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Introduction

CASE Initiatives are Codes and Standards
Enhancement (CASE) Studies that present
arguments for including specific energy
efficiency technologies or practices into
existing energy codes, thereby providing a
platform for consensus making among
stakeholders. This CASE study, which
addresses  lighting  controls, includes
descriptions of the:

technology,

current practice,
economics,

key stakeholders, and

implementation options and
recommendations for inclusion in codes.

Lighting Controls in Current Title 24

Title 24, California’s Energy Efficiency
Standards for Nonresidential Buildings
(Standards), generally applies to all
nonresidential buildings, and also to the
common areas of hotels/motels and high-rise
residential (over three stories) buildings.
Section 119 specifies control capabilities
that manufacturers must certify to the
California Energy Commission
(Commission). Sections 130-139 specify the
general lighting system and equipment
requirements. High-rise residential and
hotel/motel guest rooms are exempted from
most of the requirements in this portion of
the Standards and are subject instead to the
residential lighting requirements; these
space types will not be discussed in the
remainder of this study.

Mandatory Lighting Control
Requirements

The mandatory lighting control requirements
apply to all lighting systems governed by the
Standards. They establish  minimum
standards of practice for the types of lighting
controls that must be installed, and for the

capabilities of those controls. These
mandatory  measures quickly  become
“standard” practice in California
construction. As a result, these requirements
play a very powerful role in establishing
basic  lighting  efficiency  practices
throughout the state.

Bi-level control

The Standards require that most spaces in
buildings be switched or dimmed so that the
lighting can be reduced by approximately
one-half. The Standards refer to this strategy
as “controls to reduce lighting”; less
formally, it is called bi-level control.
Techniques to accomplish bi-level control
include:

Switching that turns off half the
lights in a space,

Dimmers that reduce the entire
space’s light level by half,

Individual switches for two or more
groups of luminaires in a space, or

Switching of the middle lamp of
three-lamp luminaires.

There are a number of exceptions where bi-
level control is not required. The first is for
areas where it is generally impractical:
spaces smaller than 100 square feet, spaces
with only one luminaire, or spaces with less
than 1.0 W/ft_ of installed lighting power.

Figure 1. Bi-level Control Example

Figure 1 shows an example of a series of
three-lamp luminaires with bi-level control.
The outboard lamps are switched separately
from the inboard lamps. This provides the
occupant with four manually adjustable

CASE StuDY
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lighting levels: all on, two-thirds on, one-
third on, and all off.

The Standards allow an exception when
occupancy sensors control all the lights in a
space.

The Standards also allow a bi-level control
exception when there is an automatic time
switch control device with a timed local
override integrated into each manual switch.

Finally, bi-level control is not required in
corridors.

Daylit area control

Another  mandatory  lighting  control
requirement of the Standards is that daylit
areas in any space of over 250 square feet
must have controls capable of switching
50% of the lamps in the daylit area
separately from lamps in the non-daylit
areas. The daylit area requirement may be
met with manual switches or dimmers. This
switching requirement is separate, and in
addition to, the bi-level control requirement.
As a consequence, a room with both daylit
and non-daylit areas might have three or
more switches to accommodate both
requirements (or two separate dimmers).

Automatic shut-off control

A third lighting requirement of the
Standards is that every building (or floor in a
multistory building) over 5000 square feet in
area must have controls that automatically
turn  off the lights during normally
unoccupied time periods. This may be
accomplished by using occupancy sensors or
automatic timer controls.

If an automatic time switch is used to meet
this requirement, it must, with limited
exceptions, have an automatic holiday shut-
off feature. In essence, this requires a 365-
day programmable time switch. Also, there
must be a manual override at each switch
location for people working after hours.
When the override is activated, it must
automatically revert to the programmed
schedule after no more than two hours.
Figure 2 provides an example of how
automatic shut-off controls might be

installed in a building with both office and
retail space.

If occupancy sensors are used to meet this
requirement, then they must be installed
throughout the building.

{t} ‘¢‘ Future
) Bagh- Development
Office A rooms
$ R
Corridor
$
| Retail A
L Retail B
‘ Office B

-Q- Occupancy Sensor
4 Shut-off Override
®# Remote Override

Figure 2. Automatic Shut-off Control
Example

Mandatory Control Features

Devices used to meet the lighting control
requirements must, according to the
Standards, be supplied with instructions for
installation calibration, have status signals,
and be installed in accordance with the
manufacturer’s instructions. There are also
specific requirements governing the details
of operation for occupancy sensors,
daylighting controls and other types of
controls, which the manufacturer must meet.

PAGE 2 INTRODUCTION
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Additions and Alterations

The Standards apply to all new work, and to
alterations to existing lighting systems. The
switching  requirements are triggered
whenever partitions are rearranged, because
they apply room-by-room. The lighting
control requirements, unlike the lighting
power requirements, are not invoked simply
by the replacement of lighting fixtures or
changes in the installed lighting power. For
example, if a room had only one switch, and
all of the luminaires were replaced, then the
lighting power density would be limited as if
it were a new building. No additional
lighting controls would be required.

LPD and Control Credits

The Standards limit the installed lighting
power, expressed in watts per square foot or
lighting power density (LPD). The allowed
LPD is, in some cases, dependent on the
application of lighting controls. When a
lighting control is installed, it operates a
specific block of lights. The lighting control
credit is used to adjust the installed lighting
power calculated for that block of lights.

For example, if a control operates 10,000
watts of installed lighting, and it qualifies
for a lighting control credit of 0.20, then
20% of the 10,000 watts (2000 watts) are
subtracted from the installed lighting power.
This adjusted lighting power of 8000 watts
makes it easier to meet the limitation on
LPD. In effect, there is a tradeoff between
the lighting control and a larger lighting
power budget.

In theory, the energy use is equivalent
between an LPD that meets the Standard,
and a higher LPD combined with a lighting
control device (where the adjusted LPD also
meets the Standard). In actuality, there may
be more or less energy use, depending on
the occupancy pattern and the operation of
the automatic lighting control.

Considerations for Standards Revisions

The Commission is required to show that the
Standards are cost effective. Historically,
lighting controls have been difficult to
mandate because of the uncertainty
regarding  their use. The current
requirements were Dbased on  cost-
effectiveness analysis that was consensus
based. Future requirements may require a
more rigorous approach.

Technologies Considered

This CASE Study organizes the rather
complex subject of lighting controls into a
series of comparisons between competing
alternatives. The comparisons are introduced
here, and are then used throughout this study
to discuss the implications and effectiveness
of their use.

Bi-level Lighting Control vs. Single-Level
Control

Bi-level lighting control is an extension of
single-level control, offering the ability to
reduce lighting power by 50% or more. It is
a manual control strategy, which depends
for its savings on the action of occupants.

Occupancy Sensor vs. Bi-level Control

The Standards allow the installation of
occupancy sensors in lieu of bi-level control.
A control credit may also be earned for the
occupancy sensor. This replaces a more
flexible manual control with an automatic
control, and is assumed to save greater
energy.

Automatic Shut-off vs. Manual Switch

The Standards require larger buildings to
have automatic shut-off controls with
accessible manual override controls. In some
cases a lighting control credit is earned. This
only applies to systems that have room-by-
room override capabilities.

