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Summary

More than two hundred solid-state fluorescent
ballasts were 1installed in representative areas of a
Veterans Administration Hospital in Long Beach, Cali-
fornia, to determine the cost-effectiveness of such an
installation.

The power and illumination 1levels im the test
sites were measured first as they initially existed,
then after the fixtures were cleaned and relamped with
energy-saving fluorescent lamps, and finally after the
core-coll ballasts were replaced with solid-state bal-
lasts. The annual energy savings for the complete
retrofit was measured as 33.9Z.

In the director”s suite natural daylight was used
to supplement the electrical illumination, providing
an additional 20-25X energy savings. Thus, {n that
area, the total annual energy savings amounted to 48%.

All of the measured data are analyzed on the
basis of 1life-cycle costing. The analyses are
presented on sets of curves relating the cost-
effective price of a ballast to the cost of electrical
energy.

Introduction

The staff of the Veterans Administration (VA),
through their Office of Construction, have been
actively pursuing ways to cost-effectively reduce the
energy used in operating their buildings, The solid-
state ballast, which has been shown to operate
fluorescent lamps 20-~25X% more efficiently than core-
coil ballasts,l represented another opportunity for
the VA to meet these efficilency objectives. Instal-
ling these ballasts in VA hospitals can significantly
impact the buildings” energy use since lighting
repregents about 40-50% of the energy load. .When the
total performance of a solid-state ballasted fluores-
cent lamp system 1s considered, the real energy sav-
ings will exceed the measured intrinsic efficiency,?
reducing a bulilding”s energy load by more than 207
while improving the illumination system.

At the time the VA  expressed an 1interest . in
solid-state ballasts (mid-1979), the ballasts were in
their final stages of development and not completely

field-tested. Principal concerns of the VA were the

reliabilty, safety, and cost-effectiveness of the-
high-frequency (20 kHz to 30 kHz) operation of the
ballasts.

Toward this end the Veterans Administration
Office of Construction supported a demonstration to
qualify the use of solid-state ballasts 1in their
buildings. Their VA Hospital in Long Beach, Caifornia,
was selected as the demonstration site. In concert
with the VA office in Washington, D.C., and the
engineering staff at the Long Beach VA Hospital, the
Lawrence Berkeley Laboratory Lighting Program staff
designed a demonstration schedule. This report
presents the results and conclusions on the cost-
effectiveness of this solid-state ballast demonstra-
tion.

Demonstration Design

Outpafient Lobby. The outpatient 1lobby was

selected as representing a;large, general-use space in
a hospital. The floor plan is shown in Figure 1.
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Figure 1. Floor Plan of Lobby Lighting.

The lobby is in a new wing of a building, and the
lighting system has been operating less than twelve
months (6000 hours). About 75% of the space is a sit-
ting area where visual tasks are not critical, con-
sisting of casual reading by visitors and waiting
patients. A reception area, filling the remaining
space, 1s the site of more critical -visual tasks--



filing, typing, data processing, reading records, etc.
The average light level in the sitting area is 415 lux
(39 footcandles) and in the reception area 731 lux (68
footcandles). These lighting levels are within recom—
federal guidelines. In the perimeter areas of
the lobby 132 40-watt, T-12, rapid-start, cool white
fluorescent lamps (66 ballasts) are used in enclosed
two- and four-lamp (2°x 47) fixtures. The locations
of these fixtures are shown schematically in Figure 1
handling type.
temperature of these lamps

mended

as rectangles and are of the non-air
The wminimum lamp wall
ranged between 46Dc and 51°c.
the 1lighting

square foot.

The connected load for

system in this area 1s 1.37 watts per

A large grid of closely spaced bare lamps supply
illumination in the center of the lobby. The grid has
no venting and contains 146 40-watt, T-12, rapid-

start, cool white fluorescent lamps.
wall temperature here is about 61°c. The

The minimum lamp
coefficient
of wutilization of the grid is poor, and the connected
load in this area is 4.2 watts per square foot.

The average lighting level and connected load for
the lobby, including the reception area (4336 ftz)} isg
494 lux (46 footcandles)
foot.

and 2.8 watts per square

The director”s suite, consist-

Director”s Suite.
ing of three offices, was selected as a typical office
area. The floor layout is shown in Figure 2.
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Figure 2.

Floor Plan of Director's Suite Lighting.
a. Director's office
b. Secretary's office

Assistant Director's office

c.
(:) Sensing photocell
69 Photo diode

Positions at which static light
levels were measured

The suite is in an old wing that receives no scheduled
lighting That 1s, the lighting fixtures
have not been cleaned routinely and lamps are replaced
only when they fail. The suite is 1lluminated with 72
40-watt, T-12, rapid-start, cool white
(36 ballasts) in enclosed, non-air handling,
two-lamp (1”°x 47) fixtures. The light levels 1In the
executive offices are 695 lux (65 footcandles) and 603

maintenance.

fluorescent
lamps

lux (56 footcandles); the level is 856 1lux (80
footcandles) in the secretaries” office.

The connected load for the suite (952 fcz) is 3.4

watts per square foot, with an average light level of
718 lux (67 footcandles).

