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APPLICATION MANUAL

MESSAGE FROM THE DIRECTOR

The proposed Model Energy Code, developed by the Department of Business,
Economic Development & Tourism (DBEDT), has the potential to save a total of 4.1
million barrels of oil and $241 million in utility costs in 20 years. This is equivalent
to about 24 billion kilowatt hours of electricity, enough to power 16,000 homes for 20
years. The adopted code would help clean our air by reducing fossil-fuel burning
and provide economic benefits by yielding an average annual rate of return of over
25 percent.

The code is largely modeled after the requirements of ASHRAE 90.1 affecting
commercial establishments. Adopting these standards for commercial buildings
will bring the state into compliance with the National Energy Policy Act of 1992
which requires that the state certify that it meets or exceeds the ASHRAE code by
October 24, 1994. County adoption of the code will also bring the counties in
compliance with Act 168, which became law in June 1994 and which requires the
counties to adopt an energy code at least as stringent as ASHRAE 90.1 by October 24,
1994. DBEDT is working with the counties to urge the adoption of these or similar

provisions.

The Application Manual for the Model Energy Code was developed as a tool
for the practitioner. The manual not only explains the requirements of the code, but
also contains data and information to assist the design professional in performing
the necessary calculations to demonstrate that the building meets the requirements.
In many cases, the manual also explains the intent underlying the requirements and
reviews the related principles of effective energy conservation design.

This manual is intended to be a supplement to the code, not a replacement.

It is supported by two computer programs written to operate on an IBM-PC or
compatible computer. The Lighting Standard program is used to assist in calculating
the interior lighting power allowance and lighting control requirements. The
Envelope 1 program is used to assist with the building envelope calculations. Both
programs produce reports that may be submitted with building permit applications

to demonstrate compliance with the code.
W






Overview

1. Overview

Preface

Purpose of this Manual

Purpose and intent of the
Code

Background and History

The purpose of this manual is to provide detailed information to architects,
engineers, builders and contractors o assist them in complying with the Hawaii
Model Energy Code. The manual not only explains the requirements of the code,
but also contains data and information required to perform the necessary
calculations and to demonstrate that the building meets the requirements. In
many cases, the manual also explains the intent underlying the requirements and
reviews the related principles of effective energy conserving design.

This manual is intended to be a supplement to the code, not a replacement.

The manual is supported by two computer programs written 1o operate on
an IBM-PC or compatible machine. Tne LTGSTD program is provided to assist
in calculating the interior lighting power allowance and lighting control
requirements. The ENV1 program is provided to assist with the building
envelope calculations. Both programs produce reports that may be submitted
with building permit applications to demonstrate compliance with the code.

The underlying intent of the Hawaii Model Energy Ccde is to save energy in
buildings. The Hawalian islands are highly dependent on imported oil at prices
and supplies that have proved to be unstable and dependent on world events
that can not be controlled by the residents. Since increases in oil prices can
quickly and dramatically impact the Hawalian economy, it is sound public policy
to encourage the design of the most efficient buildings possible. The code stops
short of requiring the most efficient design possible, but it does require a
minimum level of energy efficiency that is easily cost effective in all sectors of
the economy. The designer should consider the requirements as a starting point
and is encouraged to seek designs which exceed the minimum requirements in
energy efficiency and conservation.

Protection of the environment is another important reason for reducing
energy consumption. The code is extremely broad in scope, encompassing
almost all new construction, including low-rise residential.

The code includes a set of requirements for the energy-efficient design of
puildings and building systems. These requirements assure the application of
cost-effective design practices and technologies which minimize energy
consumption without sacrificing either the comfort or productivity of the
occupants.

In 1979 Honolulu adopted a building energy efficiency standard which based on
ASHRAE Standard 90-75. The Honolulu code was later adopted by Hawaii, Maui
and Kauai. With these adoptions, the State of Hawaii joined most of the rest of
United States in having a building energy efficiency standard based on Standard
ASHRAE 80-75.

The Hawaii Model Energy Code has been developed over a two year
period and has benefited from continued input from the Building Code Task
Force, a group that includes engineers and architects practicing on the islands,
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Relationship to ASHRAE

Standard 90.1-1989

1-2

Figure 1-A Factors influencing the Hawaii Model Energy Code
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building officials, representatives of professional groups and building owners

and managers.

The Hawaii Mode!l Energy Code is adapted from ASHRAE 90.1-1989 Energy
Efficient Design of New Buildings Except Low-Rise Residential Buildings.
ASHRAE 90.1 is a consensus standard that was developed over an approximate
5-year period by energy experts. It supersedes ASHRAE Standard S0A-1980.
Standard 90.1 received extensive public review and was revised in response to

all significant comments.

Most of the Hawaii Code is adapted directly from ASHRAE 20.1 with only
minor modifications, in particular Articles 5, 6, 9, 10, and 13. These deal with
electric equipment, lighting, heating, ventilating, and air-conditioning (HVAC)
systems and equipment and the cost budget procedure. Articles 8 and 11 on
the building envelope and water heating systems were developed in response to
the unique conditions of Hawaii and are significantly different from the parent
standard. Another significant difference between the Hawaii Mode!l Energy Code
and ASHRAE 90.1-1989 is that the Hawaii code also covers low-rise residential

buildings.

While the Code is based on Standard 90.1-1988, it is also influenced by the
most recently adopted California codes (Title 24), ASHRAE 90.2P and the
USDOE standard for non-residential buildings. In addition, many parts of the
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code have been developed specifically for the unique conditions of the Islands,
in particular the requirements for natural ventilation.

This manual is adapted from the ASHRAE 90.1-1983 User's Manual. Many
of the figures, tables and examples are taken directly from the ASHRAE
document as is much of the text. The State of Hawaii gratefully thanks ASHRAE
for allowing the use of these materials. Materials used directly from ASHRAE
documents are acknowledged throughout this publication.

Organization of the Code The code is divided into 13 sections called articles in the code (consistent with
ASHRAE 80.1-1989). Sections 1, 2, 3 and 4 are administrative. Sections 5
through 13 are the technical sections. The organization is as follows:

Article 1: Purpose

Article 2: Scope and application of the code

Article 3: Definitions, abbreviations, acronyms and symbols
Article 4: Compliance methods and approaches

Article 5: Motors and provisions for metering of electrical use
Article 6: Lighting systems and controls

Article 7: Not used

Article 8: Building envelope including fenestration (glazing)
Article 9: HVAC systems and controls

Article 10: HVAC equipment

Article 11: Service water heating equipment and systems
Article 12: Central energy management systems

Article 13: Energy cost budget (ECB) method

Organization of this In general, the chapters of this manual follow the organization of the code,

Manual although some of the articles are combined in a single chapter in respect of the
common division of work among design professionals and contractors. The
organization of the manual follows;

1. Overview. This chapter (the one you are reading) covers Articles 1
through 4 and presents a broad overview of the code and the various methods of
compliance.

