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Abstract

Experimental results from a major demonstration of an advanced 1lighting
energy management system at the World Trade Center are presented. - The
energy—-saving benefits of automatically scheduling the operation of the
lighting system to conform to occupancy patterns are examined. The
energy saved by scheduling was measured by comparing 1lighting energy
consumption without scheduling to consumption with scheduling. The

~ benefits of a variety of switching scheduling are compared and the rela-

tionship between energy savings and sector size discussed. Using a
loose automatic schedule with 1000 ft? zones, lighting energy consump-
tion was reduced by 30% relative to baseline consumption. With a
tighter schedule, energy consumption was reduced 36-37%. Based on a
simple economic analysis, scheduling 1is shown to be a cost—effective
strategy for reducing energy consumption in buildings.
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2Field Study on Occupancy.Scheduling«Aa a Lighting Management Strategy
F. Rubinstein, M. Karayel, and R. Verderber

Lighting Systems Research
Lawrence Berkeley Laboratory
-University of California
'‘Berkeley, CA 94720

INTRODUCTION

As energy costs have risen, lighting designers and facilities
managers have experienced increasing pressure to reduce the amount of

energy. consumed by 1ighting systems. Some of the most important methods

ld. for reducing this energy use fall under the category of 1mproved light~

iing management practices. The elimlnatlon or reduction of 11ghting use

when a bullding is unoccupied or occupied by only a few 1nd1v1duals--a

»lighting management strategy we term occupancy scheduling—-can substan—

tially reduce electrlcal energy use espec1ally in buildings where manual
light sw1tches ‘are not prov1ded are inacce551b1e to occupants.
Although the simple installation or relocation of manual light'smitches
can reduce electrical energy use in some cases .[1-4], automatic switch-
ing techniques implemented with microprocessor—based systems are prob-

ably more, energy-—conservative in. large commercial buildings because

automatic - switching does not rely on the goodwill and energy-

consciousness of building occupants. Despite the energy-conserving

potential of sophisticated lighting energy management systems and their

- proliferation in recent years {[5], few studies have been reported in the

literature to document the energy-saving benefits of the autouatic

scheduling strategy.

In 1978, the nghting Systems Research Group of the Lawrence Berke-

ley Laboratory, under contract to the U.S. Department of Energy, ini-

tiated a Sw1tch1ng and Controls program to assess the energy-saving

‘benefits of _various llghting control strategies and techniques. Two
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- demonstration projects were undertaken in order to measure the energy- -

‘saving potential'of-thelscheduling and daylighting'control strategies in
functioning commercial office buildings using modern energy management
"systems. The 58th floor of the World Trade Center building in New York
City was retrofit with a programmable sw1tch1ng system. The 30th floor
of the Pacific Gas & Electric Company building in San Francisco was
selected as the site for installation of a centralized dimming system.
In a previous paper, we reported that automatic scheduling at the
P.G.&E. building reduced weekday lighting energy use by 10%Z relative to
manual operation using circuit breakers [6]. In the present paper, we
describe the demonstration project at the World Trade Center and present

the detailed results from the scheduling experiments conducted there.

SITE DESCRIPTION

The 58th‘floor of the Port Autnority’s One World Trade Center buildF
1ng was selected as the 51te for this study of automatic sw1tch1n0
because 1t 1s representative of modern open—office landscaped spaces’.
In addition, the Port Authority Engineering Staff had already 1mple~
' mented ‘the’ usual lighting load-reduction techniques and wanted - the
‘vopportunity to test different lighting energy management- strategies in

\thelr building.“

. Physical Site Description

- The 58™M floor of the World Trade Center is located approxfmately
halfway up the mnorth tower of the World Trade Center complex. :The‘58th

2

' floor occupies a 40,000-ft2 area; but only the outer 29,000 ft* is

usable officé space. The remaining 11,000 ft2 is core space where
airshafts, elevators, and connecting corridors are located. The demons-

tration program was restricted to the usable area.

Ninety—-six percent of the office space is open-office landscaped.

Five-foot-high partitions break up the work'space and between ad jacent

" work areas. The remaining 4% of the usable floorspace consists of a

conference'room:(790‘ft2) and tno small 1libraries. These latter areas. -

are each enclosed bykceiling-high'partitions. Approximately'one—third

L Y



ba.

of the uSable 29,000 f£t2 is comprised of individual work stations, each

of which occupies 150 £e2, - The majority of the workers on this  floor

_are located in these work stations. ‘The remaining space is used for

larger work spaces, reception areas, general-purpose areas, and circula-

tion areas.

