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Abstract

Several public lighting projects of Major cities’ local authorities to replace street lights
with brighter and energy efficient light-emitting diodes (LED lamps have proven to be
less electricity, more efficient, and save money. However, LED street lamps worsen
non-environmentally friendly light by giving off more blue-rich white than the high-
pressure sodium lights they normally replace. But if more LED light is used for outdoor
street lighting, the amount of blue-rich white light emitted into the night environment
will also rise substantially. The rapid growth in the number of LED lights and lighting
in cities and urban landscapes is increasing the blue-rich white glow from man-made
sources of LED street lights over urban/suburban areas. The aim of this paper is to
discuss the ground of policy as provided for converting out street lights to energy-efficient
LED lights. Although the environmental challenge facing the LED street lighting is the
issue of light pollution, taking legal action to reduce the effects of the LED street lights
provides an opportunity to deliver further benefits to both control of light pollution and

use of the environmentally friendly LED street lights.
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21989 https://www.hillsboro-oregon.gov/our-city/departments/public-works/transportation/street-lights/led

Highways Term Maintenance Association, “Street Lighting” [Online]. Available: http://www.htma.info/

industry-topics/street-lighting.html (accessed April 24, 2018).

of Los Angeles, 2011), 1-5.
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Ed Ebrahimian, Best Practice: LED Street Lighting System (Los Angeles, CA: Department of Public Works, City
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MauaNeASENUANAY dEnelsimy MIveny
Frpamstasaisaulnauy LED Tudles T
WigeuanaldiinAnuad s UuipsauuLay
guruiipawintu mauddirs WiAnaa e
yyssmefiiinluseansainelaanuseln
LED Tugusudesivu3nafosiniegury
diee seninetaeiianansuisinsldaul
auy LED Feansainslasilifiaduainnisld
ulnauy LED age81iuugaeszyziian
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Judith Green, Chloe Perkins, Rebecca Steinbach & Phil Edwards, “Reduced street lighting at night and health:

A rapid appraisal of public views in England and Wales” Health Place 34 (2015): 171-180.

Department of Energy, 2016), 22-26.

U.S. Department of Energy, Outdoor Lighting Challenges and Solution Pathways (Washington, DC: U.S.

Andrew Wakefield, Emma L. Stone, Gareth Jones, & Stephen Harris, “Light-emitting diode street lights reduce

last-ditch evasive manoeuvres by moths to bat echolocation calls” Royal Society Open Science 8 (2015),150291.
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21999 http://www.ecolinkenergy.com/lorem-ipsum-is-simply-dummy-text-4/

walulaguwaeadne LED nulwauu
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viosdu ¥30%s) lunarwdszmevaslan
Tanenenufnasidaunasain LED nawny
naenlUsziandu feeldsunsfnaaldau
Tdulauy wsnznass LED fiUszandam
g9 Feldnaslnindosndn walfeanuduuas
aisiminzanduanudasndslunnsdyas
vwipsauuaslimuaisiiaanndasiunns
UsznaufianssuanguananmIiuIaInaeAiy
AazanuTaanANf sl unaalniin
yowipsdusuazialiindssloniireiAsegia
YO RN AUTININATIHALINGE DY TanAnlE
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J1593N191

M 3 MNENYNNANILTIYNIB9ANNIUIIINNIDULAZDINALASEIR (National Aeronautics and

Space Administration #39 NASA)) uanemsiavuulawiivirduseadinaaiadiaiu dssne

5018 Tugnuedu mwduiudle AA. 2012 wazanwndnude AA. 2015 TeaRenni

waAS I iuIIAEnaRINAITiANTTuNRafelTuinauy LED iianawnulnauy HPS wa

ilfifioauaz uwadunedaasgninequlisiaussdn

e http://www.skyandtelescope.com/astronomy-news/lost-led-revolution-light-pollution-increasing/

