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About NLPIP
The MNational Lighting Product Information Program (NLPIP) was

HATIONAL LIGHTING PRODUCT INFORMATION PROGEAM  established in 1990. NLPIP is administered by the Lighting Research
Center (LRC), the world’s leading university-based center devoted to
lighting excellence.

I’rugrum SPOIISOI'S NLPIF's mission is to help lighting specifiers and other lighting

decision-makers choose wisely by providing the most complete, up-to-

date, objective, manufacturer specific information available on energy-
lowa Energy Center efficient lighting products. Priority is given to information not available
or easily accessible from other sources. NLPIP tests lighting products

California Energy Commission

Lighting Research Center

according to accepted industry procedures or, if such procedures are not
New York State Energy Research ayailable or applicable, NLPIP develops interim tests that focus on

and Development Authorify performance issues important to specifiers or end users.
Northwest Energy In 1998, NLPIP Online debuted at www . Irc.rpi.edu/programs/nlpip,
Efficiency Alliance making the information provided by NLPIP even more accessible to

lighting specifiers and other interested people. NLPIP Online includes

United States Depariment of PDF files of Specifier Repores, Lighting Answers, and several searchable

Energy databases containing manufacrurer-reported data and rest results.
United States Environmental To ensure its continued objectivity, NLPIP does not accept funding
Protection Agency from manufacturers.
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Introduction & well-lighted parking lot or outdoor area is an important feature of a shopping
center, urban park, apartment building, industrial park, or factory. Well-
dcs_l.gncd ps.rking lot or area ][ghting can attract customers, facilitate traffic and
pedestrian safety, increase economic development, deter arime and vandalism,
and create a sense of personal security. Conversely, lighting that is poorly
planned may waste energy. decrease vehicle and pedestrian safery, and may
result in light pollution. As with any lighting design, specifying the appropriate
lum[n si-l'ts [I‘l a P:II}L[I‘J.g lot or Du[dmr arca is ﬁsmtiﬂ].

In January 1993, the Natonal Lightdng Product Information Program
(NLPIP) published Specifier Reports: Parking Lot and Area Luminaires, which
provided information about parking lot luminaires, summarized product infor-
mation provided by manufacturers, and presented results of application analyses
EDn.cluEtclﬂ b]’ NLPI P_ Si]‘IEC d1cﬂ, Parkjng ]CII: :l.n.d arca ][ghti]‘lg Iul‘l‘li]‘l:l.il’ﬂ ha‘l"c
been examined in new ways. For cxample, the lighting industry currendly is
examining the optical efficiency and cutoff properties of these luminaires to
determine if high-quality lighting can be achieved while reducing energy con-
sumption, light pollution, and light trespass.

This issue of Specifier Reports: Parking Lot and Area Lurminaires replaces the
previous MLPIP publication by updating information on the critical perfor-
mance and application issues for parking lot and area lighting luminaires, and
[dcrﬂ]ﬁ;i]‘lg &IC [I‘lFﬂ-rlTl:l.tiun d1at a Iigh[[ng Sptcjﬁcr ma}c_ rcquﬂl: rl‘DITl 4 mamnt-
facturer when evaluating different products. This report focuses only on func-
I:[D]'I:ll lum] na[l’l:‘s L__VP[E:I].]}' Llstd i]‘l aPPl[E:ltjons Sllcl'l as parkjng ]DU md ancta
lighting, including: the cobra head luminaire, commonly used in roadway light-
ing but also used for lighting parking lots; the arm mount luminaire, currently
the most common type used for pa.rlr_ing lot lighting; and the post-top func-
tional luminaire.

Th[s rfpﬂ‘r[ lﬂﬂﬂ not jnc]udf lﬂﬂ:ﬂmﬂ\fc p:‘l.rk_lng ]D[ Or anca Illm iﬂal-m SIlCl'I as
“teardrop”, “pendant”, or “lantern” style luminaires. It does not discuss high
mast lighting systems with luminaires mounted at heights of G0 feer (18.3
mftfrs} oar highc[ muﬁf thm s}istcms ]‘l:l\fc l.lrllquc :I.PPIiCa[[Dn Erjl:cl—ia. -n-lis
report also excludes wall-mounted or pole mounted “flocd” type luminaires as
Wc]] as Ril]ng-momtcd ]LllTlin:lJIG Lﬁcd &’r Cl}‘ﬂ:l‘cd p:l.rkjng_ F[nau}r, tl-] [5 l'tpt}rl:
docs not discuss indirect, landscape, or fagade lighting luminaires.

This issue of Specifier Repons is not intended as a tutorial on parking lot or
(referred to as IESNA throughout this report), and parking lot and area lighting
luminaire manufacturers offer reference materials that address lighting desipn
considerations in detail. Resources are listed on page 44 of this publication.

NLPIP collected data from a variety of commercially available parking lot
an.d arca ][ghti]‘lg ILLm iﬂairﬂ. Jq. sLuTlITLaI:( GF [hc PI‘CK:[I.I.EE er]TI .34 mmurﬂctm-
ers, and their characteristics is found in Table 11. NLPIP also purchased 23
luminaires, independently cvaluated and analyzed them and compared their
performance in terms of luminaire efficiency, glare, light trespass, and sky glow.
The selection of these luminaires was limited to luminaires that udlize 250-watt
mectal halide lamps and the same [ES classification. Evaluation results and
luminaire analyses are shown in the “Perfformance Evaluations™ section begin-
ning on page 21 and in Table 13a.

