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Abstract— This paper presents the study of illumination amshihance for LED Street light to compare big lensl a
small lens. For big lens, a large size len covexsug of LED arrays. In small lens, a LED clustercisntained. Beam
angle of small lens is wider than beam angle ofleigs with | shape. As a result, its light disttiion is better than big
lens. Three indices including illuminance, luminan@and uniformity of illumination indicate safetyich driver’s
comfortable vision. Contribution of this paper sngparison between big lens and small lens leadstwibdth base on
the | shape lens to decide optimal LED Street lggatement. The LED Street light without traffieusl case bases on
Thai department of highway standard. To find optiirfeD street light placement, the 70 watt, 120 wattd 180 watt
LED street light are simulated on four types ofstrincluding street width 8 m, 10 m, 12 m, andrilfuminaire
spacing 30 m, 35 m, and 40 m by DIALux programmni-simulated results, small lens have more lighgiagformance
than big lens. Furthermore, LED Street light withall lens can give better average illuminance, agerluminance,
and light uniformity than Thai street light highwatandard.

Keywords— LED street light placement, optical lens, Thai Depament of Highway Lighting Standard.

designed to be 6 module LED for 8-10 m street to
1. INTRODUCTION improve the illumination uniformity. However, thelra
. . N . effect is not considered. Ref [6] proposes Butyeldins
In Thalla_nd, the conventional strget Ilghtln_g ustigh which are large size and can contain double-cluster
'”ter.‘s"y Discharge lamp (HID) Wh_'Ch has High Pwe_s LEDs. They give a good light pattern and the optica
Sodium lamp (HPS), Metal Halide lamp and H|gh- utilization factor about 43.8%, the uniformity isoand
pressure 'V'e““.”y Vapor lamp (HQV). They usuallyegiv. ;5 7 However, light pattern of Butterfly lens dimaited
efficacy () of light about 10_0 Im/watt, 75 Im/watt, and on road width 10 m and spacing length 30 m. If7kfa
20 Im/watt, and _color renden_ng index ((_:RI) abo8t @0 cluster of LEDs with TIR lens are covered with i
and 50 respectively. According to Thailand Longfler ong sheet which controls light direction only irttee
Load Forecasts Report [1], public lighting loadlining  gyeet. However, luminaire spacing is too short%2m)
street light is the important factor which can g&se the ¢, 174 watt LED. Double freeform surfaces (DFS)de
electricity energy consumption in model forecast of .o gesigned by Snell's law [8]. For optimize tees
Metropqhtan Elequcny Authority (MEA) and Prowviiel design, optical performance of lens is analyzed/oyte
Electricity Authorlty (PEA) system. A,S a _reasqngth Carlo method. DFS lens give better illuminance
energy saving becomes a primary pohcy. Light angtt uniformity than traditional lens. However, they aret
diode (LED) is an energy saving light source whish  i~tad on road sides.
select_ed in the case of HID streetlight replacetth WED For comparing HID and LED streetlight in ref [9,]10
streetlight [2].' . . — . there are five comparative indices including lumiso
In comparison with traditional street lighting, iy gfficacy, optics, correlated color temperature (GGihd
emitting diodes (LEDs) give not only low power cpgyin ref [9]. LED streetlight gives better alldices
consumption but also high CRI so that optic rede21€ o D, For instances, 66 watt LED has luminous
focus on LEDs technologies intensively. For instmc efficacy 76 Im/watt, CCT 4,500 OK, CRI 75. On the
optical design of a freefo_r m tptal i”te”ﬁ‘a' reflect  giher hand, 100 watt HID has luminous efficacy 53
(TIR) lens for LED Street light is shown in ref [8]. a4 cCT 2,100 OK, CRI 22. In comparing HID and
TIR lens can give high efficiency and a reCtaf‘_g‘@“ LED optics, the HID lamp is a single large pointusme
pattern which covers the street and without distins g6 Jight is lost or uncontrolled but LEDs is #meall
of neighbor residents. However, lens still are ufed 50t source whose light is controlled very littieaste.
on_ly one street size. Ref [3] devel0p§ a_serleskngh_ Implementation on LED road lighting in Bangkok is
brightness LED street lamps to maintain good light ,05nqeq [10]. HID and LED streetlight are compargd
pattern on the road. A low loss optical reflectar i lighting performance (average illuminance, unifagi
and electrical performance (power factor, input pgw
_ _ o _ HIDs including HPS 250 watt and HQV 125 watt lamps
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LEDs give lower uniformity than the standard ciigieof
MEA.