6

Hannah Griffiths, The Future of Street Lighting: The potential for new service development (London: The Digital
Catapult and the Future Cities Catapult, 2018), 2-3.
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ilUganiziminaausugninaguaigniy
slamliissnafiuiisusufioainuas
LED wiauAuguzuiinagnuanqusignig
sdrslanannuas LED vwiissitniiondion
Nufimursuidswiolananadios sanziuind
donvildgusuifinsawiasiunaisusly
nandazind AkdyAvanzLas LED 1309
Fullpuvipsilugmuifiosdsannsiiviosih
wilogusuidasgninagulldasiss LED an
Tasetelnauuluiioe (urban sky glow) 8n
ylamsfnsalFulnauy LED luySunamnn
Ao lfifsRnanzsnamusudiesgn
Unaqultdrpanusdtslaiainuss LED &y
ihlganzmafisnguuosuas LED Tuidins

yuama/luie (uban light clutter)?

penalsfinny uasdznanlWauy LED
(waisdrfigeullfedih w3e blue-rich white
light) fidoeainelanmnuwurdunisauuiiangg
fndslnauy LED wienuruidesiifinnsfins
THawlvaun LED arunsaneldiAnusedan
fififienn 99T aeBeLaEYIN ST
Tduuviasdin (direct upward light) waziali

Department of Energy, 2017), 35-37.

Aauasdrniitinanemsdesiunannsenuing
Bue riou udrdaRauasFIMaTTaUYeTY
Tupusiosih (upward reflected light) authlig
anmiituussenmetivasdanaiinszdanszans
agjuuYae (atmospheric scattering)’ agﬂu
szavfigandnszsuUnidunan wduiune
Az anuussEIMARNUTIATAANNSTINIG
vuiasiluguAmAuLazenaasmanszny
saaazuIndaNlulIaInaedy (nocturnal
environment)”® 18 Feaniziguiionaidanin
anmzuadesiuluuuiosh

Fndsensnileannsiinaeduniingzidn
nsvagetuuinihi aanmaiiviosiu ¢de
5) wengaiusnunuiivielasuuasannly
AUULUDLAN (WU wasald nasaslaiau
wannwiaslasuaznasangoaiseious) anld
Inlouu LED (wapa LED) felouagyinlinfisiesl
waead1elulee (urban lighting landscape)
Wasuudaslanndisededuide dufimes
Tnauudadin (1wy nasalnloiFaunnusus
(low-pressure sodium %38 LPS) wasa b
1o fesmafugs (high-pressure sodium %30
HPS) uazvanlasiasnlas (metal halide))
Milausadduauilius nagusulioauas

U.S. Department of Energy, An Investigation of LED Street Lighting’s Impact on Sky Glow (Washington, DC: U.S.

Lighting Europe, FAQ on LED Lighting (Brussels: Lighting Europe, 2017), 1-5.
James Brodrick, “LED Street Lighting’s Impact on Sky Glow: A DOE study looks at uplight, lumen output,

spectral power distribution and other variables” [Online]. Available: https://www.energy.gov/sites/prod/files/
2017/08/£36/18_LED%20Watch_6.17.pdf (accessed April 24, 2018).

10

Pawson S. M. Bader, “LED lighting increases the ecological impact of light pollution irrespective of color

temperature” Ecological Applications 24 (2014): 1561-1568.
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Wuuaeddy (urban orange-colored lighting
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Tminauriifnuasdaniauriliiuinugusy
dauazuuduneauuainelaludeuas
do17 duAefufifiasfigivrisesanuaing
Tusinauuaedany (white-colored lighting

landscape)*

Tinazduwasainsanninauusuusadsl
Wiauasasanlauy LED Asnu sy
wasaINeNBuBnNEANsfignUansaanun @
annsanalfiinnsoanaazneliifiananseny
AaRuAndswInaonluiaInanediy n3o
amgiufiufosunasaguaneuniouns
Yszpould Snenaeadneaininauuuuy
paLdsiDuasaIneaninauy LED fanath
lugmsneanaziidawindsuluainatsiu
Wasuuasanmzsasdastuluuiasidae
Tnauuuuusafam3alnauy LED Fediuudn
wavihinauamunsdsundeulunainanedu
eulnsuas ag1elsif waeadneannlinauy
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wUUANiNn3auasaIeaniauy LED Adl
auifanefiwanaeiu elid (colors)
AwpnsneiuiuiinuenInay (wavelengths)
fuansnedu Feuasadineaninauy LED
(wasdpnfigauldsgdin) dauuniinazd
aNnsgPAuldiAuAd 500 wiluweas (om)
(wavelengths < 500 nm)" w3aiiAdnus1IAdL
lugaesening 440-500 wluwns (nm)™* 39
surflemnziguhiviliuasanfigaysasoen
ynanilauy LED ansnsafiazraiinsan e
mMesasRnuReulnauuuUUALR 9
LaNLNAR (glare) wasfidasgnandnlueiud
dausmwsoRuiilddoennsldeunasadng
(trespassing light) kazwasi3astuluuiiaedh
(glare) Aulwauy LED Asnansiiniymi
AnlAaNaNIZNURBIANUAZAWIRADNTY
dnwariiuansneeaniUanlnauusuui sy