4 Specifier Reports: Parking Lot and Area Luminaires
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Bac kgrourld Manufacturers of parking lot and area lighting luminaires offer a wide variety of
options and accessorics for their products aimed to address such issues as light
distribution, energy consumption, light pollution, and light trespass, and often
customize them for a specific project. Manufacturers can provide luminaires
with a wide range of performance characteristics for use in parking lot and area
lighting applications as well as other applications such as roadway lighting. The
specifier often chooses a luminaire based upon the manufacturer's reputation
ﬁ:}l’ Sfl—'l'“:f :I.nd qualil"l-' ml:hcl' Eha.n uPOl‘J Ehc ll.LITIJ Ua[l‘cls [I‘H:li\fidu’.l] PCTFCH"T[MC
characteristics. The information provided in this issue of Specifier Reports will aid in
the process of decision-making beyond the manufacturer’s reputation and darify the
issues related to the application of parking lot and area lighting lumninaires.

Luminaire TYPGS The selection of an appropriate luminaire for a particular application, and the
ability to convey the reasons for this selection, require a working knowledge of
the relevant luminaire types. This section describes the luminaire ypes com-
monly used for parking lot and area lighting applications.

Cobra Head Luminaires

The cobra head luminaire, most commonly used in roadway lighting, is also
used for parking lot lighting. This luminaire’s optical system typically consists
of a horizontally mounted lamp, a reflector, and a lens (Figure 1). This
luminaire is available for a wide variety of lamp wattages. Lamps of 250 watts or
greater often are used in parking facilities at mounting heights of 20 fect or
higher. These units can be mounted in single, twin, or quad confipurations (see
the sidebar “Mounting Configurations™ on p. 6).

The cobra head luminaire is available in TESNA lateral light distribution
classification Types I, I1, 111, and IV (see “Light Distribution™ on p. 14). Manu-
facturers have adapted the optical system of these luminaires in order to limit
the light intensity above 807 from nadir (straight down). As a result, the cobra
head luminaire is also offered with a flat lens as well as a clear shallow lens 1o
replace the refractor lens as shown in Figure 1. Cobra head luminaires with flat
IC“SC'S WPJC:]]I}I— causs l‘L‘SS gla.l’l_'_

Figure 1. Cobro Heod Luminaires

1a. Cobra heod luminagire with drop lens 1b. Cobra head lmingire with flat lens Tc. Colbra head luminaire with sog or
shallow lens

Arm Mount Luminaires

—n'll: arm mouint lumjnaj rc jS El.lrl‘cntl}f tl-lc maost Cl}mmol‘ll:( Llstd Pa.rli.ing Iﬂt
luminaire. This luminaire type has an optical system that usually consists of
cither a horizontally or vertically mounted lamp, a reflector, and a lens (Figure
2}. )!'LFITL muount ILLm [I‘laircs are am“:l]}lf Witl-l H'aI[DI.Ij m[m.g: l:‘I.ITlPS in d[Efrfl‘ll:-
sized housings. Smaller, low-wattape units (150 watts or less) can be mounted as
low as 10 feet (3.0 meters); larger units (250 watts or greater) are mounted at
typical parking lot pole heights of 20 w 40 feet (6.1 to 12.2 meters). An arm
mount luminaire has a short, horizontal mounting arm, and these luminaires
can bf mmgcd in s[ng]c. m“jrh or quad mnﬁgﬂ.r:ltiﬂns_ OrJgJ na]l_"f' dcﬂgj‘lcd
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with square or rectangular housings, arm mount luminaires are also available in
round and domed shapes in a variery of colors and finishes.

Although the outward appearance of the horizontal-lamp luminaire and the
vertical-lamp luminaire can be very similar, as shown in Figure 2, their primary
functional difference is the light distribution they achieve.

Za. Horizonhal-lamp arm mount lumingire

Mounting Configurations
Parking lot and orea lumingires are
pole-mounted in seven different
configurations as shown in Fig-
ure 4: post, single, twin [207], twin
(1807}, riple [207), riple [1207),
and quad. Postmounting and
single-mounting refer fo a single
luminaire. A

luminaire is centered aver the pole
[such as o postiop luminaire); A
single-mounted luminaire is posi-
fioned on an arm located to the
side of the pole [such as an arm
mount luminaire).

Figure 4. Lumincire Mounfing
Ceonfigurations
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Figura 2. Arm Mount Lumingires
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2b. Vertical-lomp arm mount lumingire

Arm mount luminaires may have full cutoff, semi-cutoff, or cutoff IESNA
distributions depending on the lamp orientation, the optics of the reflector, and
the optics of the lens. The horizontal-lamp arm mount luminaire, commonly
referred to as a “shoebox” or "sharp cutoff” luminaire, provides light distribu-
tion Types I, IL, 111, IV, or V. The vertical lamp arm mount luminaire produces
light distribution Types 11, IV, or V and minimizes light directly below the
unit, compared to luminaires with a horizontally mounted lamp. The vertical-
lamp luminaire is usually available with a convex glass lens, although some
manufacturers offer fat lens or prismatic refractor options.

Post-top Luminaires

The post-top luminaire is also used for parking lot lighting. This luminaire type
has an optical system that usually consists of either a horizontally or vertically
mounted lamp, a reflector, and a lens (Figure 3). Post-top luminaires are
available with various wattage lamps in different-sized housings. Smaller, low-
wattage units (130 watts or less) can be mounted as low as 10 feet (3.0 meters);
larger units (250 watts or greater) are mounted at typical parking lot pole
heights of 20 to 40 feet (6.1 to 12.2 meters). Becausc they are mounted on a
yoke configuration at the top of a pole, these luminaires are most often used in
single configurations.

Similar to the arm mount, the horizontal-lamp post-top luminaire provides light
distribution Types I, IL, II1, IV, or V. The vertical lamp post-top luminaire produces
lighe distributon Types IIL [V, or V and minimizes light directly below the unit.
The vertical lamp luminaire is usually available with a convex glass lens, although
some manufacturers offer flat lens or prismatic refractor options.

