
draped and one-half is not. If manually-
- operated draperies, shades, or blinds are
to b2 used in the Proposed Design, the
Design Energy Consumption shall be
calculated by assuming they are
effective over one-half the glazing area

in each zone.
11.5.55 Shading

. 11.5.5.5.1 For Prototype and

Reference buildings and the Proposed:
Design. shading by permanent
structures, terrain, and vegetation shall
be taken into account for computing
energy consumption, whether or not
these [eatures are located on the
building site. A permanent fixture is one
that is likely to remain for the life of the
Proposed Design.

- 11.5.8 HVAC Systems and Equipment

11.5.8.1 The specifications and
requirements for the HVAC systems of
the Prototype and Reference Buildings
- shall be those in Table 113, HVAC -
Systems for Prototype and Reference
Buildings. For the calculation of the
Design Energy Consumption, the HVAC

svystems and equipment of the Proposed
[esign shall be used. o

$1.5.6.2 The systems and types of
energy presented in Table 11-3 are
intended onlv as constraints in
caiculating the Energy Cost Budget,
They are not intended as either
requirements or recommendations for
either systems or the tvpe of energy to
be used in the Proposed Building or for

. the :aleulation of the Design Energy
. Cost.

11503 HVACZones

12.5.83.1 HVAC zones fur
calcuiating the Energy Cost Budget of
the Prototype or Reference Building

- shall consist of at least four perimeter

and one interior zones per floor.
Prototype Buildings shall have one

~ perimeter zone [acing each cardinal

direction. The perimeter zones of
Prototype and Reference Buildings shall
be 15 ft in width. or one-third the narrow
dimension of the building, when this

. dimension is between 30 ft and 45 ft

inclusive, or one-balf the narrow
dimension of the building when this
dimensian is less than 30 ft. Zoning

" reguirements shall be a default

asgumpton for calculating the Energy
Cost Budgel. For multi-family high rise
residential buildings, the prototype
building shall have one zone per
dwelling unit. The proposed design shall
have one zone per unit unless zonal
thermostatic controls are provided
within units: in this case, two zones per
unit shall be modeled. Building types
such as assembly or warchouse may be
modeled as a single zone if there is only
one space.

115632 For calculating the Design:
Energy Consumption, no fewer zones
shall be used than were in the Prototype
and Reference Buildings. The zones in
the simulation shall correspond to the
zones provided by the controls in the
Proposed Design. Thermally similar
zones, such as those facing one
orientation on different Joors, may be
grouped together for the purposes of
either the Design Energy Consumption
ot Energy Cost Budget simulation.

11584 Eguipment Sizing and
Redundant Equipment

11.5.8.4.1 For calculating the Energy
Cost Budget of Prototype or Refersnce
Buildings, HVAC equipment shall be
sized to meet the requirements of
section 7.3.2, without using any of the

. exceptions. The size of equipment shal}

be that required for the building without
process loads considered. The designer
shall determine the final equipment
sizing including the process loads by
separate calculations. Redundant and/ .
or emergency equipment need not be

simulated if it is controlled so that it wil
not be operated Juring normal
operations of the building. The designer
shall document the instailation of
process equipment and the size of
process loads.

11.5.84.2 For calcvlating the Desizn
Energy Consumption. actua! air flow
rates and installed equipment size shall
be used in the simulation, except that
excess capacity provided to mee!
process loads need not be modeled if the
process load was not modeled in setting
Energy Cost Budget. Equipment sizing in
the simulation of the Proposed Desiyn

..sncll:correspond to the equipmen:

actually selected for the design and the
designer shall not use equipment sized
automatically by the simulation tocl

11.5.6.4.3 Redundant and/or
emergency equipment need not be
simulated If it is controlled to not be
operated during normal operations of
the building.

11.58.7 Service Woter Heoting

11.52.1 The service water loads for
Prototype and Reference Buildings are
defined in terms of Btu/h per person in
Table 11-0. The service water heating
loads from Table 11~8 are prescribed
assumptions for multi-family high rise
residential buildings and defaxit
assumptions for all other buildings. The
same service water heating load
assumplions shzll be made in
calculating Design Energy Consumption
as were used in calculating the Energy
Cost Budget.

11572 The service water heating
system, including piping losses for the
Prototype Building, shall be modeled
using the methods of the ASHRAE
Handbook, 1987 HVAC Svsterns and
Appifcations Volume using a system
that meets all requirements of section
8.0. The service water hesting
equipment for the Prototype or
Reference Building shall be either
natural gas or =2 huel oil. if natural gas
is not available at the site, or an electric
heat pump.

11.8.7.3 Exception lo section 11.5.7

11.5.7.31 If electric resistance
service water heating is preferable to an
electric heat pump when analrzed
according ta the criteria of section
8.3.7.1 or when service water
temperatures exceeding 145 °F are
required for a particular application,
electric resistance water hesting may be
used. .

1548 Controls

11.3.8.1 All occupied conditioned
spaces in the Prototype. Reference and
Proposed Design Buildings in ail
climates shall be simulated as being
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beth heated and cooled. The
assumpticas in this subsection are
prescribed assumptions, If the Propused
D--ign does not inciude equipment for
¢ -ng or heating, the Design Energy

C. .umption shall be determined by the
srecifications for calculating the Energy
Cost Budget as described in Table 11-7.

11.3.8.2 Exceptions to section 11.5.&

11.5.8.2.1 If a building is to be
provided with only heating or eooling.
buth the Prototype or Reference Building
and the Proposed Design shall be .- ~
simulated, using the same assumptions.
if such an essumption is made, the
anuiysis shall show that the building
interior temperature meets the comiort
criteria of ANSI/ASHRAE 55-1981
“Thermal Environmental Conditions for
Human Occupancy,” at least 98% of the----
occupied hours during the year.