CASE StuDY
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Daylight Area vs. General Switching

The Standard require daylit area switching
in all areas over 250 square feet. This
requirement is intended to give occupants
the option of turning off lights when there is
adequate daylight. This strategy has the
same characteristics as bi-level control, in
that it depends on occupant behavior to save
energy.

Automatic Daylighting Control vs.
Manual Daylighting Control

The Standards allow the option of using
automatic daylighting controls  to
automatically reduce electric lighting when
there is adequate daylight. The magnitude of
the credit depends on the availability of
daylight and on the type of daylighting
control that is installed.

Technology Description

This section describes each of the lighting
control strategies that are addressed in this
report, and the technologies that may be
used to implement them. We distinguish the
term *“control strategy,” which describes the
operation of controls to achieve energy
savings, from the term “control technology”,
vzwhich refers to the particular hardware
that is used. For example, the bi-level
control is a strategy for reducing lighting
levels in a room, and it may be implemented
with different control technologies including
simple light switches or dimming controls.

Throughout this section the technologies are
first introduced, then information is
provided based on interviews with electrical
contractors. The interviews were extensive
in-depth conversations that generally took
just under an hour. Partly because of the
time investment required for each interview,
a low volume of interviews (nine) was
conducted. The important effect of this is
that for certain occupancy/control strategy
combinations, the sample was quite small
and the information presented should be
characterized as anecdotal.

Besides alternative control strategies, two
control technology issues emerged in our
interviews with contractors: tandem-wired
fixtures and dimmable ballasts.

Tandem-wired fixtures

Tandem-wired fixtures are not uncommon in
large office installations but apparently
aren’t the rule either. Most contractors noted
that there can be problems handling them.
Problems include having to reeducate the
installing staff (or simply making sure they
are more careful in layout of the wiring
runs) and occasional problems with the fixed
length of the master/slave cabling not
reaching where it has to go, given specific
office lighting layouts. These “problems”
did not seem to be of great concern to any of
the contractors.

Dimmable ballasts

Dimmable ballasts are installed when asked
for by the client—in other words, not often.
They add about $40-50 per fixture and are
typically on “line only” type controls. The
contractors report that additional switching
costs are about $150 each.

Bi-level Lighting Control

The following sections discuss the
application of bi-level control to various
space types.

Large Offices

It was virtually unanimous among electrical
contractors that bi-level switching is avoided
in large offices by the use of other strategies
that the code allows as exceptions. These
other strategies might not be cost effective if
the only benefit was the avoidance of bi-
level switching, but they offer other
advantages in terms of code compliance,
economics and utility. These issues are
discussed further in the sections on
occupancy sensors and automatic shut-off
controls.

PAGE 4 TECHNOLOGY DESCRIPTION
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Small Offices

The typical small office has 3 to 4 three-
lamp fixtures. Bi-level control, when
present, is usually done with inboard-
outboard switching.

Schools

Contractors report that there are generally
16-20 fixtures per classroom on 2-4
switches, with switching by row. Another
common scenario they described is 12
fixtures per classroom with 2 switches and
an occupancy sensor. This is the one
occupancy where bi-level switching does
appear to be common.

Retail

Bi-level control is very rarely used during
open hours, when customers are in the store.
It is relatively common, however, to use
some form of bi-level control during closed
hours, for restocking or cleaning.

Occupancy Sensor Controls

The most common type of automatic
lighting controls in use in California is the
occupancy sensor. Occupancy Sensors can
sense motion through infrared technology,
through ultrasonic technology, or by a
combination of the two. A newer technology
senses sound that the occupant makes.
Occupancy sensors typically have an
adjustable time delay, so the lights go off
after some time period during which they no
longer sense human presence. Occupancy
sensors save energy by ensuring that lights
are turned off when they are not needed. Of
course, a diligent occupant can actually save
more energy by turning off lights when the
room is vacated, because there is no time
delay in that case. These controls are most
appropriate in spaces with intermittent,
irregular occupancy, such as bathrooms and
conference rooms.

The Standards treat occupancy sensors two
different ways. First, they may be used in
lieu of the mandatory bi-level control

requirement or used to meet the automatic
shut-off requirement. This is often a less
expensive way to meet these requirements.
Second, occupancy sensors may earn a
lighting control credit, provided the bi-level
control and automatic shut-off control
requirements are also met.

RLW’s Non-residential New Construction
Baseline Study (1999) found that 22%—-38%
of the buildings in the study had occupancy
sensors. In the “Market Transformation
Barriers and Strategies Study,” (Heschong
Mahone Group 2000b) designers, which
included electrical contractors, said that if
the Standards and the utility programs were
to “go away,” certain lighting advances (for
example, T-8 lamps) would remain but
lighting controls “would disappear.” The
same study found that many building owners
at one time had a negative experience with
lighting controls that did not work properly,
and saw lighting controls (among other
energy efficiency options) as sometimes
being in conflict with comfort and
productivity.

Title 24 occupancy sensor control credit

Only two of the contractors interviewed
mentioned that they use the LPD credit for
occupancy sensors, but most do use
occupancy sensors as a way of avoiding
installing bi-level switching. (Note however
that in school classrooms, the desirable
design includes both bi-level switching and
occupancy sensors.) One lighting controls
distributor indicated that he uses the LPD
credit as a selling point for the control types
they sell.

Large Office

Contractors generally did not distinguish
between infrared, ultrasonic and dual
technology occupancy sensors, but they
made clear distinctions between ceiling-
mounted and wall-mounted units. Their
answers give the clear message that ceiling-
mounted sensors are for high traffic and
large spaces, while the less expensive wall-

CASE StuDY
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mounted sensors are used for individual
offices, bathrooms, closets and storerooms.

One contractor said that he’d like to see
motion sensors built right into the lamp
fixture. Another said that the only
occupancy sensors they install are the ones
with adaptive technology (onboard logic
circuits that adjust the time delays based on
occupant behavior). They use these
exclusively because their experience is that
75% of the calls back they got for
occupancy sensors had to do with customer
dissatisfaction with the on/off action/timing
in the sensors that don’t “learn.”

Small Offices

About 80% of occupancy sensors in small
offices are the wall-mounted type.

Corridors

According to about half the contractors,
hallways don’t often have switches (the
contractor with the highest estimate, among
this half only, said “20% of the time”).
These same contractors said hallways
generally do have occupancy sensors at a
cost of about $1.50-$4.00 per linear foot of
hallway. The other half of the contractors
said that manual switches are installed in
40%-75% of hallways. This group said
occupancy sensors cost about $5 per linear
foot of hallway.

Schools

Occupancy sensors are commonly installed
in most areas of schools (break rooms,
offices, storerooms, gym, etc.) except
bathrooms (due to vandalism concerns).
Other than classrooms, that generally means
2 wallbox sensors and 8-12 ceiling-mounted
sensors per school. When asked for other
comments, one contractor offered, “People
today would still buy occupancy sensors
even if the code did not require it.” Roughly
three quarters of classrooms have occupancy
sensors, but, according to some contractors,
this percentage is declining.

