
Mounting Height Mounting Height Y
at 3-m iateral at 9.1-m Laterar various percentages of observers who would be dis-
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Table 1. Est¡mated BCDs for roadway lighting for a single source.

BcD (cdlm'? o00s)

Longitudinal Båckground
Distance Luminance
(m) (cdlm')

Distance (m) Distance (m)

not. Generally, most discom-fort problems can be
avoided by raising the mounting height. Other analysis
is under way to figure out how to cope with skewed dis-

comforted.
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under way to study such multiple-source effects.
h the meantime, Merle Keck of Westinghouse and

Ramkumar Viswanathan of Ka¡sas State each did
analyses that related some representative roadway-
lighting conditions to those involving a single light
source. Table 1 shows BCDs estimated from an arialysis
based on the regression equation from the single-source
e4periment.

It was assumed that a varying visible portion of a
0.13-m'z (200-in'z) cobrahead luminaire wás mounted at
9.1 m (30 ft), 11 m (35 ft), or 12 m (40 fÐ. The driverts
line of sight was assumed to be 1.2 m (4 ft) above tìe
ground. The lights were assumed to be either 3 m (10
ft) or 9.1 m (30 ft) to the side of the driver's track. The
BCD was exa.mined at21 m (90 ft), 55 m (180 ft), and
82 m (270 ft) longitudinally from the light.

fn some cases, the light at closer distances was
above the occluding windshíeld top. The BCDs may be
appraised by observing that Viswanathan and I made a
few luminance measurements of roadway lights in our
neighborhood that ranged from 21 000 cd/m' (6000 foot-
lamberts) to 86 000 cd/m" ¡25 000 footlamberts) (for
mercury, high- and low-pressure sodium). If such an
actual source luminance was viewed in a position where
a lorver BCD luminance was expected, one might expect
at least half the observers to be uncom-fortable. Thus,
some analyzed conditions will be problems, some will

Economic Models for Highway and
Street Illumination Designs
Richard rü. Slocum and Daniel R. Prabudy, Research and Development Division,

Ministry of Transportation and Communications, Ontario

A key issue in the field of ¡llumination is energy conservation. At the
same t¡me, the application of economic resources should be optimized.
For instancg, to save energy, roadway illumination lamps can be replaced
by more efficient lamps that provide the same light for less wattage.
However, such energy savings may be oîfset by other cost elements. For

these reasons, deta¡led cost calculations are needed to ensure lighting in-
vestment optimizat¡on, The cost-effectiveness of l¡ghting systems can be
established by the discounted total cost or annual equivalent cost
models described in this report. These economic models allow various
cost items, such as capital outlay, maintenance, and operational and en-



1. Assumption of equar lever of service for invesr- *Ji""i*"#å::3ij"t#li:i:ffi3ii""Ïitlii,1T#lät""
ment alternatives obviates the need for benefit estima- factors. The ambiãnt cat-egoiy of several selected
tion' localities ($ is shown below:

2. Cost elements are anaLyzed over a given time
perlod or life cycle. Suspended3. InJlated dollar or constant dollar figures are im- Ambient particulates
portant. - Category Description (pglm3 )

4. Salvage value is considered to be insignificant
(as a simprifying assumption). 

q tv pç rrlÐ¡õ¡uuve¡¡ç i clean, average for areas remote from 
n_rñnpollution sources 0-150

rhe modets discussed herein were deveroped be- í il,:îi,.jlåü]å;'JilJ lXlillll\oo..o,- 
150-300

cause of the need to consider the effect of in-ftated costs dust-generating activities nearby 300-600
(especially energy costs) on alternative highway and I Dirty, numerous smoke- or dust-

street-lighting designs. The rates of ir¡fþtion are dif- generating sources nearby 600-1200

ferentfoi"tte-"gy, ñaterial, andlabor. Thetwomodels '16 Verydirty,heavysmokeatluminaire ..^^â¡^ñ
are the oiscoutrîéä total cosi (DTC) and the aruual elevation 12oo-24oo

equivalent cost (AEC). noth models will provide an
economic cost còmparison. preference ii given to the !aff9 1 (!)- girows luminaire dirt depreciation values