Occupant Activities

At the time .this -study was conducted, the SSth floor of thezworld

. Trade Center housed part of: the Port Authority”s Engineering Staff. The

staff consisted of 'draftsmen, engineers, architects, administrators, and
clerical support personnel. ' Occupants were on flexible time, typically
arriving between 8:00 and 8:30 am and leaving between 4:00 and 4:30 pm.
A few workers arrived at 6:30 am and some also worked until about 6:00
pm. In addition, some workers would leave the office in the middle of

the day ‘for out51de a331gnments.

'Ligh'tin'g Systém'é'nd Visnal Ta‘sks

" The lighting system on this floor consists of 450 six-lamp recessed
fluorescent luminaires fitted with prlsmatic diffusers. These fixtures

measure eight feet':by 18 inches and are typically spaced on ten—-foot

centers in the longitudinal direction and on seven—foot centers in the

lateral direction. - Each fixture contains three two-lamp ballasts: one
ballast controls both the inboard tubes while the remaining two ballasts

each control the outboard tubes at each end of the luminaire.

The mu1t1 ballasted 1um1nalres are wired to the branch c1rcu1ts in

: large blocks and are not spllt-wired for multi~level light control. The

H;branch c1rcu1ts for each .quadrant of a floor  are .grouped together and

are quadrant-switched at the electrical closet with large contactors.

Because this floor of the World Trade Center was originally intended
for drafting tasks that require high light levels (typically 1500 lux),

the power density of the original lighting system was approximately 4.4

-watts/per square'foot (W/ftz) Following the oil embargo of 1973, the

Englneering Staff instituted a number of energy—conserving measures

41ncluding relamping the 1ight1ng system with 35-watt lamps and delamping
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‘over areas -requiring less illumination (circulation and reception
areas); These measures reduced the lighting power density at the time

of this study to 2.6 w/ftz.g

The type of visual tasks performed at this site varied considerably:
the least visually demanding tasks consisted of light teadingvand fil-
‘ing, while the most visually demanding task was drafting wofk. Light
levels on task surfaces measured at the time of this study ranged from
750 to 1400 1lux depending on the locationjin the_building:space.; Some
of the draftsmen supplemented the overhead lighting with individual task

lights but most occupants used only the overhead lights.

Lighting System Operation Prior to Study

Before installation of the lighting energy manaéement system used
for this study, the lighting system on the 58N £1o0r was controlled, as
were all the floors of the tower, by the World Trqde'Center’s computer-—
ized switching systemQ This switching system was not.individually wired

to thevcontactorSvon each floor; therefdré individual quadrants could
not be switched separately.-'The system turﬁedballvthe_lights.in‘the
“building on at{7:00:am and turned all the lights off at 1:00 am the.fol-
1oﬁing morning. - There were two-.reasdhs for this .18-hour lighting
schedﬁle:. first, the union contract in force at the. time prohibited
scheduling the activities of the cleaning crews, and second, with the
existing switching system, it was not pdssible to provide lighting only
during the time when the cleaning crews were: actually present on the
floor. The lighting schedule described above constituted the baseline
for: our analysis; the energy ~savings associated with autbmétiCally
scheduling the operation of the lighting systems was calculated relative

to this baseline.
DEMONSTRATION DESIGN

' The major objective of the demonstration project at thé World Trade
Center was to measure, in an actual office ehvironment,'the energy-
conserving potential of occupancy scheduling——the préctice of automati-

cally switching lights on and off according to predominant occupancy
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patterns.

Operation and Installation of .the Lighting Control Hardware

Measurement of the energy savings associated with occupancy schedul-

ing required 1nsta111ng a modern energy management system on this floor.

One of the program requlrements spec1f1ed that the system selected for
use in thlS project be commercially available. -At the time this prOJect
started _there were relatlvely few lighting management systems avall—

able. The selected system consists of three major. elements:

1. A microprOcessor and keyboard console that are used to program
and control the: operation of the lighting systemn.
2. Remotely-located - transceivers that . communicate with the
~centrally-located microprocessor by means of a low-voltage data
- link.
3. Load-connected low-voltage relays that :switch .appropriate 1light-

.~ ing circuits on and off.