Warehouses

Occupancy sensors are rarely installed for
controlling lighting in warehouses. We were
told that this is due to the long restrike time
for HID lamps, which are commonly used in
warehouses. It is ineffective to have to wait
so long for the lights to come back up when
the warehouse employees need to get work
done. One contractor claims that occupancy
sensors (as the night shut-off strategy)
generally are used for the office spaces in
warehouses but rarely for the warehouse
spaces. This same contractor felt that most
warehouse  lighting  control  system
installations are a waste because “they don’t
get used.”

Automatic Shut-off Controls

The automatic shut-off control strategy can
be implemented with a variety of control
technologies, including twist or interval
timers, simple time clocks, programmable
lighting panel controls, and energy
management systems (EMS) or building
automation systems (BAS) with lighting
control features. These controls may be used
as schedulers to shut down lighting
equipment, depending upon preset schedules
for workdays and holidays, so that lighting
is not left on during unoccupied periods.

They may also be used as load shedding
controls to reduce the building’s peak
demand by dimming or shutting off lights
during periods of unusually high building
energy usage (such as summer heat waves).
Rather than responding to a predefined
timetable for lighting control, they respond
to load signals. They primarily save on peak
demand, as the time periods for load
shedding are short and energy savings are
small.

Energy management or building automation
systems are designed primarily to operate
complex mechanical systems, but they can
be extended to control security, fire and
lighting systems as well. They have great
flexibility and can be customized to
minimize energy use in all of these energy-
using systems. Centralized controls are most
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likely to occur in larger, more complex
building situations, such as large buildings,
campuses or multi-site corporations.

Large Offices

Overwhelmingly, electrical contractors say
that occupancy sensors are the most
common method of automatically turning
off the lights at night in large offices. They
feel that time clock setup is a hassle. Of the
two contractors who were exceptions, one
said that occupancy sensors and central
lighting control systems were used about
equally, and the other said that the most
common means was a time clock/photocell
combination strategy.

Wall (twist) timers are not commonly used
except in storage rooms and utility (janitor,
electrical and mechanical) closets. One
contractor said that he only puts them in as
the local bypass control for building sweeps.

Small Offices

Facility managers reported that, for
nighttime  shut-off, occupants  prefer
occupancy sensors to night sweeps or time
clocks, especially in small office spaces.
One manager theorized that occupants can
see when occupancy sensors turn off the
lights and so they believe that there are
energy savings; but since they don’t see the
effect of time clocks or night sweeps, they
are less convinced that there are savings
from these technologies.

Another facility manager said, “Automatic
time sweeps frustrate the occupants,
especially when working late and being
alone on an office floor.” He said that at
least one control was disabled because a
frightened worker called 911 to get them out
of the building. Another facility manager
indicated that problems like those with time
sweeps can be solved simply by informing
the occupants of the schedule, what to
expect, and exactly where the override
switches are.

Corridors

According to the majority of the facility
managers  interviewed, hallways and
corridors were manually switched. One
facility manager mentioned that the
corridors and hallways in his facility are
kept on the emergency light circuit and are
half switched during night and weekend
hours.

Schools

It is now becoming common for schools to
have districtwide building automation
systems that are capable of controlling the
lighting on a predetermined schedule.

Retail

Most retail and grocery stores use time
sweeps or sophisticated EMS to meet the
automatic  shut-off requirement. These
systems often serve other energy and cost
saving functions, and control heating, air
conditioning and ventilation.

Warehouses

Many warehouses, even unconditioned ones,
have automatic shut-off controls (as well as
other lighting controls), and it may be
appropriate for the Commission to consider
extending the lighting requirements to them.

The most common ways of shutting off all
the lights at night in a warehouse are
automatic time switches devoted to that
purpose and more sophisticated lighting
systems that also control daylight switching.
These systems are among the most
sophisticated lighting control systems being
installed in any of the occupancies we
researched, and are chosen on the basis of
the energy costs savings.

Occupancy sensors are rarely used except
for some small storage spaces. One
contractor claimed that occupancy sensors
(as the night shut-off strategy) generally are
used for the office spaces in warehouses but
rarely for the warehouse spaces.
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In larger warehouses, lighting management
systems, installed primarily as daylighting
controls, served as the automatic shut-off
too. These were installed to reap energy cost
savings, not because of code requirements.

Daylit Area Switching

Daylit area switching is a mandatory control
strategy under the Standards. The
technology for achieving daylit area
switching offers the same range of choices,
and the same implications for users, as does
bi-level control.

Automatic Daylighting Controls

Photosensor controls use a light-sensing
device as input to a switching or dimming
control device. The broadest application of
these is as daylighting controls’ that dim or
shut off portions of lighting systems,
depending upon the amount of daylight the
sensor sees. When properly designed, the
occupants are always provided with at least
the design illuminance levels through a
mixture of daylight and electric light. The
energy savings are due to reduced electric
light usage and, to a lesser extent, to reduced
cooling loads.

The two general types of daylighting control
technology: step switching controls and
dimming controls. The step switching
controls typically turn off one lamp per
fixture at a time, using a simple on/off
control (for example, the first lamp goes off
at 25 footcandles of daylighting, the second
lamp goes off at 50 footcandles, etc.).
Dimming controls reduce the electric light
levels proportionally to the available
daylight. Dimming controls are more costly
than step switching controls, but the changes
in electric lighting are more gradual and less
noticeable to occupants.

! “Daylighting control” here refers to the
lighting controls that respond to availability of
daylight, rather than to devices that control the
distribution or intensity of the daylight itself as it
enters the building.

There are two strategies for making the
control decision to reduce lighting,
regardless of the control technology used:

1. Open loop daylighting controls have
sensors mounted where they cannot
see the electric lighting being
controlled, and instead measure the
daylight quantities entering the
space.

2. Closed loop daylighting controls
sense the light level in the space
where the electric lights are being
controlled, and reduce the electric
lighting  component as the
daylighting component increases.

There are advantages and disadvantages to
each strategy, and the lighting control
designer must decide which is most
appropriate for a given application.

Daylighting controls can be used with
skylights, windows, or a combination of
both. Daylighting control makes sense as an
energy-saving strategy in any space
designed with sufficient daylight that is
typically used during daytime hours.
Daylighting controls can qualify for a
lighting control credit under the Standards,
provided the control system meets certain
minimum functional requirements.

The contractors surveyed did not have a lot
of experience with automatic daylighting
controls.

Large Offices

One contractor indicated they typically
install a photocell mounted on the southwest
exterior of the building, a lighting control
panel, programmable logic controller and
relays.

Warehouses

The most common automatic daylighting
system used in warehouses has photocells in
the skylight well, at the ceiling or at the roof
level. They can be installed with sensors
pointing up, with sensors pointing down at
specific spots on the floor, or with some
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pointing down and others pointing up.
Lights are generally step switched rather
than dimmed. Systems include a daylighting
controller with a dead band and time delay
adjustments.

The system often also controls exhaust fans
so the cost of the lighting controls are split
between the daylighting and exhaust
systems. The cost usually includes
tuning/commissioning. Functional testing is
generally done by the control system
manufacturer’s  factory  representative.
Maintenance has reportedly been fairly easy
but adjustments are required as the layout of
the warehouse changes.

