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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
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RESUME

% : >Le fbnctionhement haute fr&quence des lampes'fluorescéﬁtes a ete compris et testé

. dellongue date. Tduteféis 1'application de ce principe n'a pu se répandre que

§ € ' depu1s 1! arr1vee des c1rcu1ts e]ectron1ques ‘En réponse auxrfabricants de bél]asts qui-
.pretendent obten1r une bonne eff1cac1te energet1que, un progect fut entrepris pour

tester ces bal]asts.

S 4_0h'a considere déug types de ballasts, et, 3 la suite d'une phase d'essais,
_'plusieﬁrs centaines d'unités ont remp1acé Tes baliaéts conventionnels dans les
L ' 'appare1ls d ec1a1rage en p]ace sur tro1s etages d'un 1mmeuble de bureaux 3 San

Franc15co Cal1forn1e Un type de ba]]ast a bob1naae centra] de bon rendement

énerget1que fut 1nc1us dans la demonstrat1on.

Les ballasts de‘démbnstfation se sont'aVé?ES'plus efficaces que les ballasts

n;convent1onne]s a bob1nage centra] qu 'ils remp]aga1ent Leur»demande'réduite a eu

pour effet 1e p]us notab]e une réduction cons1derab1e de la demande de puxssance
de po1nte hebdomada1re Avec des lampes fonct1onnant a p]us de 20 KHZ ils ont
”_redu1t Te niveau de son audible et causé une mo1ndre d1ss1pat1on de cha]eur Les
1nterferences d' ondes de fréquence rad1o, byen que passablement accrues n ont
causé aﬁcuhe:difficuifé apparenté; Comme 1es'trois'ballasts(de démonstration
redu1sent que]que peu le rendement ]um1neux des 1ampes, ceci a part1e11ement

rédu1t 1'économie d' energ1e rea11see grace au prOJect

On’a réussi 3 mesurer 1'utilisation d'énergie dans ces ballasts au moyen de

£,

-compteurs é]ectriques‘couramment-uti1isés par la compagnie d'électricité.
Cependant quelques doutes demeurent. en ce qu1 concerne ]es effets des harmoniques

associees au’ c1rcu1t electron1que



' C'est poufquoi, bien qy'aucunfeffet défavorable h'a{t été,obseryé, bn‘doit:contihuer'
a examinef 1a'pfécision deé compfeurs d'électricité ainsi qué 1'effet de tels
ballasts sur le réseau ﬁhb]ic d'Electricité. Le projetvde.démbnstration a'étab1i

B qUe ]'on'péut installer en grand nombre des béi]asts'é cir;uit é]éctohique pour le
fonctidhnément des'Tampes a haute fréquehte et que 1'on obtieht un.fonétionnemént
isatisfaisant,'sabs‘effét‘défavorébie,et que 1'on réaTi#e une_reharquabie'économie

" d'énergie.



ZUSAMMENFASSUNG

.Def Hochfrequenzbetrieb Léachtstafflampen ist laengst verstanden und geprueft
worden. iDennoch die Ankunft der elektronischen Stromkreisgeraete hat es erst
ermoeg]isht, dieses Prinzip in grbssem Massstab zu benutzen. In Beantwortung
des Anspruchs;_dass Vorscha]tgeraétéerzeuguer auf Energieieistung der Geraete

erhebten, wurde eine Untersuchung solche Geraete unternommen.