Figure 3. Post-top Luminaire
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Luminaire CGITIPOI'IEH*S Although luminaire components can be analyzed individually, the overall con-
struction and qua'ity of a luminaire must be evaluated. For L'!(:l.ITIPll:, two lumi-
naires may both be constructed with stainless steel housings, but one of the
luminaires may allow water to infiltrate. Similarly, two luminaires may both
utilize silicone gasketing, but the design of one of the gasketing systems may
provide a better seal. Visual inspection of a product sample is one way to assess
the overall quality of a luminaire. Samples usually are available through manu-
ra.cl'urf_‘rs, Jml rcprfscntaﬂ?cs. I_l.lm lI'l:IJI‘(.‘ EDIT[PCI-[’]L‘D(S arc Scpmmd Jntﬂ Ehrf_‘c
Sl:ttit}ns! DP[iC:II E}'Stcm. mtchanian Eystcm, :'I.I'Il:] fltctr]cal s_"f'st‘.‘m. Aﬂ ﬂplodfd
view of typical luminaire components is given in Figure 5.

Figure 5. Expleded View of Typical Lumingire Components
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Optical System

-]-J-lf PuJ-PDSC DF an DPEiC:IJ 5_'(SI1‘FI'J is o Frﬂd moe \'is.l IBJ(_‘ light 1“& rfdjrfct tha[
light. A lamp serves as the light source. A reflector uses an opaque material that
redirects the light by reflecting it. A refractor uses a transmissive material that
redirects the incident light as it passes through it

Lamps

The most commonly used lamps in parking lot and area lighting applications
are high-intensity discharge (HID) lamps. These include high pressure sodium
(HPS), metal halide (MH), and mercury vapor (MV). However MV lamps are
not recommended by encrgy efficiency groups. because they are incfficient and
Eh(.‘jr IulTlinDlJ_': ﬂux Cl-utput dcc[c'ﬂm over timc (o) tl]f_‘ Pcl‘llnl: [hat I'J'lc}f Cmit ll“ll:
useful light but sill appear to be lighted. Although phosphor coated MH lamps
are sometimes used for their improved color properties, the performance of a
luminaire’s optical system will suffer if a coated lamp is used because the larger,
coated outer jacket (bulb) alters the optical size of the lamp.

Low pressure sodium (LPS) lamps are sometimes used for parking lot light-
ing. A few manufacturers offer parking lot and arca lighting luminaires that use
incandescent or Huorescent lamps. Among the fluorescent types of lamps is the
induction lamp, a type of fluorescent technology that operates without the use
of electrodes. This electrodeless lamp may become an important light source for
parking lot and area lighting applications in the future because of its rugged-
ness, good color prcrpl:rtics, and |Dng life. With advancements in LED) I:light-
emitting diede) technology, low wattage LED streetlights are also becoming
available. As the efficacy of LEDs improve, it may also become an important
light source for parking lot and area lighting.

Generally, MH and HPS lamps have greater efficacies and equivalent or
longer life ratings than most incandescent and MV sources. The values shown
in Table 1 for efficacy and life are for a 250-watt HPS lamp, a probe-start 230-
watt MH lamp in vertical, horizontal, and universal mounting positdons, a 250-
watt MV |a.rnp, and 180-watt and 135-watt LPS |amps_ Table 1 prcwjdcs both

Table 1. Performance Characteristics of Lomps Used in Parking Lot and Area Lumingires

Lomp Lomp Luminows Flux (lomens) Coneloted Coler ~ Color Remdaring
Stondord Lamp Hiicocy (IPW)®  Wafioge  Lifa (howrs)® Il Mean Tompaeutwws (1) Indax (CH)
HPS 104118 50 24,000+ 76,000-29,000  23400-27,000 2,000-2,100 -1
MH (probe-stort)  Vered pes. 192 50 10,000 17,300-23,000  11,300-17,000 3,200-4,000 £5-70
Hurtzord pos. £3-52 50 10,000-15,000 17, 700~23,000  9,400-15,000 3,200-4,300 &5-70
Universal pos. fis—B8 50 £,000-10,000 16,600~22,000  10,600-17,500 3,000-5,000 #5-75
(] 4452 250 24,000+ 11,000-13,000  8,250~10,800 3,700-6,700 15-50
s 167-178 180 16,000-18,000  30,000-32 000 12,0004 1,700-1,800 0
163-167 135 16,000-18000  22,000-22,600  15,140-22,600 1,700-1,800 0
@ Philips, GE Lighting, OSRAM SYLVAMILA, and Vendure lighting lomp cofalogs
b Eficocy vales are for lomps only; ballosts also require power ond reduce the efficocy of the lomp,/ballast combinafion. Efficocy = caloulated by

diwiding the iniial lamp lumincus fhes by the lamp watioge.
¢ Ufe miings are for 250wl siondard lamps, excapt where noled. These values may be higher for higher wofioges or improved lamps.

4 Dalo only ovallable from one manukocturer

8 Specifier Reports: Parking Lot and Area Luminaires
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Lamp Efficacy

LPS lamps have the highest affi-
cacy, which is desirable, but their
large size limits the varisty of avail
able luminaire designs. This, fo-

r with color ies,
s o bt oo
for these lamps. HPS and MH are

superior lamp choicas.
Woon, e o P and
MH lamps for parking lot ond area
lighting, consider efficacy, lam
life, ;E‘rd color qmli)rt.xl"lclgﬁ lcnpip
are higher in efficacy and have
longer rated lives than MH lamps,
but MH lomps have better color
properties and may offer an advan-
tage to off-axis vision.

initial and mean luminous flux. Mean luminous flux for HPS, MV, and LP'S
lamps is at 50% of rated life, while mean luminous Hux for MH lamps is at
40% of rated life. MH lamps have lower initial luminous flux as well as mean
lumincus flux when compared to HPS lamps. Efficacy and life ratings vary for
other wattages, with lower-wattage lamps generally providing lower efficacy.
These values also vary with improved lamps such as pulse-start MH lamps or
non-cycling HP'S lamps, among others, which manufacturers offer in addition
to the standard types of lamps. Lower wattage (<150 watts) mercury-free HP'S
lamps are also available. Choosing the “best™ lamp requires carcful consider-
ation of energy, economic, design, operating, and aesthetic factors. This report
is focused on HP'S and MH lamp types. In this table, MV and LPS characteris-
tics are provided for comparison.