11.5.8.22 If warehouses are not
intended to be mechanically cooled,
both the Energy Cost Budget and Design
Energy Consumption shall be modeled
assuming no mechanical cooling; and

11.5.8.23 In climates where winter
design temperature (87.5% occurrence) is
greater than 59 ‘F, space heating need
not be modeled. .

11.5.8.3 Space temperature controls
for the Prototype or Reference Building,
except multi-family high rise residential
buildings shall be set at 70 °F for space
heating and 75 °F for space cooling with
u deadband per section 7.3.4.5. The
system shut off during off-hours shall be
according to the schedule in Table 11-3,
except that the heating system shall
cycle on if any space should drop below
the night setback setting of 55 °F. There
shall be no similar setpoint during the
cooling season. Lesser deadband ranges
may be used in calculating the Design
EZnergy Consumption.

11.5.83.1 Exceptions to section
11.5.8.3:

{a) Setback shall not be modeled in
determining either the Energy Cost
Budget or Design Energy Cost if setback
is not realistic for the Proposed Design,
such.as 24 hour/day operations. Health’
facilities need not have night setback
during the heating sesson:

{b) Hotel/moteis and multi-family high
rise residential buildings shall have a
night setback temperature of 60 °F from
12:00 p.m. to 6:00 a.m. during the heating
season: and

{c) If deadband controls are not to be
instailed, the Design Energy Cost shall
be calculated with both heating and
cooling thermoslat setpoints set to the
same velue between 70 °F and 75 °F )
inclusive, assumed to be constant for the
year, v
11.5.8.3.2 For multi-family buildings.
the thermostat schedule for the dwelling
units shall be as in Table 11-8.

{2} The Prototype Building shall use
the single zone schedule. The Proposed
Design shall use the two-zone schedule
only if zonal thermostatic controls are
provided. For Proposed Designs that use

- heat pumps employing suppiementary

hest, the controls used to switch on the
suxiliary heat source during morning
warm-up periods shall be simulated
sccurately. The thermostat assumptions

- for multi-family high-rise buildings are

prescribed assumptions.

11.5.8.4 - When providing for outdoor
air ventilation in calculating the Energy
Cost Budget, controls shall be assumed
to close the outside airintake to reduce
the flow of outside air to 0 cfm during
setback and unoccupied periods.
Ventilation using inside air may still be

‘required to maintain scheduled setback

temperature. Outside air ventilation,
during occupied periods. shall be as
required by ASHRAE Stondard 62-1981,
“Ventilation for Acceptable Indoor Air,”
or the Proposed Design, whichever is
greater. '
11.5.8.5 If humidification is to be
used in the Proposed Design, the same
leve] of humidification and system type
shell be used in the Prototype or
Reference Building. If dehumidification
requires subcooling of supply air, then
reheat for the Prototype or Reference

Building shall be from recovered waste

heat such as condenser waste heat.
11.5.9 Speculative Buildings
21.50.21 Lighting

11.5.8.1.1 The interior lighting power

allowance {ILPA) {or calculating the
Energy Cost Budget shall be determined
from Table 3.4-1. The Design Energy

. Consumption may be based on an

assumed adjusted lighting power for

‘future lighting improvements.

(a) The assumption about future

lighting power used to calculate the

Design Energy Consumption must be

documented so that the future installed -
~ lighting systems may be in compliance

with these standards. Documentation

- must be provided to enable future

lighting systems to use either the
Prescriptive method of section 3.4 or the
Systems Performance method of section
3.5.

(b) Documentation for future lighting
svstems that use the Prescriptive .

method of section 3.4 shall be stated as -
- a maximum sdjusted lighting power for

the tenant spaces. The adjusted lighting
power allowance for tenant spaces shall
account for the lighting power provided
for the common areas of the building.

(c) Documentation for future lighting
systems that use the System
Performance method of scction 3.5 shall
be stated as a required lighting

adjustment. The required lighting
adjustment is the whole building lighting
power assumed in order to calculate the
Design Energy Consumption minus the
ILPA value from Table 3.4-1 that was
used to-calculate the Energy Cost
Budget When the required lignting
adjustment is less than zero, a complete
lighting design must! bz developed for
one or more representative tenant
spaces, demonstrating acceptable
lighting within the limits of the assumed
lighting power allowance,

11592 HVAC Systems and Equipment

11.5.82.1 If the HVAC system is not
compietely specified in the plans, the
Design Energy Consumption shall be
based on reasonable assumptions ebout
the construction of future HVAC
systems and equipment. These
assumptions shall be documented so
that future HVAC systems and
equipment may be in compliance with
these standards.

1.6 The Simu]at:‘an‘ Tool

11.81 Annual energy consumption -
shall be simulated with a multi-zone,
§780 hours per year building energy
model. The model shall account for:

11.6.1.1 The dynamic heat transfer of
the building envelope such as soiar and
internal gaine;

11.61.2. Equipment efficiencies as a

. function of load and climate;

11.6.13 Lighting and HVAC system

controls and distribution systems by

simulating the whole building:

" 11.6.1.4 The operating schedule of
the building including night setback
during various times of the year: and

11.8.1.53 Energy consumption
information at a level necessary to
determine the Energy Cost Budget and
Design Energy Cost through the
appropriate utility rate schedules.