Smaller warehouses seem to have simpler
systems that are often built up from
“available” components rather than sold as

Control Strategies Dropped from
Further Study

There are a number of topics that have been
dropped from further study under this
project because they are not widely utilized.
They include:

Multiscene programmable controls,
Lumen maintenance controls, and

Tuning control

Current Practice

This subsection discusses each of the
lighting control types in terms of their
position in the market and their application

turnkey systems.

in nonresidential buildings. The available

Auto. Ltg. Distr./ Manf. Designer Bldg. Off. Owner/ Devlpr.
Controls # % # % # % # %
Always 3 11% 1 4% 1 14% - -
Usually 5 19% 2 9% - - 2 25%
Frequently 8 30% 10 43% 3 43% - -
Occasionally 10 37% 7 30% 3 43% 3 38%
Never - - 2 9% - - - -
Don't Know 1 4% 1 4% - - 3 38%
Total 27 100% 23 100% 7 100% 8 100%
Figure 3. Use of Automatic Lighting Controls and Control Credits
o Continuous Stepped L Combined gomsbmed s |
Space Type ;cupancy Dimming Dimming Mai utmen Occ.Sensor (ijc.Lensor Overall 2’_“" €
ensors Daylight Daylight alntenance and Daylight anMaIiJr:]:En 1ze
Office 17.1% 0.6% 0.1% 0.0% 0.4% 0.4% 18.6% 662
Retail sales, showrooms 0.4% 0.3% 19.1% 0.0% 0.0%) 0.0% 19.9% 187
Classrooms 38.9% 0.0% 0.0% 0.0% 0.0% 3.6% 42.6% 387
Storage, warehouse 10.8% 0.0% 0.5% 0.0% 0.9%) 0.0% 12.3% 134
Gymnasiums 4.6% 0.0% 0.0% 0.0% 0.0% 0.0% 4.6%)| 75
Library 8.1% 0.5% 1.0% 0.0% 0.1% 1.6% 11.3% 75
Motion picture theater 0.5% 0.0% 0.0% 0.7% 0.0% 0.0% 1.2%)| 49
Churches/chapels 5.4% 0.0% 0.0% 0.0% 0.0% 0.0% 5.4% 35
Cnvntns, conf., meetings 12.7% 0.0% 0.0% 0.0% 5.4% 0.0% 18.1% 73
Auditorium 2.3% 0.0% 0.0% 3.6% 0.0% 0.0% 5.8% 34
Main entry lobby 3.5% 0.3% 0.9% 0.2% 0.0% 0.0% 4.9%) 103
Bank/financial institution 1.2% 0.0% 0.0% 0.0% 0.0%) 0.0% 1.2% 20
Computer center 0.3% 0.1% 0.0% 0.0% 0.3% 4.4% 5.1%) 44
Malls, arcades, atria 34.1% 0.0% 0.3% 0.0% 0.0% 0.0% 34.4% 9
Gnrl comm, industrial 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 1.1%) 15
Overall 11.6% 0.4% 5.8% 0.1%| 0.3% 0.6% 18.7%| 2,329

Figure 4. Percentage of Lighting Connected Load with Lighting Control Type by Space Type
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data on lighting controls and their use in all
but a few building types in California is
rather limited. Perhaps the best current
source, discussed below, is the onsite survey
data collected over the past six years under
the statewide utility new construction
market assessment and evaluation program.

We also offer information from the literature
and from our surveys about the use of the
different control types in different spaces.
Only two of the contractors we interviewed
install lighting systems in retail. Only one of
the facility managers is involved with retail
space, although he manages nearly 150 retail
facilities  (52,000-ft_  average  size).
Therefore, our information on retail lighting
controls is the least comprehensive.

The breakdown of lighting control types by
space type in recent California new
construction is shown in Figure 4. This is
taken from the RLW baseline sample of
buildings (RLW 2000), which includes 667
buildings built in California between 1994
and 1998. It is representative of the four
major building types: office, retail, schools
and public assembly, which account for 70%
of all new construction square footage.
Unfortunately, this study did not include
warehouses, nor did it survey manual
switching, bi-level control or automatic
shut-off controls. It does, however, show
that occupancy sensors are by far the most
commonly used form of automatic load
reduction controls, and that the other types
are very seldom used. A notable exception is
the use of stepped dimming daylighting
controls, which control 19.1% of retail
lighting. Also of note in Figure 4 is the high
percentage of classroom lighting power
(42.6%) that is automatically controlled.

These findings are similar to what was
recently learned in a survey of teachers
(Heschong 2000).

In a recently completed lighting market
characterization study (Heschong Mahone
Group 2000a) distributors and
manufacturers, designers, building officials
and owner/developers in the Sacramento
region were asked about their use of lighting
controls. The interviewees were asked how
often they used automatic lighting controls
and control credits in meeting the Standards’
lighting power density (LPD) requirements.
Their responses, by group, are shown in
Figure 3.

The percent columns indicate what portion
of the respondents in the group gave the
specific response. The number (#) columns
indicate how many respondents gave the
specific response. The general conclusion is
that lighting control credits are used
“frequently” or “occasionally” by most of
these groups.

Interviewees were also asked about specific
types of lighting controls, and the primary
reasons for using each type. The results, by
group, are shown in Figure 5. Everybody but
the owner/developers felt that the Standards
were the major reason for using lighting
controls.

Life and failure rate of technology

Lighting controls divide into two broad
categories with regard to life and failure
rate. Manual switching controls are long
lived and generally free from failure (and
easily replaced if they do fail). Automatic
controls become increasingly prone to
failure as their complexity increases. Their
failure can be due the cessation of hardware
functionality, or they can fail because

% of Respondents | % of Distr./ Manf. (n=27)| % of Designer (n=23) % of Bldg. Off. (n=7) % of O/D (n=8)
Energy Energy Energy T-24 Energy
Control Type T- 24 Reqt. Savings | T- 24 Reqt. Savings | T- 24 Reqt. Savings Reqt. Savings
Bi-level switching 67% 44% 87% 22% 100% 29% 9% 13%
QOccupancy sensors 67% 59% 48% 39% 86% 43% 26% 26%
Time sweeps 63% 56% 43% 22% 86% 29% 0% 17%
Photocontrols 41% 52% 22% 43% 86% 14% 0% 17%

Figure 5. Reasons for Using Lighting Controls
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operations and maintenance personnel lack
the sophistication to maintain optimal
functionality as building needs change over
time or as system components break down.
Automatic  controls  typically  require
substantial onsite commissioning to adjust
and calibrate their operation to local
conditions.

Bi-level Lighting Controls

Current Practice

There is very little population data on the
penetration of bi-level control in buildings.
We make an educated guess that bi-level
control has 50-80% penetration rate in
commercial square footage, but this still
doesn’t tell us energy impacts, which
depend on occupant behaviors.

An alternative way to implement bi-level
control is with the use of personal dimmers.
This technology requires dimmable ballasts
and a device to control those ballasts; it
applies almost exclusively to standard
fluorescent lighting (and to some compact
fluorescents). Personal dimmers currently
appear only in the highest end office and
conference room applications. Anecdotal
evidence suggests that perhaps 1%-2% of
new offices use personal dimmers.