Zwei Typen Vorschaltgeraete'wurden untersucht, Qnd‘ ‘nach einer Testphase'wurden-vv
ein paar Hundert Stueck 1n auf drei Stockwerke eines Buerogebaeude in San Franc1sco
(California) bestehenden L1chtan1agen a]s Ersatz errichtet. Dazu wurde e1ne
konventvonne]]e energ1e1e1stungsfaehlge Kernspu]e auch geprueft Es wurde
bewiest, dass d1e zur Vorfuehrung angewandten Vorscha]tgeraete ]e1stungsfaeh1ger

als konvent1onne1]e Kernspu]en se1en

Die S1nkung der Kraftnachfrage er. gab eine bedeutend ger1ngere WOchen Nachtragespltze
Die mit ueber 20 KHZ betr1ebenen Lampen erzeugten weniger hoerbar Geraeusch und

gaben ger1ngere Waermever]uste heraus’ Rad1ofrequenzaustrah1ung1nterferenzen ob |

'_:auch etwas groesser, fuehrten zu ke1nen offenbaren Schw1erwgke1ten

Die L1chtausbeute sank ein b1sschen 1n a]] dre1 Vorsha]tgeraeten, desha]b wurde

die Energ1eerspaern1s zum Te11 verm1ndert Der Energleverbrauch durch Vorscha]tgeraete

- wurde m1tte]s konvent1onne]]er e]ektr1scher Zaeh]er gemasst aber es b1e1ben noch

e1n1ge Ungew1sshe1ten was d1e Fo]gen der Nebentone der e]ektron1schen Stromkre1sgeraete

anbetr1fft

Wenn ke1ne w1dr1ge Folgen auch wahrgenommen wurden muessen noch d1e Genau1gke1t der

vﬂ,e]ektrISchen Zaeh]er sow1e d1e Konsequenzen der Vorscha]tgeraete auf d1e Stromversorgung

untersucht worden DIQ Vorfuehrung bewxes dass e]ektron1sde Vorscha]tgeraete fuer

Leuchtstoff lampen in grossem Massstab erfo]grelch err1chtet werden: koennen, das

heisst:ohne w1dr1ge Folgen und mit bedeutender Energlerrsparnls.



SUMMARY

High frequéncy operation of fluorescent iamps has long.been under-
stood and tested. However, it was nof until the advent of splidfstate
circuitry that wide-spreadIUSe of that principlg seemed possible. In respohse
to the energy.efficiency claiﬁékof ballast.deﬁelopers, a project.wés undeftaken

to test the ballésts.

,.TWO ballast.typeSIVére involved and; after a'test phase, several
hundred units were rétrofittéd‘intb ekistingvfiktures on thfee_floqfs'in an
office building in Sén’FranCisco, California; AvcoréQCOii energy efficient
ballast was demoﬁstréted also.

The-demoéstfatiohlbéllasts-provédrgo‘be more efficient than the
vstaﬁdardvcoré—coil;ballééts they rQPlaCEd; ‘Their dem&nd reductioﬁ ha; resu1ted
in a sigﬁificantiy lowéflﬁeekly'peak demahd;v Operating above Zb'KHé, they

~have produced less audible noise.  They also have'léwer heat dissipatioh.

RFI radiation; although somewhat increased, héé caused no apparent
difficulties. Light.butput has been reduced_slightly by all three_demonétra—

tion ballasts, a fact which somewhat offsets energy savings..



ﬁallast enétgy usage has been measured successfully with standard
utiiity metering but there remain doubts as to the effects of thé.harﬁonics.
associated'witﬁ solid-state circuitry. While no adverse effects:haVe been
» observed, research must confinue on the accuracy of electrical_metering.aﬁd on

the effe@t_on utility systems.
The demonstration project has shown that solid-state fluorescent
ballasts providing high frequency operation can be installed successfully in

large numbers without adverse effects and with substantial energy saving.

~ INTRODUCTION

Several ofganizatiohs in the quted>$tates have develbéed solid
§tate ballasts for fluorescgnf lighting that‘appear to be an eéonomicaily. |
sound replacement for thé core-coil baliééf now in common‘uSé. .Improyed
efficiency in qperatioh pfomises loﬁgr Iifeséyéié'costé.'Althbugh'the-initiél.
véoéfg of:the sd1id state ballaSt are admittedly greater at thié time. Other
adyéntages are also apparent.' Fluorescéﬁf lamps obera;ed with:solid6state 
ballasts éxhibitvlessjaudible nbisé,‘havéjlowérvheat diésipation qnd can‘héve
an efficient dimming capacity over a bro;d'rangeiof liéht output levels. The
eﬁergy.cést faétdr, plus‘theSé additional factors,‘should permit, indeed
eﬁéourage, lightiﬁg-designers, lamp manuf#ctutefs, and fixture manuf#ctﬁrers

' to produce new, ipnovativéﬂlighting system concepts.