fromgll Fedoerinnisnunuiigm
lmzduAnanuasainiigndaageaninain
Inauu LED wsnzagilddinuaulauny
(policy makers) LLazﬂmﬂﬂg‘mm& (lawmakers)
anEnsafiazsunudelumsenany niouiy

Public Health England, Human responses to lighting based on LED lighting solutions Commissioned by the

Chartered Institution of Building Services Engineers and the Society of Light and Lighting (London: Public Health

England, 2016), 1-8.

12

City of Hillsboro Civic Center, “LLED Street Light Conversion Project” [Online]. Available: https://www.hillsboro-

oregon.gov/our-city/departments/public-works/transportation/street-lights/led (accessed April 24, 2018).

13

National Geographic Partners, LL.C, “These Energy-Saving Bulbs Are Making One Pollutant Much Worse” [Online].

Available: https://news.nationalgeographic.com/2017/11/light-pollution-energy-LED-bulbs-spd/ (accessed April

24, 2018).

14

Natural Health News, “Melatonin disruption by ‘eco lighting’ a rising health threat” [Online]. Available: https://

www.naturalhealthnews.uk/health/2012/09/melatonin-disruption-by-eco-lighting-a-rising-health-threat/ (accessed

April 24, 2018).
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Anuanssziefansifuasadneanninauuy
LED &394 (precautionary approach)®®
WiawSaunsidmaluladuasadne LED i
fandusansiaduasieainudasady 113
faeiIndszdrTunaznisadrequnisninly
nuandnunssumenaaing luvae ety
AANHNIATUTRAUNANTENUNINF UG VDUNTY
wazdvuIndpufianunsam e liaramtinsae
meldguuufniidinnsldaunasaineann
TWoww LED avdasnsldiinanuiemese
gumnaypeuazdsndelitioaigawinias
Fuldle venmileanndu fildauldduidy
(stakeholders) anmAaIusge idrazidy
masy (SudwissiunazodnsUnasesaiu
Woedy) Faerimuatinsnstasiulaliuas
aeaninauy LED lasemnuidameldiud
gummmeuazdsindeu lnsafunstleeiu
(prevention approach)® mﬂﬁ‘ﬁuﬁﬁ’hﬁﬁ
dulddmdenfidulfnundaliuselesian
Mslanuuaeaiasipeniullasiusanie
meuasannnauy LED agheddsedndan 3n
Uszmsnis WefiansanluiZawaemsusendn
WRMUKRAZUTZRNTANANT I La9EI19A1n
Tnauu LED udh Apnafivszifiuiiviesdiunse
asAnsUnasesduiasiudanfnsaldeul
auy LED nawnulnouudaidiuasmdede du

15

Metropolitan Borough Council, 2017), 1-8.

16

Norfolk, 2015), 1-b.