‘Although the specific system components described above are wunique : to

this . product, ' the system is functionally similar to other programmable
switching ‘systems now on the market. Installation of this type of sys-—
tem in -‘a- new construction project - requires that lighting fixtures be
logically grouped together into independently-controllable =zones (sec-—
tors). If the lighting system 1is composed of multi-ballasted
luminaires, then the central (inboard) lamps in a fixture would typi-
cally be wired to different branch circuits than the outer (outboard)

lamps. By split-wiring the fixtures in each sector to two branch cir-

'1cuits;: each séctor in the ceiiing 1ighting system can be independeﬁtly

controlled " to ‘several " light ‘levels (patterns). For four-lamp
luminaires, each sector can be set to any of three light levels (0, 1/2,
and full on) by appropriately switching'the two branch circuits feeding
the'fseCtor; "With three or >s1x-lamp‘ 1omihairesg each sector can be

switched to any of four patterds'(b, 1/3, 2/3, or full on).
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The programmable system used in this study employs 1ow—voltage
relays that are wired in series to each lighting load. Each relay is
independently activated (via the local transceiver) by the central
microprocessor, which can be programmed to switch any group of relays on
or off according to a desired schedule. Relays controlling groups  of
lights can{'also be manually activated by means of a telephone/computer
interface system. Ind1v1duals needing to work during ‘times when the
lighting  is programmed to ‘be off can restore the 11ghts in their ‘sector

"~ by touching in a simple sequence of numbers on a telephone touch—pad.n

Prior to installation of the . programmahle"switching ;system,:ithe
Energy Conservation Group of the Port Authority'Engineering Staff.pro—
duced diagrams that assigned relay and transceiver designations to each
-of the 1350 ceiling ‘fixture ballasts. By connecting one relay to each
dballast in the ce111ng lighting system it was p0331ble, in this instal-
latlon,i“toﬂ control ‘each individual fixture to one of four light levels

(0, 1/3h 2/3, and full on). Although this degree‘ of .control would
Frarelghhe”econOmicalmin-comnercialvapplications, for this purpose of the
study such fine control was required because’ it was necessary to be able
change the size of individually-controlled sectors in order to examine
the effects of switching - zone size on energy savings. . Once . the
engineering drawings were completed, all the ceiling fixtures were re-
Vwired and the transceivers, relays, and control unit were installed. In
additlon, all the fixtures were relamped w1th 35—watt lamps and the fix—

tures cleaned.

Experimental Design

A”series of experiments was undertaken to measure the energy-saving
potential of a varlety of scheduling techniques. Each test was designed

to 1solate and measure the impact of the following control variables.

1. Lighting schedule tlghtness.
»2, Fully automatic on/off versus manual on/automatic off control.
3. 'Trade—offs between large and small zone control.

4. Impacts of manual overrides.



Baseline. Initially, two tests were conducted to document the base-
line operation of the lighting system. Fbr the first test, the bro—
* grammable switching turned all the lights on at 7:00 am and off at
1:00 am: the following morning to simulated the lighting use pattern
in effect on this floor befofe»1973§ A second test simulate the
lighting load profile in effect after the delamping and relamping

measures described earlier.

To isoiéte the effects of. varying schedule tightness " and fully
automatic _Qersus automatic off-only control, three tests were designed,
designafed the loose, tight, and manual on/automatic off schedules. For
all three tests, the size of the controlled sectors was held constant.
The lighting system was broken down into 25 individually-controlled sec-
tors,' each about 1000 ft2 in area. This arrangement of sectors was

selected to mimic a pragmatic.installation of this type of system in a

new construction.  project in which each 1000—ft2 séctor'would,be con—

trollable to four light levels . using two relays' per sector as previously
described. Except for one sector usedto control the conference room
lights, all the sectors were of uniform shape and were intenfionally not

located to take advantage of any foreknowledge of occupant activity or

- location. - By arranging the sectors in this manner we intended to siuu-

late the realistic gituation in ‘which the locations of visual tasks in a
newfbuilding,space:are;not-known at the time of the design process.

Kbose'Schedule,zThigutest was designed to reduce lighting energy use

prigarily by reducing light levels after 5:30 pm to one-third for the
cieéniﬂg>crew. It was designated the loose échedule because lighting
was switched on well before most occupants arrived and was not
reduced to low level until after most occupants had left. The fol-

‘,ldﬁing weekday switching schedule was employed in this test:

. §.6£30,am,f'Low—levg1 "stumble lighting” (one fixture switched
- on per sector) to,provide ingress lighting. -

® 7:30 am - All sectofs to full lighting pattern.”

® 5:30 pm - All sectors to ome-third lighting. pattern.

® 11:00 pm - All sectors off except stumble lights.

® 1:00 am - All lights off. '



Individuals needing to work before 7:30 am or after 5:30. pm could
obtain full 1lighting  in their sector using the telephone override
.system. On weekends, lighting.was not automatically  provided but

individual sectors could be switched on with the overrides.