11.8.2 While the gimulation tool
should simulate an entire vear on an
bour by hour basis {8760 hours),

-programs.that approximate this dynamic

analysis procedure and provide

- equivalent results are acceptable.

11.6.3 Simulation tools shzall be
selected for their ability to simulate

.acecurately the relevent features of the

building in question, as shown in the
tool's documentation. For example, a
single zone model shall not be used to -
simulate a large, multi-zone building,
and a steady-state model such as the
degree-day method shall not be used to
simulate buildings when equipment
efficiency or performance is
significantly affected by the dynamic
patterns of weather, solar radiation., and
occupancy. Relevant energy-related

- features shall be addressed by a model
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such as daylighting, atriums or

-sunspaces, night ventilation or thermal

storage, chilled water storage or heat
recovery, active or passive solar
systems, zoning and controls of heating
and cooling systems. and ground-
coupled buildings. In addition, models
shall be capabie of translating the

.Design.Energy-Conaux_nptiou into energy

o

cost using actual utility rate schedules .
with the coincidental electrical demand-
of a building. Examples of pubiic
domain models capable of handling such
complex building systems and energy -
cost translations availabie in the United
States are DOE-2.1C and BLAST 3.0 and'
in Canada, Energy Systems Analysis:
Series., : . . ot

T A

11.8.4  All simuldtion toois shall use .
scientifically justifiable documented
technigues and procedures for mode!ing
building loads, systems. and equipment,
The aigorithms used in the program
shall have been verified by comparison
with experimental measurements. loads.
systems, and equipment,

T RALING COOR 64500144
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TABLE 11-2
OCLUPANCY DERSITY

i i H
| ] CONDITIONED FLOOR AREA |
| BUILDING TYPE I Fe2/persow |
} f {
l : :
} Assembly | s0 |
! | !
] Office ] 275 ]
I i .y x
] Retail | 300 |
! o :
| Warehouse | 15000 |
e . n :
] School | 75 I
! a ;
] Hotel/Motel | 250 ]
! ! |
] Restaurant i 100 I
! | | |
] Health/Imtitutional i 200 |
| | |
] Multi-family High Rise | ]
| Residential | 2 per wnit! I
t. 1 [

Heat generation: Btw/h per person: 230 Stu/h per persory sensible, and 190 |
Btu/h per -person latent, ' . .. .

§
1. See Table 11-1
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NCTES FOR_TasLe 11-3

.

1 Reference: Recommercations for Energy Conservation Standsros snd
Cuidelines for New Commercial Bufldings, vol. Hl App. A Pacific
Northuest Laboratory, PNL-4870-8, 1983,%

2 Teble H°3 containg multipliers for conwverting the mominsl values. - e
for bwilding occupsncy (Table 11-2), receptacle power: dcmity o _ o
(Table 11-4), service hot water (Table 11-6), snd lighting enetyy i
(Sectien 3.4 or 3.5) into time series drte for estimating building s o
loa& u'uor the surdnd Caleulation Procedure. . , e PR

Fer sach stencrd buildmg profile there sre thm series - one esch

for weekdays, Saturday ard Surdsy. There are 26 elemants per series. .

Thm represent - the mttipticr that  shoald be used to estimate building . ) .
loads from 12 a.m. to 1 a.m. (series element #1) through 11 p.a. to 4

12 s.m. (series element #24). The estimmted load for eny hour is gimply

the multiplier from the sppropriate standard profile mttxpuod by the ,

agprepriste value from ‘the tables citod sbove,

3 The lmlqu HVAC System Schedule listed in Table 11-3 lists the howes
uhen the HVAC system shall be considersd “om* or %of#* in sccordance
with Section 11.5.%.2.
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TABLE 114 ' -
RECEPTACLE POWER DENSITIES

SUILDING TYPE

w/tt? oF
TIONED FLEOR AREA

Assemply
Otfice
a‘l'otaﬂ
Qb-hcuu
School
Hotal/Motel
estaurant
Health

Multi-fFamily High Rise
Ras'idmtial

r....‘—-..._-_.—.——.—-——-————-—-......—...—-..-—.-—.—.—.—-—.__.-

I
!
!
1
!
!
!
!
1
!
!
!
!
!
|
x
!
!
!
!
!
;

0.1
1.0
Included in Lights and

Equipment portions of
Table 111

| St @ e e M e e e e e S o S — s s ot b e e o

i
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~ TABLE 115 ' o :
HVAL SYSTERS OF PROTCOTYPE AND REFERENCE IUILDINGS" 2

isvsmko.i REMARES |
!