17

Afe mMalFuasaineaninauu LED aghessdu

)Y Feaz

(sustainable development approach
ADIROUAUDIADANNADINNIVDIL I TUN3D
Alasudsslopdanmaluladinauy LED us
Tuvauzideaiunsidlnoun LED apedldau
wioRlasuUszlupluiiaqiiudeslidnsaunse
yhanpAuiunds TsluiuiATsgia denuas

AenIndau

HANIZNUAINATS IEULAIAINGAN
TWauw LED Aungunaizaivay
NAAITN LAY

HJamarnnsidaulnauusafituag
Tnlauu LED liifiesfiazanansnairemgsinng
FUARANNNI TN LEIETI (light nuisance)
mﬂLL@Nm’wmnbxlauuﬁﬁaaﬂmzm‘mﬁgﬂ
Uspzaanunaninauuildsunshindeagnal
WNZaN AUADITARTIANIANIAD RN
(light trespass) KN U991eN5 1AnRzaaURSD
fufidligasnsldnunasainsaiiauing
wianurufioglagsaulnauy ualidnazidy
Tnauudafiuwazinauy LED ssfianunsana
I ARLEUIAIN WS D LaNE TN iU LSy
mMsfnsanagelimanzay lEAnusedes

o

inanfenaenaeeddyavuiiosauulaunss

Jennifer Connolly, Health impact assessment of introducing LED street lighting in Stockport (Stockport: Stockport

Norfolk Campaign to Protect Rural England, Preventing Light Pollution: 10 Norfolk Case Studies (Norwich: CPRE

Nader Hajj Shehadeh, Sustainable Street Lighting: A Guide to Efficient Public Street Lighting and Lebanon

(Norwich: European Union & United Nations Development Programme, 2015), 23.
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nlffaasuiosauulianansnusefiuingld
(disability glare) ¥5aupwiuldiznn (discomfort
glare) ausnathligniaingtRmapuiioeauy
18 Saveouudafisuaziouy LED shefl
Lﬂuﬁaﬁ’sﬁﬂﬁ@ﬁﬁﬂﬁﬁmamazu,a\ﬂL%aﬂ%ulﬂ
vuiedn vhldusnaesinmdogusuiios
anUnAquiiuANETNAALaTIDeIT ey
Tyuviaeiin® amaiaduannnisldauls
auusgenuudukazllauuldnszanglynnu
RN VDIBUTUTIDIUAZNIZANY AN WY
e AasnaumMIneaieansisagland
finsfnselfnunaeaineaneuananAIaE
aoifing aupnaneliAna i dsrnesaguam
uywe) szuodnalunanasdulazdando
pgnelsfinnu msldnulauy LED Ailiuas
d2717 (white LED lighting) #9uaedn1iain
Tnlouu LED Tezsnnsiniuuasdanadigauln
f8dHN (blue-rich white light) na@e n
auw LED uunaeriniflntansnaunasiugos
113U (blue color spectrum light) fisnann
Tnauuuuufaufa

2819l3AAN aNTRVDILAIEINNAN
Tvloww LED (wae LED ifiaanszninaulu
F9995MI8 440-500 unlulums (nm)) 7idl
dnaamidusunsosegunnuazdawInde
16 dszmsusn wae LED anlnauusnadana

18
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Tszandammsanasalniiy (melatonin)
P0919MaYeaniaLansaY INTIZNNTNAY
answanniufegnnazqulagainuiauay
mIndsansiannfiugndudelasuae LED
HufFeleduasadine LED anlnauw (uszsu
ANNEIAGUYTTINA 450 unluAT (nm))
soulwifisatioglusussywe azantszdndnm
lunsnaainanlniy TesfivZunansnas
walulnfiutoras sasluuwanlniudaznds
ANNINANTUIRNTIA (biological rhythm)
Tug9 N ATANEI AU TTHBF AN
AATULAZANNTAMNETTUBRLAINAT
Ay (uaesay 24 dalue) Fedszluvdans
sosluudszianilsouinliaineaunaiping
M IAULDULAL T UBUA NS TINT FVD Y
(sleep-wake cycle) AULETUEITUUA NN
mmwwﬂ (immune system) AARAIUINANTT
NARDINIINFERT ATDEYUIILES LED
pafuiladeifisanadssiasiinuziSasnus
(breast cancer) lugnwan3nsevildsnannig
Wwigvlerpsuzisadunlugamansfiuin
fetu' Uszmsfians wae LED fidastiulduy
finsthannmsansaisaulnauy LED vilfida
nIN3TARNIEANLYReLaFDTinANl o
AMDUFUDII8IMA (scattering of blue light

]
ai

in the atmosphere) Tuu3naviasinmdsiy

International Society for Optics and Photonics, “LED light pollution: Can we save energy and save the night?”