Tight Schedule. This test was designed to reduce energy use further

- by- placing the automatic switching times closer to the time at which

- occupants arrived or departed and by reducing light levels to “one-

- third lévél'during-mostldf the lunch hour:

6:30 am - Stumble lights on.

7:30 am - All sectors to one—third level.

7:45 am - All sectors to full lighting pattern.
‘12315 pm ~ All sectors to one-third level.

1:00 pii — All sectors to full lighting pattern.
“4:45 pm - All secétors to one—-third level.

11:00 pm = AlY lights off’ except stumble lights.'
100 am = ALl lights off.

® % » © ® B B ®

‘As before, individuals neéding to work during periods  of * rediuced
1ight” levels could - obtain ~full lighting using the overrides. For

this test, manual overrides would be more important because ‘it was

“expected ‘ that some individuals would need them to restore their
lights to full level during lunch. On -weekends, no llgntlng was pro~

vided  but”'could be manually activated if necessary

Manual on/automatic off schedule: With this test the control system

was used only to switch lights off or to low level. Except for stum-
ble lighting at the beginning of the day, no other 1lighting was
" automatically- provided. The first individual to arrive in each sec-
tor would switch on the lights manually with the overrides.

® 6:30 am - Stumble lights on. '

® 12:15 pm - All sectors: to one-third level.

® 4:45 pm - All sectors to one-third level.

® 11:00 pm - All 1lights off-excepfvstumble lighﬁs.V 

@ 1:00 am - All lights off.

.



Overrides would clearly prove important in this test because they are
the only means by which occupants can obtain lighting in their sectors
in the morning and after the lunch hour. As in the previous tests, no

lighting  was automatically pibvided on weekends. With the exception of

- the manual on feature, this test was identical to the automatic tight

schedule so that any potential benefits associated with manual on. con-

trol could be identified by comparing test results.

2

The above tests all used the same 1000 ft sectois to permit mean—

ingful intercomparisons. To examine the impact of decreased sector size

~ on energy savings, a final test was deéigned with the lightingivsystem

broken down into very small sectors.

Manoal gg/aﬁtoﬁatié'off schedule with very small sectors: By  exploiting
the fuliiAiesolutibn‘of'the'éontrolfsysteﬁ installed at this site, this
test was designéd.to measure the energy savings when. scheduling was
implemented "with: ultimate fine control. 1In this test,vthe lights for
each of the 100 work stations was to -be independehtly' controllable to
four ligﬁtvvleﬁels; -Indepéh&ent "sectors were also provided for all
largéf Wgrkrareas and' one long, wihding sector was defined for the " cir-
culatién érea‘that cohneéted the Varioushwork‘stations. Since indepen-—
dent fixture control was to' be used, it was also possible to tune the
lighting systen further by simply not turning on more than 100 fixtures
that were located above under—utilized areas.

® 6;30_aﬁ ; Stumb1e ligﬁts on. | _
8:00,am‘f:Ci;culéti§n sector on to one-sixth lével.
12:15 pﬁ - Apy @anually éctivated sectors ﬁd one-third level.
5:00 pm — All lighting sectors tb’one—sixth level.
10:00 pm f‘All lights.off except stumblé lights.
'11:00 pm - All lights off.

P » B B B

‘Workers arriving in their individual workstations at the beginning
of - the day ‘turned on their own lights using the overrides. Workers
retﬁrnihg from 1un¢h~c6uld'resto:eitheir‘lights to fﬁllvlevel if they so
deéired.". | : o - :
-9



Each of the six tests described in this section were one to two
weeks in duration. The tests were spread over an eight-month period and
were 1nterspersed w1th other tests designed to 1isolate = the impact of
daylight-linked lighting load reductions. Prior to each test, bulletins
weretdrstributed to occupants informing them in general terms. of the
neture._of>the'testtand reminding~them to use the telephone_overridesAif

necessary.

Monitoring Instrumentation

Energy use for llghtlng was measured u31ng the output record’ of the
instslied venergy management system._‘“Every tlmevthe llghtlng system
vchanged state, either by a ore—programmed schedule or by a manuai over—
ride, the system recorded which sector (or sectors) were changed and to
what level. From this information; the -electrical - power to. all the
1ighting on‘ the floor or any subset of lights could. be. calculated.' To
fac111tate proce551np and reduction of; the experlmental data, all llght-
ing _actlvitiesv werei recorded onto-a magnetic data cartridge system as
well as onto a hard copy printer., Following eachotest event,j,the mag?F
netlc tape cartrldges were shlpped to LBL and the data transferred to$
the LBL CDC 7600 and VAX 11/780 computers for analysis. A'computer'pro4
gram was developed by one of the authors (Karayel) to" translate the
record‘of sector switching activity to a running record ‘of Iighting

power demand.