Large Offices

Contractors claim that bi-level switching is
not commonly done in large offices. They
use occupancy sensors, time sweeps and
time clocks to get out of the bi-level control
requirement. Contractors generally feel that
bi-level switching in large offices doesn’t
get used when it is installed.

Facility managers interviewed were not able
to shed any light on whether bi-level
switching is used or not, but did state that
any controls that rely on occupant behavior
to get maximum utility and energy savings,
will not be used as designed (or hoped).

A controlled experiment on this issue
indicates that the opposite might be true

(Veitch and Newsham 1999). Office
workers were put in a situation where half
were given control of lighting levels from
various sources, and the other half had no
control but was subject to the choices of the
first group. The researchers found no
significant  difference in  productivity,
satisfaction with lighting levels, mood or
other effects. The results do support the
study’s hypothesis that “giving people
control over lighting might result in lower
lighting energy consumption compared with
a fixed lighting design with a lighting power
density at the maximum allowed by codes
and standards.”?

Small Offices

Contractors generally feel that occupants
don’t use bi-level switching and one claimed
to have an internal study that supported his
contention. Facility managers were not able
to answer the question as to how much it
gets used by occupants. At least one said,
“People just turn on all the lights when they
enter a room.” Other anecdotal evidence,
however, suggests that some individuals
prefer the lower lighting levels and use the
switches accordingly.

Schools

Though the contractors we talked with
install bi-level switching, they still equip
each classroom with occupancy sensors.
They indicated that both strategies are
desirable for classrooms and one is not used
to avoid having to install the other.

One contractor who specializes in installing
occupancy sensors said that his experience is

2 The lighting power density most selected by the
participants in this study was ~1.4W/ft_,
somewhat higher than the 1.3W/ft_ allowed for
offices by the area category method of Title24.
Since the starting lighting level for the
experiment was 2.4 W/ft_, it is possible that the
most chosen level might have been lower if the
maximum had been closer to the common case in
California offices.

CASE StuDY

CURRENT PRACTICE PAGE 11



CoPYRIGHT 2000 PAcIFIC GAS AND ELECTRIC COMPANY
|

that only about 15% of the installed bi-level
switching capacity is being wused by
occupants.  However, other  research
indicates that over 50% of teachers prefer to
teach sometimes with some of the lights off
(Heschong 2000). Analysis shows that even
if the rest never do, the energy savings from
those who do makes the whole set of
controls cost effective.

Warehouses

Most contractors do not generally do bi-
level switching in warehouses. This is not
surprising given that it is not required by the
code in unconditioned warehouses or due to
LPDs less than 1.0 W/ft . However, one
contractor said that even though the code
doesn’t require bi-level switching, they do it
90% of the time because it saves their
customers money on their energy bills. He
thought that at least 70% of electrical
contractors were also doing it. We didn’t
hear from any others who do.

Occupancy Sensor Controls

Currently, only about 25-35% of new
nonresidential buildings have occupancy

40%

sensors (RLW 1999). Within those
buildings, occupancy sensors are used on
only 16.7% of spaces, and they control
11.6% of the connected lighting load (RLW
2000). The use of occupancy sensors differs
by space type, as shown in Figure 6, taken
from the same report.

Reports from manufacturers and distributors
indicate an expanding market for occupancy
sensors. The simplest, wall switch devices,
have become commodity items, and larger,
more sophisticated controls are also
commonplace. The use of occupancy
sensors has become very common in
schools, office buildings, storage areas and
other types of spaces with good savings
potential.

There is anecdotal evidence that occupancy
sensors are widely used to avoid the
installation of bi-level controls and/or of
automatic shut-off controls, which are
allowed tradeoffs under Title 24. There is
also some evidence that occupancy sensors
can actually increase lighting energy use,
especially in facilities that can make
effective use of manual switching controls
(Floyd et al. 1996).
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Figure 6. Percentage of Spaces with Occupancy Sensors by Space Type
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There is some experience with equipment
reliability, as occupancy sensors have been
in the market for over 15 years. There is
anecdotal evidence of occupants disabling
sensors when unhappy with their operation.
Also, early occupant sensors often had
problems with poor calibration (both for
sensitivity and for time delay).

However, there is also evidence that people
are becoming accustomed to occupancy
sensors, and that occupancy sensors are
becoming more reliable in their operation,
so that the rate at which they are being
disabled is declining.

Commissioning of occupancy sensors is
important for energy savings. One study
(Floyd et al. 1996) found that the energy
savings for occupancy sensors in an office
environment doubled when the time delay
was reduced from 15 minutes to 7 minutes.
Newer devices have improved in simplicity
and adjustability, and some are now
virtually self-calibrating, but it can still
require a knowledgeable operator to adjust
them if needed. A population field study
would be needed to increase data on the
persistence of these devices.

Large Offices

Electrical contractors we talked with
routinely install occupancy sensors in large
offices. Between 75% and 100% of the
projects have occupancy sensors (the
exception was one firm that only installs
them in about 10% of the large offices they
wire). The only areas in large offices that do
not regularly get occupancy sensors are
reception lobbies and sometimes corridors.
Except for small areas (closets and
storerooms) ceiling-mounted sensors are the
norm. Occupancy sensors are used not just
as the alternative to bi-level switching, but
also because they satisfy the requirement for
automatic shut-off.

Facility managers told us that occupants
seem to be satisfied with occupancy sensors;
none of the facility managers saw any

instances of vandalism or “tricking” of the
sensors.

Small Offices

Some contractors only install occupancy
sensors in about one-fifth of offices while
others do so in three-quarters of the small
offices they work on. When they install
occupancy sensors, they put them in all
spaces except lobbies. Ceiling-mounted
occupancy sensors are only used about
10%-30% of the time any occupancy sensor
is used, although the cost per office can be
about the same ($0-$60 increment over
wall-mounted types).

Contractors don’t get many calls back about
problems with occupancy sensors ( about 1
in 100 occupancy sensors). Almost all of
these calls are due to equipment
malfunction, not customer dissatisfaction.
For one contractor, the only call back he got
was to replace a stolen unit.

Schools

One contractor offered, “People today would
still buy occupancy sensors even if the code
did not require it.” Roughly three-quarters of
classrooms have occupancy sensors, but,
according to some contractors, this
percentage is declining. It is not clear
whether the sensors are being installed in
lieu of time clocks or for design (utility)
reasons, but it was clear from the interviews
that they are not being used as a way to
avoid bi-level control requirements. It is
important to note that, in school classrooms,
the desirable design seems to include both
bi-level switching and occupancy sensors.

No contractors mentioned taking the
occupancy sensor LPD credit in connection
with schools.

Most contractors stated that occupancy
sensors are not used in school bathrooms
because of vandalism. One pointed out,
however, that there are occupancy sensors
that are virtually vandal-proof and this
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contractor commonly installs them in school
bathrooms.

Automatic Shut-off Controls

The Standards refer to the control strategy as
“automatic shut-off controls,” although they
are perhaps more widely known as time
sweeps because they systematically sweep
off all lights left burning after hours. The
Standards have required them since 1992 but
there is little field evidence as to how widely
they are actually used and how vigorously
the requirement is enforced.