f___......_—.,.-_--....._._.........-.-........_,..._.....-

BUILDING/SPACE CCTUPANCY . {(TABLE 11-7)| (TABLE 11-73]
1] 1) P )
Asseply | | |
4.  Churches (any size) } 1 | |
b. 50,000 ft2 or <3 floors [1er3 | wotet |
c. 50,000 #t2 or >3 floors ! 3 1
. . 3, l ]
1] t ]
Office | { A .
a. <20,000 #t2 | 1 I |
B. 20,000 $t2 snd either 1 | ] -
<3 floors or <75,000 12 | & | |
c. >75,000 ft2 or »3 floors ! 5 ]
t } i -
Retail ] ] 1
a. 50,000 #¢° [1er3 | wotet |
b, >50,000 t2 jeorS | Noret |
M 1 4
1 ] i
© Harehouse | 1 | sote 1 I
t + i
Schools | | 1
a. 75,000 f22 or 3 floors ] 1 ] ]
b. >75,000 fcZ or >3 floors ] 3 R
t t i
Kaotel/Motel 1 | ]
a. <3 stories ] 2er 7 | WoteS5, 7 | )
b. >3 stories | 6 | uote 6 }
1 K] !
14 ] . 1
Restaursnt ]1or3 | %ote 1 }
! : §
t 11 1
Health » | { | -
& Hursing Home (atry size) |20r 7 | wote 7 !
b. 15,000 <2 ! 1] |
€. 15,000 tt2 and 50,000 fr? | & | wote2 |
d. 50,000 t¢2 ] 5 | wote2, 3 |
4 4 1
¥ H 1
rulti-Family High Rise Resicential >3 stories] 7 | ]
. . ] 1 )

o e e St s e i me e Sa e - —— e —— — — . — o

1 Space snd Service Water Weating bumget calculations shall be made using
both electricity ancd natural gas. The Energy Cost Budget shall be the
lower of these two calculations. !f matursl gas is not availadle et the
rete, electric'ty ard #2 fuel oil shall be used for the budget . . Ce e
caleulations, i .

2 The "systu ard energy types presented in this Table sre not intended
as requirements or recosmencations for the preposed design. Floor
sreas below are the totsl conditioned floor aress for the listed
ccoupancy type in the bullding. The rumber of floors indicated betow is
the total number of occupied floors for the listed occupency type.
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. . TABLE 11-5
. SERVICE MOT WATER QUANTITIES

{ . T =
| uilding Type |  BrwPersan-hour! |
] T {
| ! I .
| 1. Assesbly ! 215 |
| | I
| 2. otfice i A7 | .
| | e S 5 . :
| 3. Retail } 135 ]
|- : | : I
| 4. warehouse ‘ 225 '
I | |
| S. schoot - I 215 | . .
| v I ' !
) 4. Motel/motel ] 1110 |
| 1 | O
] 7. Restaurant | | 390 |- "
| I A
| 8. wealth | 135 -
I : ! ‘ I4
I 9. multi-famity i ]
[ : High Rise | o . -
| Residential | 17002 !
{ 1 . J

1. This value is the muiber to be sulliplied
by the percentage multipliers of the
tuilding profile schedules in Table 11-4. ) ;
See Table 11-2 for ocoupancy levels.

Total hot uater use per dwelling unit for
each hour shall be 3400 Btu/k times the
sutti-family high rise residential tuilding
SUN system sultiplier from Table 11-3.
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TABLE 11-7 , ‘o o
HVAC- SYSTEM DESTRIPTION FOR PROTOTYPE AND REFERENCE BUILDINGS'e 2

i i i T i i
| wvac, | I I | I
| COMPONENT | srsten | sYsTEM £2 | SYSTEM #3 | SYSTEM %4 j
1 L] i 1 1 !
{ 4 " i [ 1
| System Descriptions | Packaged reoftop ] Packaged terminal | Air handler | Peckaged rooftop i
} | single zome, one | air conditiomer with., | per zone with | VAV w/perimeter rehest |
{ | wnit per zome | space hester or | centrat plant ! S
| ] | hestpump, one hestings | ] }
| ] | ecooling unit per zone | } ]
p t ? t t 1
| fon systen | | | | -
| Desion mpply | dote 9 | Note 10 | note & | Wote ® !
| cireulation rate | | [ i !
b S : } t et !
| Sueply fan toral ..|. 1.3 ine-W.Come- | - /&= - ] 2.0 in, w.C. i 3.0 in. W.C. {
| static pressure | ] | ] i
% t t n : : {
Coobined supply | 40% | WA { 50% | 45% }
fan, motor, e | | | ! |
drive efficiency | ! | ! !
1 - ! H ! J
i 1 + H t
Supply fen'control | Constant volume | Fan Cycles with call | Constant volume | VAV w/forward curved !
: | | for heating or cooling | | centrifugal fan ang i
| ] : ) | ] varisble inlet vanes {
t } ; : !
Return fen total | /A I 7/ ) } 6.6 in. W.C. | 0.6 in. w.C. ol
static pressure | { . | 1 {
m— = : 4 i
Combined retwn | W/A RL7LY | == } =% i
fen, motor, ad | I i ! i
drive efficiency | ! 1 | |
5 — % : :
Return fan control | /A [ KA { Constant voluwe | VAV wtforuard saseved {
‘ | I . | | cemtrifugal fan end i
! | | | discharge caspars {
) (] 1 :

N i i A 1 14 LI
Cooling System ] Direct expansion | Direct expension | ehilled water | Direct expansion |
| air cooled - | sir cooled | tuote 11) | soir cooled |
1] 1 [ ) ]
¥ ] . 4 1 [}
Keating System | Furnsce, hestpump, . | Hestpurp welectric | Hot weter | -Hot woter (Note 12) or |

| or electric | resistence suxiliary | (Wote 8, 12) | electric resistance 1

| resistence (Note 8) | or air conditioner { | (note &) i
] ’ |. w/space hester (lote 8) | ] !
_ — : ; ; :
Remerks | DPrybulb economizer | No ecenomizer | orytulb economizer | Orybulb econamizer per |
| per Section 7.4.3 | | per Section T.4.3 | section 7.4.3 minisum |
| (barametric relief) | ! | ] vav setting per 7.4.3 |
| ] i | exception 1. Supply sir !
] | | | reset by zenc of v }
| | ! | greatest cooling derend. !
2 i ] ! J

Moves:

1. The systams and energy typss presentsd in this Table sre not intended be requirements of recommengations for the proposed
desipn. .