[Online]. Available: http://spie.org/newsroom/1015-led-light-pollution?wt.mc_id=mspieprogbw&SSO=1 (accessed

April 24, 2018).

19

International Dark-Sky Association, Visibility, Environmental, and Astronomical Issues Associated with Blue-Rich

White Outdoor Lighting (Tucson, AZ: International Dark-Sky Association, 2010), 10-15.
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fitnshnssldoulnauy LED Wuswausnn
WAYRUILUY ¥InBaINe132Uy (biological
systems) U193zUUsUlmIsBLssRRAul
Medin wasanlnauy LED Apnanenanssny
g Anenseuutule?

anfinasntudtedy lddwaeanni
auudfinnSalnauy LED snefiansnsanald
AaduATBADg TN MY LAZASLINGDY 1N
wilWaww LED naliiAnlaniafiaziinming
Weomewse anugaiarogunmnaymuas
dawndauld aeldaanunisalnmsldauuss
LED flsiutuauiunmsnannmeluladuas LED
filsingada Fesonaiadulusunan ety (3
%5) fhewaluladlouy LED anldw3afia
saldenlnauy LED wnufiounuundads
gouazfpaInnsg atheanlaniad
Az ARANUEEINY YN UYL E RN
wipszduanudameainnnsidinalulad
Twauu LED fioraiiedulusuian aefluszsy
filinpliiAnsunaseguLazAILIAdDY
wisunvfinalnnsyszdiunansznusiaasugia
fFanuazdnndanagraiuszuy Insi
faUseandammsiuaeaineuuldunedayas
Fuanstszndandsnulnin auglududs
Wnunsfiazanuanssnufgun N Lazas
wndaxanmsidinaluladinawy LED

wiludaqunatayszinala Ainun
NINTAIN NN RULAILANNANNIEN A

20

Toun (1) marmupanassumsldnuueasaing
Meuan®1A1T (outdoor lighting standard)
dusuimuaiminevesiesdu @3osy) lu
MIRNATENAUANANNIZWIRADNTUNA NN
Aulddaiauinazdeeinwaniizaudadia
Tunanansduldedluszivfimnsauunns
f3eaneymLazsruinalunaInas
Au e musuaIgusafdaediunng
fine Thanansasnnanasgwelila (2) ms
AMMUANIATFIUAILANUANIIENINBFIANN
wiraenLiaeas (control of light pollution
sources) Gevipsiu (M30%5) MuuAINATIIU
Tunsyszndandenuuazyszandannisii
wasaINTaeunasilnuaedilansannung
AUIAADY WU MITMUALNATIUVDIMADA
Infiw3elaulansusnanasiiaenndeeiu
m3ifiutszansannlumsldndenuldfsedu
i Aanuase (lumen) 9gldau (hours)
Aaalniln (watt) Uezndandey (figy
Funaaalduvudadu ; %) Banedeivun
WpsIuwAasda LSz sfilinals
Aananzmanas 1wy Tanlniidlalnuuads
(Full Cut-off Shield) WimAIANAANISANTHDS
ypsuas liflidasmemelulluuioeih aanns
AaannzisaFosiuliuuiasihlunainans
Au Wudu (3) msfmuadafissuwaznsls
NaRUM 3l F waa Nz IE
UJyzlepiapsiifiu (urban lighting planning

Ken Wishaw, “The Problems of Artificial Light at Night, is a Solution at Hand?” [Online]. Available: http://www.

bas.asn.au/images/documents/The-Problems-of-Artificial-Light-at-Night-is-a-Solution-at-Hand-compresed-

public-article.pdf (accessed April 24, 2018).