There are multiple ways to achieve the
automatic shut-off function with different
kinds of hardware, so it would also be useful
to learn which kinds are being most widely
used. The market acceptance of time sweep
controls is also unknown. There is anecdotal
evidence of occupants being unhappy with
the seemingly arbitrary shutting off of lights
at some predetermined time (it’s annoying if
you’re working late, especially if it’s
difficult to override the shut-off). They are
potentially prone to failure or occupant
dissatisfaction if they aren’t  well
maintained.

Energy management systems (EMS),
specialty lighting controllers, or building
automation systems (BAS) could have all of
the necessary functionality of automatic
lighting shut-off controls, depending on the
capabilities of the system, the programming
sophistication and knowledge of its operator,
and the successful commissioning of the
system.

The penetration of these systems in
nonresidential buildings is not known,
although there is anecdotal evidence that
many school districts and most large
commercial buildings have some degree of
centralized control.

All types of centralized controls depend on
operator sophistication to achieve energy
savings and persistence of operation over
time. For buildings with permanent
operations staff, these controls can be highly
reliable and efficacious. There is anecdotal

evidence, however, that centralized controls
lose their effectiveness, or even become
disabled, if knowledgeable operators are not
available to maintain them. This can be a
continuing problem for building owners due
to employee turnover; even if an operator is
well trained, if that operator leaves the
replacement operator may need to be trained
anew.

The technology for centralized controls is
rapidly evolving along with other kinds of
computer technology. Older systems may
become quickly outdated and as a result may
need to be replaced. The persistence may
ultimately depend on the next generation
technology replicating the control functions
of the system it replaces. There are growing
calls for standardization and greater ease of
use for centralized control systems, so these
problems may diminish as the control
systems become smarter, more user friendly,
and better at self-diagnostics that identify
and even repair functional failures.

Centralized control systems require a high
level of commissioning and functional
testing, to assure that their many functions
are set up properly to meet the needs of
building occupants. They may also require
frequent recommissioning as occupant needs
change. This requires the ongoing attention
of expert controls personnel, which is less of
a problem for larger facilities with full-time
operations and maintenance staff.

Large Offices

Facility managers reported that about a third
of the buildings they manage use occupancy
sensors to meet the automatic shut-off
requirement, another third use time
sweeps/time clocks, and about a fifth use
more sophisticated energy management
systems (the rest didn’t know or didn’t use
anything).

Time sweeps and time clocks are usually
programmed to run on an 8:00 AM to 8:00
PM schedule during workdays, with half-
power off on Saturdays and complete shut-
off on Sundays and holidays. Some facility
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managers reported that their time sweep
systems are scheduled for 9:00 PM shut-off
so the second shift (usually the janitorial
crew) would be done with their work by the
time the system shuts off the lights. Most
override switches are programmed on a two-
hour sweep shut-off.

The lighting distributors and manufacturers
we spoke with told us the return rate for
occupancy sensors is about 5% on average
as compared with a 1-2% return rate for
time clocks and time sweeps.

Electrical contractors reported that they are
called to replace 2% or fewer of the
occupancy sensors they’ve installed. They
also told us that 90% of the time these calls
are due to equipment malfunctioning, not
occupant  dissatisfaction ~ with  proper
functioning of the sensors.

According to contractors, night sweeps are
only used in 25% or fewer of large offices.
One contractor with hundreds of customers
told us that he gets an average of one call
per month to fix or replace malfunctioning
time switches. Another said that he is called
to replace older time switches on 5-10% of
his jobs. He replaces them with newer
electronic switches that work better and
produce higher customer satisfaction.

Small Offices

For small offices, automatic shut-off is
usually done by using occupancy sensors.
According to lighting contractors, 30-40%
of small offices have occupancy sensors.
However, our survey of facility managers
indicated that they are used in over 80% of
small and private offices. One contractor
told us that he had installed an energy
management system as the automatic shut-
off control in one small office. Since the
requirement only applies to spaces larger
than 5000 square feet, we assume that the
bulk of the small offices unaccounted for did
not have any automatic shut-off control.

Schools

RLW (1999) found, in new construction in
California for the years 1994-1998, that
occupancy sensors control about 30% of the
lighting of the schools, and about 42.6% of
the connected lighting load in classrooms
(RLW 2000). This is the most common
automatic shut-off strategy for schools.

Retail

From our interviews with facility managers
(one of whom is a manager for 142 stores of
a large retail chain) and electrical
contractors, we conclude that lighting
control panels and time clocks are the
prevailing technologies used for meeting the
automatic shut-off requirement in retail. The
basic model is comprised of a six-point
panel, a clock, and one or two override
switches. This system shuts off and turns on
the store lights based on a preset schedule.
The more sophisticated model includes
multizone controls and multiple programs.
The latter is typical practice where different
zones of a store have different schedules and
hours of operations (e.g., the deli department
of a grocery store).

Daylit Area Switching

The hardware situation for daylit area
switching is similar to that for bi-level
control: it is a strategy, not a technology,
which uses standard lighting devices.

It is estimated that adequate daylighting
from windows is present in 15%-20% of
existing commercial square footage, and that
daylighting from skylights is available in
2%-5% of existing square footage. The area
served by skylights is probably only
10%-20% of the potential area. In other
words, a very large area of roofs could
incorporate skylights for daylighting, but do
not. Approximately 60% of commercial
floor space in the United States is directly
under a roof; in California, this number is
estimated to be on the order of 90%-95% of
floor space (Heschong Mahone Group
2000c).
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The daylit area switching strategy has the
same characteristics as bi-level control,
except that there is probably even less
occupant understanding about the reason for
the switches. One of the intentions of the
Standards was that building owners would
find it easier to retrofit automatic
photocontrols in the daylit areas, because the
necessary circuiting would already be in
place. There is no evidence that people are
doing this type of retrofitting. No
commissioning is needed for daylit area
switching.

Automatic Daylighting Controls

The potential floor area for daylighting
control is huge, as discussed above. The
suitability of different buildings types for
photocontrols is shown in Figure 7, which
lists from most to least appropriate the
building types for which photocontrols
would be suitable. Approximately 12% of
recently constructed nonresidential buildings
incorporate  some kind of automatic
daylighting controls, with step switching
controls (as opposed to continuous
dimming) accounting for 90%-95% of
daylighting control installations (RLW
2000). This study suggests that this market
penetration rate is slowly growing, a finding
that is supported by anecdotal evidence from
market players. There appear to be recent
increases in the market penetration for skylit
applications, such as warehouse,
manufacturing and big box retail buildings.
They also appear to be more common in
atrium, lobby and public circulation areas of
airports and malls.

Building Type Fraction
Warehouse 85%
Large Office 79%
Public Bldg 78%
Manufacturing 7%
Schools 76%
Big Box Retail 68%
Grocery 60%
Small Office 57%
Small Retail 48%
Health 46%
Hotel 44%
Restaurant 39%
Religious 28%

Figure 7. Ranked Commercial Building
Types Appropriate for Photocontrols

Source: Heschong Mahone Group 2000c

Despite this growth, there remains a large
mismatch between the current size of the
daylighting control market versus the market
potential. Most of the research literature on
daylighting controls is concerned with
dimming controls for offices, but the actual
growth in the market appears to be with
switching controls for large open spaces.