Test Procedures

Electrical, Light Instruments. In the lobby and
director”s suite, where the performance of solid-state
assessed, the 1lighting
to place all of the test fix-

tures on the same branch circuit. This

ballasted systems was to be
circuits were rewired
permitted us
to connect the current and power transducers around
one power line in the electric closet. Thus data could

be collected without disturbing the occupants or the
normal operation of the test areas. The electrical

collected before and after the scheduled
changes in the 1lighting (see next
entitled Test Schedule).

data were

system section,

Light levels were measured with a Tektronix J-16
J-6511 This probe is both
cosine- and color-corrected. The 1light
measured at several locations in each test area during
evening hours. The positions at which the light 1lev-
els were measured were precisely located to be certain

photometer and a probe.

levels were

that subsequent light measurements were taken at the
same positions, assuring accurate comparisons. Fig-
ures 1 and 2 show the positions at which {llumination
was measured 1in the lobby and the director”s suilte,

respectively.

Daylight Instrumentation. The director”s suite

natural illumination. .To
light
of the fluorescent lamps was automatically controlled
with the solid-state ballasts, so they could be dimmed
in response to the prevailing natural illumination.. A
photbcell was placed in the ceiling of each office to

has windows that provide

exploit this source of illumination the output

sense the 1level of {llumination and send a signal to
the ballasts to change the light output of the

the nighttime level of illumination was altered.

lamps
when
The design goal of this dimming system was to obtain a
illumination throughout the day. A
schematic of the complete dimming systems is shown in

constant level

Figure 3.

The photocell senses the 1light 1level, and the
photo-control module sends a signal to the ballasts to
illumination. In the
suite one photocell and module in each
office control all of the fixtures 1in that office
(from 18 to 30 lamps). The photo-control module can
also be operated manually.
the 1lights

automatic dimming system was

provide the prescribed

director”s

That 1s, a wuser can set

manually to any level desired. When the
installed, the
and minimum desired electric light levels were esta-

blished.

max imum

To measure the system”s performance and to

assess design goals, a photodiode was placed on the
secretary”s desk to contlnuously monitor incident
illumination throughout the day (see Figure 2). The
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Figure 3, Automatic, Photo-Controlled Dimming System.

amplified output. signal from the photodiode (which
measured the 1llumination) and the power transducer
(which measured the power in the suite) were recorded
continuously for several days with a two—-pen chart
recorder.

Test Schedule

The designed test schedule reflects LBL“s attempt
to accurately measure those changes in the electrical
load and energy consumption that resulted from intro-

~ ducing energy-efficient 1lighting concepts and pro-

ducts.

Baseline I Data. Prior to any changes to the test
areas, the power, current, voltage, and light levels
were measured. The . compiled information has been
designated as Baseline I Data. All measurements were
made with the lighting system at equilibrium in the
evening. Measuring the light levels at night assured
that only the electrical, no natural, light levels
were measured.

The lamp wall temperatures {in several fixtures
were also measured with thermocouples fixed to the

K midpoint of the lamps.

Baseline II Data. After Baseline I Data were col-

~ lected and compiled, all the fixtures were cleaned and

relamped. The 40-watt, T-12 lamps were replaced with
35-watt, Type II energy-saving lamps. The lamps were

operated for mwore than 1000 hours prior to any meas-

urements. This allowed the lamps to pass through
their initial large lumen depreciation change (~5%).
Thus, for any subsequent changes to the system (e.g.,

the installation of a solid-state ballast), the -

changes in the light level due to lamp lumen deprecia-
tion would be so small they could be neglected.

The same data were collected and compiled as for
Baseline 1. We designated these data as Baseline II
Data. These data measured the changes 1in connected
load and {llumination  due to cleaning and relamping
with energy—-saving lamps.

Experimental. Within three weeks after collecting
Baseline II Data (-360 hours of operation), the core-
coil ballasts were replaced with solid-state ballasts.

The standard series of measurements were then repeated
so that we could compare the data to the {nitial con-
dition of the test site, as well as {identify those
changes due to the performance of the solid-state bal-
lasts.

Ballast Manufacture

Specifications

After the design and scope of the demonstration had
been established, a set of specifications were gen-
erated for the solid-state ballasts. The features of
a solid-state ballast needed for this qualification
study included 277-volt input, automatic dimming capa-
bility, reliability, warrantee, and the manufacturer”’s
agreement to a set of acceptance criteria. The com—
plete ballast specifications are listed in Appendix A.
Luminoptics Corporation was selected to supply the 250
solid-state ballasts and three photo-control modules.

Quality Assurance

There were no known product lines of solid-state bal-
lasts at the time of this study. Thus, acceptance
criteria were established for the finished product
(see Appendix A). The criteria consisted of a series
of burn~in procedures at the Luminoptics plant and at
the LBL Lighting Laboratory. While testing the
delivered ballasts, the initial criteria were
ammended; the final set of burn~in procedures follow.

At the manufacturing plant:

hd A 48-hour burn—-in for all ballasts.

At LBL (100% testing):

b Operate ballast at input voltages of 305, 249,
and 277 (277£10%);

b Operate 24 hours (3 hours on/20 minutes off) with
one lamp removed;

hd Operate 24 hours (3 hours on /20 minutes off)
with both lamps in place;

hd Replace lamps several times while power 1s sup-

plied to ballast.

At the LBL Laboratory, twenty-five ballast
failures occurred during the above test schedule. At
the test site (VA Hospital), thirteen solid-state bal-
lasts were found defective after passing the above
test schedule. Seven of the thirteen failed {immedi-
ately after installation, suggesting shipping damage.
At the time of the preparation of this report, about
200 solid-state ballasts will have been operating for
more than six months (3000 hours).




All of the failed ballasts were returned to Lumi-

noptics and replaced. The manufacturer analyzed the
submitted a report on their

The report shows that all the failures can be

modes of failure and
nature.
explained (component vendor selection; breakage during
shipping) and are not due to any shortcomings in the
basic circuit design.