Table 2. The installation of street light without traffic island
casefor department of Thai highway

In this paper, LED Street light with big lens andadl|

! ‘ Street Type [ 1] 1] \%
lens are compared on Thai department of highwaypqp (watt) 150 150 150 250
lighting standard 2011, which presents three irglice 550 550 550 200
including illuminance, luminance, and uniformity of ~gieet Width
illumination. In section 2, the street lightingstiard and | include <8 <10 <12 <15
installation requirements including four streetdgpare | Footpath (m)
set in Table 1 and Table 2. Moreover, illuminance; Luminare 30 20 30 20
luminance, and uniformity calculation are expres3du Spacing (m) 20 20 20 35
section 3 composes of physical form and polar lighth Number of > 5 5 2
of luminaire with big lens and small lens. For exipent lanes
and simulation results in section 4, big lens idalg O Arrangement | One One One Two sided
shape, | shape, oval shape, and U shape give dfiffer| (rig. 1) sided sided sided opposite
light pattern. DIALux program calculates illuminamc N o) 5 T Hed
luminance, and uniformity of LED Street light witig si(rjfd siggd siggd St";’O Se're%
lens and small lens to compare to Thai lightingnasad Boom Length 99
for solving optimal LED Street light placement inding BL (m) 1o 18 24 15
LED watt size and lens. All results will be summnzad .
in Section 5 Mounting
) height, 9.0 9.0 9.0 9.0
Mh (m)
2. STREET LIGHTING REQUIRMENT
2.1 Street lighting requirement for department of Thai
highway 1 ‘ 1
llluminance of street light requirement dependsstraet - | s | i i |
classification and area types shown in Table 1. |
DD | ; :
Table 1. llluminance street light standard for depatment of '§ | ! | T
Thai highway (2011) = i 1 i
Street Average llluminance (lux) S - . —p
Classification Central-Urban| Sub-Urban Rural Area: 3 3 3
High grade | | i
motorways 215 150 10.7 One sided Two sided opposite ~ Two sided staggered
Main routes 215 13.0 9.7
Seconda Fig.1. One sided, two sided opposite, and two sided
routes i 13.0 9.7 6.5 staggeered arrangementvithout traffic island.
Local roads 9.7 6.5 2.1
EL BL
At junction 215 215 15.0 = I
; 3
Department of rural highway had designed streditt lig
standard for main routes of rural areas followisg a
- llluminance, E,>9.7 lux
- Luminance, L,>0.75 cd/m i
- Hlumination uniformity =
Emin/ Eav>1/2.50r 0.40
Emin/ Emax>1/6 or 0.17
2.2 Street lighting installation requirement for Footpath Street Width Footpath
Department of Thai Highway [ {
For the street light without traffic island caskere are
i . = 1

four street types which have different road sifm( 10
m, 12 m ,and 15 m) with 150 watt HID of luminaire

spacing 30 m and 250 watt HID of spacing 40 m, 400Fig. 2. shows components of street light installain

watt HID of spacing 35 m shown in Table 2.
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including Boom Length BL), Street Width and Footpath
Mounting height (Mh).
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2.3 llluminance, luminance, and uniformity calculation
2.3.1 llluminance calculation

The iluminance is a ratio between the lumious fund
the surface. Lux (IxX) is its unit. The illuminacepint P
(Ep) with n luminairesis calculated by Eq. (1) [11].

1)
where,l4; is light inensity ag angle ofi luminaire.Mh is
the height between a luminaire and street.

gis the angle betwedvih and light beam at point P.

nis the number of luminaires.

Fig.3. Street light detail

The average illuminance can be calculated by Eqg. (2
(Ep); is the illuminace at poinP of thej points which
base on CIE 140: 2000 standard.

)

i. Luminance calculation

The luminance L) is a ratio between the luminous
intensity and the area. Candela per square madér{c
is its unit. The average luminandk,,) with average
illuminance relation is culculated by Eq. (3).

L - q, Eav (3)

av
Where, q is the street light reflector which depends on
street material.
ii. lllumination uniformity calculation

The performance of illumination uniformityg) is the
ratio of the minimum illuminationH;,) and the average

illumination (E,,). To protect the zebra effect, the ratio of
the minimum illumination E.;) and the maximum
illumination (Eqa.y andL,, are also considered.

3. BIG LENS AND SMALL LENS
3.1 Physical form of LED Lens

For large size lens of | shape, width, length, hadyht

of lens are 5.5 cm, 9 cm, and 2.5 cm. On the dihed,
width, length, and height of small size lens aed@n, 1
cm, and 0.3 cm. Lens are compacted in a luminaire
shown in Fig.4.

Big len Small lens

Fig. 4. LED luminaires: Big lens and small lens [12]

3.2 Polar form of light distribution

Polar form is a pattern of the light intensity)(In some
angles {) which is shown in Fig.4 and Fig.5 onxC-

system (G, Coo).