2. Electrical and Lighting. This chapter is intended for the electrical
engineer or contractor and covers Articles 5 and 6 dealing with the design and
specification of electrical and lighting equipment and systems.

3. Building Envelope. This chapter is intended for the building designer,
design architect or engineer and explains the requirements of Article 8 dealing
with building insulation, glazing and natural ventilation.

4. HVAC Systems and Equipment. This chapter is intended for the
mechanical engineer or contractor and covers Articles 9, 10 and 12 dealing with
the design of air conditioning systems, selection of efficient equipment and
energy management systems.

5. Water Heating. This chapter deals with the requirements for water
heating systems in both residential and nonresidential buildings (Article 11).

6. Cost Budget Method. This chapter explains the cost budget procedure
of Article 13 and includes detailed information on how it is used.

There are six Appendices to the manual. Appendix A is a summary of the
requirements for low-rise residential buildings. While it is included as an
appendix to this manual, it is really a stand-alone document that explains the
requirements for most low-rise residential buildings. This appendix is available
as a separate stand-alone publication.
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Appendix B is a supplement on how to install and use the LTGSTD
computer program on the lighting standard. Appendix C is a supplement on the
installation and use of the ENV1 computer program on the building envelope
standard. The computer programs are also covered in Chapters 2 and 3 of this
manual.

Appendix D contains weather data for several locations. Appendix E
describes default equipment performance curves which may be useful in the
energy cost budget method of Article 13.

Appendix F is a compliance checklist. On one side it is a form for
designers to indicate which compliance method is used. On the other side is a
brief list of all the code's requirements.

To avoid confusion with tables in the code which are numbered with the
name of the article followed by a sequential number (for instance Table 6-2 is the
second table in Article 6), all tables, figures and examples in this manual are
numbered with the chapter number followed by an alphabatic letter. Sometimes
tables in the code are repeated in the manual. Inthese cases, the table number
in the code is included in parentheses.

Scope

The Code applies to all buildings, residential and non-residential, even if the
structures are not air-conditioned. The largest energy savings are attributed to
the water heating and lighting requirements, and whether or not a building is air
conditioned does not affect the applicability of these requirements. Separate
building envelope requirements generally apply for naturally ventilated buildings,
however.

The Code totally exempts buildings in the following three categories.

+ Buildings or areas of buildings intended primarily for manufacturing,
commercial or industrial processing

« Buildings that have a peak design rate of energy use less than 1.0 W/ft2

¢ Buildings smaller than 100 ft2

Building officials can also waive specific requirements for historic buildings
when it is determined that the historic nature of the building will be harmed

Table 1-A Scope of Hawaii Model Energy Code
Non-Residential Residential
A/C Nat. Vent. AIC Nat. Vent.
high-risgonfy | high-tiseioniy:;

no no

Electric Power
Lighting

Air Leakage
Comfort Ventilation
Roof Heat Gain
Wall Insulation
Windows

Skylights

HVAC Systems
HVAC Equipment
Water Heating
Energy Management
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through the application of one or more of the requirements. In these cases, only
those requirements that would damage the historic merit of the building are
waived.

The code also applies to new construction in existing buildings. For
instance, if interior renovations call for an entirely new lighting system, the
lighting standard would apply to the new system. The Code would not apply, of
course, to the portion of the building that is not improved. The code applies ina
similar manner to the construction of a new HVAC system in existing buildings.
See the following chapters for more details on how the code applies to existing
buildings.

Compliance Methods

Basic Requirements

Prescriptive Method

System Performance
Method

The Code has basic requirements that must be met for all buildings. After that,
there are three alternative methods of compliance: the prescriptive, the system
performance, and the energy cost budget methods. The system performance
method is available for lighting, and the building envelope. The designer may
choose the method best suited for a particular project. The prescriptive and
system performance methods may de used alternately on a section-by-section
basis. As no system performance requirements exist for HYAC systems,
prescriptive requirements must be met for this article unless the energy cost
budget method is used. More information on these methods and the basic
requirements is presented below.

The basic requirements must be met for all projects without exception. Most
basic requirements do not influence the size, shape or physical appearance of
the building. The following are examples of basic requirements.

e Equipment efficiencies for motors, lighting ballasts, HVAC equipment
and water heating equipment

e Eqguipment load sizing procedures for HVAC and water heating

» Basic controls for lighting, HVAC and water heating systems

e Air leakage and natural ventilation requirements for the building
envelope

e Exterior lighting allowances

e Distribution system performance requirements such as duct insulation,
duct leakage and pipe insulation

e Metering and monitoring provisions for electrical power and HVAC
equipment

The prescriptive method is an option for lighting, the building envelope, and
HVAC systems. These requirements are component oriented and represent the
simplest most direct method of demonstrating compliance. They include look-up
tables with specific values that a particular building component must meet. This
procedure is generally the fastest and easiest way to demonstrate compliance.
The prescriptive requirements are also the more stringent and less flexible.

The system performance method is an option for lighting, and the building
envelope. These requirements are system oriented and allow trade-off within
components of the lighting, and envelope respectively (but not between the two).
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Building Energy Cost
Budget Method
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The system performance method allows greater design flexibility than the
prescriptive method and is easier to apply than the energy cost budget method.
For lighting, the interior lighting power allotment is based on the actual

space layout and use. This generally provides for a more accurate power
allocation that more closely matches the lighting needs. For the building
envelope, a computer program models the building envelope as a system and
allows trade-offs between different components. A designer can balance
increased window area against higher insulation in the opague wall. The system
performance methods for both lighting and envelope are supported by MS-DOS
computer programs.

With a modem the two programs are available on the DBEDT bulletin board
(586-2496). Join conference #1 and download the files ENVIX.EXE and
LTGSTDX.EXE. Otherwise contact DBEDT for information about obtaining a copy
of the programs.

The energy cost budget method (ECB) allows trade-offs in performance from all
elements of the building design except the basic requirements. This method
provides the ultimate design flexibility, but requires rigorous computer modeling
of two buildings: a budget building and the proposed design. The proposed
building is modeled as designed. The budget building is like the proposed
building in many aspects, but it must meet either the prescriptive or system
performance section of each section. Compliance in the ECB method is
achieved if a proposed building design has an annual energy cost that is no
higher than that of the budget building.