2. For rambered notes see end of Tadble 11-7,
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TABLE 11-7, (Contirued)
HVAC SYSTEM DESCRIPTION FOR PROTOTYPE AND REFERENCE BUILDINGS'

tavAC

CMPOHENT

SYSTEM #5

SYSTEM %6

SYSTEN #7

System Description

I
Built-up central ]
VAV with perimeter |

|

Four-pipe fan coil
per zone with central

Water source hest pump ’

[.-.-.....-—..,-._._-.-,...... ey

Chilled water (Note 11)-

centrifugsl biower type coolirg
tower sized per Note 11.
Cireulating pum sized for 2.7
GPH per ton, |

Heating Systes

Hot water (Note 12) or
- electric resistance
(kate 8)

Hot water (Note 12) or
electric resistarce
(Note 8)

Electric or natural draft fossgil
fuel boiler (Note 8)

reheat plant .
t t
Fan System | . ]
Design swpply Note 9 | note 9 | note 10
circulation rate ] {
] i [
| Supply fan tozal 4.0 in. ¥W.C. | 0.5 in. w.C. | 0.5 in. W.C.
| static pressure | |
| !
| Combined supply §3% | 25% P14
| tan, motor, and ' |
| drive efticiency |
i {
{ T
| Supply fan control VAV w/air-foit | Fan cycles w/eall for fan cyeles w/cail for
i centrifugal fan ard AC | heating er cooling heating or coolirg
| frequency variable speed | ‘
] drive |
F t
Return fan total 1.0 in. W.C. | w/A N/A
static pressure ]
t
‘
Combined return fan, 30% | ura H/A .
. eotor, ard drive |
efticiency |
]
i
aeturn fan control VAV with air~foil | N/A WA
: cantrifugal fan ard AC {
trequency variable speed |
drive ]
]
- R H N .
Cooling System | Chitled water (Note 11) | Clesed circuit, centrifugal
]
|
!
|
1
1
|
|
|
{
1
!
|
|
]
!
I
1

i
!
i
!
!
i
|
!
|
!
|
|
|
i
x
!
|
|
!
i
!
3
i
l
|
!
|
:
x
!
!
i
1
!
i
!
!
!
|
|

Drybulb economizer per
Section 7.4.3

Ninimrm VAV £etting per
Section 7.4.4.3 .
Supply air reset by zone of
grestest cooling demard.

Tower fans and boiler cyvled
to maintain circulating water
tarperature between 40 and
design tower leaving water
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TABLE 11-7
HUMBERZD NOTES FOR TABLE 11.7
© WVAL SYSTEM DESCRIRSIONS FOR PROTOTYPE MWD REFERENCE BUILDINGS

NOTES:

1. for ccoupancies such as regtaurants, assendly i&: retail which sre part of a mined use building wvhich, sccording to Table
117, incluies 8 contral evilled water piant (systems 3, 5, or 6), cnilleo water systan type 3 or 5, as irgticated in the
Tedle, .shall be used. o . ‘

2. Constant volume way be wsed in 2omes where w;nsuriznion relationships must be maintained Dy code. VAV shail be used 'in
sll other sress, in. sccordarce with Section 7.4.4.3. : : * )

3. provice rwirmlmt'mm systems for all fan gystems with minimsm outside air intake greater then 7SI, Recovery
eftectiveness snsll be 0.60. : '

4. 1f & werehome is mot intended to be mechanicatly cooted; both the tnergy Cost Budgets anc Design Enrergy Costs, may be
catculated sgsuming mo mechanical cooling, ' . . .

S. The system listed is ‘for guest rooms anly. Aress such as pudlic sress ang tack-of-house arees shall be served by system &,
Other aress auch as offices s retail shall be served by the systems iisted in Table 11+7 for these ccoupancy types.

‘6. The system listed is for guest rm only, Argas 'w:h 8 pdtic aress ana back-of-house aress shail be served by system S.
Other sreas such st offices and retail shall be served by systems listed 1n Table 11-7 for these cccupency types.

" 7. System 2 shall be used for the Energy Cost Budget calculation except n arees with cesigh heating outsioe sir temperatures
less than 10 °F, - T ) . .

e e. ce . AR

8 Prototyps erergy tusget’ cost calcutations shall be rooe using both electricity and maturat gas. If natursl 938 ‘§ hot
available at the site, electricity and ®2 fuel oil shall be used.” The Energy Cost ducget snall be the tower of these results.
Alternately, the Energy Cost Wt: may be based on the fusl sourte that minimizes total ersting, mmintensnce, equipment,
sl iratalistion costs for the prototype over the buiiding Lifetime. Eosioment and installation cost estimates shall be
prepared Using protessionstily recopnized cost esTimating ‘tools, guices, and techniguet, The methods of sralysis shetl comform
to those of Subpart A of 10 CFR 434, Energy costs shall be based on ectual costs 1o the building as cefined in this Section.