The position in which metal halide (MH) lamps are installed makes a differ-
ence in the color variation and color shift of the lamps. It can also affect a
lamp’s life, as shown in Table 1. Installing MH lamps in a base-up position
generally gives the best resules both in terms of color stability and lamp life.
Some lamps do equally well when installed base down, while other lamps
should only be installed horizontally. The manufacturer’s literature should al-
ways be consulted to determine the best installation position for a MH lamp.
Most manufacturers’ catalops give the luminous flux curpur for lamps installed
in specific burning positions. For more information on mid-range or mid-wate-
age MH lamps, refer to NLPIP publication, Lighting Answers: Mid-watiage
Metal Halide Lamps, available online at www.Ire.rpiedu/programs/nlpip/
lightingAnswers/ mwmhl/abstract.asp.

The choice of lamp wattage should be made on the basis of the illumination
required, the lighting distribution from the luminaire, and the pole height and
spacing. A common mistake in parking lot lighting is to install lamps that are
oo powerful for the mounting height. These lamps emit woo much light for the
mounting height used, resulting in glare and uneven light diseribution.

Reflectors

The construction of the luminaire’s reflector is a major distinguishing factor in
its performance and cost. A reflector’s optics should avoid redirecting the light
back into the lamp, which would reduce the luminaire’s efficiency. The goal is
to maximize the amount of light coming out of the luminaire. Interchangeable
optical systems allow luminaires with the same external housing to have very
different optical systems. In some cases the same optical system can be used
with lamps of different wartages. However, the position of the lamp’s socket
must be adjusted to ensure that the position of the lamp’s arc tube is optimized
with the reflector. Optical systems that can be rotated within the luminaire
allow field adjustments to the optical system’s orientation afier installation.

Most reflectors used in parking lot luminaires are made from aluminum,
although some luminaires use glass or plastic prismatic material for the reflector.
Common outdoor luminaire reflectors are made of hydroformed aluminum. In
this construction method the metal is formed around a male punch. Once the
tooling for a particular optical system is complete, these one-picce reflectors can
be manufactured economically, and they perform consistently. If a specular
finish is required, these reflectors must be mechanically polished. Some manu-
facturers brighten their reflectors electrochemically in a process known as
Alzak®. This results in a specular or semi-specular Finish. Diffuse aluminum
finishes are available for reflectors as well.

Spun reflectors are the least expensive type to produce. The spinning process
shapes a sheet of metal into a reflector on a lathe while pressing it against a

form. The finishes available for spun reflectors are the same as those available
for hydroformed reflectors.

Page 9 of 16
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Segmented reflectors are fabricated from specially designed specular alumi-
num strips that are shaped and orented specifically to provide the desired light
distribution. Manufacturing costs for segmented reflectors are higher than costs
for hydroformed or spun reflectors. Producing segmented reflectors with consis-
tent P]'lDtD]TIc‘tr[E PEI'ﬁJr]TI:IIIEC [5 more d“:['_I.CIJ]I: than l:ll‘ﬂducillg Dn.f-p]ﬂ:f rc'fl:c—
tors, but segmented reflectors offer more light distribution options, making it
easier to control glare and to create uniform illuminance on the ground.

Lensas

Maost luminaires have a glass or plastic lens mounted in the opening to allow
light out of the fixture and to seal the luminaire housing to protect the
luminaire components. This lens may be a refractor, flat lens, sag lens, or drop
lens. A refractor is a type of lens and is often referred to as a prismatic lens.
Prisms arc designed to refract or spread the emitted light in a specific direction.
Refractors are most often used in cobra head luminaires. Other types of lenses,
such as clear lenses, can also redirect light, but their main function is to protect
the lamp, contain debris when the lamp shatters, and in some cases block ultra-
\"]DIl:t ralﬂja[[o]‘l_ I_J.-Us matcrials Lljcd iﬂ Pa.r'rj]‘lg IGE an.d arca ]igl‘lti]‘lg ILLlTl iﬂaircs
include tempered glass, clear glass, borosilicate glass, polycarbonate, and acrylic.
Tempered glass lenses are extremely durable and do not deteriorate during their
long life. Borosilicate glass is less durable but is able to survive thermal shocks.
PDIFE:II]I’“H“ jS gDOd ﬁ:’r aPPl[E:ltjDUs w]'lcl‘c mdal[sm is a Pmb]m. bccaus-: it
has extremely high impact resistance. It does become yellow and brittle over
time when used in parking lot luminaires, but special ultraviolet inhibitors can
slow this process. Acrylic and high-impact acrylic lenses have excellent resistance
to ultraviolet radiation, but spﬂ:ia], h[gh-tcmpcmh.u’c :u:r].r][c must be used in
many of the higher-wattage HID luminaires, which produce higher temperatures.

Mechanical System

The mechanical system provides the structure for a luminaire, including the
housing, gasketing, and mounting brackets.

Housing

adverse conditions such as solar radiation, salowater spray, temperamre ex-
tremes, wind-driven sand and debris, vehicle exhaust, rain and snow, vibration,
racks, and even bullets. Typical luminaire housings are constructed of alumi-
num, steel, or stainless steel, and non-metallic housings are also available. Alu-
minum housings endure most outdoor situations, including corrosive salwater
environments. Steel sheet housings are common in lower-cost equipment, but
are susceptible to corrosion. Although a protective coating is often applicd 1o
the huusj.ng, s0me cxpos:d cd.gcs may remain uncoated, or the m:lting may be
scratched during installation and maintenance. More expensive luminaires use
extruded aluminum or stainless steel housings. Stainless steel provides superior
corrosion protection for extreme environmental conditions. Extruded alumi-
num housings are almost seamless and are durable in all environments.