Results

Static Performance

Director”s Suite. Table I lists measurements for

the 1inftial

connected load and light levels for the
suite (Baseline 1I), after and . relamping
(Baseline 1II), and after replacing the core ballasts
with solid-state ballasts (Experimental).

TABLE '1

cleaning

ELECTRICAL & LIGHT MEASUREMENTS IN DIRECTOR'S SUITE

DESCRIPTION paseLine 1 9 paseurne 11 2 pxerprental )
ELecTRICAL
Power (waTTS) 3208 2870 2377
Power PR BaLLAST 85,1 79.7 66.
(WATTS)
Power Factor .95 .85 .95

LiGHT Lever (Lux)

DirecTor €95 981 952
AssT. DIReCTOR 603 1098 1038
SECRETARY 856 1057 . 1013

F1GurRe of MeriT

AVERAGE LIGHT (Lux) 718 -1045 1001
EFFIciENCY (Lux/wATT)  8.06 3.1 15.2
ReLative LiGnr | 1.46 1.39¢.96)°
ReLative Power 1 .89 J74(.8%)°
1.89(1.18)°

ReLaTive EFFICIENCY 1 1.63

(1) CORE~COIL BALLASTS, UO-WATT LAMPS

(2)  CORE-COIL BALLASTS, 35-WATT LAMPS, CLEANED
(3)  SOLID~STATE BALLASTS, 35-WATT LAMPS CLEANED
*  wITH RESPECT Y0 BaseLing Il

Illumination was measured in units of lux (10.76 lux =
1 footcandle). Power 1s given in terms of the total
power for the suite and in terms of the average
per ballast (total power ¥ pumber of ballasts).

power

To aid in presenting the relative changes in the
important parameters (power, 1light level, and effi-
ciency), the results listed under figure of merit are
normalized with respect to Baseline I Data. In the
last column (Experimental), the figures in parentheses
reflect changes with respect to Baseline II Data. The
(light, effi~
respect to Baseline II show the changes
with solid-

differences in parameters
ciency) with
due to replacing the core-coil ballasts
state ballasts.

power, and

Baseline II Data show a 46% light
level. The improvement 1s due to cleaning the fixtures
and refitting with new lamps. The 11Z

increase in

reduction of

" tive

power results from

40-watt lamps.

using 35-watt lamps in place of

By refitting with solid-state ballasts, the rela-
reduced 26%, while the light level is
increased 39% with respect to Initial conditions.

power 1is

Lobby.

measurements

Table II 1lists results of the static
in the lobby for the three lighting con-
ditions (Baseline I, Baseline II, and Experimental).

TABLE 2

ELECTRICAL & LIGHT MEASUREMENTS IN LOBBY

DESCRIPTION aseLInE 10 BaseLine 112 giperimEnTALY
A B A B
ELecTRICAL
Power (warvT} 12,130 5,168 10,448 4,825 9,108
Power PER BALLAST
(WATT)
FixTure 90.0 . 80.0 ' 64.9
Gr1p 84.8 70.8 70.8 66.1 66.1
Power FacTOR .89 .96 .96 96 .9
LGNt Level (Lux)
FixTure 731. 851. 818,
Gr1D 415, 87, 417, 520.  S20.

(1) CORE-COIL BALLASTS, HO-WATT LAMPS

(2) CORE-COIL BALLASTS, 35-WATT LAMPS, CLEANED
(3)  SOLID-STATE BALLASTS, 35-WATT LAMPS, CLEANED
®  WITH RESPECT To BaseLine 11

FixTures: 66 BALLASTS; 6RID: 73 BALLASTS

In the lobby the ballasts in the enclosed fix-
and 1in the
This was required because the lamp wall

tures grid were measured independently.
temperatures
in these two'types of fixtures differed by as much as
10°C, resulting in a large difference in

input power

per ballast. It is well known that lamp performance
depends upon lamp wall temperature; a description of
the difference is presented in Appendix B. The lower
power per ballast in the grid is due to the higher
lamp wall temperature (~61°C) compared to the tempera-
ture of the lamps in the enclosed fixtures (~50°C).
results In Table II show, the light
output of the lamps In the grid also

still shows a net decrease in system efficiency.

However, as the

The light level {in the lobby increased by 16X%. This

is much less than measured in the director”s suite,
attributable to 1less lumen depreciation for these
newer lamps. Under the grid the light level stayed

the same (the grid had no diffusers that would accumu-
late dirt); thus, there was no appreciable dirt lumen

depreciation.

The data in Table III are presented normalized
with respect to the initial condition.

decreases but

~ T
P



TABLE III
RELATIVE SYSTEM PERFORMANCE IN LOBBY

FIGURE OF aseLiNe D maseLINE 11 D pxpemimentaL B
MERIT A B A B

EFFiciency (Lux/WATT)
Flixrure 8.12 10.6 12.6
6r1p 4.89 5.88 5.88 7.87 7.87

ReLATIVE LigHT

FixTume 1.00 1.16 112
.9

Garp 1.00 100 100 L2 1S
1.25°

Reuavive Power -

Fixture 1.00 .89 1,55
(1.18)*

6rID 1.00 .83 .83 .78 .78
.99)*

ReLaTive EFF1cIENcY

Fixture 1.00 1.31 1.55-
Qaee

6RID 1.00 1,20 1.20 1.61 1.61
(1.39)°

(1) CORE-COIL BALLASTS, 40-NATT LAMPS

(2) CORE-COIL BALLASTS, 35-MATT LAMPS. CLEANED
(3) SOLID-STATE BALLASTS, 35-WATT LAMPS, CLEANED
®  WITH RESPECT TO BASELINE )