The solid.state ballast provides the same primary function as the
conQentional core-coil.ballast: It must start and then operate the lamps
safely. Published solid state ballast ci;cuit designs . (1-5) convert the input
_”60 Hz to DC and then invert the DC to drive the lamps at high frequency. That
freQuency is generally in the range from 10 KHz'to 30 KHz. Fluorescent lamps
operated at those frequencies have a higher efficacy (6-9) than those driven
-at 60‘Hz and, by virtue of the non-magnetic nature of the feactivé circﬁit

components, these ballasts typically have lower power losses.

In late 1976, based upon prototypiéél performance claims from
several manufacturers and a review of the state gf the development of the
solid state ballast, the Lawrence Berkeley Laboratory of the University of
California‘(LBL), with fUnding'provided by the United States Department of
Energy (DOE), initiafedfa'development and demonstration program to assist in
the commercialization.of solid state ballaétﬁ for fluoreséent lighting.'
Foilowihg‘a cqmpe;itive_profuremeqt.prbcedure, two ballast develbpérs - Iota
Engineering of Tucéon, Arizona>$nd Stevéns Lﬁminoptics of Danville, California

- were selected to participate in the program.

In the first phase of the prégram (10), the two subcontractors were
required to complete ehgineefing development and testing of demonstration
‘models. Prototypes were deii?ered to the‘Lawfence Berkeley }abdratofy and to
an independent test laboratory to measure Variogs pgfformance characteristics.
Inbthe demonstration phase,‘approkimately one ﬁhousénd‘ballasts were

retrofitted on three floors of the Pacific Gas and Electric Company (PG&E)
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General Office Building in downtown San Francisco, California. This
installation was created to monitor performance and reliability of the units

in a large scale commercial situation.

Sufficient evidence was gathered from the first or developmental
phase of this progfam to present a reasonable verification of the performance
of the two ;Ypes of solid state ballasts involved (10). One of the test
ballasts is operated at 120 volts and is engineered gdp minimum complexity and
cost. It was designed-for‘a single level of light output,; although step
dimming can be added. The other test bailast is operated at 277 volts and has
a built-in continuous dimming capability that allows the light output to be

controlled in several different operating modes but requires more complex

circuitry than single level operation and is therefore more expensive.

Ballasts of the core-éoil'type offered as a "premium" quality'energy saving
device also were included as part of the demonstration control. Ali
ballasts in this program are of the rapid start type and are deSigned to
operate two 40 watt T-12 fluoreséent lamps. Although the test ballasts are
capaBle of operating reduced wattage fluorescent lamps,,sténdar& lamps were
used to provide consistent &até with usage before the installation of the

demonstration units.



BALLAST DEMONSTRATION

Following successfgl completion of the first phase of the project.
and beginning in July of 1978, demonstrationvbéllasts were installed at PG&E.
Three flbors were rétrofifted withﬂenefgy efficient bailasts. One floor was
allotted to the-277 volt dimmable ballast,,pne floor was convertgd from the
existing 277 volt distribution system to 120 volts and allotted to ballasts
" requiring that voltage, ana the third floor was allotted to the énergy‘

. efficient core-coil ballast which also operatedfat 277 volts.