DTC method because it considers each yeaiin the for the ambient categories against cleaning intervals.
eg*bfluminaire-eleaning-willeont+itrute to

costÀ thal may occur, for examfle, only every four illuminance on the road surface.
years. The ÁEC meihod Aoes auow ths user io make Given the above parameters and maintenance

more rapid calculations, albeit u¡ith somewhat rougher methods and by using known unit costs, the annualized

results than the total coSt approach. aîd/or DTCs of alternative lighting systems can be

A number of costs are incìrred in the provision of calculated'

ergy costs, to be compared realistically by taking into account discount
rates and inflation rates. Consideration of inflation is particularly im-
portant here because some costs, notably energy, may inflate at h¡gher
rates than other costs. The methods given in this paper provide for the
inclusion of prolected dollar cost inflation ¡n the analys¡s. A computer
program for the models has been developed, copies of which may be ob-
ta¡ned from the author, and can be used independently or in conjunction
with the overall illumination program. This computer program allows
a comparison of d¡fferent strateg¡es by varying the input values of costs,
as well as inflation and discount rates. The most effective design solu-
tion can then be identif¡ed and considered in the overall evaluation of
the alternat¡ves. The program should be a useful tool in selecting designs
of l¡ght sourc€s and other features of roadway lighting systems.

Efficient resource allocation is an ever-present objec-
tive of government spending. Cost-effectiveness model-
ing can assist in reaching this objective. Such models
provide a cost comparison þetween various means of
providing a $ven level of service. This paper describes
methodologies for cost-efTectiveness modeling of high-
way and street-lighting design alternatives. One can
test different üghting system design parameters and
their arrangements to obtain equal level oÏ service
(illuminance or luminance). The onus is on the lighting
design engineers to test the parameters with different
inputs and to compare how they satisfy a prescribed
level of service. Because this area is discussed in
Jung and Blamey (Ð, such comparisons are not included
in this paper.

The key considerations in cost-effectiveness model-
ing are as follows:

lighting. These costs change over time, some more
so than others. The models presented here attempt to
consider the effect of changing future costs and to dis-
count them by some rate of discount. The rate of dis-
count used can vary. One could choose, for example,
the rate of interest on long-term government securities,
the social time preference rate, or the opportunity cost
rate of interest (]. Notwithstanding the rate chosen,
a range of rates should be tested to determine the
sensitivity of the decision to the selected rate, Note
that the discount rate will often include an implicit
factor for inflation.

Atthough the standard approach would use constant
dollars with relative inftation, in actual experience in-
flation is rarely computed and included in cost-
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effectiveness analysis. The models presented here allow
the reader to use projected in"fÞtion rates for each
factor of cost, with no sacrifice Ín the relevance of
the resulting cost comparison between lighting designs.

HIGHER - PERFORMANCE FAC TORS

A given standard of illumination can be provided along
a roadway by various design alternatives with respect
to pole spacing, mounting height, lamp type, and
luminaire type. A given lamp type has its own per-
formance curve over time (lamp lumen depreciation
curve) and its own burn-out rate (lamp mortality curve).
Figure 1 (Q illustrates examples of these curves.

For instance, out of any given group of lamps,
usually more than 10 percent will burn out during the
first 16 000 h of operating time. This is equivalent to
about four years of operation. The number of operating
hours varies, depending on the type of lamp. During
the same time, the lamp lumen output of remaining
Þmps may lnve decreased to a point where it gives
illuminance near the minimum design level at the road-
way surface. This usually occurs when the lumen out-
put is about 8ã percent of the initial lumens. At this
point, a total group relamping of the lamps should be
done.

Lamps burn independently of each other and at dif-
ferent rates. Their burn-out time may be weeks,
months, or even years apart. Because it is not desir-
able to have even one Þmp out at any given time, spot
relamping must be caruied out.