FIXTURES: 66 BALLASTS; 6RID: 73 BALLASTS

Because of the high. lamp wall temperature the

golid-state ballast provided a 34Z increase in effi- -

ciency for operating the fluorescent lamps in the
grid. This shows that the total system efficiency is
maintained over a wider range of lamp wall tempera-
tures (30°C to 619C) in a solid-state ballasted system
than in a core-coil system. That is, the system effi-
clency for a core-coil ballasted system is drastically
reduced when the lamp wall temperature exceeds 50°C.
The excellent regulation by solid-state ballasts is
shown by comparing the input power of the two types of
ballasts 1in the two sections of the lobby (the fix-
tures and the grid). Input power for the solid-state
ballasts is virtually the same for both stations (64.9
and 66.1 watts), while the core-coil ballasts differ
by nearly 10 watts for both the 40-watt lamps (90 and
80 watts) and the 35-watt lamps (80 "and 70 watts).
Table IV 1lists the power per ballast in the two sec-
tions.

TABLE IV
POWER PER BALLAST IN THE GRID AND FIXTURES

BaLLast Type Power PER BALLAST (WATTS)

GriD FIXTURES
“(Lame Temp, 61°0) (Lave Temp. 50°C)

Core-CorL 84.8 (1) 9.0 (1)
70.8 (2) 80.0 (2)
SoL1D-STATE 861 D 64.9 (2)

(1) 40-WATT LAMPS
(2) 35-NATT ENERGY-EFFICIENT LAMPS

Daylighting

Figures 4 and 5 show the continuous power consumption
for the director”s suite and the illumination on the
gecretaries” desk for two days 1in mid-October (the
11th and 12th).
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Figure 4. Light Level, Power on a Cloudy Day in
Director's Suite.
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Figure 5. Light Level, Power on a Clear Day in
Director's Suite.

The 1lth was a cloudy day, while the 12th was clear.
For a 10-hour day (8 a.m. to 6 p.m.) the energy con-—
sumption 1s 23.8 kWh with a dedicated solid-state bal-
lasted system. The energy used on the 1lth and 12th
was 19.1 kWh and 17.8 kWh, respectively. This shows
that an energy savings of 20-25% is possible from
using daylight. The annual savings would be 1392.3
kWh. At $.07 per kWh, the annual- savings would be
$97.46. ‘

The dimming system”s good design (placement of the
photocell sensors and operation of the module) is
reflected by the fact that the light level at the task
was maintained at between 940 and 960 lux (¥ 1%),
while the electrically derived illumination fluctuated
as much as 40%. ’

The dimming system was adjusted so that the elec-
tric 1light could be reduced up to 60%Z of its makimum
output. This conservative approach was taken because
the 35~watt lamps used are generally more difficult to
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TABLE V

POWER PER BALLAST

Life-Cycle Cost Analysis

Tables V and VI present the basic parameters from
we the of the

energy-conserving (cleaning
ping, the or dimmable

determined cost-effectiveness

us strategies

of dedicated

and

and use

solid-state ballasts).

The p
II.

ma jor
power
pared
colum
25.1,

state

is the power that would be needed for the

balla
was m
This
divid
colum
V are
based
We ha
the
balla

ower per ballast is obtained from Tables I and

The reduction 1n power 1s with respect to the
column heading. reduction {in

for the dedicated, experimental condition com-

For example, the

SITE  BASELINE ] BASELDE I EXPERIMENTAL
(U0-waTT LPS)  (35waTT Lps) Repucep Power DepicaTep (Watm) DitnsLe (Harr)
(come/BALLAST)  (core/paiasT) - (BLD) (35Tt LPs) Repucep Power| G5-watT Lps) Repucep Pover
(atr) (HatT) (Karm) (SOL1D-STATE BLI BLIT (SOLID-STATE BLI BLII Ex Dep,
BALLAST) BALLAST) .
3
OFFice 8.1 n.7 9.4 6.0 21 BJ 53,5 %6 6.2 12,5 (
' . Y "~
Foamee 90,0 8.0 10.0 64.9 251 151 61.2 28.8 189 3.7
GriD 84.8 70.8 14,0 6.1 18.7 4.7 .0 28.8 4.8 10.1
dim than the standard 40-watt lamps. One author adjusted to provide 1initial 1light levels. We also
(RRV), however, has a dimming system in his office added 5% more power to account for the nonlinearity of
which satigfactorily operates 35~watt lamps over a dimming.
light output range of from 1002 to less than 50%.
Table VI lists the estimated hours of operation as
The sensitivity of the dimming system to the natural well as the number of lamps and ballasts in each test
ambient 1light 1s shown by the greater reduction of area. The director”s office is used six days a week
energy on the clear day than on the cloudy day, as one and 11 hours per day. The lobby is used 17 hours a
would antfcipate. In addition, because most of the day throughout the year.
windows faced the west, more natural illumination was -
‘available in mid-afternoon. The data indicate the TABLE VI
least 1lighting energy was used in the afternoon OPERATIGN OF DEMONSTRATICH AREAS
between 2 pm and 5 pnm.