Design sugoly air circutation rate shatl be besed on & Wipply air torroom 2ir temperature difference of 20 7. A higher suzoly
3ir tesperature mey be used if recuired to maintein & minimm circulation rate of 4.5 air chenges per hoaur or 15 cfm per
person at cesign corditions to esch 2one served by the system. [f return fans are specified, they shatl be sizet from the
spply fen capscity less the required minimum ventilation with cutsice arr, or 7% of the DLy -8ir capacity, whichever is
targar. Except where noted, sudly srd return fems shall be perated continuously Guring occuwpied hours.

10. Fan Energy When inciuced in the efficiency rating of the unit as Gefirea in Section 7.4.4.3 need Mot be mockeled explicitiy for
this system. The fan shall eycle with calls for neating or coot ing, ) :
11 Chilled water systess shall be moceled using 3 reciprocating ehilter for systems with total cooling capscities less than 175
tong, sred eentrifugal chillers for systems with cooling capscities of 173 tons or grester., For systems with cooling of 600
tons or more, the Energy Cost Buoget shatll be catculsted Wing two centrifugal eniliers leads/lag controtied, Chilled water
Pures shall be sized wing a 12 °F tewperature rise, from & OF 1o 5¢ 9F, operating ot 75 feet of head and and 5% combined
impeller snd motor efficiency. Concenser water pumps shaii be sized wting 2 10 °F tempersture rise, opersting st 60 feet of
heed and 60X combined inpelier snd wotor efficiency, The cooling tower shall be an open tirguit, centrifugal biower type
sized for the (arger of 85 SF leaving water tespersture or 10 °f approach to orsign wettulb tevomrature. The tower shall be
controlied to proviee 2 65 OF leaving wster terperature whenever weather conditions permit, flosting @ to design -ieaving vater
terpersture at design conditions. Chilled water sutdly tewersture shall be reset in sccordarce with Section 7.4.6.2,

12. WOt water system shell incluoe s metural craft fossil fuel or electric boiter per Hote 8. The hot waiter mumo shall be sized
besed on. 8 30 °F temperature crep, for 180 OF to 150 °F, cperating at 40 feet of hesd W & comoired impeller snd motor efficiency
of 40%. Mot weter supply tempersture snali be reset in sccorcance with Sectiom 7.4.6.2.
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I TABLE 11-8 S
" [=ERMCSTAT SETTINGS FOR MULTI-FAMILY KIGH-RISE BUILDINGS ‘ '
T ’ T T —
| TIME OF DAY | SINGLE IOHE } TWO ZONE ]
| ' ] OWELLING WnIT H DWELLING UNIT ]
L ol : ) ! . !
L 1 1 ¥ i i
] | } |  BEDROCMS/BATHROCMS |  OTHER ROOMS | -
| | l F T ~ T !
[ | wear | cooL ¢} weAr | cool | MEAT | coou |
- , F i ; % 1 f !
| wicnight -~ 6 a.a. | &0 | 73 | & | ™ | & | &5 |
! I 1 I l ! | I
| éaa -9aa3 | 70 | 73 | ] n | | |
| | ! o I e I
] 9 s -5 p.m. | 70 | 78 | & | & | ©» | 718 |
| ! o _ | I | !
| . 5 pa - 11p.a. | 7 ] by | | @& | o | 1 |
! I I ! l l | |
| 11 pom - wignighe | 60 | 7 | & | m® | & | m |
! ! ! I ! ! l -
i : 3 1 H | A oo

BILLING CODE 64850-01-C
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§ €35.112 Building energy compliancs

- .aiternative,

12.1 General

12.1 This section provides an
alternative path for compliance with the
standards that allow for greater.

" flexibility in the design of energy
efficient buildings using an annual - -

-energy target method. This path, as does

the path used in section 11.0, provides
:an opportunity for the use of innovative
'designs, materials, and equipment such
as daylighting, passive solar heating,
‘heat recovery, and thermal storage as

well as other applications of off-peak
electrical energy where they cannot be
adequately evaluated by the
prescriptive or system performance
methods found in sections 3.4, 3.5, 5.4,
55 74.andod.

1212 The Building Energy Use
Budget Target alternative may be used

" as an option to the Building Energy Cost

Budget method in Section 11.0 and is 10
be used in lieu of the prescriptive and
system performance methods and in
conjunction with sections 3.3, 4.3, 5.3,
8.3,7.3, 8.3, 8.3 and 103 '

- 12.1.3 Compliance under this section
is demonstrated by showing that the
calenlated annual energy usage for the
Proposed Design is less than or equal to
a calculated Energy Use Budget. (See
Figure 12-1). A life~cycle cost economic
analysis is required to evaluate

_ alternative fue! sources and energy

reduction strategies. The procedures in
this chapter are intended only for
establishing design compliance, and are -

_'not intended to be used either to predict,. .
. - document or verify annual energy |
. .consumption or annual energy costs.