The Pacific Gas and Electric.Co@pany is ah investor bwned public
utility providing gas ‘and electric,seffiée>in the northeirn two-thirds of the
State of Célifo;nia. Company engineefs applied tﬁeir.s;andard @etering
techniques to the twovmain lighting‘input'power'lines on each floor. The

. energy usage in kilowatthours was recdraed contipﬁously as a fﬁnction of time -
by means'of magnetic tape KQ”metering_(il). The.power in kilowatts w#s
Calcﬁlated from that in ls-ﬁinute demand'intérvdls. ‘This system measufed

the neutfai_line of three7phase system as well as the three mains.

The solid state ballasts were designed as direct retrofits With

. American National Standafdvanstiﬁute standard;color coded_leads'and ballést

~case sizes. The ballasté were installed by the lighting,maintenaﬁCe cohtfactor'

; regularly émﬁloyed bj PGSE, without special instructions. Except for the . £
”Ehange to provide IZQ'volts on one floor, no changes were made in ;he | o &

electrical wiring to accommodate either of the solid state ballasts. .
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The Lawrence Berkeley Laboratorﬁ,‘one of the United States' national
labofatories_and a constituent part of the University of California, installed
é GQ channel daté acquisition system to collect: 1) detaiigd data for selected
branch circuitsronveach floor, 2) data for other essential parameters such as
temperature and daylighting, and 3) data from other experiments planned as‘a

partvof the over all demonstration.

Bése.line data werg célleéted hy both PG&E and LBL with‘the.existihg
specification gradé'cofe-coil ballastsvfo: several months before the cohversion
to the.test ballasts was made. Prior to that thé fixtures were relamped and
Cleaned. Any remaiping bgllastsvfroﬁ relamped fixtufes vere removed.; All
major United States £1uoréscent lamp.@énufacturér; cdntributed_lamps to the
demonstration and grodps_of'qne'hunAEgd lamps were ihStalled after the
'épera;ion of the test_ballésts had been establi#hed. After an appropriate
number -of operating houré‘sample nﬁmﬁers of lamps were returned to eaéh
manufacﬁurer-for inspééﬁion andianalysis to assist in stuaying the effects of

high frequency operatibn onvlamp life.

The LBL'monitoring,installation included thgrmocouples in several

fixtures on each floor to measure input ‘and output- air temperature, ballast
N temperature, and bulb Qall.temperature. " Ambient sound ievel and Radio Frequency

Interference (RF1) Measurements have been made and photometric measurements

were made before and afterhthe installation of the test ballasts.



RESULT OF THE BALLAST DEMONSTRATION

1. Reduction in kilowatthour usage.

Plots of the peak kilowatt reading per week are shown for one-half of
each test floor (Figures 1, 2, and 3). The data prior to the numeral 1
in;lude the connected.spébificati§nvgrade'core—éoil ballasts installed
when the building was.cdnstructed in 1968-1969. Prior to the installation
of the test ballasts any remaining idling ballaéts'(thoée connected to
delamped:sdékets) were reﬁbved as can be noted in.the steadily dgcreasing

curve for the 30th floor.

The data fdllowing the numeral 2 indicatebuserafter the chéngé_to the
‘test ballasts. AFigufe 1 showS'the performance'of the 277 vol£ ballasts
without any operation of their dimming capacity. All were stabilized for
_the”proper lumen output‘of the_lahps inVolvea; The risé in power is
caused by the replacement of failed ballasts with standérd core-coil

ballasts.

Figure 2 shows the performance of thef120 volt ballasts on the 28th floor.

.Ihe drop in power is especially drama;ic since this was the only inétahce
in which one comﬁléte haif.floor wés:refitted with electronic bailasts. '
within a weekly data recording tyclé. ,It is iﬁtended that thesg ballasts
wiil be left in élace for at least;oné hofe year so that continuing

operation may be observed.
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Figure 3 shows the 30th floor, where the energy efficient ballasts were
used. The slight rise in power here results from additional, unexpected

occupancy of the floor.

Thermal effect on building heat level.