Using this method, the designer can exceed any prescriptive or system
performance requirement thereby allowing for the most design flexibility. The
ECB method is exclusive of the prescriptive and system performance methods.
Either the design shows compliance under the energy cost budget method or it
shows compliance under a combination of prescriptive and system performance
methods as previously described.
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Figure 1-B Compliance Options
(from ASHRAE Standard 90.1- 1389 User's Manual)
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Summary of the Code

Highlights of Residential The residential requirements address water heating, ceiling heat gain, and

Requirements natural ventilation; and when the home is air conditioned, additional requirements
are triggered. These requirements are summarized in Figure 1-C and explained
in greater detail in the text that follows.

Ceiling Heat Gain Ceiling constructions must either be insulated or alternatively may use a radiant
barrier in combination with a light-colored roof. The actual criteria are expressed
as a maximum roof heat gain factor (RHGF). There is a simple equation for
RHGF that takes account of insulation levels (U-value, U;), color (absorptivity, o)
and radiant barriers.

This equation is shown below:

RHGF = U, x o x RB

The maximum RHGF is 0.05 and compliance with this criterion can be
achieved by lowering U, (installing insulation), lowering a (using a light color)
and/or installing a radiant barrier (RB). RB is 1.00 for no radiant barrier and 0.33
when a qualifying radiant barrier is instalied. To qualify, a radiant barrier must
have an emissivity of less than 0.10 and meet other requirements.

Analysis shows that the roof heat gain requirements can be justified
economically in air conditioned buildings. They are also justified for natural
ventilated buildings because they increase comfort.

Figure 1-C Summary of Residential Requirements

Air-conditioned CEILING
buiidings onty Ceiling insulation OR Light colored roof
and radiant barrier
SEER must be
greater than 10.0 f°‘:, NATURAL VENTILATION
spiit systems and 9. Wirin - . - .
g for ceiling fans in OR Cross ventilation on opposite
for packaged systems | o;ch habitable room. , or adjacent walls or on
Ducts In Minimum one for each 400sf. either side of wing walls

unconditioned space
must be insuiated

Windows must be
shaded or tinted.
More shading
required with larger
areas

Doors and windows
must be tight fitting

Walls must be
Insulated or shaded

Skylight size limit WATER HEATNG.
Low flow devices, Plpe insulation, Temperature
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Figure 1-D Methods of Providing Cross Ventilation

Natural Ventilation The natural ventilation requirements are intended o eliminate (with the help of
the roof heat gain requirements) the need for air conditioning. Habitable rooms
{kitchens, bedrooms, living areas and dining rooms) must have two operable
openings on opposite or adjacent walls for cross ventilation or on opposite sides
of a wing wall. The minimum free ventilation area must be at least 12% of the
floor area. In addition, louvers or door catches must be installed on interior
doors.

Habitable rooms that do not satisfy the natural ventilation requirements

must be wired for the future installation of ceiling fans. The wiring must enable
wall-mounted fan controls.

Water Heating Water heating is the major energy user for most Hawaii residences. The Code
achieves savings by requiring hot water conservation devices, pipe insulation,
and temperature control.

Special Requirements for Air When air conditioning is installed there are additional requirements for
Conditioned Buildings equipment efficiency, heat gain through walls and windows and air leakage.

Equipment Efficiency. Split system air conditioners must have a minimum
SEER (Seasonal Energy Efficiency Rating) of 10.0. Packaged air conditioners
must have an SEER of at least 9.7. These requirements are consistent with
federal law in the NAECA (National Appliance Energy Conservation Act).
NAECA also has requirements for room air conditioners and heat pumps.

Wall Insulation or Shading. Walls in air conditioned buildings must either
be insulated or shaded to prevent heat gain.

Window Shading. Windows must be shaded with overhangs or other
permanent devices, or alternatively, solar gain may be controlled with low-
transmission glazing. The requirements become more stringent with larger glass
areas. Separate, less stringent requirements are provided for north-facing
windows. The residential requirements are similar to the nonresidential
requirements which are discussed later in the next section.

Air Leakage. Windows and doors in air conditioned buildings must be tight
fitting to minimize air leakage. Jalousie windows are limited to a maximum of 2%
of the exterior wall area.
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Highlights of
Requirements for Hotel
Guest Rooms

Lighting

Envelope

HVAC

Water Heating

Highlights of
Requirements for
Nonresidential Buildings

Lighting

1-10

The requirements for hotel guest rooms are similar to those for residential
buildings. The requirements apply to lighting, heat gain into the building
envelope and the design of air conditioning and water heating systems. There is
a requirement for either natural ventilation or ceiling fans. These requirements
are summarized in the figure below and explained in greater detail in the text that
follows.

Hotel guest rooms are permitted a maximum of 0.7 watts per square foot of floor
area. A 300 ft2 guest room would be allowed 210 watts of lighting. This level
requires more use of compact fluorescent lamp sources.

The requirement for ceiling heat gain is identical to residential buildings, limited
to a maximum of 0.05 Btu/h-ft2. This requirement can be satisfied by installing
insulation or by using a light-colored roof and a radiant barrier. See the
discussion on residential requirements for low-rise residential buildings. The
ceiling heat gain requirement applies to both air conditioned and naturally
ventilated buildings.

The natural ventilation requirements apply to guest rooms which are not air
conditioned. The requirements are the same as for residential buildings as
described earlier.

Walls must be insulated unless they are shaded by an overhang having a
projection factor of at least 0.3 on non-north orientations and 0.2 on north
orientations. The shading exception also applies when walls are shaded by
building wings, other buildings or terrain.

Solar heat gain through fenestration is limited in the Code by a maximum
RSHG (relative solar heat gain) factor. The maximum RSHG depends on the
WWR (window wall ratio) and the orientation.

The RSHG criteria for glazing can be satisfied with a combination of fixed
shading devices such as overhangs or sidefins, with tinted or reflective glass or
with interior or exterior shading devices.

Doors leading from guest rooms to outdoor balconies or terraces must have an
electrical interlock that shuts off the air conditioner when the door is open.

When air conditioners larger than 10 tons are used for space cooling or
compressors larger than 15 hp are used for refrigeration, heat must be recovered
from these units to helip satisfy the water heating load.

There are other general requirements for the design of HVAC systems that
apply to equipment efficiencies, ventilation air and other design features.

Water heating systems face requirements for minimum equipment efficiency,
pipe insulation, controls, and low flow devices.

The nonresidential requirements address lighting, heat gain into the building
envelope and the design of air conditioning and water heating systems. While
the requirements are illustrated in the following figure for office spaces, the
requirements are similar for other nonresidential building types.

Lighting is the most significant requirement for nonresidential buildings. There
are two fundamental requirements. The first is for a minimum level of lighting
control 1o enable efficient operation of the lighting system. The second sets the
maximum lighting power based on building/room size and building type or visual
tasks.
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Figure 1-E Summary of Hotel Guest Room Requirements

Roof insulation or [ight Cross ventilation or Efficient water
colorad root with wiring for ceiling fans if heater, insulation,
radiant barrier no AC controls, and low
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Figure 1-F Summary of Office Requirements

Lighting power Lighting controi Roof insulation or
less than 1.11 to point for each light colored roof
1.40 watts per sf enclosed space with radiant barrier

plus an additional
controt point for
each 450 sf or
task location.