A number of finishes are used for parking lot luminaire housings. Anodized
aluminum, one of the most permanent finishes available, is only available in
natural, bronze, or black, which are referred to as integral color dlass (ICC)
ED]U‘[S_ A ll:ss Pcmanmt :u1|:] II:‘SS l:‘l]}rns['l."c ﬁn[sh is Ehc d]’f'ﬂﬂ(ﬂjlcd H]‘Iis.]‘l_ J&n
organic dye is used to produce the desired colors, but because the dyes used are
organic, they will fade over time with exposure to solar radiation. Painted fin-
is}l:s, SUC]-l as tl-lc PG]:,"C'StC’I PG“'dC[ COAl or bakcd-cﬂa.mfl ﬁ]‘lis.]‘l, are a\f:li] ablc [ﬂ
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Additional System
Components
Optical System Accessories
Internal and external louvers and
shields are sometimes offered by
manufachsrers to minimize un-
wanted light. House-side shields
are often used fo minimize the |ig|1.l
frespass from a luminaire onfo a
nearby building. Manufachrers
also offer caps fo stop direct
vplight [s=e the section “Energy
ulﬂ'gﬁw'rmrlnl lssues”™ on
19). Retrofifting caps to existing
luminaires is becoming a more
common practice because it pro-
vides a convenient and inexpensive
way o reduce unwanted uplight.
Mechanical System Accessaries
Mechanical accessories include
mounting hardware and varicus
types and lengths of poles.
Electrical System Accessories
Some manufacturers offer pholo-
alechric cells and lectric cell
receplocles, which are discussed in
the section on controls (page 14).
Orther accessories include quartz
restrike and single and doul
fuses. A quartz resirike system uses
vartz incandescent lomps to
:'Iida instankanecus ||g|:|q|::ﬂlﬂpr.-lr;9m
of a power outage because HID
sources may require several min-
vies to rastart.

many colors. Painted finishes will also fade over time, and are more easily
scratched than the anodized finishes. Some manufacturers offer a warranty on the
housing finish.

Gasksfing

A well-designed gasket system is essential to keep the luminaire’s optical system
clean. Poor gasketing can allow dirt or water to penetrate and result in reduced
i"'l.llTlin:I.nEl:‘s and inEl‘chcd mal-n[fnanct ar DPCTH[[.'LE COSEs. "Erhcn water lﬂ':j
into a luminaire, the heat from the lamp and ballast causes the moisture to
evaporate. | he evaporated water may leave a stain on the lens, which reduces
&IC lmjna[rc1s light Dl.ltpl.lt. Exccssj‘l'c mD[sturC “[tllln [h: ll.u'njna[l‘c lTJa:( OOr-
rade metal components and cause electrical malfunctions.

Commeonly used gasketing materials include rubber (sponge neoprene, ethyl-
ene propylene rubber [EPDM, EPT, and Poron™]). polycster fabric such as
Dacron® or felt, and silicone. Foam rubber gasketing is used occasionally, but is
not as durable. Silicone gaskets are more expensive, but because silicone does
not Pc‘rmal'lfnt]"lr' df&’rm “[th s [hcsc gaskfﬁ tcrld o lTl:l.int:lin thcir fﬁ—cclj‘l'C'
ness. With use, felt and neoprene materials can become deformed, creating gaps
that allow water, insects, or dirt to penetrate. 3tiff or non-compliant gasketing
may make it difficult to close and clamp the lens frame to the luminaire hous-
ing.

Gasketing should be continuous and permanently attached to one surface so
it will not fall off during luminaire maintenance. In some cases the optical sys-
tem Dfa ll.LITIJ Uail‘c -|5 atta.chcd o thf th[rLg “‘ith a mﬂld:d Sjl[Eunc g:ls:kfl: (o)
create an optical chamber that shelters the optical components from debris and
sustains luminaire performance for extended periods of time. Since air will
move in and out of the luminaire as it heats and cools during normal operation,
some manufacturers allow the luminaire to “breathe”™ by providing a filter and
gasketing system. This reduces substantially any dirt build-up on the lamp sur-
face, interior reflectors, and lenses.

Electrical System

The electrical system includes lamp ballasts, supply wires, and connectors. Al-
though lamps arc part of the clectrical system, they provide the light source and
are il‘l.cludl:d [n tl‘]f DP[EE:]] S:Q'Stcm SCEtiGU abovf.

Ballasis

Ballasts for HID lamps are classified by circuit type. Commonly used probe-
start metal halide (MH) ballast systems for mid-wattage (173400 wates) MH
I:l.ITIPS jnc]udc I'LigJ‘l-l‘cacl:s.l‘JCf :llll:DI:r:l.l'lsﬁJm‘lcr (HK'HPF:I, Cﬂnstant-\'-'al:l:a.gc
autotransformer (CWA), constant-wattage isolated transformer (CWT), and
regulated lag (magnetically regulated) ballasts. CWA ballasts limit variations in
wattage, and thus in light curpur, as voltape varies. CWA ballasts are high
power factor ballasts, with power factors greater than 0.90. Another ballast type,
HX-HPF, can be used in a wide variety of applications. Ballasts with high
Pﬂwcr Fa.cmrs dm\'- IC'SS current (I]B.l’] &qu w[l:h nﬂm‘]al PDWfl' {:I.EtDIS, “h]ch
allows the use of smaller conductors in the electrical distribution system. For
more information on ballasts for mid-wattage MH lamps, refer to NLPIP pub-
lication, b‘gf)!fngﬂnﬂbm: Mid'—wrragr Metal Halide .Lnsr_p;, available online at
www.lrc.rpi.edu/ programs/nlpip/lightingAnswers/mwmhl/abstract.asp. For

more information on HPS ballast systems refer to specific ballast manufacturer
catalogs.
Pulse-start MH lamps require a different type of ballast than those described
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above. Pulse-start MH ballast systems include super constant-wattage autotrans-
former (SCWA), linear reactor, and regulated-lag ballasts. The latter is the most
SDPhjSEEEﬂth Dfﬂ]l th ree I"IFFIC'S al‘l-l:l PI‘DV[dt‘S tI-H.- h[ghl:‘st PO'IHEF l‘cg'l.ll:l(it}n o thc
lamp.