NUMBER OF
LAMPS

NUMBER OF
BALLASTS

ANNUAL USE
(HRS)

SITE

BirecTor's Sulte 3500 72 36
Logsy
F1xTuRE

Gr1D

66
73

6000
6000

132
146

Cleaning and Relamping

to the Baseline I condition 1s listed under the
n entitled Experimental, dedicated BLI (23.1,

and 18.7 watts).

for the dimmable solid-
system was calculated from Tables I and II. It

The power per ballast

solid-state
provide the same light level as
easured (Baseline I 1light 1levels).

is power per ballast at Baseline I
ed by the relative efficiency in the Experimental
The values for the dimmable ballasts in Table
corrected to

sted system to

initially
simply the
n.

account for lumen depreciation,

upon a two— year scheduled maintenance program.
ve used a 10Z lamp lumen depreciation rate for
two-year schedule. Thus,

st for dimmable ballasts 1s increased by 5% when

the averge power per

SITE

DiRecTOR’S SuITE

FixTure
Grip

Table VII lists the cost of cleaning and relamping the

area.

it 4

-

TABLE VII

(OST OF CLEANING AND RELAMPING

——

INITIAL LAMP COST
(3]

INITIAL LABOR COST TOTAL COST ANHUAL COST
() (1) (3)
216

72 288

LoseY

396
438

132
146

528
Sgy

TOTAL 1,400 - 806.7
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We have used the 1ist price of $3.00 per energy-
~efficient lamp and have estimated a cost of $2.00 to
clean and relamp each fixture. The total initial cost
is $1400. In order to determine the annual cost we
assume a two-year maintenance schedule and discount
the 1initial investment by 10X annually. We used the
uniform captial recovery equation:3

A=PxUCR =P x 10+1)7 (Eq.1)
(141)0y

where A {s the installment amount,
P 18 the initial investment,
i is the discount rate, ‘and
n 18 the equal periodic installments.

Table VIII lists the energy saved annually in

both areas by using the energy-saving lamps (11,276
kWh).

TABLE VIII
ENERGY SAVED AFTER CLEANING AND RELAMPING

SITE REDUCED POWER ENERGY SAVED ANNUAL SAVINGS(S)
(WATTS/BAL.) (kNH/YR.) AT

$0.05¢Kn  $0. 10kWN

Dinecvor’s Suste 9.4 1.184 59.2 118.4
Lonsy
FixTure . 10 3,960 198 396
6R1D 14 6,132 306.6 613.2
TOTAL 11,276 563.8 1,127.6

This reduces the annual energy consumption by 13%.
Cleaning fixtures increases the light output from the-
fixtures but does not affect the connected 1load or
energy consumption. Figure 6 is a plot of energy cost
versus initial cost of the fluorescent lamp.

0.10 T —T T

~
£ r
& 008 Lamp cost and cleaning
£ 1
A
>0 —
el 0.06
H -
(]
§ 004 _
ey i
=]
w 0.02 -~
0
Q F ﬂ
(&}
0 1 ] L
0 1 2 3 4
Initial cost of lamp (%)

XB8L 813--349

Figure 6, Cost-Effectiveness of Cleaning
and Relamping.

energy. The curve is generated from Tables VI, VII,
and VIII. It 1s a conservative estimate since it
discounts the initfal lamp and labor investment but
assumes a constant cost for energy.

Solid-State Ballasts

Dedicated Operation. The costs of ballasts and
installation are listed in Table IX.

TABLE IX

COST OF SOLID-STATE BALLASTS

SITE LABOR COST BALLAST COST (%) AT
s) $20/8AL.  $30/BaL.  $40/BaL.  350/BAL
DIRECTOR'S 360 720 1,080 1,440 1,800
SUITE
LosBy '
FIXTURE 660 1.320 1,980 2,640 3,300
GR1D 730 1,460 2,190 2,920 3,650
TOTAL 1.750 3,500 5,250 7.000 8,750
ANNUAL COST 285 570 854 1,139 1,424
Lasor 285 285 285 285
CLean & Lawp 806.7 806.7 806.7 §06.7
TOTAL ANNUAL COST 1.661.7 1,945.7 2‘230'7,v 2,515.7

The labor cost to change one ballast is estimated to
be $10.00. Initial ballast costs are considered in
the range of $20 to $50 each. The annual costs are
obtained by considering a l10-year life and using a 10%
discount rate in Equation 1. The total annual cost is
the sum of ballasts, labor, cleaning, and relamping.

The energy saved from having the solid-state bal-

lasts operate 1in a dedicated mode is listed in Table
X.

TABLE X

ENERGY SAVINGS WITH DEDICATED SOLID-STATE BALLASTS

SITE REDUCED POWER  ENERGY SAVED ANNUAL SAVINGS ($)
(wATTS/BAL.) (xNu/YR) AT
© $0,05/kMn $0.10/x4n
DirecTor's SuiTE 23.1 2,910.6 - 145,93 291.06
Loasy )
FixTure 25.1 9,939.6 496,98 993.96
GrID 18.7 8,190.6 409,53 819.06

TOTAL 21,040.8 1,052.04  2.104.08

The savings are determined using the conditions |in

Tables V and VI. The annual savings is 21,090.8 kWh,

This curve permits a wuser to determine the cost- or a 25% reduction from the 1initial energy consump—
effective price of a lamp depending on the cost of tion.



Two cost-effective curves are shown in Figure 7,
relating the initial cost of the ballast and the cost
of energy. The curves are generated using Tables IX
and X and a cost of $1 or $3 per lamp.

S 3 per lamp

$ 1 per lamp

0.06

004

002 —

Cost of energy ($/kWh)

[} 0 20 30 40 . 50 60 70

Initial ballast cost ($)
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Figure 7. Total Cost-Effectiveness with Dedi-
cated Solid-State Ballasts.