DISCOU}ffED TOTAL COST

The following formulas describe the discounted total
cost method (Q. The general formula is

t,
DTC=C.+) C¡l(l+r)' (l)

i=1

where

DTC = discounted total cost,
C. = initial cost,
Ci = cost in year i,
r = discount rate, and
n = analysis period (years).
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When constant dollars are used, DT€ is the economic
value of future e4penditures expressed as if spent today.
Since tlere is a benefit to delaying costs, future costs
are discounted in computing their 'þresent value".

The use of inflated dollars wilt also capture the rela-
tive resource value of alternative investments; DTC
will approximate present value, depending on the dis-
count rate used. If inflation is used, it must be included
in all of the cost elements. If inflation is not used, tlre
models revert to traditional constant dollar comparisons.

By using the general framework above, the following
highway and street-lighting specific formula is pre-
sented:

¡1ç = u000Br (cl +c4 +crr)/Bz + 1000(c2 +c3)/82 +cs +c6l
n

+> tl/(1 +r)il (1 +Ir)i (BrB3/82)(T6. q + l2C8)
i= I

n

+) tl/(l +r)ii cro(l +t3)i
i= I

n

+t t1/(1 +r)il B+i [C4(1 +12)i+Ce.T4(l +13)i]
i= I

d=n/Tl
+ > [10008r/(l +r)orrBz] [C4(l +I2)"rr+Ca.T3(l +I3Frr]

q=1

Figure 1. Examples of lamp lumen depreciation curve and lamp
mortality curve (250-W Lumalux).

6000 r æ00 18000
BURNING TIME_HOURS

e =n lT2
+ ) tt000Br/(l+r)"r2B2l [ce.Ts(1+I3)ar2] Q)

where

DTC = discounted total cost per kilometer of road-
way;

= number of luminaires per pole;
= pole spacing (m);
= lamp wattage;
= nrmber of burnt-out lamps per kilometer in

year i for annual spot-relamping purposes;
= cost of one luminaire;
= cost of one pole;
= cost of one foundation;
= cost of one lamp;
= cost of equipment, wire, switching, and so

forth per kilometer of roadway;
= total initial labor cost per kilometer of road-

way;
= energy cost per kilowatt hour;
= demand charge per kilowatt per month;
= cost of labor and vehicle per hour;
= miscella¡eous mainteruùnce cost per kilome-

ter of roadway per year;
= cost of one bracket;
= relamping period (years);
= cleaning period (years);
= relamping time per luminaire (h);
= spot-relamping time (h);
= cleaning time per luminaire (h);
= hours of operation per year;
= e{pected annual rate of inflation for electricity

rates;
= e4pected annual rate of inflation for Lamps or

materials;
= expected arurual rate of i¡¡flation for mainte-

nance labor;
= discount rate; and
= investment life (years).

The above formula represents the discounted tot¿l cost
per kilometer of roadway, which is the initial cost plus
discounted total energy costs and the remaining operat-
ing costs throughout the investment life n, usually 20
years.

The initial cost includes materials and labor for in-
stallation of foundations, poles, brackets, lamps,
luminaÍres, switchings, wirings, equipment, and so
forth. Operating cost is cost incured for energy and
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Table 1. Luminaire dirt depreciation values for ambient
categor¡es against cleaning intervals. Cleâning lnterval (years )

Luminaire
Category

Ambient
Categorv

1 (open)

2 (ventilatecl)

3 (semi-sealed)

4 (tishtlv sealecl)

0.95 0.90 0.81
0.89 0.80 0,64
0.?8 0.63 0.40
0.55 0.37 0.18
0.32 0.16 0.05
0.9? 0.94 0.89
0.92 0.88 0.80
0.86 0.78 0.62
0.?3 0.58 0.38
0.50 0.32 0.1 6

0.9? 0.94 0.91
0.93 0.90 0.83
0.8? 0.81 0.70
0.?6 0.65 0.44
0.56 0.38 0.23
0.98 0.96 0.95
0.95 0.94 0.91
0.9 1 0. B9 0. 84
0.83 0.?9 0.'t2
0.6? 0.61 0.49