- The lighting-fixtures_in the test building aré of the air handling type

with cooled feed'aif provided through side slots. The return air is

| :eturnéd to the lowé: pressure plenum through the fixture itself so that

it serves to cool the'lamps and ballasts By‘passing over the lamps and

the ballast cover. The LBL afray of tests includes thermocouples placed

* to measure the input and exhaust air temperature on each of the test

_flbors.

Table I shows.the air_tempé:ature and the minimum bulb wall tempefaturq
in-May and June while the standhrd,core coil ballésts were still in place

and in September and October withbthe test ballasts installed.

~ Table I

Bulb Wall,ZInphtlAir,‘and‘Exhaustinr Temperatures - Degrees C

. Standard Ballast - . , Test Ballast B
Bulb -~ - Heat  Bulb S Heat
Wall Input Exhaust Gain Wall 1Input Exhaust Gain
27 39,7 23,0 29,2 16,2 37,5 22,6 28,2 5,6
28 35,9 23,4 28,7 5,3 34,2 22,4 26,4 4,0
30* 38,1 20,6 32,0 11,64 35,5 20,2 28,8 8,6

% Four lamp fixture, other all two lamp.



"standard testing cycle of three hours on and twenty minutes of f.

It can be seen that for all fixtures ﬁhe temperature of the bulb walls

and of the exhaust air has been reduced significantly. On the 27th floor

the air heat gain is reduced by 0,6 degrees C and for the 28th floor the
reduction is 1;3 degrees C. If the air returned to the plenum is being : .
cooled and recycled this redﬁction provides a significant saving in the

cooling energy required.
Effect on lamp life. -

In September, 1977 the entire three demonstration floors were relamped.

.After_three'months'or approximately 1,000 hours of burning, data began to

be collected on the lampbfailures on'eaéh'flobr.v Table II indicates the
failures. It should be notéqvthét_the lamps had néarly. 3000 hours of

use when the ins;allatioh of test ballasts began. Because of the

'rélatively short time involvéd,‘it>does not appear poSsiblé to make a

. prediction about lamp life under high frequency operation. However, the

data from Table II indicate_that the test ballasts did not cause an

undue increase in lamp failures.

At LBL a lamp life testing féciiityfhas been set up'to match the

requirements of the American National Standard for lamp testing. The
lumen maintenance and life of the lamps provided by one of the

participating lamp manufacturers have proved satisfactory under the

‘@



Table II

Lamp Failures

30th Flooi

: " Burning: ' ' - : :

. Month Hours -~ 27th Floor . 28th Floor . (1/2 Floor) Total
1978

- Jan. ~-1100 3 3 2 8
Feb. 5 2 0 7
Mar. . 1 2 -5 8
Apr. 2030 0 2. -2 4
May - _— 0. 2 . 0 2
June 0o 1 -1 2

“July 2940 ) 1 (102) 0 1
Aug. | 1 2 (203) 6 9
Sept. .. . 2 (27) 5 (404) 1 (169) 8
Oct. 3900 6 (257) 2 3 11
Nov. : 2 (339) 1 -0 - 3
Dec. " 4 4 0 0
1979 : .
Jan. 4800 4 0 1 5
Feb. 4800 0 0 0 0
Mar. C 15 4 2 21
Apr. 5700 1 18 0 19

TOTAL . 5700 . 46 .(339) - 49 (404) - 22 (169) o 116

Figureé invpafénthesisxa;e cumuiative numbers of demonstration -
" ballasts installed. Only bne-half'of'theA3O£h7£160r was used in this portion
¥ of demonstration. All ballasts operate two lamps so. that the total number of

lamps is nearly 2000.
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Ballast failures.

Figure 4 shows the ballast failures, by floor, during the demonstration.
Electronic test ballasts have failed but the failure of some of the -
original core-coil ballasts and of the energy efficient core-coil ballasts

can be noted.