During the analysis of the experiﬁentsl'data, it was found that‘ tﬁe
sector for the‘conference room lights was being switched on and off at
unpredictable times, meking meaningful comparisons Between simiiar test
results‘difficolt.“ AS’a‘résult we eliminated the sw1tch1ng activity of

the conference room fron our data in the reductlon process.

RESULTS

. The resultsvforveachvexperimentalvevent relating to the use of occu-
pancy scheduling are shown as plots  of number of ballasts (relays)
turned on versus time of day for each day of the test. As each ballast

was known to use 85 watts, the number of ballasts on is directly
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proportional to the- instantaneous lighting load. In our analysis, we
have treated only weekday data because this floor of the'Wbrld Trade
Center is rarely used during the weekend and the results are therefore

not meaningful.

Baseline Before and After DeLamping

Figure 1 shows the 1lighting load profile for both the original
lighting system and after delamping and‘telanping with 35-watt lamps.
The lighting demand for the original lighting system was 122 kW (1271
ballasts x 96 watts/ballast) with. .average daily usage of 2196 kWh for
the entire floor (excluding the conference ‘room). Post—embargo lighting
demand was reduced to 93 kW, (1096 ballasts x 85 watte/ballast) with
daily energy nsage of 1677 kWh.A Of this total reduction in demand (29
kW), 17 kW is attrlbutable to the removal of 40-lanps over areas requir—

ing less’ 111umination. The . remaining 12 kW reduction was due to replac-

ing the remaining 40—watt fluorescent lamps with 35-watt 1amps. For our

analysis of the energy sav1ngs associated with scheduled 11ghting opera—
tion, we used thellower power profile as the baseline because this was

the lighting power'prefile in effecf immediately prior to thia study.

Automatic Loose Schedule with lOOO—ftg.Sectors‘

_ Figure 2 shows the iighfing power profile for each weekday for the
test in which the lights were automatically switched on at 7:30 am and
switched to bne-third‘ievel"fdf the eVening cleaning tasks. The light-
ing usage attributable io'occnpants arriving'before the automatically
scheduled on—time'at"7:30'am'ie evident in the figure. Between 5:30 pm
and 3:30 pm,  the meaénred lighting demand is somewhat higher than the
programmed one-third level due to occupants using the overrides after
5:30 pm. Note that the lighting demand drops to'approximately one—~third
ofifull level at 8:30 pm beCause'the control.syetem was programmed to
switch all overridden sectora'ed'one—third at this time. This technique
of switching overridden sectors to low level at a pre-programmed time

was adopted to prevent the lights in manually overridden sectors from
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remaining at full level throughout the evening. It is also evident from
the figure that the lighting power profiles for different test days are

quite similar despite the slight differences in override-use patterns.

Using the automatically-activated loose schedule, lighting energy
use was reduced from 1677 kWh/weekday to an average -of 1178 kWh/weekday;
a 30% reduction in daily lighting energy consumption.

Automatic Tight Schedule With 1000 ft%fSectors

Figure 3 shows the lightlno demand measured for weekdays durlng the”‘

second scheduling test. Full lighting was activated 15 minutes 1ater )

(7:45 am) than in the previous test and light levels reduced to. one-

third level at 4:45 pm. Lighting .demand between 12:15 pm and l'OO pm
was 31gn1f1cantly reduced due to the automatically programmed lunch-time
set-back. The llghting demand does not drop. all the way to one- th1rd' l
however, due:to the use of overrides by 1nd1v1duals working through ,
lunchtime. Average lighting energy consumption for this test was 1077'J
kWh/Weekday ‘a reduction of 36% relatlve to the baseline operatlonl
(delamped) and - a 9% reduction relative to the automatic loose schedule.
described prev1ously. '