All studies, including the Heschong Mahone
Group study cited above, report persistent
problems  with  daylighting  controls
operation and reliability, especially for
small, side lit spaces with windows. There is
anecdotal evidence that these controls can
get out of calibration, become disabled or
malfunction. The market potential for
daylighting controls is tied to good building
design for daylighting, and to integration
between controls and the lighting system,
none of which are addressed by the
Standards.

Figure 8 shows the operating problems
(Heschong Mahone Group 2000c) for
daylighting controls, as reported by different
professions that were interviewed.
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Question 3. Operating Problems

don't don't cause

maint achieve lamp or callibr'n or reason for

proper opt'm ballast  switch too maint irritate occup'ts failure
Profession light savings failure  frequently difficult occup'ts  disabled unknown other
Architects 33% 33% 33% 0% 33% 67% 67% 0% 67%
Contractors 50% 0% 50% 0% 0% 0% 0% 0% 50%
Controls manuf 50% 38% 25% 0% 50% 75% 86% 25% 50%
Engineers 60% 67% 0% 0% 40% 20% 17% 17% 17%
Facility manager 33% 33% 33% 17% 33% 33% 17% 17% 33%
Lighting Rep 57% 14% 29% 43% 33% 33% 33% 0% 71%
Lighting designer 0% 20% 20% 0% 80% 40% 60% 0% 80%
Researcher 50% 50% 25% 25% 75% 75% 67% 25% 50%
Utility 43% 86% 0% 14% 29% 57% 14% 14% 43%

42% 38% 24% 11% 42% 44% 40% 11% 51%

Figure 8. Common Operating Problems with Daylighting Controls

Commissioning of photosensor controls can
be labor intensive because of the large
number of sensors in a big building, and it
requires specially trained people to adjust
and calibrate the controls. Manufacturers’
recommendations for these procedures are
reported to be unsatisfactory, and even
patient researchers have experienced
difficulties in commissioning photosensor
control systems (Schrum et al. 1996). Until
these problems are resolved, however,
photosensor controls will remain in the
realm of specialty systems, and there will be
relatively few installations.

Large Offices

Automatic daylighting controls are not
common for office spaces. One electrical
contractor installs about two per year. Most
reported that they don’t install any in large
offices.

A study in Florida (Floyd and Parker 1995)
showed that dimming ballasts and dimming
controls, used as the daylighting strategy,
can save 27% of the lighting energy at light
levels well above the IESNA standard of
300 lux. They also found an unanticipated
level of “difficulties associated with
installing and calibrating the control
photosensors...” They did not achieve the
savings they were anticipating until they
recalibrated the sensors and installed
shielding, which was supplied by the
manufacturer but not previously installed.

Schools

In his study on Durant Middle School,
Smiley (1996) found that cooling equipment
was downsized 10% and energy use cut
22-64% due to daylighting and lighting
controls. The system had occupancy sensors
and stepped switching controlled by
photosensors. With cooling system savings,
payback for lighting controls was less than
nine months. Their analysis also showed that
the lighting improvements resulted in higher
test scores and attendance (Heschong
Mahone Group 1999).

Warehouses

The contractors told us that 25%-90%
(depending upon size) of warehouses with at
least 3% skylight-to-roof area have
automatic daylighting controls. Less than
30%-55% of those with less than 2%
skylight-to-roof area have automatic
daylighting controls. It is more common in
the build-to-suit warehouse construction
market than in the speculative market. Most
of the calls back are for adjusting (fine
tuning) but some (approximately 2%) are for
failures in controls or sensors. In larger
warehouses, fairly sophisticated systems that

also provide automatic shut-off for
unoccupied hours seem to be pretty
common.
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Economics

This section discusses the costs and cost
effectiveness of lighting controls. Before
discussing the economics, however, we
discuss some of the broader aspects of
lighting controls that affect their cost and the
energy/cost savings that result from their
operation.

Availability and Cost

A full range of lighting controls, from
simple to complex, are readily available in
the marketplace. However, because of
compatibility issues with lamps, ballasts or
other controls specified, the choices may be
narrowed sufficiently to make specific
product availability for some applications a
concern. The lighting controls industry has
many more players, and consequently many
more choices, than the lamp and ballast
industries, which are dominated by a few
major manufacturers.

Most of this discussion assumes fluorescent
lamp technology, which predominates in
nonresidential applications. There are much
smaller market niches for controls that are
compatible with HID lamps and compact
fluorescents, and the product choices are
much more limited.

Benefits

The energy savings for lighting controls can
be substantial, but they all depend on the
occupant interface. Manual controls, of
course, require  consistent  occupant
operation over time to save energy.
Automatic controls, on the other hand, rely
on imperfect occupant behavior to achieve
their savings and justify their installation.
For most applications involving larger
buildings with larger numbers of occupants,
the automatic controls appear to be more
effective than manual controls.

INDIVIDUAL CONTROL: In occupancies where
the individual occupant has a feeling of

ownership of the space, research has shown
that lighting control strategies that provide
individual control of the lighting level seem
to have a higher chance of success. Such
strategies can provide greater satisfaction
with the work experience, potentially
increase productivity, and they may even
save energy.

ANNOYANCE ISSUE: Dissatisfaction with
lights turning off at inappropriate times,
with light levels in general, or with
apparently arbitrary changes in light levels
may lead occupants to disable controls or
“fool” the sensors. There are stories of
daylighting sensors being taped over so that
the sensors think it is dark outside and so
turn on the lights. Occupants have tied rags
to the blades of rotating fans to “fool”
occupancy sensors into thinking rooms are
occupied. Lighting controls that are not
allowed to function properly, or whose
functioning is misunderstood by occupants,
will not save energy.

DESIGN FLEXIBILITY THROUGH CONTROL
CREDITS: The Standards provide lighting
designers with an important degree of
flexibility through lighting control credits.
Applications that require more lighting
power than allowed by the Standards may
still comply if optional lighting controls are
installed and the lighting control credits are
used. There is some debate as to whether
this provision of the Standards actually
saves energy, because it results in higher
installed lighting power levels. Also, the
extra lighting energy consumption is only
offset if the controls work as intended to
save energy. However, the lighting control
credits are probably conservative, and so
they are likely to save even more energy
than is consumed because of the increased
lighting power.

WORKER PRODUCTIVITY: There is mounting
evidence that some types of lighting, such as
daylighting or personal dimming controls,
can have significant positive impacts on
worker  satisfaction and  workplace
productivity (Heschong Mahone Group
1999). The dollar value of increased

PAGE 18 EcoNomics

LIGHTING CONTROLS



CoPYRIGHT 2000 PAcIFIC GAS AND ELECTRIC COMPANY
|

productivity can be an order of magnitude
greater than the dollar value of the energy
savings associated with lighting controls. So
there is a very big incentive to get the
lighting controls and lighting design to work
well from an occupant’s perspective. There
is also a downside to this aspect of lighting:
if the lighting system and controls are poorly
designed or functioning, they can have a
negative impact on productivity that far
outweighs any energy savings.