0.64 0.48
0.40 0.29
0.19 0.10
0.06 0.04
0.02 0.02
0.79 0.?0
0.63 0.4't
0.39 0.28
0.18 0.09
0.05 0.03
0.83 0.76
0.71 0.58
0.4't 0.35
0.26 0.15
0.08 0.05
0.91 0.8?
0. 85 0.80
0.?5 0.67
0.5't 0.42
0.31 0.22

0.39 0.33
0.19 0.13
0.0? 0.05
0.03 0.02
0.01 0.01
0.62 0.53
0.38 0.32
0.19 0.13
0.06 0.04
0.02 0.02
0.69 0.62
0.46 0.39
0.27 0.20
0.09 0.06
0.03 0.02
0.83 0.80
0.?5 0.?0
0.58 0.50
0.35 0.29
0.15 0.10

1

2
4

I
16

1

2

4
B

16
1

2
4
B

16
1

2
4
I

16



maintenance. Mainter¡ance includes materials and
labor for spot and group relamping, cleaning, and
miscellaneous repairs for items other than lamps. Pole
repairs or replacement would be a function of the ac-
cident rate. For simplicity, only the labor inflation
rate I: is included in miscellaneous maintena¡ce Cro.

The number of burnt-out lamps in any given year is
given by the lamp mortality curve of the particular type
of lamp. Spot reÞmping requires a cumulative function
within a group-relamping period to allow for the prob-
ability of the replaced lamps themselves burning out.
Then the same cycle is repeated for the next group-
relamping period.

Demand charge per krlowatt per month depends on
the total demand of wattage per month in a certain area.
For enample, an area may require an estimated son-
sumption of 100 MW energy per month; the power com-
pany must make thai amount available monthly. The cost
incurred for mobilization of equipment, labor, installa-
tion, and other operations varies according to the
wattage requirements.

ANNUAL EQUIVALENT COST

The arurual equivalent cost method uses the capital
recovery factor to annualize initial costs ($ !). This
annualized iaitial cost, added to the arutual operating
cost, is the AEC for that particular year. The general
formula is as follows;

AEC = Co .CRF+Cu

where

CRF = h(1 + r)"7[(1 + r)'-11,
CRF = capital recovery factor,

n = investment life (years),
AEC = a¡mual equivalent cost,

C. = initial capital cost, and
C" = annual operating cost for the reviewed year.

C". CRF gives the annualized initial cost that is fixed
for every year of investment life. It is also known as
the ar¡nual fixed charges for the initial cost. Annual
operating cost C" varies from year to year, depending
on the actual cost incurred for the year in review. The
initial armual operating cost is usually known at the
time of investment and will be assigned to C". For the
following years, an assumed annual inflation rate I is
used to reasonably predict the arutual operating costs.
ApplvinE I to C,. Equation 3 becomes
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+ [Br. B3(T6. c1 + l2còlB2l (1 +Ir) v +cro (1 +13)v

+ 84â [C4 (l +12)v+ ce. T4 (1 +13)v ]
+ fi 0008r/B:) [c¿ fi +Iz) v +cq. T¡ (1 +l¡)vl /Tr
+(100081/82) [ca.Ts(l +I3)vllTr (5)

where

3n, = (B+r + B¿z + &s + ... +B+rr),/Ti, and
B¿r ... Borr = numbers of burnt-out lamps in year 1,

2 ,.. Ty
If the group-relamping period Tr = 4 years (which is

usually so), Bau = (Bar + B+z + B<¡ +... + B+r,)/Tr be-
comes B,a. = (&r + B+z + B+a + B++)/4,

The value Be" is the average armualized number of
burnt-out lamps per kilometer in a relamping period
Tr. This number is assumed to be a fixed number of
burnt-out lamps for each year of the relamping period.
Since the pattern of lamp burnouts is the same for the
following periods, it is also fixed for each year through-
out the investment life.

Costs for group relamping and cleaning must also be
annualized. The assumed cost of lamps and labor at
the tíme of investment is averaged throughout the re-
lamping period Tr. (See the last two factors of Equa-
tion 5.)