Shaded or tinted
windows {more

shading with ar
windows) %
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Minimum Control
Requirements.

Maximum Lighting Power.

Exterior Lighting

The minimum controf requirements are set through the concept of lighting control
points. A simple on/off switch is one lighting control point. Occupant sensors,
programmable timers and controls that provide three levels of illumination all
earn two control points. Automatic or continuous dimming controls and controls
that provide four levels of illumination earn three control points.

Each space enclosed by full height partitions must have at least one control
point, plus additional control points for each 450 t2 of building area or task
location. No additional control points are required for storage rooms or lavatories
that do not have visual tasks associated with them.

The maximum lighting power density is established in one of two ways. The
prescriptive requirements set the limit based on building type or space activity
and size. The maximum for offices with this method ranges between 1.4 W/ft2 for
offices less than 2,000 ft2 to 1.11 W/ft2 for offices larger than 250,000 ft2. These
requirements are summarized in Table 6-5 of the Code.

To provide some additional flexibility, the system performance method
enables the maximum lighting power to be determined for each space in the
building and then summed. The second method is more appropriate when a
building has special lighting requirements.

With both methods, credit is offered for automatic lighting controls such as
daylighting controls or occupant sensors. The credit is offered as a lighting
power adjustment factor. This enables compliance with the lighting power
requirements to be achieved with efficient equipment, automatic controls or
some combination of the two.

There are also requirements for exterior lighting systems. These limits are
contained in Table 6-1 and apply to parking lots, exterior walkways, building
exteriors and other outdoor lighting requirements. The Code allows more lighting
power for parking lots than the most recent Honolulu code. However, the
proposed standard is more stringent for building perimeter and other outdoor
applications.
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2. Electrical and Lighting

This chapter explains the requirements of Articles 5 and 6 of the Hawaii Model
Energy Code. Article 5 includes requirements for electrical distribution and
motor efficiency. Article 6 includes requirements for lighting equipment and
controls. Since responsibility for Articles 5 and 6 often rests with a single entity
(the electrical engineer or electrical contractor), they are included here as one
chapter.

General Information

Scope

The lighting and electrical equipment requirements apply only to nonresidential
buildings, hotels and high-rise residential. None of the requirements apply to
low-rise residential buildings and only the electrical requirements apply to high-
rise residential buildings.

The lighting standards apply not only to new buildings but also to new
lighting systems installed in existing buildings when the space being improved is
larger than 1,000 ft2 or includes an entire floor. Buildings less than 100 ft2 or
those with a peak design rate of less than 1.0 W/ft2 are exempt from the entire
Code, not just lighting. The general exemption also applies to buildings
intended primarily for manufacturing or for commercial or industrial processing.

Most lighting for specialized purposes such as theatrical productions,
medical procedures and research, signs and emergency lighting is exempt and
does not need to be considered. These exempt lighting applications are
discussed in greater detail later in this chapter.

Example 2-A Office renovatnon '

Q

5,000 ft2 of high-rise office space is to be renovated for a new tenant. Executive
offices, covering 1,500 ft2 along the west perimeter, will get new luminaires with
remote-control dimming. In the remaining 3,500 {12 of open office space, the
existing luminaires will be retrofit with new lamps and ballasts, and prismatic
lenses will be installed for a new look. In both cases, the existing wiring will
remain unchanged. How do the lighting requirements apply to this renovation?

A

Since the executive offices cover more than 1,000 ft2 and the luminaires are
being completely replaced, this portion of the renovation must comply. However,
the requirements apply only to the elements of the system that are being
replaced. Inthis case, the executive offices must meet the lighting power limits
because the fixtures are being replaced, but the control point requirements 1o not
apply. The 3,500 ft2 of open office space is exempt from the lighting code

because the existing fixtures and controls are not being replaced.
B A N S B e Rt o
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Figure 2-A Lighting Compliance Options
(adapted from ASHRAE Standard 90.1- 1983 User's Manual)

Basic Requirements (6.3)
-Controls
-Ballasts
-Exterior Lighting

! |

Determine Interior
Lighting Power Allowance
(ILPA)

Calculate Connected Lighting Power
(building complies if less than ILPA)

Prescriptive OR System Performance .
Method (6.4) Method (6.5) Otherwise

l

Calculate Lighting Control Credits
(only necessary if CLP > ILPA)

LTGSTD Program
(or hand calculations)

Caiculate Adjusted Lighting Power
(building complies if less than ILPA)

Methods of Compliance All of the electrical requirements of Article 5 and many of the lighting

2-2

requirements of Article 6 are basic requirements and must be satisfied for all
buildings. There are three groups of electrical requirements dealing with:

e Electrical distribution and submetering

e Motor efficiency

e QOperation and maintenance manuals

The basic requirements for lighting apply to:

e Exterior lighting power

e Lighting controls

= Ballast efficiency

In addition to the basic requirements, the adjusted lighting power (ALP) for
interior spaces must be less than the interior lighting power allowance (ILPA).
There are two methods to determine the interior lighting power allowance: the
prescriptive method and the system performance method. Figure 2-A illustrates
these options.
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The adjusted lighting power for interior spaces is called “adjusted” because
credits may be taken for certain types of automatic lighting controls such as
occupant sensors or daylighting controls.  When qualifying lighting controls are
used, the connected lighting power (CLP) may be reduced by the lighting power
control credit (LPCC) to account for the energy savings of these controis. If
qualifying lighting controls are not installed, the adjusted lighting power is equal
to the connected lighting power. Even when qualifying controls are included in
the design, it is not necessary to include them in the calculations if the
connected lighting power is less than or equal to the interior lighting power

allowance.
Prescriptive Interior Lighting With the prescriptive method, the interior lighting power allowance (ILPA) is
Power Allowance determined by multiplying the gross lighted area of the building by a unit power

lighting allowance (ULPA) in watts/ft2. When the major occupancy in multi-use
buildings is greater than 90%, the ULPA for the major occupancy may be used
for the entire building, otherwise, the floor area of each use is multipiied times the
ULPA for that use.

The prescriptive method is easy to use, quick and straightforward. its
disadvantage is that it is more stringent than the system performance method
(allows less lighting power), is limited to the more common building types.
Neither is it sensitive to specific space functions or room configurations.