Manual On/Automatic Off Schedule with 1000—ftE-Sectors

Further slight reductions in lighting power and energy.use occurred“
when the first arrivals in each sector manually engage the lighting
rather than hav1ng 1t provided automatically at a preprogrammed time.
nghting was automatically reduced to one-third level at 12: 15 pm and at
4:45 pm as in the previous test. Because lighting in each 1000 ft2 sec—
tor was not activated until the first individual to arrive switched the
sector llghts on, lightlng demand in the early morning and afternoon was
generally lower 1n these tests (Fig. -4) than in either of the fully .
automatic chedule tests described ‘previously. Note that 119ht1ng
demand d1d not reach baseline levels until approximately 9:30 am. Fol-

lowing the lunch time set back llghting ‘demand consistently fell short

of the baseline level._
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For these manual on/automatic off test days, lighting energy use
averaged 1052 kWh/weekday, a reduction of 37% relative to the baseline
case and a 11% reduction relative to the automatic loose scheduling test
described earlier. Relative to the automatic tight schedule, manual
on/automatic off control reduced average daily energy use by only 2%

which is of questionable statistical significance.

Manual On/Automatic Off Schedule with Very Small Sectors

Figure 5 shows the 1lighting power profiles for the manual
on/automatic off schedule using workstation-sized sectors. It is evi-
dent from the graph that the utilization of very small sectors drasti-
cally reduced 1lighting demand throughout the day, especially in the
afternoons. The.automatic provision of stumble lighting is seen at 6:30
am for each day. Betwéen 6:30 am and 8:00 am, there is a gradual
increase in lighting demand as individuals arriving turned on the lights
in their . individual work areas. Since the vast majority of dccupants
arrive between 8:00 and 8:30 am, there is a fapid increasg in demand
during this time as these occupants engage their lights. Although the
major influx of people entering the building space ends at 8:30 am, peo—
ple still continue to arrive until about 11:00 am. The maximum lighting
demand in the morning never exceeded 73% of the baseline lighting load.
Following the lunchtime set-back at 12:15 pm, a number of individuals
immediately restored their lights to full level, presumably because they
intended to work through lunch. Between 1:00 pmn and 1:30 pm there is a
rapid increase in lighting demand as expected; however, maximum lighting
demand in the afternoon never exceeded 56% of the baseline demand. At
5:00 pm the lighting system is forced to the one-sixth level, and the
few individuals working after this overrode their lights. All lighting
was shut off at 11:00 pm. As the sectors in this experiment were very
small (mean size 160 ftz), any overrides after the evening reduction at

5:00 pm have only minor impact on the lighting demand.

Average lighting energy use for this test was only 604 kWh/weekday,
a reduction of 647 relative to the baseline case and a 497% reduction:

beyond the automatic loose schedule test with 1000-£t2 sectors.
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Result Summary

]

Table 1 summarizes the results of all the tests. The ‘table is
presented in matrix form to permit comparisons of the energy savings

between the various tests.

' . ’ TABLE 1

REDUCTION IN DAILY LIGHTING ENERGY USE AND PERCENT CHANGE

FROM
‘
'RELATIVE
to 0 < {° MANUAL ON/  MANUAL ON/ - TIGHT LOOSE
v | . avrowaric o AUTOMATIC OFF  SCHEDULE  SCHEDULE
" "|" (WORKSTATION CONTROL) (1000-t* SECTORS) - '
R ' 1073 kWh " 625 kwh 600 kWh 499 kih
BASELINE 64% S 3% 30%
LOOSE SCHEDYLE® @ “iw. = & = +574 kKWh - . 126 kWh . ° 101 kWh - . =——ee
~w/1000-ft# SECTORS =~ | - 49% 1y 97
TIGHT SCHEDYLE . . | . . 473 kwh .25 kWh
w/1000-£ft“ SECTORS "~ | = = ' 44% = 2%
MANUAL ON/AUTOMATIC QFF | 448 kb ====- —— -
SCHEDULE w/1000-£t | . = = 43%° SRR o 5
SECTORS

To find the relative decrease in lighting energy use of, for exam-
ple, the tight schedule relative to the loose schedule, one would select
the row labeled loose and :the column labeled tight to find that the

daily lighting energy use.reduction-was 101 kWh, a decrease of 9%. .

DISCUSSION . .

It is evident ‘from the aala presented hefe ‘that scheduling the
operation of the lighting system to conform more closely to occupancy
needs and flow patterns can- conserve a considerable amount of energy.
In this building, QS-in many commercial buildings, the vast majority of

occupants are present ounly during the core time, that is, between 8:00
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am and 5:00 pm. With the exception of a few early arriving and late
deparfing individuals, the only function of the lighting system outside
the core hours is to provide light for the cleaning cfew, whose tasks
are not Viéually demanding. The 307Z reduction in iighting energy use
measured uéing the automatic loose schedule was almost entirélyrattri-

butable to- reducing light levels to one—-third during non-core times.