Fig.5. Luminaires of C« system

758

cd/kim
— - COAD

= 100%

oo - £m

Fig. 6. Light distribution for 70 watt LED with big lens
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15" 15,
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4. EXPERIMENT AND SIMULATION RESULTS — o i
Big len Gom
LED with four types of big lens including O shape, TR T T po e r8.00m
shape, oval shape, and U shape can generate differe g I "L
light patterns on white papers which represenesti€or F o T ) G
instance, the O shape len gives circle light ory amle L i L e W

000

part of street. | shape and oval shape lens giye bver
street area and oval shape len give smoother thhagde
len. The U shape len can give smooth rectanguigut li
and non over light on the street shown in Fig 8.
However, the U shape len is secret. In this pagher,|
shape LED is ruled because it is used more thamaPes

0.0 Small len

Fig. 9. Simulated isolines of illuminance (Ix) fostreet type |
(One sided arrestment).

3 800m
oval shape, and U shape in the present market. # W/ e ey
. 058 A
Moreover, the oval shape and U shape is used figr on \ N S0 e
blg len. Observer —s3» L 005 02
; Q , 000
0.00 Biglen 3000m
oaaruo 132 Yie 0.88 8.00m
L 1 088
| — ‘;\s:iogg—m—-nsa—/
Observer —s» oaﬁ“xussﬂoﬁﬂ/u'asﬂ
B 0.00
000 Small len 30.00m

£ 7 T T
bt 7o (2w 1:) o e
04340—43 048 ggp N~y 92/ /
= Ly 08
oag_ 0% g /

Observer =% 048
048——048—""

1 I 1 D UU
0.00 Big len 4000m

Fig. 8. Light distribution of big lens types (Type I:O shape, % s ( I //"95 15 o
Type II: | shape, Type Ill: oval shape, Type V: U shag. f,’s N1
ObServer wp 0.78 01—y Ty g7 117
Maintenance Factor (MF) and road class are setf® 0 racl | Py -
and R4 (Mastic asphalt) in DIALux program. L e S oa il i o

4.1 Thel shape lenswith simulated isolines . ] o ]
) o ) _ Fig.10. Simulated isolines of luminance (cd/f for street
Simulated isolines are light lines on the streep raad type | (One sided arrestment).

made by DIALux program. The isolines present the

bounary of illuminance (lux) and luminance (cd/m2) The practical areas are 30 mx 8 mand 40 mx 8 m i

intensity. They show light distribution and unifdtynon Fig. 9 and Fig. 10. Isolines of Fig. 9, 10, 11, stibw

the street. The isolines shape depends on LEDtypes, different intensities and several patterns of liglttich

luminaire spacing, street types, and Iuminaire depend on LED watt size and luminaires locatiors. F

arrangement. illuminance isolines of Fig.9 and Fig.11, the highe
intensity (Ix) is at the area under the luminairkere are
two lanes with street type | — Il and four lanestwatreet
type V.
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P 20 =7 7 o som  types I-lll. As a resultE,, andL,, of street type V are
= . T3 L -2 i much better than street types I-lll shown in Tabland
# i 10 l \15 20,
2 h — i A Table 4.
e T R . .
3 il w R id 4.2 The | shape lenswith simulated light performance
0.00 Big len 40.00 m
T i T 1500 The simulated light performance composes of
e \5’0 ko At v il A illuminance, luminance, and uniformity which are
R 3}’ + y — v b calculated by DIALux program in street light stardla
g ok \m\ R % for department of Thai highway (2011).
smalllen ’ Table 3. The light performance results of LED Street fjht
B e with big lens
:L)/OD m\‘ﬁﬂ__
e T — Street Type | I i v
o TR LED (watt) 70 70 70 120
= placement 120 120 120 180
Biglen o llluminance, 9.7 8.7 77 17
i u o = Eo>9.7 lux
- - R - Lo 12 11 9.96 29
| —— /“3‘_-“—\50 By
S Luminance, | 0.54 051 | 0.45 0.94
N A Loy > 0.75
aoa Small len R cd/nt 0.75 _0.65 0.58 1.61
Uniformity 0.60 0.47 _0.33 0.26
Fig.11. Simulated isolines of illuminance (Ix) forstreet Uy, Enin / Eay
type V (Two sided opposite and staggered arrestment) >0.40 0.21 0.25 0.26 0.48
» Uniformity 0.40 0.28 0.18 _0.16
o8 Jo2 /;0{::52"04 :E e Emin/Emax
- i g o >0.17 i1 | oal ) 010 0.33
oy 105y gam =152 ”’?\ Note: “_” means that the light performance is l#san Thai
= o (/NS Ve ... Street Lighting Highway Standard.
0.00 Bigleu 40.00m
— = — T1500m In Table 3, for street type V, street width is betw 12 m
— 5 f&_/ﬂ;‘:—i—;— Zos  1s and 15 m, luminaire spacing 35 m, two sided stagber
o — vl arrangementT he big lens with 180 watt LED can be used for
s 2 1@4) street type V because luminaire spacing of LED (850n
L2 o B s . e A T 3‘ street type V is less than (40 m) street types, Itdl increase
; < 0.00 Emin and bigger size of LED (180 watt) of street typegiVes
. Small Jex - more illuminance than LED size (70 watt and 120twaf
Jras: c/;;) street types I-Ill.
% o
m—m———_ '“"i—”“—” Table 4. The light performance results of LED Street {jht
e i with small lens
Big len = Street Type I Il 11 \%
e .00 m LED (watt) 70 70 70 120
Wl L m—— placement 120 120 120 180
e e | llluminance, 15 14 13 31
T el E. > 9.7 lux
— e = b a = 20 19 17 53
B Small len nn Luminance, 0.76 0.80 0.75 1.57
Fig.12. Simulated isolines of luminance (cd/fj for street Lay = 0.75 757 0.97 0.86 571
type V (Two sided opposite and staggered arrestment) cd/nf ) ) ) )
Uniformity 0.80 0.77 0.56 0.34
Observers or drivers receive reflected light inirthe | Uy, Eqin/ Eay | 0.34 0.36 0.39 0.51
field of seeing view which is parallel the driving| >0.40
direction. The lowest average Iluminance of twg Uniformity 0.31 0.30 0.28 0.20
observe_rs with two lanes and fOL_Jr observers witlr fo | Ein/ Emax 0.14 0.14 0.15 0.33
lanes will be compared to the luminance standacdveh | >0.17