System Performance Interior The system performance method is recommended for projects with more

Lighting Power Allowance compiex or atypical lighting needs. it is a more detailed method that applies
separate unit power densities (UPD) on a room-by-room or activity-by-activity
basis. This method more closely matches lighting power allocation to the
requirements of visual work, but requires more effort. A computer program
(LTGSTD) is provided to help apply the system performance method. The
calculations may also be easily done by hand. Although the system
performance ILPA is determined on a space-by-space basis, the connected
lighting power (CLP) is always evaluated on a building-wide basis, thus allowing
trade-offs between interior lighting systems within a building.

Special Cases For most buildings, the application of the Hawaii Model Energy Code is
straightforward. This section discusses the circumstances of those special
cases that are not.

Trade-offs Between Exterior Exterior and interior lighting systems must comply separately with their

and Interior Lighting respective requirements. Trade-offs between the two are not allowed. In fact,
since the exterior fighting power limits are a basic requirement, they may not be
exceeded even if the energy cost budget method is used (see Chapter 6).

Multibuilding Facilities Each building in campus-iike facilities must comply separately with the interior
lighting power requirements, even if they are covered under a single building
permit. The exterior lighting power allowance, however, applies for the entire
site.

Speculative Buildings Speculative buildings are buildings that are built before the tenants are known.
The initial building permit application usually inciudes just the shell and core with
lighting installed only for the common areas of the building — the corridors,
toilets, stairwells and lobby. Lighting for tenant spaces is provided as part of the
tenant improvements and is often customized for each tenant. Either the

Hawzaii Model Energy Code Application Manual 2.3




Electrical and Lighting General Information
L e e S S S I O e S

Shell Buildings

Garages

Principles Underlying
intent

prescriptive or systems performance method may be used with speculative
buildings, but each phase of construction must separately satisfy the
requirements of the Code.

Shell buildings are built before the building's use is known. The space could
become light manufacturing, office, warehouse or any other use depending on
the requirements of the tenant. In those cases where the developer wants to
install a lighting system before the use is known, the [LPA should be set at 0.2
W/f2, the allowance for unlisted spaces from the system performance method.
However, the lighting system is rarely installed in shell buildings before the
space is leased. Afteritis leased, the space use is known and either the
prescriptive or system performance method may be used to set the ILPA.

A covered garage, even though it is usually unconditioned space, is treated as
interior space and is included as part of the interior adjusted lighting power.
Open parking lots (including roof top parking), however, are treated as exterior
lighting.

Electric lighting consumes a significant amount of energy in Hawaii. In office
buildings, lighting represents 40 to 45% of energy used. Lighting also increases
cooling loads because it adds heat to buildings. To remove the heat from
lighting, the building's cooling system consumes additional energy. As a rule-of-
thumb, for each 100 kWh of lighting energy, the air conditioner will use another
20 10 30 kWh to remove the heat.

Lighting systems can be designed to reduce energy use and associated
cooling loads significantly without compromising lighting quality or quantity.

One way this can be achieved is through the use of efficient lighting sources.
Figure 2-B compares the efficacy (lumens of light output per watt of electric
input) of a number of common lighting sources. Each bar represents the efficacy
range for each source. Modern fluocrescent lighting systems (the right side of the
bar) can provide the same quantity of light as older fluorescent lighting (the left
side of the bar) while about one-half the energy. Modern compact fluorescent
lighting is four to five times more efficient than the traditional incandescent
lighting it replaces.

The Hawaii Model Energy Code is intended to restrict use of inefficient
equipment and to encourage efficient lighting design. This is achieved through
lighting power allowances. The lighting designer is given an allowance based
on the space or building use. Compliance is achieved by installing a lighting
system that requires less lighting power than the allowance. This approach
provides design flexibility while maintaining a minimum level of efficiency.

The Code also requires, or in some cases encourages, better lighting
controls. Lighting controls save energy by reducing the amount of operating
time (timeclocks or occupant sensors) and/or reducing the power consumption
(dimming controls).

Meeting the requirements of the Code assures only a minimum level of
efficiency. Greater efficiency can be cost effective in many buildings (up to 60%-
80% over that required by the Code). Designers are encouraged to go beyond
the minimum levels of efficiency required by the Code whenever possible.
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Figure 2-B Lighting Source Efficacies
(adapted from ASHRAE Standard 90.1- 1989 User's Manual)

Standard Incandescent
Tungsten Halogen
Halogen Infrared Reflecting
Mercury Vapor
Compact Fluorescent (5 - 26 watts)
Compact Fluorescent (27 - 40 watts)
RREEREEEESS  Fluorescent (full size and U-tube)
DTN Metal Halide
AAEEEEH compact Metal Halide
RS =Saa High Pressure Sodium
White Sodium

0 10 20 30 40 S0 60 70 80 90 100 110
Lamp Plus Ballast Lumens/Watt

Lighting power allowances are based on conventional designs and
equipment. Most general lighting power aliowances are based on fluorescent
sources using magnetic ballasts and standard T-12 fluorescent lamps. Lighting
power allowances are based on incandescent lamps only when dimming, point-
source directivity and/or critical color rendering are required. The use of modern
equipment such as T-8 lamps, electronic ballasts, compact fluorescent lamps
and high intensity discharge (HID) lamps will result in designs that are
significantly more efficient than reguired by the Code. On the other hand, it is
unlikely that designs using mostly incandescent lamps and/or inefficient lighting
fixtures will comply with the lighting allowances while maintaining acceptable
illumination levels.

Compliance with the Hawaii Model Energy Code does not assure that
adequate illumination is provided or that lighting quality is maintained. The
purpose of the Code is to set limits on the amount of lighting power that may be
installed. While it is the consensus of experts that lighting quality can be
achieved within the limits set by the Hawaii Model Energy Code, it is the
responsibility of the designer to provide lighting quality and adequate
illumination for all visual work. Quality lighting may require lighter wall or ceiling
surfaces and in some cases require a greater initial investment.
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Table 2-A Acronyms Used with Lighting Code
{(from ASHRAE Standard 90.1- 1989 User's Manual)

AF

ALP

CLP

EPLA

GLA

ILPA

LPCC

PAF

ULPA

UPD

Area factor. An adjustment used with the systems performance method to
account for the size and shape of a specific room.

Adjusted lighting power. This is the interior connected lighting power (CLP) less
the lighting power control credits (LPCC).

Connected lighting power. The sum of all interior lighting power that is not
exempt.

Exterior lighting power allowance. The maximum lighting power that may be used
for exterior lighting.

Gross lighted area. The lighted floor area of the building measured to inside wall
surfaces. Used to calculate ILPA with prescriptive method.

Interior lighting power allowance. The connected lighting power or the adjusted
lighting power must be less than this value which may be determined by either the
prescriptive or systems performance method.

Lighting power control credit. The benefit of qualifying automatic lighting controls
expressed as an equivalent reduction in instz2iled lighting power. For a singie
control circuit, the LPCC = CLP x PAF.