B\-]:‘.[’us: HID lamp ballasts are electromagnetic, but electronic ballasts are be-
Eijng a\f:l.i] ablc. l:sp-ﬂ:[:l.u:( fﬂr ID“‘fr “':Itt:lgf Ia.ITIP I"IFFIC'S_ E.]ﬂ:l:rorlic bal]aju are
only slightly more efficient but may offer features such as dimming, switching,
and monitoring functions along with improved lamp performance.

Luminaire Classifications The IESNA classifics luminaires accordi ng to different types of cutoff and light
distribution. Other classifications, although unofficial, such as by lamp tpe,
lamp position, optical characteristics, or style are also prevalent in the industry.
For acsthetic reasons, parking lot and area lighting luminaires can also be classi-
fied by their most obvious characteristics—shape and appearance. Unfortu-
nately, decisions based solely on luminaire shape and appearance will tend to
overlook issues such as light distribution, luminaire efficiency. energy efficiency.

and light polluton.

Cutoff Classifications
Cutoff classifications were adopted by the IESMNA as a means to describe and

ED“[[D] g]a.l’c fl‘ﬂ-m Dul:doﬂ[ I'LllTliI'l:lirI_‘S, C'spl:ciau}f ﬁ:’l— sirect I] gherg_ Most Pl:ll'l-
ners try to use the fewest luminaires and poles for street lighting. To maximize
spacing between luminaires without unacceptable nonuniformicy, their lumi-
nous intensity at large angles above the nadir should be much higher than their
luminous intensity near the nadir. However, such high luminous intensities
could potentially cause glare to individuals when the luminaires are viewed from
a distance. The cutoff classifications set limits on the luminous intensity permit-
ted at large angles from nadir (such as 807) and above. Limitations on the hami-
nous intensity in the upward directions (above 907 from nadir) were later incor-
porated into cutoff classifications to control the amount of direct light going up
into the sky.

The [ESNA defines four outdoor luminaire cutoff classifications, each with
different photometric criteria. For these classifications, two relevant zones are
Clcﬁnl:l:] \lﬂ[h l'l.‘SPCCl o tI-H.- nadjr Dfa lm‘njna[l‘c (F] g‘ul‘c 6}_ Dnc zons aPPIiC'S (8]
angles at or above 80° from nadir; the other covers all angles at or above 90°
from nadir . Light emitted in the 80° ta 907 zone is more likely to contribute to
glare, and light emirted above 90° is uplighe.

Figure &. Angles Referenced by the IESNA Cuteff Classifications

0
T oare

nodir
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Vertical llluminance

Cutolf classifications are not usaful
for comparing the uplight from
luminaires (as might be done to
address sky glow], becouss the
amount of uplight is not apparent
from the cutoff elossifications. Cutoff
classifications may be useful for
comparing the polential for glare,
however, because it is possible to
calculote the vertical illuminance at
an individual's eyes as the indi-
vidval moves toward a luminaire
when the individual's eyes are at ar
beyond 80" from the nodir of o
luminaire. Vertical illuminance at
the eye is a useful metric for quanti-
fying disability and discomfort glare
(Rea 2000; Boyce 2003). Similarly,
for ing the ial for light
hﬂupmmsi“m& ch;:ci,hmﬁmﬁuna mc?_r
be useful it adjocent property lines
are located at or beyond 807 from
the nadir of a luminaire, for a par-
ficular mounting height.

The definitions below are given in terms of duminens intensity (in candclas),
but the values are made in reference to fuminous flix (in lumens) of the light
source. |hese values don't necessarily relate to the total amount of light in cach
zone.

+ Full cutoff —The luminous intensity (in candelas) at or above an angle of
907 above nadir is zero, and the luminous intensity (in candelas) at or above
a vertical angle of B0° above nadir does not exceed 10% of the luminous flux
(in lumens) of the laminaire’s lamp or lamps.

* Cutoff—The luminous intensity at or above an angle of 907 above nadir
does not exceed 2.5% of the luminous flux of the lamp or lamps in the
luminaire, and the luminous intensity at or above a vertical angle of 80°
above nadir does not exceed 10% of the luminous flux of the luminaire’s
lamp or lamps.

* Semicutoff—The luminous intensity at or above an angle 907 above nadir
docs not cxceed 5% of the luminouws flux of the lamp or lamps in the
luminaire, and the luminous intensity at or above a vertical angle of 80°
:IJJD'IHE rladjr I:]OES ot c".(Ectd 20% DFthf Il.llTl il‘LDus ﬂux Df d’f ILLm [l‘lail’f’s
lamp or lamps.

* Noncutoff—[here is no luminous intensity limitation in the zone above

maximum luminous intensity.

Casually skimming these definitions could lead to the assumption that for a
cutoff luminaire, no more than 10% of the lamp luminous flux is emitted be-
tween 80° and 90° from nadir, or that no more than 2.5% of the lamp lumi-
nous flux is cmitted above 90° from nadir. In fact, neither of these assumptions
is correct.