in Fig. 10 and Fig. 12.

The street type V areas are defined to be 40 mm 15
of two sided opposite arrestment and 35 m x 15 twof
staggered arrestment in Fig. 11 and Fig. 12. Thebeu
of luminaires and LED watt size are more than thees

For comparison between Table 3 and Table 4, small
lens give better light performance than big lensabse
beam angle (159 of small lens is wider than big lens
(12@) which is parallel to street. However, small lens-
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uniformity indices of types I-lll with luminaire sging
40 m are less a little than Thai street light stadd On
the other hand, big lens are suitable to only styge V
with luminaires spacing 35 m. Average illuminancel a
average luminance inverse street width. Moreoveht |
uniformity inverses luminairs spacing. However, EaB
and Table 4 don't include lighting environment swh
moon light, building light, and etc.

4.3 The | shape lens with calculated energy saving and
CO, reduction

CO2 mission factor of Thai electricity generation
increased approximately from 0.57 to 0.60 kg/kWh in
2001 to 2006 [13]. Optimal LED street light placere
can reduce CO2 mission because of saving energy.

Table 5. Energy saving and CQ@reduction after LED

placement

Street Type | Il Il V
HID (watt / 150 150 150 250
luminaire) 250 250 250 400
LED (watt) 70 70 70 120
placement 120 120 120 180
Power 80 80 80 130
reduction 130 130 130 220
(watt)
Power 350.4 350.4 350.4 569.4
reduction

569.4 569.4 569.4 963.6
(kWhlyear)
CcO, 210.2 210.2 210.2 341.6
reduction
(kglyear) 341.6 341.6 341.6 578.1

Note: Average C@emission in Thailand is approximate to 0.6
kg/kWh [9]

For street type I, Il, and I, LED Street light wi80 m
and 40 m can save 80 watt and 130 watt per lundrair
350.40 kWh and 569.40 kWh per luminaire per year.
And they reduce CPOemission 0.21 ton and 0.341 ton
per luminaire per year.

For street type V, LED Street light with spacing #0
and 35 m can save 130 watt and 220 watt per lumginai
or 569.40 kWh and 963.60 watt per luminaire peryea
And they reduce COemission 0.341 ton and 0.578 ton
per luminaire per year

5. CONCLUSION

In this paper, LED Street light with small lensluating

70 watt, 120 watt, and 180 watt can replace 150 2&Q
watt and 400 watt HID, respectively on street typéth
luminaires spacing 30 m, street type Il with luniiea
spacing 30 m, street type Ill with luminaires spacB80
m, and street type V with luminaires spacing 35md a
40 m. On the other hand, 180 watt LED Street ligith

| shape - big lens can replace only 400 watt HID on
street type V with luminaires spacing 35 m. LEDe®tr
with U shape - big lens and street light with tiaf§land
case for department of Thai highway remain to be
investigated.
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