Power adjustment factor. The fraction of lighting ener%‘y_that is expected to be
saved from the installation of a qualifying automatic lighting control. See LPCC.

Unit lighting power allowance. The maximum watts per_ft2 of lighting for a specific
building type, from the prescriptive method The prescriptive ILPA is determined
by multiplying the gross lighted area by the ULPA.

Unit power density. The maximum watts per ft° of lighting for a specific building
space function or activity, from the system performance method. The system
performance ILPA is determined b'\f/ loor area of each space or group of spaces
by the UPD and the appropriate A-.

Note: Table 3.1 of the Code has a complete list of acronyms.
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Basic Requirements

The basic electrical requirements of Article 5 deal with electrical distribution and
submetering, electric motor efficiency and operation and maintenance manuals.
The basic requirements for lighting (Article 6) address interior lighting controls,
exterior lighting controls, exterior lighting power and ballast efficiency. They
apply when either the prescriptive or systems performance method is used to
determine the interior lighting power allowance.

Electrical Distribution These requirements apply to all buildings with a connected electrical ioad over

and Submetering 250 kVA (usually buildings greater than about 50,000 ft2). The electrical load
includes all equipment powered within the buiiding. For such buildings, the
Code requires that electric power feeders be divided by end use and by tenant
so that separate metering can easily be accommodated. If users can track their
energy use, it is easier for them operate their systems and equipment efficiently
and to determine cost effective investments in conservation.

Subdivision of feeders and the subsequent metering of these feeders does
not save energy directly but it can provide an incentive to save energy. This is
particularly important in multi-tenant buildings. A tenant who receives a lump
sum monthly charge for building services (HVAC, electrical, service water
heating and rent) is less likely to conserve energy than one that pays the monthly
bills for utility services directly. Furthermore, by subdividing feeders by end use,
a cost conscious building owner or tenant can more easily target a specific
building system for energy conserving retrofit. The impact of educational
provisions, such as the requirements for end use metering, is hard to quantify;
however, it could easily equal or exceed all of the mandatory measures in the

Code.
Subdivided Service Electrical feeders are required to be subdivided by end use according to three
By Use categories:

e Lighting and receptacle loads

e HVAC systems and equipment

e Various loads including service water heating, elevators and special
equipment/systems of more than 20 kW.

This last category includes individual equipment or systems which
independently draw 20 kW or more. Examples include central computer systems
(commonly fed through an uninterruptable power supply), printing equipment,
kitchen equipment and baling presses. Smaller equipment such as desktop
computers, small printers and small copying machines can be inciuded with the
receptacle loads.

Feeders can serve equipment systems from different categories where 90
percent of the load or more is from the predominant category.

Subdivided Service For Tenant In multi-tenant buildings, each tenant having a connected load of 100 kVA or

Spaces more must be capable of being check metered. Permanent electrical meters are
not required, but large tenants must be served through separate feeders
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Example 2-B Subdivision of Feeders.

Q

A medium size retail space has 300 kVA of connected electrical load. This load is divided into the following uses:
50 percent for lighting and receptacle loads, 45 percent for HVAC systems and equipment and the remaining 5
ggpercent for the service water heating system. How many separate feeders are required for this project?

A

: As the connected electrical load of this building exceeds 250 kVA it must meet the requirement of this section for

i subdivision of feeders. Only two feeders are required: one serving the lighting and receptacles; a second serving
the HVAC systems and equipment. The service water heating load can be combined with either of the two above,
as it is less than 10 percent of either.

-Example 2-C Subdivision of Feeders

:1f the building described in Example 2-A had only 200 kVA of connected electrical load, what subdivision of feeders
would be required?
A

iNone. As the total connected electrical load is less than 250 kVA this building is not required to have any
i subdivision of feeders.

{Example ; 2-D Subdlvision of Feeders tor a Water-Loop Umtary Air Conditioner System ina Multl-'renant
fbuilding - :

Q
L A water loop unitary air conditioner system consists of a central cooling tower, and loop pumps which circutate :
i water through water-loop air conditioners. Some of the water-loop air conditioners serve central circulation spaces
within the building. Other water loop air conditioners are in the tenant spaces. Which systems should be fed from
ithe tenant electrical feeders?

A

Those units which serve the tenant space. The central equipment, including the cooling tower, circulation pumps,

and water loop air-conditioning units that serve common areas should be fed through the main building feeders for
HVAC systems and equipment. The water-loop air-conditioning units that serve individual tenants should be '

{connected and fed through the electrical feeders for that individual tenant's HVAC system and equipment.

Example 2-E Subdivision of Feeders for Tenant Spaces wrth a Booster Heater on a Centrat Sennce Water
iHeating System o el SRS A
‘Q

A tenant in a multi-tenant building installs an electric booster heater on a central service water heating system.
Should the booster heater be connected to the tenant's electrical feeders?

A

Yes. As the booster heater serves the tenant's needs, this system should be fed from the tenant's electrical system.

S ISR R e e e
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Provisions For Metering

Electric Motors

Additional Motor
Recommendations

which are accessible for portable meters or future connection of permanent
meters.

Where a central HVAC or service water heating system serves more than
one tenant, that system can be metered with the main building. However, HVAC
or service water heating equipment that is installed in the tenant space and that
serves that tenant should be fed through that tenant’s feeders.

While not required by the Code, it is recommended that each tenant in
multi-tenant buildings be submetered regardiess of the size of that tenant. ltis
further recommended that service for large, individual tenants be further
subdivided by the use categories previously described. Thisisnota
requirement of the Code, but will help each tenant to save energy.

Each subdivided feeder must have either a permanent electrical meter,
provisions for installation of a permanent meter, or provision for a portable meter.
Where permanent meters are not installed, provisions for future installation or
portable meters can be provided in either a dedicated electrical cabinet through
which the feeders pass or within an electrical cabinet such as a breaker panel.

Dedicated panels must be clearly identified as to the measuring function
available. In either case, there must be sufficient room to attach either a clamp-
on or split core transformer on each feeder.

Electric motors are an excellent investment in energy efficiency. Electric motors
are used for a variety of purposes in buildings, including HVAC fans, HVAC
puUMpPS, open cCompressors, service water heating pumps, escalators, elevators,
conveyors and lifts. Motors are available in a wide range of efficiencies. In
motors, the electrical energy which is not converted to power is dissipated as
heat. Depending on the motor type, size and service, this waste heat can
account for 1% to 30% of the energy used by the motor.

Table 5-1 of the Code has minimum full load efficiency requirements for
single speed polyphase motors of one horsepower or larger. The efficiency
requirements depend on the expected usage in hours per year and on the
speed. There are no requirements for motors that are expected to operate for
less than 500 hours per year. The required motor efficiencies are ciassified by
the National Electrical Manufacturers Association (NEMA) as "energy efficient”.
Exceptions are provided for motors that are multi-speed and for motors used as
components of equipment where those motors are part of the efficiency ratings of
the equipment that meets the requirements of Article 10.