‘| 40 218aSIBIMS ANUTRMaNS umdnendeinomsmine

UA 10 auui 1 Ooweu 2561



& light pollution control through land-use
planning) fawdunsiisunawiviosdiy w3
55) Mwuanslddsslesdussaineannnane
T w3elaulnaneuananaslidenndaeiu
AlfUslemiffy MunsIeREuAN IS
WENA3INABUBNRNATIUNSBNAUANTARYN
fadiassdn fazimupuauissuiunmsniuey
AMIlfLLaNEIAEUanaIA Tl LAy
ANIAANNI TN URENEINNANYUDNDANT
wrnziud Fennsmuauaenslfaunasaing
Meupne1Asluiog udios suLNLasLT
ausn¥asindoy dendoun3osdiadnns
AslfuaeadneauanaIasiiaenndaeiy
sruumstfuselesiluifuuaziadioesiy (@)
WIRINIALANNYANIIUNTIBIULEIAING
MEUBANANS WU MITNUTzoulFnuLEs
AINANUBARNATINITYZRANTIINUA (198N
NaNAU) (preset times %38 curfew hours)
wusiu

1NATANTANNY AlenaInAtentE
eruldiufaunasidawaeierdulnouy
wouaaisuaivauy LED lasldladnun
wnsmstesulsdwsulvaun LED uuen
panlunmsianznsaldldmvunvsuiwnay
SufinfaANUEEMeApELIndDUNTEAN
JULAPANAAAIINAIIAINSITINBIR ULIAN
AATULAZANNTAMNETTUTRLAINAT
Ausuiinanmsidiauy LED Wumsiame
witszmsle Aalifiesnsusulfinasasing
Furtaunasindawaeieiidulnouuuuud
Wanazlwauu LED sehaduamiauiy wn

ns. UAINW oggiuen

wikasanniauusafnrdalwouy LED ndu
lirnuenauLecLaeidns o aefinnues
Wiu (visible) (Wlumnande nm) oglugaed
upnsneiueanly wszdiuaeaIneaninauy
LED paasswanIssnuustszmasiodnd i
wazszuuinafifinaulndufivay (special
sensitivity) @iau&ﬁmaﬁqmﬂﬂﬁwﬁﬂw A9
Hamiusudndinsidaulnauy LED Ak
wasRrnitgeulusnediniuing asdesdindn
NS NIAINNTINALANTIUNTINZATD
T ddeamaimesenstmuauleuswas
matggiinguanslusunan

a91

q

fymuanigniauasaninauy LED
onaupsluldluassusyudaody duide (1)
snausslugudidnuasainiauy LED fiona
nansudunanzmsuasifisazlasunis
muAnluluDNIAIDANLAN TNl
Ml waz/m3e (2) eraussIuasaninauy
LED luasdoniigauludindin Seonads
wansznulusuaufiwansnsluaninauuuoy
dapy Aifsazldsunsmuauuuuluouns
ANUANNANIZMISTURUDIRNE (WUAL)

o

Fafuduanuimesazidulangiiviiness

°

Arimusulaonauasfimunngunslusuian

upniniieannil sioediu (M3e%5) vowany
Usewmeladennaluladinauy LED unfia
sl unaunumaluladlnouuwuuaafiy d9
weluladasnaniivsslusiveluwidssdnsam

MslfauazIUszndanasuy fignmnn
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FusFunuiimelulagmsliuasdassdnenn
Tnauunupasduieeldiusgialy usndnnis
W waumsfinasidenlnouy LED wazns
yepuiifsingldoulouy LED luguau
JioswazwaUSuama sanludanstiasainls
ulvauy LED anuuuduniedyas (W
wWunieauw) Adeuilugnsiaaniaz e
LED Unmquifiosiuanazuas LED $oeiu
Tuuuriaei fasduffisazdaedloeiunanny
yeuasaninauy LED Tusuzfiuasannls
auu LED Afaidunaeainenisusnaiansi
flaazlesunsmuudnatnamis wasfiosdiuf
feiese Taiuanzmeuseaninauy LED
Tugnugfinasannlnauy LED Wudufidavas
wasdiigaullfedin sedemsseTadnang
wihaemsaliduaenaufiaziinananslgi
auw LED kasfnunanuides nannauieszsu
analiiutiupuresmgIalingg fenaifsdu
anmsimalulaginawy LED wioufuais
anusiulalinudssosuluipadiuinieeiiuay
anunsadesiunansznuanmsidinalulagi
auu LED fudszansuazldiusunsadasiign
anmsfinssideulnauy LED
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