The value y can be chosen for any future year to
test the effect of inJlation on arurual total cost.

COMPUTER PROGRAM

A computer program (Illum ffi) has been developed for
use by the highway and street-lighting desiga engineer
and may be used independently or in conjunction with
Illum I and II. The Illum I program contains calcula-
tions of illuminance, luminance, and glare. The lllum
II program is for preliminary analysis for efÏicient
roadway lighting design. The overall program is called
the lllumination Design Systems Program. By inputting
the design and cost parameters, the user will þe able to
compare the cost-effectiveness of alternative designs
and to test the sensitivity of the result under various as-
sumptions with regard to inflation.

The lllum III program is in conversational mode and
includes both DTC and AEC. It calculates the ar¡nual
equivalent cost, computed at 10, 15, and 20 years. It
is available on request for a nominal charge. A manual
example problem for the DTC and AEC formulas is
presented in the next section of this paper.

EXAMPLE PROBLEM

(3)

AECy = Co.CRF + C" (l+I)Y @)

where

1 = general annual infl,ation rate;
y = fear in review, L,2, .. .n' and

AECy = in-flated a¡nual equivalent cost at year y.

The other notations are as previously defined. However,
this general inflated annual equivalent cost (given in
EquatÍon 4) does not distinguish differing rates of infla-
tion for the factors of cost.

By adapting Equation 4 specifically to highway and
street lighting and considering the difïerent annual in-
flation rates for energy, Iamps, materials, and mainte-
nance labor, the following formula resultsl

AECy = il0008r(cl +c4+crl)/B2+ 1000(c2+c3)/B2+cs +c6l
x [r(l +r)"]/[(l +r)'-1]

The example problem that follows for discounted total
cost and arurual equivalent cost formulas uses metric
units and manual calculations. The problem illustrates
the practical use of the formuLas to determine current
and future costs.

The input figures in this example problem t¡ave been
chosen to be as close as possible to typical values.
They are listed as follows:

Bl=2,
Bz = 53.34 m (1?5 ft),
B. = 250 W high-pressure sodium,

B¿r = 0.375,
B¿z = 1.500r
Bqs = L.876,
B¿¿ = 3.750 (see explanation below for Bar to Be+),
q, = 91b0,
Cz = $800,
g, = 9100,
çn = 930,
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Cs = $15 000,
Co = $750,
Cr = $0.025,
gu = 92.b0,
gn = gB0,

Cro = $350,
C" = $50,
Tt = 4 years,
Tz = 4 years,
Ts = thr
T+ = th,
Ts = 0.50 h,
To = 4000 h,
L = 10 percent = 0.10,
Iz = Spercent=0.08r
Is = 6percent=0.06,
r = Spercent=0.08, and
n = 20 years.

The above input figures are valid only for the reviewed
system. These figures may vary with the size of the
system.

Refer to Figure 1. The curves shown are for typical
250-W high-pressure sodium lamps. The group-
relamping period for 250-W high-pressure sodium
lamps is 16 000 h. At this point, the lamp lumen output
has decreased to 85 percent of the initial lumens. AJter
the first year, or 4000 h of operating time, the lamp
mortality is 1 percent. Thus, &r = 0.01 x 1000 xB/Bz.
Values of Br and Bz Éùrê 2 and 53.34, respectively.
Therefore, B¿r = 0.01 x 1000 x2/53.34 = 0.3?5. This
real numloer is the average number per kilometer of
burnt-out lamps in the first year of the whole system
in review. For example, the number of burnt-out
lamps in a 16-km (10-mile) highway system during the
first year is B'ar = 0.01 x 1000 x 2 x L6/53,34 = 6. The
average number of burnt-out Lamps per kilometer is
6/16 = 0.3?5.

By using the preceding mathematical procedure and
by inputting a þmp mortality of 4r5, and 10 percent for
the second, third, and fourth years, respectively, the
Bqz, Bcs, and Baa values are calculated and quoted in
the input figures. Values of B+r to Baa €!r€ repeated for
every four-year relamping cycle-that is, when i = 5,
B+r = B¿r! when i = 6, B+t = B¿z; and so on.