~ After a short time 1t was apparent that there was a quality control _
»: problem in the manufacture of the 277 volt balla>ts used on the 27th floor
While the number of fallures was dlsappo1nt1ng, nearly 200 units have
contlnued to operate successfully ‘ Fallures on the 28th floor w1th the
120 volt»ballasts were traced to an excessive qpen circuit voltage in
some units when one of the lamps was renoued} That design_problem bas:

been corrected in the continuing development of the ballasts.

In spite of the/failures of thedelectconic test'ballaSts there was no
evident‘safety haeard toipersonneljbtbdamage.to the“bullding and'the
:consequences of ballast fallure did not appear to- exceed those resultlng
from the fa1lure of a standard core- co1l ballast From these results it
:appears that sol1d state h1gh frequency ballasts can prov1de reliable

‘and safe operatlon of fluorescent lamps._,i

N
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:Electro-Magnetic Interference (EMI)

-Laboratory and test site measurements of RFI (both conducted and

radiated) were made by the Department of Engineering Research of PG&E (12).
The results of these are shown in Figures 5 and 6 which compare the

laboratory measurements with those taken on the demonstration floors.

Electronic ballasts do gegerate more RFI than do conventional core-coil

- ballasts but FiguresfS and 6 show that the amplitude~differences were

less at the site than those measured in the laboratory.

While it is difficult to state that these increased RFI'levels are "safe"
and will not interfere with the normal operation of building systems, it

is important to note that tliere is no cumulative effect from the installed

ballasts on the test floors ‘No evidence of interference with the PGS&E

'1nterna1 communlcatlon systems attr1butab1e to the operatlon of the test

ballasts has been reported

' Comparative light outputs.

Photometr1c measurements at the PG&E bu11d1ng were made by the
L1ght1ng Group of Sm1th Hinchman & Grylls Assoc1ates, Inc. (SH&G) of

Detro1t Mlchxgan The f1rst SH&G measurements were made after

: 1400 hours of lamp use. The measur1ng team returned to the test site

{;efollow1ng the 1nsta11at10n of the test ballasts and at a p01nt at wh1ch

the,test lamps_ had a tqtal'of.3900 burnlng hours. A.£a1r1y small sample

of the-luminaires'ihbolyed &as ihvestigated. Field photometry was
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performed on five fixtures, two of'each,electrbnic ballast and one

energy efficient core coil pnit; Four standard electric lighting surveys

were performed in selected typical offices. (13)

Both sets of measurements showed systematic and significant drops in

Tables III and IV.

-~ Room
. Room
Room
Room

2828
2882
2811
3056

. the luminous output of the fixtures involved. These are shown in

CTABLE III

~ Electric Lighting Survey‘(SH&G:Report Table II)

14 Measured Locétions: _Avefage

8 Measured Locations Average

9 Measured Locations Average

9 Measured Locations ‘Average
" TABLE 1V

Decrease -15,2%

Decrease -22,0%
Decrease -24,78%
~Decrease - =9,36%

Figld'Phqtqmetry, Isolated Fixtures (SH&G_RepQrt Table III)

Room 2760F
Room 2760K
Room- 2824
. Room 2828
Room 3054

Average Decrease
- Average Decrease
- Average Decrease

Average Decrease
Average Decrease

-15%
=209 -
-8%
L =16%
gy

These readings shouldnbe contrasted with LBL laboratory measurements = .

- shown

in Table V.

" TABIE V

re
0N

Net Luminous Output Decrgaée (LBL-Laborathy Measurgments) 

13 27th Floor Ballasts o
28th Floor Ballasts
" 30th Floor Ballasts

12
4

Average Decrease ' ~ 8,6%

Average Decrease . 11,6%

Average Decrease. _ 5,5%
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Two factors contribute to the discrepencies between these measurements.

Figure 10A shows the Illuminating Engineering Society of North America's

>1umen maintenancé curves as a function of hours of operation. (14) The

curves show the decrease in light output with time of operation. The

hours at which the SH&G measurements were made have been plotted on these
curves. It may be noted that the light output would have depreciated to
about 94% at the time of the first SHSG measurements and would have

dropped further to»somewhat less than 88% at the time of the second

measurements or a change of approximately 7% in luminous output as a

. function of time.