Careful artention should be paid to the definitions of the various cutoff clas-
sifications (Bullough 2002). It is especially important to recognize that the defi-
nitions provide limits on feminsns intensity from a luminaire. This value is ex-
pressed as a percentage of the fuminous flux emitted by the lamp(s) inside the
luminaire. For cxample, the semicutoff classification has an upward (907 and
above) luminous intensity limit (in cd) cqual to 3% of the lamp luminous flux
{in Im). If the luminaire contains a 1000-Im lamp, the luminous intensity from
the luminaire in any direction above 90° cannot exceed 50 cd. This differs from
a common misinterpretation of the cutoff classifications, which might lead one
to assume that the luminous flux from a semicutoff luminaire cannot exceed
3% of the lamp luminous flux. In fact, a semicutoff luminaire with a luminous
intcnsity of 30 cd in every direction above 90° would emit 31% of the lamp
luminous flux in the upward direction.

O the other hand. a luminaire (containing the same 1000-Im lamp) emit-
ting no light above 907 would still be considered a semicutoff luminaire if its
luminous intensity between 80° and 90° from nadir exceeded 100 cd in at least
one direction but did not exceed 200 cd in any direction between 80 and 907,
Thus, a semicutoff luminaire could produce as much as 31% of the lamp lumi-
nous flux upward, or as lietle as 0%.

A luminaire that l:lru-duccs no direct light above 90° cannot autom atic:a]l_v be
Elm[ﬁcd as a Fl.l]J El.ll:ol:f- luJTIJ naj re. TD bc Cl}l‘lsldc‘rﬂ:l FLL“ Cutoﬂ: thl.- ]uminﬂ.irf
must also meet the required luminous intensity limitations between 807 and
90°. For this reason, many specifiers refer to luminaires with no upward lumi-
nous flux as fully shielded rather than full cutoff. Fully shiclded luminaires can
be classified as full cutoff, cutoff, semicutoff or cven noncutoff luminaires, de-

pcnd[rLg upon their luminous intcnsit}r characteristics between 807 and 90°
from nadir.
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Light Distribution

Luminaire light distribution is defined in terms of vertical light distribution and
lateral light distribution. Vertical light distributions are short, medium or long.
Lateral light distributions include Types L IL 1T IV and V. Vertical light dis-
tributions fall between transverse roadway lines (TRL) and lateral light distribu-
tions fall between |0ngitudin:1| ro:ldwa}' lines (LRL) as shown in Figurc 7. based
on the luminaire mounting height.
The vertical light distribution is determined based on the location of the
maximum luminous intensity value in relation to the TRLs. In Figure 7, the

maximum luminous intensity value falls in the medium distribution range from
2.25 w 3.75 mounting height TRL.

Figure 7. Diogrom Showing Vertical and Lateral IESHA Distribution
In this figure, the ln'mire_fnsn medivm Type Il distribution.
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Adopted from Ren 2000, Fig. 72.7.
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Meon-Standard Classifications

While not part of the IESMNA |ateral
light distribufion classification,
some manufachsrers use ferms such
as forward throw to refer to the

Type IV diskribution, or asymmetric
tmar to the T:.rp:'ll disribution.
They also offer other light disiribu-
fion paterns such as square or
rectangular. Thess nl:lidanli'ﬁad as
Type V-square and Typ= V-rectan-
gular. While not part of the IESMA
vartical light distribution classifica-
tion, the lighting industry sometimes
uses another category known as
very short. Typa Ill, IV, and V' distri-
butions are used for parking
lat and area lighting, while Typ= |,
II, and Il distributions are offen
used for roadway lighting.

Luminaire Considerations

Standards for Luminaires
AMSI [American Mational Stan-
dards Institute] skandards exist that
define quality levels for electrical
materials. Different types of lumi-
naires have multiple ANSI stan-
dards that apply. ANSI standards
require a level of quality and infer-
changeability ameng manufactur-
ers. NEC [MNafional Electric Code)
defines a standard for wiring instal
lafions performed by licensed elec-

fricians.

Referring again to Figure 7, bounded by the TRLs of the vertical distribu-
tion, the lateral light distribution is then determined based on the highest LRL
that the half maximum luminous intensity isocandela trace reaches. In this case,
within the medium distribution range, the half maximum luminous 'lnl:cnsl'r_v
isocandela trace reaches the Type III range. Therefore, for this figure, the
luminaire has a medium Type I1] distribution. The vertical distribution deter-
mincs how far down the road the beam extends. The lateral distribution deter-
mines the width of the distribution.

The diagrams in Figure & further illustrate the lateral distributions of light
cast by different types of luminaires. The luminaire is represented by a black
square. Arrows show the direction of maximum intensity.

Figura 8. IESHA Lateral Light Distribution Classification Types

v

Type lll

1!-..___.___,.-"

Type | Type ll

N :
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Luminaire Downward Efficiency

The total downward efficiency of a luminaire is expressed by the percentage of
tl-lc l:l.lTlP Il.lm -lrl.Dus HL.I. thal: IC'.']‘FfS thf I]J.minairf in a -I:IDI.'-‘UI'-‘:].I‘d dll‘l:\:tlun_ A
new luminaire’s efficiency is governed by its optical perfformance. Luminaire
efficiency changes over time due to deterioration of luminaire components. For
maost outdoor luminaires, initial downward cfficiencies range from 60% to
90%. Overall pedformance of parking lot and arca lighting systems depends on
light distribution, pole layour and heights, and glare characteristics, so the
luminaire efficiency value should not be used as the sole selection criteria.

Maintenance

Maintenance costs for parking lot and area lighting systems can be high, be-
cause the mounting heights often require special equipment to access the lumi-
naires. Fasily replaced lamps, ballasts, and optical components help to minimize
labor costs. Ease of maintenance, however, is also important for the safety of
those maintaining the cutdoor lighting systems. The less time a person spends
replacing failed lamps, repairing faulty clectrical components, or dealing with
loose fasteners, the less risk there is for accidents to occur. Group relamping,
rather than spot relamping, may also help to control maintenance costs (IESNA
2003, [MG-4-03).