In order to compare the relative merits of a solid-
state and a core-coil ballast, Table XI lists the
energy savings obtained solely by refitting the
ballast with 'a solid-state
dedicated mode.

core
ballast operated in the

TABLE XI

EXERGY SAVED WITH SOLID-STATE BALLAST
RELATIVE TO CORE BALLASTS

SITE REDUCED PONER ERERGY SAVED ANNUAL SAVINGS($)
(WATTS/BAL.) (xWH/vR) $0.05/xWn $0.10/xHn
Direcror’s SuiTe 13.7 1726.2 86.31  172.62
Lossy
FIxTURE 15.1 5972.6 298,98 597.96
GriD 4,7 2058.6 102.93 205.86
TOTAL 9764.4 488,22 976.44

The annual energy savings 1s 9764.4 kWh, meaning
the solid-state ballasts
core~coil ballasts.

that
use 14% less power than do

Figure 8 is the cost-~effective curve one can use
considering the purchase of a standard core-~coil
ballast or a dedicated solid-state ballast.

when

The premium cost of the solid-state ballast is
plotted-- i{.e., the initial cost of the ballast is the
premium cost plus the cost of a
ballast.

standard core-coil
(The cost of a replacement core-coil ballast
to an end-user 1is about $10.) The curve shows that 1if
a decision has been made to clean, relamp, and change
the ballast, a cost-effective
dedicated ballast

premium price for a

solid-state should be $18 for an

Cost of energy (S/kWh)
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Figure 8. Cost-Effectiveness of Dedicated Core
and Solid-State Pallasts.

energy cost of $0.05 per kWh. The total initial

cost-effective price of the
ballast costs $10, would be $28.

Dimmable Operation. The previous sections indi-
cate that the factors which reduced the connected load
were both energy-efficient lamps and solid-state bal-

lasts. Cleaning fixtures and installing new lamps
provided higher light levels. With the use of dimming
ballasts the final light levels can be reduced to the
initial levels of illumination, which were

acceptable by the

considered
occupants, to further reduce the

connected load.

Table XII lists the total energy saved by wusing
dimmable solid-state ballasts after
relamping, and adjusting the light levels to the
tial (Baseline I) illumination levels.

cleaning and
ini-

TABLE XII

TOTAL ENERGY SAVED WITH
DIMMABLE SOLID-STATE BALLASTS

SITE REDUCED POWER
(waTTs/BAL.)

ENERGY SAVED ANNUAL SAVINGS($)
(khn/Y&) AT
$0,05/xWn  $0.107xkn

DirecTorR'S SUITE 35.6 4,485.6 224.28 448,56

Lossy
F1xTuREe 28.8 11.404.8 570.24  1.140.48
Grip 28.8 12.614.4 630.72 1,261.64
TOTAL 1.425.24  2.850.48

28.504.8

The power per ballast is corrected to account for a
102 lamp

nance schedule.

lumen depreciation over a two-year mainte-
Figure 9 1s the

initial ballast cost and the cost of energy.

cost-ef fective plot
relating
Two curves have been generated for lamp

and $3.

costs of Sl

ballast, if a standard

,j:?
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Figure'9. Total Cost-Effectiveness with Dim-
mable Solid-State Ballasts.

Table XIII presents the energy savings for a
dimmable solid-state ballast, relative to a standard
core-coil ballast.

TABLE XIII

ENERGY SAVED WITH DIMMABLE SOLID-STATE BALLAST
RELATIVE TO CORE BALLAST

SITE REDUCED POWER  ENERGY SAVED ANNUAL SAVINGS($)
(WATTS/BAL.) (xHu/yR) AT
$0.05/kWH 30, 10/xWn

DirecTor’s Sutte 26,2 330.12 165.06 330.12
Losay

FixTuRe 18.9 7484.4 374.22 748. 44

Gr1p 14,8 6482.4 324.12 648.24

TOTAL 17,268.0 863.40 1,726.80

The cost-effective curve for the price of the
solid-state ballast compared to a core-coil ballast is
plotted in Figure 10.
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Figure 10. Cost-Effectiveness of a Core
and Dimmable Solid-State Ballast.

Note that ballast cost 1s given as premium cost. Ini-
tial ballast cost is the premium cost plus the cost of
a standard core-coil ballast (approximately §$10).

Finally, Table XIV lists the energy saved when
the solid-state ballast is operated in the dimmable as
opposed to dedicated mode. The cost-effective curve
for this comparision is plotted in Figure 11.

TABLE XIV

ENERGY SAVED WITH DIMMABLE SOL1D-STATE BALLAST
RELATIVE T0 A DEDICATED SOLID-STATE BALLAST

SITE REDUYCED POKER ENERGY SAVED ANKUAL SAVINGS(S)
A
$ 0.05/kWn $ 0.10/xkWa
Director’s Sutie 12,5 1575 - 18.75 157.5
LossY
FixTure 3.7 1465.2 73,26 146.52
GriD 10.1 4423.8 221.19 442,38
TOTAL: 7464 373.2 746.4
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Figure 11. Cost-Effectiveness of Dedi-
cated and Dimmable Solid-State Ballasts.

Decision Criteria

Site Characteristics. The collection of data at
the VA Hospital was intended to establish the cost at
which lamps and solid-state ballasts would be cost-
effective. The 1initial 1lighting in the two test
areas—~~director”s suite and lobby--can be character-

ized as follows:

a. Director”s Suite - lamps in enclosed fixtures;
lamps have experienced considerable lamp and dirt
lumen depreciation. R

b. Lobby - one gfoup of lights in fixtures that have
very 1little lamp and dirt lumen depreciation;
another group of closely spaced lamps in a grid,
which are operating at a high lamp wall tempera-
ture, resulting in a light output about 25% below

manufacturer”s rated output.