Figure 10B is the Illuminating Ehgineering Sdciety_of North America's
curve showing light output versus minimum bulb wall temperature. (15)
This curve indicates that as the minimum bulb wall temperature departs

from optimum value the lumen output will fall off. Bulb wall data from

LBL is shqwn‘in Table VI.

" TABIE VI

':.LBL Blub Wall Tempe:ature; Degrees C

:Robm* o _ 30 January, 1978 - 9 October, 1978
2848 395 36,2
760K . 395 - 38,0
3054% 3,5 34,2

* Four lamp fixture
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The data show that bulh wall temperature is decreased when driven wlth
the energy effic1ent ballasts used in the test. lThe general thermal
effects were discussed in Section 2 above, and indicate the same.reduct—
ions.b The rednction.for the energy efficient core coil ballast brings
the hulb_wallvtemperatnre closer to the.optimum Operating'point. ‘In_One

case'the‘sOIidtstate ballasts drop the temperature to the optlmum‘pointt

and in the other case drop,itvbelow-that point.

It appears:thatvtheflamp lumen'depreciatiOn.betmeen,the two SH&G measure- '

ment dates and the changes 1n bulb wall tempeature comblne to ‘make’ the

,SH&G measurements and those of LBL reach reasonable agreement.

Both ‘laboratory and démonstrationlsite_dataﬂconfirm that the increased

~energy efficiency of.Bothlthe'corefcoil'ballast_and'the solid state .

ballast is achieved at a small reduction in light output and in resulting

.illuminance._lThe.relationship between task locations and fixtures in the
measnred'rooms,'as'in:most_PC&E-Generalppffiee locations, was such that

no complaints were received because of. this change.

User acceptance of high frequency ppérétidﬁ, o

In enter1n0_the demonstratlon phase of thls prOJect 1t was antic1pated

'lthat hlgh frequency operatlon somewhat above 20 KHz _would cause employee

‘complalnts. Only one ballast was removed as a result of a complalnt.

This was ‘a 120 volt ballast and the employee 1nvolved was adamant that he

- could hear. the high freqnency sound. 'Diseussion with management on the

involved floors indicated no-further difficulties.
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It was a common observation on the floors using solid state ballasts that
the noise level seemed lower because of the abcence of hum which many
a;sociate with standard core-coil ballasts. Sound power measurements
were made by the Department of Industrial Hygiene of LBL and are shown in

F1gures 7, 8, and 9. (16) These three f1gures plot the sound level

.measured on the test floors of the PG&E bu11d1ng The broad band sound

measurements are shown under "Llnear" and "A". "Linear" measures all
frequencies equally and "A" responds less to low frequencies. The
difference between the results from standard ballasts and the test

ballasts is an increase in the higher frequencies, as was anticipated.

The broad band "A" ecale is 30 to 40 dB(A) for a very goiet office and it
is not uncommon for small offices to have sound levels of 50 dB(A). . None

of the test ballasts appears to contribute significantly to the overall

effect of‘office noise.

Effect on utility systems.

The KQ metering (11) used by the Pacific:Gas and Electric Company for
general meter1ng and for thls demonstrat1on has prOV1ded (computet
calculations of power factor) and adequate records of the power used.

Table VII shows power and power factor from.the,measurements of both

PG&E and LBL.