Dirt depreciation is an important maintenance issue. A clean luminaire is
essential for best performance. Poor gasketing that allows dirt or water t© pen-
etrate can result in reduced illuminances and may increase maintenance or oper-

ating costs over the life of the system (refer to “Gasketing” on page 11).
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Simplifying Service

Increasingly more manufacturers
are offering that are sasier
to service. ballast and associ-
ated electrical parts can be
mounted on a separafe tray or
compartment for easy removal and

raplacement. Toolfres access trays
that held the electrical ks
can be easily in'lardlnﬁ with
minimum downtime. Elecirical plug-
in medules, also referred to as
"quick disconnects,” can minimize
the potential for incorrecily recon-
necting elecirical circuits. Easy
access fo the lamp compartment
aliminates the need for special toolks
or parfial disassembly of the
luminaire. Lens replacement should
be simplified, because these com-

by extreme weather conditions,
handling, or vandalism. Easy-tefind
and cperate latches, as well as
hinge pins and ha hooks
that da nﬁ ra:liru tools, :gl;lrmha
this process more convenient. Mark-
ing the luminaire with the
the lamp required will help fo
prevent installing the wrong re-
enf hlp, which can result in
shorf lamp life or other problems.
AMNSI C136.15 outlines how a
luminaire is to be marked for sasy
identification of tha lamp type and
wattage. Compliance with this
specificafion will help prevent inskal
lofion of the replocement
lamp, which mdﬁ result in
lamp life or other problems.

Luminaire Photometry

Controls

P:‘l.rkjng ]0( I] ghl:[rLg 5]'3[1.'[115 ane usu:ll]}' ‘}Pcmmd .b}' a Ecntl".'lli'.r.ﬂ:l CD[‘Jtl‘Dl S‘l-'StI:ITl
that switches all of the luminaires in an installation as a group. This central
E}'SI:E[TJ I'J'l:l}-' bf DP—EF:I(I:I:] lTJaI'lua.] l_"f'| b}' a Phﬂl:c“:c". oara timc ClDC}L ASUDanjcal
time clocks track the length of daytime throughout the year.

Mtfmativfl]’, l:‘.lCh ]ulTlin:IirE can ha\'f a Phﬂm'fltctrjc I‘CCt‘PtaEIC F‘}r a FI'LLE—JU
photocell unit. The photocell controls the clectrical power to the luminaire, so
it GFCmECS Dl'll}f thrl d‘lt S.rl]bjfnt ][ght fal]S IJC]W a Ecﬂajn Ehmho]d_ Thc
luminaire operates from dusk to dawn and during low-light conditions such as
a storm. Photoelectric receptacles are commeon in roadway, parking lot, and area
lighting applications where the electric utility provides the lighting system.

usk-to-dawn lighting controls, commeonly incorporating a photocell or

time clock, ensure that the lighting system is shut off during daylight howrs.
When luminaires are used in a twin or quad mounting configuration, some of
tht llJJTI [n El-m ma}' bc s‘h’itchcd OFF “‘ith a dmf E]CH:I!: dur’ Ug J‘lDLLl'S “‘h:n thc
parking lot is not expected to be used. This strategy saves energy while main-
t:l.ining a rl'l[rl[lTl:l] i“'LLm [I‘lal‘l.cf {Dr Sl:Ellr[t}' Pul']:!::sl:‘s. A slm“:II EDI‘lI:l'D] Stl':ltl:g}f
uses a bi-level dimming system, which reduces the power to the lamps by 50%
during non-usage hours.

Some manufacturers offer instruments to diagnose the causes of control mal-
functioning from the ground, eliminating the need to po up the pole to check
the control. In addition, new technology allows wireless communication be-
tween poles for maintenance issues to determine which luminaire components
require replacement and to monitor lamp life for group relamping.

Safety

Underwriters Laboratories, Inc. (UUL) and the Canadian Standards Association
(CSA)} publish standards for luminaires that address safety issues. Manufacturers
that elect to have their products listed by these organizations submit sample
products for testing. Electrical or building codes usually require a UL- or CSA-
listed luminaire. Luminaires may be listed either as a complete assembly or as
being constructed of listed components; the assembly listing is the most com-
prehensive for the intended use. UL- or CSA-listed luminaires must meet me-
chanical, electrical, and temperature specifications under stated laboratory test
conditions. The listing ensures that a product meets a published operating per-
formance standard. A luminaire that contains listed COMpPONCNEs, but is not
listed as a complete unit, does not necessarily offer this same assurance.

A Phﬂtt}mf[l’ic l'cpcl-l’t deErj |3l:‘s d‘ll: ][ght distr[bul:[on Ch:lI‘aEl:fl’istjﬂ G{ a
luminaire. Photometric data are used in computer predictions of illuminances
and potential glare. The photometric report should be based on tests performed
in accordance with [ESNA testing procedures (relevant IESNA publications are
listed at the end of this report.}) A complete photometric report includes tabu-
lated luminous intensity and laminaire efficicncy data, an isointensity or
isocandela plot, and a horizontal isoilluminance plot. These dara usually are
available in an IESNA-approved clectronic format known as photometric files
or [ES files for use in computer calculation programs. Current industry practice
is to photometer only the lower hemisphere of roadway, parking lot, and area
luminaires, so data on light emissions above 90° from nadir may be difficult to
find. These data are becoming more important for light trespass and light pellu-
tion calculations, however, so a full photometric report should be requested
FrDITl thc ]LuTlinflJ e I'J'la.l'll.lFa.CL'Lll‘c‘r.
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