Ballast  Design. The solid-state ballasts




this qualification were the Luminoptics
These
shown to achieve efficiencies of 90 lumens

selected for
Corporation architectural dimming ballasts.
have been
per watt and improvments to efficlency, relative to a
core~ballasted system, as high as 25%. Since Ehey are
dimmable ballasts, a design decision was reached to
operate these ballasts at full or near full filament
power.. These improvements in reliability and lowering
the component count to reduce product cost
resulted in a decrease In intrinsic efficiency.

we operated this ballast in a dedicated mode to
collect data to elucidate this condition. Solid-state
ballasts designed to in a dedicated manner

should and can be made to achieve efficiency improve-

have
How-

ever,
operate
ments, relative to a core ballast, above 20%.%

In the analysis for the ballasts operated in the
dimmable
available energy-savings strategies, manually setting
the 1lighting 1level to match the initial illumination
level. that
an automatically controlled dimming system will save
an additional 20-25Z energy through the use of day-
lighting. Another independent energy-savings strategy
that can be achieved with solid-state 'ballasts 1is
“tuning” the 1lighting system to each area”s visual
requirements. In aisles, halls, and other non-critical
areas it 1s possible to lower levels of illumination
and still maintain safe and comfortable visual
tions. Thus, the target prices that are
presented in the cost—-effectiveness figures (9 through

mode we have considered only one of several

In the preceeding section we have shown

condi-
effective

11) for dimmable ballasts are conservative, because of
reasons given above as well as our use of a constant
cost for energy.

Ballast Cost Targets. Table XV lists the target
costs for solid-state ballasts above which it is no
longer cost-effective for the

designated application

in the test areas of the Long Beach VA Hospital.

The reader should notice that
ballast fis compared to the initial condition, after
cleaning and relamping, an initial cost is cited. The
total

when the solid-state

cost wused includes lamp costs, cleaning costs,
and ballast installation cost, as well as initial bal-
last cost. This situation simulates the basis for a
management decision to retrofit a lighting system. The
table that a $10 dedicated solid-state ballast
is cost-effective at energy rates of $.05 per kWh. At
energy rates of $0.10 per kWh, dedicated ballasts are

cost-effective at $50.

shows

The other columns citing premium costs directly
compare the cost-effectiveness of the two types of
dedicated ballasts as well as that of the dimmable

solid-state ballast
solid-state ballasts.
we use the premium cost; that is, including the addi-

However, in these comparisons
tional cost required to obtain the superior performing
This situation simulates the basis on which
management could select a new lighting system or one
that

ment decision to replace a

systenm.
is to be renovated. It also simulates a manage-
failed ballast with the
same type of ballast or with the new energy-efficient
solid-state ballast. In all the above decisions the
labor cosﬁ, lamp cost, and cost of a core—coil ballast
will be incurred; one is concerned with the net worth
that the additional expenditure (premium cost) will
provide through the reduction in energy consumption.

Application of Decision Targets: The data and

analysis have been in the above manner to
permit the VA Washington Office of Construction to use

the tables as a guide for all their installations. By

prepared

plotting the information as a function of
ballast
tegy and product is most cost-effective for any loca-
tion.

energy and
cost, decisions can be made about which stra-

TABLE XQ
EFFECTIVE SOLID-STATE BALLAST COST

CosT of Lamp DeD1cATED SoLID-STATE BALLAST DINMABLE SOLID-STATE DALLAST

ENERGY CosT INTTIAL COSTl PReMIUM 60572 INITIAL Cosrl PReMIUM CoST2 PreMIuM Cosr3
($ KWHR) ) ) (%) '

0,050 .00 <10 <18 <7 32 <15

0.075 1.00 <30 <28 <54 <50 <23

0.100 1.00 <50 . <35 <80 <by <29

1. INITIAL COST OF BALLAST FOR REFIT STRATEGY (CLEANING, RELAMPING AND REFITTING CORE BALLAST),
2. PREMIUM COST OF BALLAST FOR CORE BALLAST REPLACEMENT ON NEW CONSTRUCTION STRATEGY (INITIAL COST =

PREMIUM COST + COST OF CORE-COIL BALLAST),

3. PREMIUM COST OF BALLAST FOR DEDICATED SOLID-STATE BALLAST REPLACEMENT ON NEW CONSTRUCTION

STRATEGY (INITIAL COST = PREMIUM COST + COST OF DEDICATED SOLID-STATE BALLAST).

with the dedicated core-coil andA

- (3!



_p

4
ln,

Y

' areas

When a ballast price is quoted and the price of

energy known, one can select the most appropriate
cogst-effective curve (Figure 6, 7, 8, 9, or 10). If
the strategy 1s cost-effective the return on invest-
ment (ROI) can be determined in order to compare two
or more cost-effective strategies. The ROI 1s defined

by the equation:
ROI = monies saved in i?erég_Fost for stri;egz (Eq.2)

where: money saved = actual cost of energy

minus cost—effective energy price

and
investment = cost-effective energy price.