Although not a requirement of the Code it is recommended that motors be sized
to not exceed the anticipated load by more than 25%. Variable speed drives are
also recommended in preference to throttling bypass or similar devices for
variable flow systems. This applies to both air and hydronic HVAC systems.
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Example 2-F Minimum Motor Efficiencies

Q

water-loop unit air conditioner system serving a mutlti-tenant office building has
0 circulation pumps, each of which have a 5 hp open drip-proof motor (4-pole, :
800 rpm). What are the minimum efficiencies required for these motors? ;

S these motors are over one horsepower, and as they are expected to operate
ore than 1000 hours a year, they must have a nominal efficiency equal to or in
xcess of 87.5% (Table 5-1).

Example 2-G Minimum Motor Efficiencies

Q

packaged air conditioning unit has a 10 hp standard efficiency fan motor that  :
oes not meet or exceed the nominal efiiciency requirements of Table 5-1. If this |
nit as a whole meets or exceeds requirements of Article 10, will it comply? :

es. This unit complies as this unit's ratings include the electrical use of the fan
imotor, and as the unit complies with the requirements of Article 10. However, if

e manufacturer offers the same unit with a high or premium efficiency motor,  :

e designer may want to consider specifying this option, as it is likely to be cost

ffective.

Example 2-H Minimum Motor Efficiencies.

: A two-speed 7-1/2 hp motor issued for an exhaust fan which serves a
igymnasium. Is this motor required to meet the nominal efficiencies of Table 5-17
A '
:No. As this is a two-speed motor, it is not required to meet the minimal

: efficiencies of Table 5-1.
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Operation And
Maintenance Information

Interior Lighting Controls

Control Required for each

Lighting System

Enclosed Spaces

Control Accessibility

Lighting Control Points

The designer or contractor is required {0 provide specific operation and
maintenance information about the building electrical distribution system to the
building owner. This information must be collected in a manual which includes:

« A single-line diagram of the as-built building electrical distribution
system. The locations for permanent meters or provisions for check metering
must be noted on this single-line diagram.

e Schematic diagrams of electrical controls systems other than HVAC
control systems which are covered under the requirements of Section 12 of the
Code.

e Any operational maintenance information for electrical equipment which
was provided by the manufacturer of that equipment.

The purpose of the lighting control requirements is to enable lighting to be turned
off when it is not needed. Accessible controls are required for each lighting
system and a separately controlled lighting system must serve each enclosed
space. In addition, multiple points of control are required for separate tasks or
spaces. These are explained in greater detail below.

Each lighting system must have some means of control, except for emergency
and exit lighting. Acceptable means of controt include manual switches,
programmable timeclocks, photocells and occupant sensors. Circuit breakers,
fuses and other devices not intended and/or suited for lighting control fail to
satisfy this requirement.

Each space enclosed by walls or ceiling height partitions shall be provided with
controls that together or singly, are capable of turning off all the lights within that
space. There is an exception for continuous lighting required for security
purposes.

Lighting controls must be in the room where the lighting system is located and
they must be readily accessible. They should be visible and easily operated by
the occupants of the space. The Code recognizes several cases where this
requirement is not reasonable or practical; exceptions include:

Lighting controls for spaces that must be used as a whole

Automatic controls

Programmabile controls

Controls requiring trained operators

Controls for safety hazards and security

The Hawaii Model Energy Code uses a scoring system for lighting controls where
each type of control is awarded a certain number of control points. A simple
on/off control earns one control point. Occupant sensors, programmable timers
{within the space) and three-level switches earn two control points, while other
types of controls including four-ievel switches, preset dimming systems and
continuous dimming systems earn three control points.

Although one might think of control points as locations (points) of control, it
is more accurate to think of them as scoring points. Each control point is
indicative of its ability to save energy - the more points the more efficiently the
lighting system can operate. The number of control points associated with
various types of lighting controls are presented in the Code in Table 6-2 and
repeated here as Table 2-B.
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Minimum Number of Controls

Multiple Switch Locations

2-12

Table 2-B Control Types and Equivalent Control Points
(Table 6-2 in the Code)

Type Of Control Equivalent No. of Control Points
Manually operated on-off switch 1

Occupancy sensor 2
Timer--programmable from the space being controlled 2

Three—ievel, including off, step control or preset 2

dimming

Four—level, including off, step control or preset 3

dimming

Automatic or continuous dimming 3

The number of control points required in each space is determined by the
following rutes.

e Start with one control point for each interior room (space enclosed by
walls or ceiling height partitions)

o Add one additional control point for each task location or for each 450 ft2
of space whichever is less.

With the 450 ft2 rule, the required number of control points is rounded to the
next highest whole number. Each space within the building must separately
meet its control point requirements. A private office will generally require at least
two control points (one for the enclosed space and one for the task). This means
that each private office must have a switch that is capable of providing bi-level
illumination (through use of two switches, or one), an occupant sensor or other
controls from Table 2-B that earn at least two control points. Locally switched
permanently-mounted task lights (e.g. in furniture systems), count as a qualifying
lighting control point.

Figure 2-C shows a partial floor plan of a typical office building and shows
how the control point methodology is applied.

An exception allows the number of required contro! points to be reduced by
one for each 0.70 watt reduction in interior lighting power allowance (ILPA).

The control point requirements are not applicable to exterior lighting
systems.

Regardless of the control points required or earned, at least one control must be
provided for each 1,500 W of connected lighting power. An important exception
to this requirement is for large spaces that must be used as a whole such as
public lobbies of office buildings, hotels and hospitals, retail and department
stores, warehouses and storerooms and service corridors under central
supervision. In these cases additional switches (for each 1,500 watts) do not
save enough energy to warrant them being required. However, the spaces must
be provided with at least three control points.

It is not permitted to count two 3-way switches on one circuit as two devices for
the purposes of contro! points or minimum switch requirements.
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(dimensions in feet)
(from ASHRAE Standard 90.1- 1989 User's Manual)

Figure 2-C Control Requirements for a Typical Office Building

Each 10 x 15 private office
with one task needs two
control points

a. First control required

b: Addltional control for task
or fraction of 450 ff’

30 x 40 mail room with four
task locations needs four
lighting control points

Large 30 x 40 meeting
rooms need at least two
but no more than four
lighting control points

a. First control required
b. Additional control for

each task or for each 450
f, whichever is less

20 x 30 conference room
needs at least two
control points

a. First control required

b. Additional control for
each task or 450 ff,
whichever is less. The
number of visual tasks in
the conference room will
depend on the specific
design.

y

a. First control required

b. Additional control point for
each task or 450 ff,
whichever is less. In this
case the 450 ft' rule results

in three additional control
points, fewer than the number
of tasks.