TABLE VII

Power and Power Factor Measurements

Power in Watts

Ballasts PGE

27th floor - Standard 101
277 volts 76

28th floor - Standard 90
120 volts 79

30th floor - Standard ' 97
Eng. Eff. . 85

LBL

98
75

91
75

95
84

16

Power Factor in %

PG&E

100
92

100

- =99

100

100

IBL

96
92

Fa

100
94

99
97

From Table VII two things éanvbe observed. Energy efficient ballasts,

either core-coil or solid state, use less energy and, second, there are

differences in power factor which may be of importance. .Utility‘systems

will welcome the reduction in use since the commercial lighting to which

these ballasts are most applicable is a major'contributot to daytime‘peak

use. -However, much remains to be determined about the true power

factor of these devices and their actual contribution to required

generating capacity. (17, 18)
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The PGSE factor ‘data are taken from the KQ metering and are the result
of customary usage measuring. If one assumes that voltate and current

are 60 Hz sinusoidal functions, then standard approximations such as

KW
KVA = cos 8
aﬂd‘v‘
" Power factor #

cosine 8 .

- are cotrett. When harmonics are present the situation is different and

LBL has'chosethb'measure "shépe" power»faétor;: Actual power factor is

dependent,uéon the current's wave shape

Power

.»pqwer.factor —‘vtms X Irms :
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* The electronic ballasts used in this demonstration both have power
_bfectors iqfexcessvof 50%, as calculated by'each agency. That is not
‘true;bhowever, of others which were investigated during Phase I of this
total project. -In some of these the actual power factor is different
from the KQ measured Qalue. The importance of this is two-fold. First,
the KVa requirement is sighificantly higher suggesting a requirement for
greater system generating capacity than that shown by traditional utility‘
metering. : Second, the amount df harmonics generated may be substantial.
vThis demonstration did not produce any indication of difficulty resulting
from increased harmonics and the harmonic levels found on today's power
systems from all aecumulated'SOUtces”afe still generally tolerable.  The
future will undoubtedly'?foduee many_mo;e:hafmonicvsources;eprimarily as
a result of solidfstate technology edQénces - Suthvas that involvea in

the ballasts under test.(19) -

" Although the questions of accurate'metering-and the effects of harmonics
require future study, this'demonst:atidn‘was,conducted without any

adverse effects from the solid stafe‘ballasts,
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CONCLUSIONS

The assessment of system efficiency from the data collected at PG&E
is difficult sirce that demonstration was intended to measure the commercial
applicability of devices still in the developmental stage. Table VIII presents
data similar'to that contained in the sections above bat accumulated in the
LBL tests which parallel those at PG&E but conducted under laboratory

circumstances with bulb wall temperature standardlzed at 40 degree C for each

unit.
TABLE VIII
Performance of Ballasts Measured at.LBL,Under Controlled Cenditions
: Number =~ Power Light Output | Increase
Type ‘Tested (Watts) (Footcandles) = fc/W %

Standard ' - 10 _'.96,5- 49,0 0,507 -
277 volts - 27th floor 13 - 70,9 44,8 0,632 . 25
120 volts = 28th floor 30 70,1 41,2 - - 0,586 : 16
277 volts - 30th floor‘ 4 83 . 46,3 ' 0,555 ‘ -9

" Eng. Eff.

From thrs table of relatlve performance it can be seen that the
power 1nput is reduced s1gn1f1cant1y for all energy eff1c1ent ballasts as is
shown also in Figures 1, 2, and:3 However there is a reductlon in 11ght
output as.di5cessed in 6 atove.* Dlscountlng that decrease as not an

inhibition to useful work, the efficiency improvements ofAeach'type‘of ballast

compared to the standard core coil ballast.range from 9% fer the energy

efficient core-coil ballast to 16 and 25% for the solid state, high freqdency

ballasts.
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This demonstration has proved that complete floors of a modern

. office building can be equipped with high frequency ballasts without any

evident difficulties and with significant savings in energy. While the bal-

‘lasts of the solid state manufacturers involved and those of others not
~.included in this tést remain to be'improvéd upon, it is apparent that a shift

- to high f;equency ballasts would have a positive effect upon ehergy use for

commercial offices and other locations. Surely these products will assume

. their rightful place among the_ﬁarious technological improvements in lighting

which will pérmit'designers to retain adequate levels of illumination without

undue energy requirements.

(=
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