For example, if one pays $0.85 per kilowatt-hour and a

dimmable solid-state ballast is priced at $50, at $1
per lamp the ROI: 1is ($0.085 =~ $0.0070) X 100 =
($0.070) = 21.4%.
Conclusions
Connected load can be reduced and 1light 1level

.increased by cleaning fixtures and replacing existing

fluorescent lamps with energy-saving lamps. Power
reductions of 11% result in an annual energy savings
of 13.4Z, or 11,276 kWh for the director”s suite and

lobby.

By retrofitting the cleaned and relamped areas
with dedicated solid-state ballasts, the higher light
levels are maintained with further reductions in
nected load. Compared to the initial conditions, the

con~

results 1in an annual
21,040.8 kWh for the

power is reduced by 26.7% and
energy of 25% or
director”s suite and lobby.

savings

By using dimmable solid-state ballasts to restore
light initial acceptable levels, the con~
nected load is reduced still further. The
reduced by 36.7%, resulting in an annual energy sav—
ings of 33.92 or 28,504.8 kWh for the director”s suite
and lobby. For new construction and renovation in
areas where energy costs are $0.05 to $0.10 per kWh,
the premium price for dedicated and dimmable solid-
state ballasts can be as high as $18 to $35 and $32 to
Solid-state ballasts are available

levels to
power is

$64, respectively.
at these premium prices.

For refitting with energy-saving strategies in

where energy costs are $0.075 per kWh, the ini-
tial price for dedicated and dimmable solid-state bal-
lasts should be less than $30 and $54, respectively.
Solid-state ballasts are available at initial
costs. In areas where energy costs are more than
$0.10 per kWh, both dimmable ($80) and dedicated ($50)
solid-state ballasts

those

are avalilable at cost-effective
prices for all the energy-saving strategles.

. sible by the cooperation of the VA Long Beach

il

Prognosis For Solid-State Ballast Cost

The present level of sales for solid-state bal-
lasts 1s low, resulting in a relatively high cost per
This report indicates that many
in the nation where current solid-state ballast
prices are cost-effective. bal-
last designs lend standard
cost-reduction techniques (thick film circuits,
hybrid

became attractive

system. there are
areas
Current solid-state
circuit themselves to
power
which

of demand

1ntegrated
unit

circuits, and circuits),

when the volume

increases. Astute ballast developers are working on

these cost-reduction techniques today. In the near

future we envision a range of prices for original
dedi-
cated and dimmable ballasts, respectively, which would
than $16 and $32.
and the anticipated increase in energy

solid-

equipment manufacturers (OEM) of $8 and $16 for
Al
suggest retall costs of no more
These prices,
costs, will dictate the universal selection of

state ballasts for gas discharge lamps.
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Appendix A

Ballast Specification and Acceptance Criteria

INPUT -

AC Input Voltage 249-305 Volts, AC, 60 Hz.

(277 Volts nominal)

Minimum Starting Voltage 235 Volts AC

Maximum RMS Operating .300 Amps
Current @ 6300 Lumens +

0 - 7.5% (per ANSI Lamp
Specifications)

Maximum Starting Current .350 Amps

Power Factor .90 Leading minimum at

full light output
Third Harmonic Distortion Negligible

Surge Withstanq Shall be capable of with-

Capability standing surge from a
- 6000V, 50KHz damped sine-
wave, 50-ohm impedance
source.
OUTPUT

(20 to 30) KHz

200 Volts nominal (100
per lamp)

Lamp Drive Frequency

%

Lamp Operating Voltage

Open Circuit Voltage Open circuit voltage is
350 volts RMS for a max-
imum of 4 seconds or until
lamp ignites. After 4 sec-
onds if lamp has not ig-
nited, open circuit volt-
age drops to 250 VRMS
maximum.

Lamp Lumens As rated by lamp

manufacturer

Heater Voltage 2.5 to 4 Volts, propor-

tional to.inverter power
1.48 + 10%
30 to 100%

Lamp Crest Factor

Dimming Range

Flicker Index Zero
Percent FHicker Zero
EMI Projected to meet FCC
‘ : Part 15
Lamp Type F40T12 RS or F40T12 Low

energy (35-watt)

DIMMING
The ballast shall have the capability of being
dimmed either manually or automatically. Local dim-
ming shall be accomplished with a simple adjustment
on the ballast proper. Remote dimming shall be ac-
complished via a pair of low-voltage wires connect-
ed to a simple potentiometer. For U.L.-specified
operation, an isolator module in the fixture is re-
quired. '"Level of Service'" dimming shall be accomp-
lished with the proportional photocell module locat-

ed appropriately. A4ll external control signals
shall be low-voltage (less than 36 volts), two-wire
control. Dimming shall be over a 30-100% range and
shall be smooth in operation with no noticeable
flicker or other objectionable effects.

Appendix B
"
)
Power Variations of Core-Coil Ballast {
In Response to Lamp Wall Temperature
The input power for the normal operation of two 40~
watt, T12, rapid-start fluorescent lamps with standard
core-coil ballasts is 96 watts. The above condition
prevails when the bulb wall temperture is 1040f
(40°C). Measurements of the variation of input power
with bulb wall temperature for different types of
lamps and core-coil ballasts have been reported.5 The
results of this study are shown in Figure B.l. As the
lamp wall temperature increases, the 1nput power
decreases. However, the light output also decreases
more rapidly above 104°F, thereby decreasing the effi-
cacy of the system.
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C - 35W lamp on standard ballast v
1 - Sphere (two lamps)
2 - two-lamp industrial fixture
3 - Two-lamp strip
4 - Four-lamp troffer
5 - Four-lamp wrap-around

All fixtures at 77°F ambient
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Figure B.l. System Wattage versus Bulb Wall
Temperature.
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