In this example, the probability of t}te new spot-
replaced lamps burning out is neglected because they
are quantitatively insignificant in comparison to the
number of burnt-out lamps of the originally installed or
group-installed lamps. However, if desired, they can
be included in the calculation.

years i and the calculated factors results in DTC =
31 872.98 + 29 ?16.38 + 5784.80 + 2042.73 + 10 142.86 +
2259.28 = 81 819.03. Thus, the discounted total cost is
$81 819.03/km.

AEC" = t1000 x 2 x (150 + 30 + 50)/53.34 + 1000(300 +
100)/$.34 + 15 000 + z50l (0.09 x 1.08'z0)/(1.0820-1¡ +

12 x 250/63.34) (4000 x 0.025 + 12 x 2.ã01 1.1v +
350 x 1.06v+ 1.8?5 (30 x 1.08v+ 30 x 1 x 1.06v) +
(1000 x 2/53.34) (30 x 1.08v + 30 x 1 xl.06v)/4 +
(1000 x 2/53.34) (30 x 0.50 xr,06v)/4

AEC" = 3246.54 + 1218.60 (1.1)" + 9L2.43 (1.06)v + 337.46
(1.08)v.

Substituting number of years in review gives annual
equivalent cost for that year. Following are the ar¡nual
equivalent costs for years 10, 15, and 20, respectively:

AECro = 3246.64 + 1218.60 (1.1)10 + 512.43 (1.06)10 +
33?.46(1.08)1o = 3246.54 + 3160.?3 + 1634.02 +
728.55 = 8769.84

AECrs = 3246,54 + 1218.60 (1.1)15 + 912.43 (1.06)15 +
337.46(1.08)iu = 3246,54 + 5090.39 + 2186.69 +
10?0.48 - 11 594.10

AECzo = 3246.54 + 1218.60 (1.1)20 + 912,43 (1.06)'z0 +
33?.46(1.08)'z0 = 3246.54 + 8198.13 + 2926.29 +
1572.89 = 15 943.85

The arurual equivalent costs for years 10, 15, and 20 are
$8769.84, $11 594.10, and $15 943.85, respectively.

CONCLUSION

This paper lras addressed the question of how to treat
lighting-system cost components that are subject to
varying inflation rates. A computer program has been
developed that is generally applicable, rvith or rvithout
Ínflation, and DTC and AEC models offer the lighting
design engineer the opportunity to include unadjusted
projected ir¡flation in a system-cost calculation. As
with most models, their usefuùress is only as good as
the quality of engineering and economic data used.
Although the reliability of economic predictions of in-
flation is open to questíon, the computer model allows
the user to test for the sensitivity of a wide range of
possible inflation rates and mixes of costs.

This paper addressed the straightfor"vard world of
equal system benefits, but additional research is re-
quired to develop models for the economic comparison
of lÍghting systems that yield differing levels of service.
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A. Maghsoudi, Highway Wayside Equipment Researsh
Section, for developing the computer program men-
tioned in this paper; V. McCullough and F. Tung,
Electrical Design Section, for their constructive com-
ments and criticism on aspects of lighting engineering;
F. W. Jung, Program Manager, Highway Wayside
Equipment Research Section, for his time, valuable
comments, and guidance that made the writing of tllis
paper possible; M. Hastay, Department of Economics,
Washington State University, for discussion and insights
on theoretical aspects of the economic models; and GTE
Sylvania, Rexdale, Ontario, for permission to reproduce
the lamp curve shown in Figure 1. While we acknorvl-
edge the valuable assistance of these individuals and
GTE Sylvania, any errors and omissions are our sole
responsibility.