By using the tight schedule, to switch the lights on”siightly later
in the morning and slightly earlier in the evening, we wéfe able to
reduce enérgy use an additional 9% relative to the‘lbqse schedule. Part
of this savings was a consequence of theviunchtime setback; which signi--
ficantly impacted lighting demand during the lunch hour. The placement
of the setback time at 12:15 pm rather than at ﬁdon‘is important because
a premature level shift would probably cause the.occupants to restore
their sectors to full lighting even if they intended to depart momen-
tarily for lunch. For similar reasons, we did not attéﬁpt a level

reduction earlier than 4:45 pm with this test.

By allowing occupants to switch on their lights in the morning and
after lunch, a further reduction in energy use was measured. Although
the lighting load takes longer to reach the baseline level using the
manuél'on/automatic off schedule than in préviOuS tests, all sectors are
eventually activated in the morning because several occupants share each
1000—ft2 sectors, and therefore the ptobability,is high that at least
one individual will arrive and switch on the lights. It is interesting
to note, however, that after the automatic lunchtime setback, a few sec—
tors are‘consistently‘lgftpat qne—tﬁird level and were not restored to
full lighting level by the occupants returning from lunch. One explana-
tion for this behavior is that the one-third electric light level plus
the availability of daylight was sufficient to obviate the need for full
lighting during the afternoon. An alternative.explanation is that some
sectors were simply not occupied after the lunch hour due to occupants

being offsite.

A comparison of the data from the tight and manual on/automatic off

tests revealed only an insignificant difference in overall lighting

2

energy consumption. This indicates that with 1000-ft“ sectors there is
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little energy-saving benefit to be gained by having the workers turn on
their own lights rather than providing light automatically at a prepro-
grammed time. There was some indication that manual on/automatic off’

control can reduce lighting demand during the afternoon hours, however.

The workstation control data showed a 1afge reduction not only in
overall energy use bﬁt also in 1lighting 'demand thrdugﬁoﬁt tﬁe core
hours. This result was in sharp contrast to the previous tests using
1000 fpz sectors in which lighting demand during the core hours was at -
best only slightly reduced. The cause of the lighting demand reduction .
with workstation control is due to several factors. First, the .employ-:
ment of extremely fine control resolution in this test permitted. the"
elimination of about 100 ballasts located over under-utilized areas.
Second, although lighting sectors were defined for all workstations,
detailed analysis of the data revealed that 20% of the workstation sec-
tors were never turned on during the entire test, presumably due 'to.
undér-utilization of these areas. Third, even in those workstations
that were usually occupied, absenteeism and vacancies accounted for some
of the lighting load reduction. Finally, the even larger reductions in
lighting load in the afternoon hours suggests that the availability of
daylight in conjunction with the one-third electric lighting level may
have been sufficient for some occupants” neéds. The latter interpréta—'
tion of the data is consistent with that of Crisp [3], who found that
the probability of occupants turning on their area lights after lunch
was lower than 50% given daylight factors as low as 0.5% (typicaily 5
footcandles). Regardless of the interpretation, however, it is evident °
that the combination of very small sectors with manual on/automatic off
control allows a considerable reduction in 1ighting>demand throughout
the core hours. O0f course, the potential benefits of these reductions
must be weighed against the formidable cost of providing this degree of

control.
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Use of Overrides

The importance of overrides was demonstrated repeatedly throughout
this study. If the probability distribution of'people arriving and
departing as a function of time was sharply peaked at. known times-and.
had no "tail”, then overrides would not prove necessaryvbecause the
lights could simply. be switched on immediately prior to occupancy and
switched off immediately after‘yacancy. This is rarely the case, how-
evér, since at:least-a few individuals will usually work outside regulaf'
core- times. If overrides were not provided, it would be necesséry to
use'a long lighting schedule to accommodate these individuals, signifif
cantly reducing any possible . energy savings. By providing accessiblé
override 'switches for local 1lighting sectors, a relatively  tight
schedule can be employed to provide lighting for the majority of people
while the overrides are used to meet the lighting needs of those indivi-

duals who wérk outside the scheduled on-times.

For the manual on/automatic off lighting schedules,loverrides also
served another useful function. Because the overrides must be used By
the occupants to obtain light in their local areas, it is possible to
capture some additional energy savings as a result of zone vacancies due
to absenteeism, under—utilization of building space, and the availabil-
ity of daylight: As our data indicate, the amount of energy that can be
conserved under these conditions is directly related to the size of the
switched sectors. On the other hand, the cost of the installed controls
for this type  of system increases in proportion to. the number of
independently—controllable sectors. This implies that there is an

optimum sector size that can be determined for a particular energy cost

~and lighting power density if the occupancy distribution is known. More

work needs to be done in this area, however, before it is possible to

develop any generalized lighting control design procedures.