. BULLING CODE 8450-0%-4
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| EMERGY USE SUDGET

SECTION 12.2

COMPLIANCE COMPLETED

SILLING CODE £480-01




<718

Federal Resister / Vol. 54, No. 18 / Mondayv. January 30, 1989 -/ Rules and Regulations

1214 Comgliance under the Building
Eergy Use Zudget method requires a
detuiied energy anaivsis, using a
ccriventiona: simulation tool, of the
Troposed Design A lile-cycle cost
azalvsis shall be used to select the fuel
source for the HVAC systems, service
bot water. azd process loads from
available alternatives. The Annual
Energy Consumption of the Proposed
Design with the life-cycle cost-effective
fuel selection is calculated to determine
the modeied energy consumption. called
the Design Energy Use.

121.5 .The Design Energy Use is
defined as the energy that is consumed -
within the five foot line of a proposed
- building per ft2 over a 24 hour day, 365-

day year period and specified operating . .
hours. The calculated Design Energy
Use is then compared to a calculated
Energy Use Budget.

12.1.6 Compliance. The Energy Uae
Budget is determined by calculating the
ennual energy usage for a Reference or
Prototype Building that is configured to
~ comply with the provisions of Section
. 11.0 for such buildings, except that the
fuel source(s) of the Prototype.or
Reference Building shall be the same
life-cycle cost-effective source(s)
selected for the Proposed Design. If the
Design Energy Use is less than or equal
to the Energy Use Budget then the

proposed design cormplies with these
standards.

1217 This seclion provides
instructions for determining the Design
Energy Use and for calculating the
Energy Use Budget The Energy Use
Budget is the highest allowable
csiculated annual energy consumption
for & specificd building design.
Designers are encouraged to design

. buildings whose Design Energy Use is

lower than the Energy Use Budget.
Incorporated in this section isan -

optional life-cycle cost economic -

analysis procedure that may be used by
the designer to examine the economic
feasibility of all energy design
alternatives and to produce a more
optimum design. ...

122 Determination of tbe Annual
Energy Budget

12.21 The Energy Use Budget shall
be-calculated for the appropriate
Prototype or Reference Building in
accordance with the procedures
prescribed in section 11.2 with the
following exceptions: The Energy Use
Budget shall be stated in units of Btu/ft*
yr and the simulation tool shall |
segregate the calrulated energy
consumption by fuel type producing
Energy Use Budget for each fuel {the fnel
seiections having been made by a life

cvcle cost gnalysis in determining the

preposed design).
1222 The Energy Use Budget (EUB)
is calculated similarly for the Reference

or Frototype Budmg using the following -

eguation:

EUB=EUB: « i + EUB:/ b+ ..... +EUB>{
Eyuation 12-2

Where EUB;, EUB.. . . . EUB,are the

calculated ennual energy targets for
each fuel used in the Reference or
Prototype building and fi. &, . . . [ are
the energy conversion factors given in
Table 12-1. In lieu of case by case
calculation of the Energy Use Budget,
the designer may construct Energy Use
Budget tabies for the combinations of
energy source(s) that may be considered
in a set of project deslgns such as
electric heating, electric service water,

-and gas cooling or oil heating, gas

service water and electric cooling. The
values in such optional Energy Use
Budget tables shall be equal to or less
than the corresponding Energy Use

. Budgets calculated on a case by case

basis according to this section. Energy
Use Budget tables shall be constructed
to correspond to the climatic regions
and building types in accordance with
provisions for Prototype or Reference
Building models in Section 11.0 of these
standards.

BULIG CODE ¢450-0 vt
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TABLE 12-1
+  FUEL CONVERSIOH FACTORS FOR COMPUTING DESIGH AeMUAL ENERAGY. USES

FUELS CONVERSION FACTOR

Electricity 3412 'ltu/kilmnét hour

$ i - oo whe e o
.

Fuel Oil 133,700 Btwgallon

Natursl Gas - 1,031,000 8tus1600 ¢S

Liquified Petroleus

|
H
i
i
!
I
!
|
|
|
| 95,500 stweoallan
tincluding Propane and Butane) | - ‘

- * - I
I
|
!
|
!
}
!
!

Anthrecite Coal 28,300,000 Stu/short -ton

26,580,000 8tu/short ton

“Bitwminous Coal = -- .

Purchased Steam m‘ Steas

1,000 Stu/Pourd -..
from Central Plants '

High Tempersture or Medium Ute the heat value based

!
I
i
I
I
!
|
!
!
I
|
|
|
I
!
I
|
|
!
!
!
i

O S d——y s, Sty s st Gl Wil . st i e g oo poronts

Terperature Yater fron " on the uater actually

Centrsl Plants . | deliversd st the tuilding :
| ¢ive foot tine ;
1

e

MOTES At specific locations where the energy source Btu
content varies significantly from the valus presented sbove
then the tocal fuel velus swy be used provided there i3
siupporting documentation from.the fusl source supplier stating
this sctual fuel emergy value end verifying that this valus
will resain consistent for the foressesble future. The fual
_content for fuels not given sbove shall bo determined from the
b«t avai ub{c source.

SILLING CODE 8480-04-C

st
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2.2 Determination of the Design
Ernergy Use

12.3.1 The Design Energy Use shall
be caiculated by modeling the Proposed
Design using the same methods,
assumptions, climate data. and
simuiation tool as were used to
esiabiish the Energy Use Budget. but
with the design features that will be
used in the final building design. The
" simulation tool used shall segregste the
calculated energy consumption by fuel
type giving en annual Design Energy
Use for each fuel. The sum of the Design
Energy Uses muitiplied by the fuel
conversion factors in Table 12-1 yields

. the Design Energy Use for the proposed
design:
DEU=DEU, X f; +DEUs X fs+ +... +DEU, x f;
Equation 12-2 ’

Where [,. £, . . . [, are the fuel conversion
{actors in Table 12-1.