Bi-level Lighting Control vs. Single-
level Control

Because a bi-level controls strategy involves
manually operated switches or dimmers, it
relies on occupant behavior rather than
automatic control technology. There is only
limited documented evidence, and a greater
range of anecdotal evidence, on the energy
effectiveness of bi-level control, so it could
be difficult to cost-justify the requirement
for this control strategy if it were to be
challenged.

Large Offices

In our survey, the range of cost increments
for installing bi-level switching versus a
single switch was from $10/circuit to
$200/circuit. It is unclear whether every
contractor questioned in our survey
understood the question the same way. For
example, one contractor who indicated the
incremental cost of bi-level switching was
$20, said that the base cost for wiring a large
office space for a single switch was
$50-$55. It is unlikely that this includes the
entire cost of running the cable and conduit.
Another said it costs approximately $2500.
This likely included much more of the full
lamp wiring expense.

One electrical contractor told us that it costs
about $20 extra to install bi-level switching
($50-$55/room vs. $30-$35/room). Another
said the cost increment for the second switch
is about $25 ($85 vs. $60). Another said that
for ten fixture systems, the total extra cost is
about $120 ($200 vs. $80). One said that the

cost increment is only $10 ($85 vs. $75).
The two contractors in the San Jose area and
the one in Bakersfield indicated that bi-level
switching results in a 5% to 6.25% cost
increment over a single switch (the actual
cost varies by office design, but was in the
range of $2000-$2500). We conclude from
this that the incremental cost is highly
dependent on the specifics of each project,
but that it is generally small compared to
other electrical system costs.

Small Offices

According to the contractors, in small
offices, bi-level switching adds about
$20-$50 per office.

Schools

One contractor quoted us a price of
$50/switch (including the wiring costs), so
bi-level switching adds $50-$100 per
classroom. For another, the cost increment
for bi-level switching is $15/room ($85 vs.
$100).

Warehouses

When done (which isn’t often), bi-level
switching adds about $0.005//ft_ to
$0.10/ft_ to warehouse lighting costs.

Cost Effectiveness

The cost effectiveness of bi-level control
and automatic shut-off controls must be
evaluated for a wide range of space types
and control technologies. Although the lack
of comprehensive field data does not allow
us to perform a complete economic analysis,
we can do a *“back calculation” that
estimates how many hours per year a control
strategy must save energy in order to be cost
effective.

Figure 9 estimates the costs for bi-level
control using manual wall switches (the
simplest form of bi-level control) for a
variety of typical spaces. These costs are
then analyzed using the Commission’s cost-
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CEC Scalar
12.3

Total Cost-effective

Space type LPD[ Area/Switch[ Switch| Wiring| Incl. O&P| Total/ft2l Annual h/yr half off
Small office 1.3 150|$ 1595(|$ 1.32|$ 2590|%$% 0.173 187
Large office 1.3 1,000|$ 1595|% 8.77|$ 37.08|$ 0.037 40
Large storage 0.6 1,000|$ 1595|% 8.77| % 37.08/$ 0.037 87
Conference 1.3 400($ 1595|% 351($ 29.19(%$ 0.073 79
Retail 2 1,000 $ 1595|% 8.77|$ 37.08/$ 0.037 26
Grocery 1.6 1,000|$ 1595|% 8.77|$ 37.08/$ 0.037 33
Classroom 1.6 900| $ 1595|% 7.89($ 3576/ % 0.040 35

Figure 9. Bi-level Control Cost Effectiveness

effectiveness  criteria:  $0.115/kWh  for
electricity, a 15-year analysis period and a
3% discount rate. The results indicate how
many hours per year the control would have
to turn off the lights (or half the lights in the
case of bi-level switches) for the controls to
be cost effective.

For bi-level control, the installed costs range
from $0.037/ft_ to $0.173/ft_. The worst
economic scenario (small offices) indicates
that half of the lights would have to be
turned off as much as 187 hours per year
(less than 4 hours per week) in order for the
controls to be cost effective. The next worst
case is large storage areas (such as
warehouses), which have lower lighting
levels (0.6 WI/ft_ in this example). These
kinds of spaces have less savings potential,
but bi-level control can still be cost effective
if it is used less than two hours per week.

In larger spaces the lights need only be off
for one or two hours per week. It should be
possible for any building owner to realize
even greater savings with a modest
educational effort to explain to occupants
why the bi-level control is being provided,
and to encourage them to turn down lights
whenever full lighting is not needed. Thus,
the economics of bi-level controls can be
quite cost effective.

The cost figures come from the 2000 R.S.
Means Electrical Cost Data. The base light
switch costing assumes there is one light
switch per 1000 square feet and 420 feet of
12-gauge THHN solid copper wire. The
installed bare cost (not including overhead

and profit) is $14.95 per switch and $17.54
for the 420 feet of wire. Recognizing that a
single switch needs two wires (the power
lead and a switch leg) and a double switch
needs three wires (the power lead and two
switch legs), adding an extra switch requires
half as much wire as installing the initial
switch.

Thus the incremental materials needed for
adding bi-level control of a 1000-ft_ area
requires an additional switch and 210 extra
feet of wire. An extra $1.00 per switch was
added for the change from single to double
gang plaster rings and cover plates. Fifty
percent overhead and profit was included.
(If the control strategy required two extra
wires, the extra cost would be for materials;
the labor would be unchanged.) Thus for a
large office where the base case is one
switch per 1000-ft_ the installed costs are:

[$15.95 (switch and cover plate) + $17.54/2
(wiring)] x 1.50 (overhead and profit) =
$37.08

For smaller rooms, the wiring cost is
reduced as a proportion of room area. Thus
the wiring costs for a 150-ft_ small office
are:

$17.54/2 x (150/1000) = $1.32

By dividing the costs by the size of the zone
controlled by a switch, the cost density of
adding a bi-level switch in terms of dollars
per square foot was derived. The real value
of the 15-year present worth of electricity
used to determine the cost effectiveness of
the Standards is $1.42 in 2002 dollars.
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We then calculated how many hours half of
the lights would have to be off to pay for the
costs of the bi-level switch. Since the first
costs are given in $/ft_ we could evaluate
the energy savings in kWh/yr-ft_ using
hours and the LPD (WI/ft_) and develop
energy cost savings in terms of $/yr-ft_.

Hours lights half off =

Incremental Cost ($/SF)” 1000 (W / kW)
0.5(Frac.Off)” $0.115 /KWh~ LPD(W / SF)

As an example let us consider the large
office area, which costs $0.037/ft_ to add bi-
level control, and which contains 1.3 W/ft_
of electric lighting. Applying these numbers
to the above equation results in the
following number of hours that half of the
lights must be off during the period of
analysis.

Hours lights half off =

Incremental Cost ($0.037/SF)” 1,000 (W /kW)
0.5(Frac.Off)” $0.115/kWh " 1.3(W / SF)

=495 Hours

If we divide by the scalar ratio used to
calculate the cost effectiveness of the
Standards, or 12.3, we will obtain the
number of hours per year where the energy
cost savings of turning half of the lamps off
pays for the cost of the extra switch and
wiring.

Thus the number of hours per year required
for cost ef