Bfusftg tfrnpuffrþures; ÐTC anal AEC can
calculated from Equations 2 and 5, respectively, as
follows:

p1ç = [1000 x 2(ls0 + 30 + 50)/53.34 + 1000 (300 + 100)/s3.34
+15000+7501

20

+) itlt.osr){t,Ð1 Q x 250153.34)(4000 x 0.025 + 12 x 2.50)

20

+) tl/r.08i) 3s00.06)¡

20

+ ) {r/l.oat) B4i [30(1.08)i+ 30 x l(1.06)i]
i= I

a=s
+ ) (1000 x 21u.08)e x 53.34) t30(1.08)4" + 30 x 1(1.06)a.l

a=s
+ > (1000 x 2/(1.08)a"x 53.34) t30 x 0.50 x (1.06)4"1 (6)

Substituting values of B+r ¿ùccording to the number of
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since these lamps were manufactured. Therefore, the
lamp mortality data described here are only applicable
to the Lamps and fixtures available from the manufac-
turers in late 1971 and earLy 1972 and in the lamp-and-
fixture combinations used in this test. The direct ap-
plication of these findings to lamps and fixtures currently
being manufactured is therefore strongly discouraged.

However, until the manufacturers can unequivocally
demonstrate that their products wiII perform as
advertised, the user is fully justified in assuming that
manufacturer-supplied lamp mortality data may be
questionable.

BACKGROUND

HPS lighting was first used in Utah in 1968. During
that year, contracts were let for more than 1400 lighting
units; these were the initial elements in an instalþtion
that would number more than 6600 operational lumi-
naires by 197?.

Ín 19'17, 81 percent (5533 luminaires) of this system
was composed of 400-rvV HPS units; the remainder of the
system was composed of 250-W HPS (13 percent) lamps
and either 400-W or 250-W mercury vapor units (6 per-
cent). Since 1968, the advertised average life ex-
pectancy of the 400-W HPS lamp has increased from
6000 h (1.5 years) to 15 000 h (3.?5 years) in 1971 and,
most recently, in 19?6 to 24 000 h (6 years).

In 1971, substantial concern over the costs resulting
from the terms of utitity maintenance agreements had
surfaced within the Utah Department of Highways. The
lack of hard data on the validity of the advertised in-
creases in lamp life compounded the problem. This
study was initiated to address both problems.

FINDINGS

Four test groups of 12 luminaires each were operated
on a 10-h on, 2-h off continuous cycle for two years
(14 360 h of operation) (1). Replacement of burnouts

formance of each group has been divided into three
categories:

1. Original: performance of the initial 12 operating
lamps;

2. Original and replacement: performance of the
original 12 operating lamps plus any replacements made
during the course of the test;

3. Oríginal, replacement, and infant: performance
of the original 12 operating lamps plus any replace-
ments, including Lamps that burned out the first tÍme
they were energized (in-fant mortality).

Only one test group (Lamp B in Fixture X) performed
without a single failure during the two-year test, The
other three test groups all had failures. Lamp A in
Fixbure W had 9, 5 of which occurred in the first year
and were replaced. Lamp D in Fixture Z had 12 failures,
4 of which occurred in the first year and were replaced.
Lamp C in Fixture Y had 15 failures in the first year

occurred during the first year of operation only. Fig-
ialJeehnologieal msdifi-eations ha+e oee+ered- ++#cpietslhe performa+rec sf caeh test4-oup- +õ+- 1

Test of 400-W High-Pressure Sodium
Vapor Lighting
Michael C. Belangie, Research and Development Unit, Utah Department of Trans-

portation, Salt Lake City

At present, 400-W high-pressure sodium vapor (HPS)
lamps are advertised as having an average life ex¡lec-
tancy of 24 000 h, the equivalent of six years of opera-
tion. The cost in labor and equipment to replace a
single lamp in Utah is about 90 percent of tlte initial
cost of a 400-W HPS Þmp.

Since both lamp and maintenance costs are rising
rapidly, in-ferior lamp performance rvill place an un-
necessary, unprogrammed cost on lighting maintenance
programs. The results of this test indicate that
manufacturer-supplied lamp mortality data should not
be considered reliable þerformances of between 35
percent and 50 percent were typical). These findings
strongly suggest that users should develop and imple-
ment contractual mechanisms for enforcing performance
specifications in regard to the advertised life of the
lamp.

QUALIFICATIONS ON THE USE
OF THIS REPORT