12.3.2 Reguired Life Cycle Cost
Analysis for Fuel Selection

12321 Fuel sources selected for the
Proposed Design and Prototype or
‘Reference buildings shall be determined
by considering the energy cost and other
costs and benefits that occur during the
expected economic life of the
altermnative,

12.3.2.2 The designer shall use the
. procedures set forth in Subpart A of 10
- CFR Part 436 to make this
determination. The fuel selection life
* cyvele cost analysis shaull include the
Jollowing steps:

123.2.21 Determine the feasible
ulternatives for energy sources of the
Proposed Design's HVAC systems,
service hot water, and process loads.

123222 Model the Proposed Desizn
including the alternative HVAC and
service water gystems and conduct an
annual energy analysis for each fuel
source alternative using the simulation
tool specified in this section. The annual
energy analysis shall be computed on &
‘monthly basis in conformance with
section 11.0 of these standards with the
exception that all process loads shall be
included in the calculation. Separate the
curput of the analysis by fuel type.

12.3.2.23 Daotermine the unit price of
each fuel using informatiof: from the
utility or other reliable local source.
During rapid changes in fuel prices it is
recommended that an average fue! price
for the previous twelve months be used
int lieu of the current price. Caiculate the
annual energy cost of each energy
source alternative in eccordance with

procedures in Section 11.0 for the Design
Energy Cost. Estimaie the initial cost of
the HVAC and service water systems

- and other initial costs such as energy

distribution lines and service connection
fees associated with each fuel source
alternative. Estimate other costs and
benefits {or each alternative including,
but not necessarily limited to, annual
maintenance and repair, periodic and
one time major repairs and
replacements and salvage of the energy
end service waler systema. Cost
estimates skal] be prepared using
professionally recognized cost

estimating tools, guides and techniques,

12.3.2.2.4 Perform a life cycie cost
analysis using the procedure specified in
scction 12.3.2. ‘

123225 Compare the total life cycle
cost of each energy source alternative.
The alternative with the lowest total
life-cycle cost shall be chosen es the
encrgy source for the proposed design..
12.4 Complionce .

124.1 Compliance with this section
is demonstrated if the Design Energy

Use is equal to or less than the Energy
Use Budget. ’ )

DEUKEUB

Equetion 12-3

12.42 The energy consumption shall
be measured at the building five foot
line for all fuels. Energy consumed from
non-depletable energy sources and heat
recovery systems shall not be included -
in the Design Energy Use calculations.
The therma! efficiency of fixtures,
equipment, systems or plants in the
proposed design shall be simulated by

. the selected calculation tool.

12.5 Standard Calculation Procedure

12.51 The Standard Calculation
Procedure consists of methods and
assumptions for calculating the Energy
Use Budgets for Prototype and
Reference Buildings and the Design
Energy Use for the Proposed Design. In

order to maintain consistency between

the Energy Use Budgets and the Design
Energy Use, the input assumptions
stated in section 11.5 are to be used.
12.52 The terms Energy Cost Budget
and Design Energy Cost or Consumption
used in section 11.0 correlate to Energy
Use Budget and Design Energy Use,
respectively, in section 12.0,

3228 The Simulation Tool

12.6.1 The criteria established in
Section 11.0 for the sclection of a

simulation too! shall be {ollowed when
using the compliance path prescribed in
Section 12.0. :

12.7 Life Cycie Cost Analysis Criteria

1271 The following life cycle cost
criteria applics to the fuel selection
requirements of this chapter and lo
option life cycle cost analyses
performed to evaluate energy
conservation design alternatives. The |
fuel source{s) selection shall be made in
accordance with the requirements of
Subpart A of 10 CFR Part 436. The
implementation calculations for the

athodology of Subpart A of 10 CFR
Part 436 is provided in Neticnal Burecu
of Standords A ndbook 135 entitled
“Life Cycle Cost Manual for the Federa!
Energy Mansgement Proram.” When
performing life cycle cost analyses of
optional energv conservation
opportunities the designer may use the
life cycle cost procedures of Subpart A
of 20 CFR Port 436 or OMB Circular A~
84 or an equivalent procedure that meets
the assumptions listed below:

12.7.1.1 The economic life of the
Prototype Building and Proposed Design
shall be 25 years. Anticipated
replacements or renovations of energy
related {eatures and sysiems in the
Prototype or Reference Building and
Proposed Design during this period shall
be included in their regpective life cycle’
cost calculations,

12212 * The designer skall follow
established professional cost estimating
practices when determining the costs
and benefits associated with the energy
related feetures of the Prototype or
Reference Building and Proposed
Design.

12.7.3.3 Al costs shall be expressed
in current dollars. Genersl inflation shall
be disregarded. Differential escalation
of prices (prices estimated to rise faster
or slower than general infiation) for
energy used in the life cycle cost
calculations shall be those in effect at
the time of the life cycle cost
calculations as published by the
Department of Energy's.-Energy
Information Administration.

27.14 The economic effects of
taxes, depreciation and other factors not
consistent with the practices of Subpcr?
A of 10 CFRR Part 436 shall not be
included in the life cycle cost
calculation.

[FR Duc. 88420 Filed 1-27-8%: 8:45 am)
BILLING COOE $450-01-4¢
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