Economic Analysis For 1000 ftg.Sector Control

Based on the energy savings measured in this stu&y, one can estimate
the cost-effectiveness of automatic cqntrols_fot scheduling for a large
new construction project in which the lighting system is split-wired for
nulti-level control and controls are installed as part of the design

process. Projecting the energy savings previously described to 260
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working - days * per year, the loose scheduling technique would reduce
annual lighting costs by $7850 per floor relative to basecase costs
assuming an energy cost of $0.06/kWh. Since the installed cost of the

controls (relays, wiring, etc.) in a new construction situation is
approximately $100 per control.point (relay), the initial investment for
the controls would be $5000/floor (25 séctors/floor x 2 relays/sector x
$100/relay). From this one can calculate that the simple payback period
(initial investment costs + annual energy cost savings) for the loose
scheduling technique 'is less than 8 months. Similarly, for thezfight
and manual on/automatic off schedules, the annual energy cost savings
would be $9420 and $9680, respectively, yielding paybacks of between 6

and 7 months.

The breQitybof the simple_paybécks estimated above is of course due
partly to the long baseline lighfing schedule in effect prior to this
study. --To show-that these scheduling techniques are still ec¢onomical in
buildings with shorter baseline hours, we recalculated the energy sav-
ings assuming .a building in which.the original lighting hours are 7:00
am to 9:00 pm. . -Because the baseline lighting hours are, in this-éaéé:
only 14 hours a day instead. of. 18 ‘hours, the energy savings for the
loose, tight, and manual on/automatic off - schedules relative- to the
modified . baseline are reduced to 16%, 247 and 26%, respectively.
Despite these reduced energy savings, annual energy cost savings are
v projected to be $3260, $4880, and $5290 per floor with associated simple
payback periods of 18, 12, and 11 months for the .loosé; tight, and
manual on/automatic off schedules, respectively. Since paybacks of less
than two years are generally considered acceptable for this kind of
investment in new comstruction [5], it is clear that the investment in
control hardware to automatically schedule the operation of the lighting

system can be economically justified.

Economic Analysis For Workstation Control

Although the measured energy savings with the workstation-sized sec-
tors was very large (64% relative to the baseline at World Trade Center
and -57% relative to 'a building using the ‘modified l4-hour baseline),

this degree of control can: only be economically justified if energy
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costs are very high. Workstation control requires the installation of
two relays per fixture; the cost of installation would therefore be
about $90,000/floor'in a new construction situation. Atv$0.06/kWh, the
projectedz energy cost 'sayings are $16,740/floor/year relative to the
World Trade Center’s 18—hour baseline and $11,600/floor/year relative to
the "l4-hour baseline. Since this equates to payback beriods of 5.4 and
7.8 years respectively, installation of this degree.of control is not
economical. At $0.14/kWh (current electrical energy costs  in New York

Clty), the paybacks would be 2.3 and 3. 3 years.

Interaction With Heating and Cooling Loads

In our analysis, we have not considered the impact of reduced light=-
ing energy consumption on heating and cooling loads. It is clear that
one consequence of automatically scheduled lighting is decreased cooling
loads and increased heating loads.‘“Although there are undoubtedly some

buildings in cold climates where the increase in heating loads would

"reduce_the,net savings from scheduled lighting, it is-also true that in

most large buildings cooling loads. dominate: In’ the latter cases, any
reduction in lighting energy consumption only adds to erergy savings due

to the accompanying reduction in cooling loads.

CONCLUSION

It is ev1dent from thlS study that automatically schedullng the
operation of the light1ng system to closely conform to occupancy pat-
terns substantially reduced energy consumption: for lighting. Using a
simple loose schedule'technidne with 1000-£t2 sectors, a 30% reduction
in lighting energy use was measured relatlve to basellne operation. By
employlng a t1ghter automatlc schedule, lighting energy use was reduced
36% relative to basellne operation with similar results for a manual
on/automatic off switchlng technique. With work statlon-31zed sectors,
lighting energy use was reduced 64% relative to baseline operation,
clearly demonstrating the relationship between energy savings and sector
size. 7Using a simple economic analysis, we have shown that automatic
scheduling with 1000-ft2

lighting energy consumption in buildings.

sectors 1is a cost-effective method to reduce
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‘may be suitable.
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