20 x 30 work area with three
tasks needs three control
points

a. First control required

b. Additional control points \
for each task or 450 f¢
whichever is less. In this
case, the 450 £ rule results
in two additional control
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points, which is less than the
Storage room

needs one control

point

a. First control
required

b. No tasks

/ Lavatories need

one control
point each

a. First control
required

b. No visual
tasks

40 x 100 open office with 50
tasks requires ten lighting control
points

a. First control required
b. Additional control for each 450

f¢ which is less than the number
of tasks
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: Example 2-1 Accessibility and Location of Lighting Controls
Q

Can lighting for corridors in a mall be grouped and switched from a remote
: location?

A

Yes, since the space is used as a whole. By switching from a remote location,
any unusual appearance or functional discrepancy caused by partial lighting
ican be avoided.

Q

Does a programmable time device for a retail store need to be located in the

istore?

A

:No, programmable or automatic controls are exempt from this requirement and

- may be located in a remote location.

Q .,
Do lighting controls in airports, building lobbies, banks, libraries and department
stores need to be accessible?

:No, there is an exception to the accessibility requirement for safety and security

:reasons.

%.Example 2-J Required-Lighting Control Points -
Q

A store room of 120 t2 has storage on walls all around the room. How many
s control points are required?

A

One control point. The Code (in Article 3) defines a "task location" as an area

- where significant visual functions are performed and where lighting is required

: above and beyond that required for general ambient use. A storage room does :
:not have any significant visual functions, and therefore, only one point is requared

i for the room itself.

Q
A classroom has 30 desks and is 600 2. How many control points are required’?
(A
Three control points. The 30 desks are not considered 30 separate tasks but one
common group of tasks. The required control points are calculated as follows: ;
‘one point for the room itself and two points for groups of tasks of 450 ft2 (or less).

: Although 600 ft2/450 ft2 = 1.33 < 2, control points are always rounded up to the
next significant digit.

z
Z
£
%
z
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Hotel/Motel Guest Rooms

Luminaires Under Skylights

Exterior Lighting
Controls

: Example 2-J Required Lighting Control Points (continued)

An airport waiting area of 1,600 ft2 has 150 seats. The lighting power is about
1,900 watts. How many control points are required?

: The control point requirements do not apply in this case because of the
i exception for rooms which must be controlled together. The lights of this waiting
‘area may be controlled as a unit and the lighting controls may be remote from :
‘the room.

: A retail department store has literally hundreds of visual tasks. How many points
-and controls are required?

b
H

The control point requirements do not apply in this case because of the
. exception for rooms which must be controlled together. The lights of a retail
: store may be controlled as a unit and the lighting controls may be in a remote

A master lighting switch must be located near the entrance door to a hotel or
motel room. The master switch must operate all permanently installed lighting
and all switched receptacles, generally in series with local controls on all these
devices. For multiroom suites, a master light switch at each room door is an
acceptable alternative to having all lights switched at the suite entry door.

All luminaires which direct more than half their light into daylighted zones
beneath skylights must be controlled by daylight sensing controls or be switched
independently of luminaires in non-daylighted zones. See Article 3 of the Code
for the definition of daylighted zone.

With the exception of exterior lighting designed for 24-hour operation, all exterior
lighting must be controlled by photocells, time switches or a combination of the
two. Time switches must be 7-day, astroncmical (or have some means of
seasonal compensation). There must also be a power backup to enable
accurate time keeping through a minimum 4-hour power loss.

Traditionally, exterior lights have been controlled by electro-mechanical
clocks with mechanical trippers which toggle circuit switches. These devices
typically are equipped with a manual override. Many of these traditional devices
do not have either seasonal correction or 4-hour backup and will not meet the
requirements of the Code. The following devices will meet the requirements:

e 7-day electrically-driven, mechanical clock with trippers, astronomical
dial and 4-hour spring-wound storage

e 7-dlay or calendar year, electronic programmable time switch with
astronomic correction and battery backup

e Either of the above with a photocell (in lieu of astronomical correction)

Of these, the last is best since it automatically and continuously
compensates for changes in the seasons, and has the redundancy of the
timeclock control which will operate if the photosensor fails.
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Exterior Lighting Power

What is Covered

Exempt Exterior Lighting

Definitions Used with Exterior
Lighting Calculations

Exterior lighting power must be less than the exterior lighting power allowance
(ELPA). Trade-offs are not permitted between exterior and interior lighting. For
multibuilding facilities, the exterior lighting power allowance (ELPA) applies to
the entire site and trade-offs are permitted between exierior lighting systems on
the site.

Most exterior lighting is covered by the Code including all permanent lighting
fixtures intended for lighting the building and its grounds.

Building-Mounted Exterior Lighting. Alllighting mounted on the building,
less specific exceptions as noted below, is covered. This generally means all
lanterns, soffit lights, floodlights, step lights, wall packs and any decorative
lighting such as neon outlining, low-voltage light strips and ornamental pendants
and globes.

Grounds, Roads, Parking Lots and Other Exterior Lighting. All lighting on
the building site, less specific exceptions as noted below, is covered. This
generally includes pole-mounted lighting, landscape lighting, bollards, step
lights, wall packs and all other lighting for the roads, walks, parking lots,
gardens, trees and other portions of the site. Note that lighting not powered by
the building electrical system, such as municipal street lights, is exempt.

Open-air parking lots, rooftop parking and carports are included in the
exterior lighting requirements. Covered parking garages are part of the interior
lighting requirements.

Article 6 of the Code does not regulate lighting over which the designer has little
choice or control, as described below. Lighting for safety, security or
commercial needs is also exempt. The following are specific lighting
applications exempt by the Code.

Emergency Lights, Exit Signs and Mandatory Safety or Security Lights. If a
code or ordinance requires lighting for safety or security, then it is generally
exempt. it is notexempt if it is used as part of non-mandated lighting as well. An
emergency egress light is exempt if it is normally off and switched through life-
safety controls; however, if the light also serves as a general light source, it is not
exempt. Typically exempt lighting also includes exit signs, security lights (such
as for automatic teller machines) and other lights required by security or safety
officials.

Sign Lights. Both self-contained and external illumination for signs are
exempt.

Exterior Lighting. Outdoor lighting for a wide variety of special situations is
exempt, including:

e Qutdoor Manufacturing, commercial greenhouses and processing
facilities. This in general is meant {0 exempt outdoor commercial, agricultural
and industrial work areas, ranging from nighttime farming activities to refineries.

e Qutdoor athletic facilities. Lighting for outdoor sports of all kinds is
exempt.

e Exte