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System
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lasselnindaasesuasnasaumyuiey (Smart Grids and Renewable Energy)
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3. HansEnuauAnInlnian AU 24-25 panay | Lsswsuwnsieal | easvzideu 180,000
mMsdouseunari L iandseu 55 NFeUTH
WUUNTZAY
4. ansznuvesnanlnisedn AUY 12 wgriney | lsawsuunsiead | Anasnzideu 337,500
wazvuAdnInRasEUUlN 55 NFeUTH
84 (Impacts of SPP and VSPP
on Power System)
5. Fiadvosiuluszuuiminglii DU 14-15-16 Tsssuwseal | Aasvzilou 539,500
(Mg waznIsinYin) WoAINLU 55 NNFIBUTY
6. nsgeuvnzigunsalani GQITEH 19-21 Tsusuwnseal | Aamedeu 474,500
I ssgauagsyuudneeg WOAINIEY 55 NNFIBUTY
Uaensy (3u 2)
7. Iassnglnihdaniezuaz naeu AU 28-30 lsssuwnseal | Aameilou 460,200
vyudgy (Smart Grids and WoAINLU 55 NNFIBUTY
Renewable Energy) (3u 2)
8. Real Time Digital Simulation u3syny 14 uns1AN 56 | 1sauwsusmnnig | IEEE Power & -
and the Power Industry LU Energy
Society-
Thailand
Chapter IEEE
Thailand
Section
9. N1390NLUULAZUITISNEN DU 79 uag 14-16 | lswsuwnsweal | eawwldeu | 740,000
115/22 kv anillnfiuseas NUAMUS 56 NFeUTH
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(@U
e Foi30q Uszn 3TULLIA aoudi UNEINU JuUszaa
i VB (um)
UUINIT
10. | Swdtesiuluszuudmhelni DU 27-28 Tsssuwnseal | Aawzleu | 526,500
(naunaznsiinia) Jud 2 NUATUS ey NNFIBUTY
1 flueu 56
11. Power Quality Management U8 1 flueu 56 fu2dna ITM Capacitor | 180,000
System G ARLIFIMNUN Co. Ltd.
12. | IEEJ P&ES-IEEE PES Thailand UI388 afuen 56 | weq 209 G 2 CEPT -
Joint Symposium on 2™ NFie fin 3 Az
Annual Advanced Technology AMNTIUAERS
in Power System 2013 W1
13. | Conference & Exhibition : 3 | wusse1e | 5-7 Jwau 56 | lswsun@nsil | IEEE Power & -
Annual Thailand Smart Grid NPy Energy
Society-
Thailand
Chapter IEEE
Thailand
Section
14. | weveuaziianangsnulng Ugnan 6 Ay 56 | lsawsundns1il | IEEE Power & -
EVSANARSNITHAULATIVY iGit) Energy
I lne (Dinner Society-
Talk) Thailand
Chapter IEEE
Thailand
Section
15. NIUIIAINUaonfun1 AU 13-15 flwen | Tsswsuwnsieal | Aasnzdeu 139,500
JAAdEe1A1S Uavlsanu 56 NNFIBUTYH
QNEAIMNTIH
16. Understanding IEC 61850 Now U388 22 W¥8U 56 %u 2 find IEEE Power & =
and Future NLpiy ARILIFI U1 Energy
Society-

Center of Excellence in Electrical Power Technology
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(@U
a19u Foi30q Uszam STHLIAN aoudi U Julszan
i VDY (um)
UUINIT
Thailand
Chapter IEEE
Thailand
Section
17. NIIANIITNANUMIELATA DU 16-17 Tsssuwnseal | Aawwldeu | 193,500
Data Visualization WOUAAL 56 NFeUTH
18. n15USMIstAsaNIslidLSaaens UTY 27-31 Tsqusumanadn USTN NN 350,000
901%W (Professional Project o wauaeu 56 | endle A.swed | Inavea wAdl
. (Y RERGH; e
Management 2013) u 1 ! ABA 91NA
(W)
19. | Consultant and Training for QIR 323 fiquiew | lswsuwiseal/ | USEmdnln | 735,000
National Electricity Corp., 56 sodansanud Budidless
SUDAN T 2013 Phase | -:220 uay T3usy LoUAOTIA
kV High Voltage Substation SuBUA 9110
Engineering & Design
20. nsusmslasansidiiangns AU 13-15 way 20- | lssusuwnsiwal | Aavzideu | 640,000
#1801 (Professional Project 22 figuigu 56 INGeuTH
Management 2013)
21. Sdvaenuluszuudvuielnia UTY 3-5nsn1eu | lsawsuunseal | Anaansideu 552,500
(nquiuaznsilnvin) quil 3 56 NFeUTH
22. | msgeuvngseunsalanid auY 10-12 lsawsuunseal | Avaanzden | 507,000
Inlflussgeuazsyuudanuagng nINYIAN 56 NFeUTH
Uasnsiy
23, nsUsmslasamsiidnsangns AU 29-31 I5susumanadn UIHN NN 350,000
19013 (Professional Project . nsngeu waz | Andle aszees | lnavea il
, (OUREREH)) - o w
Management 2013) 5u 2 T 1-2 @A 56 ADA 91NA
(Wmwu)
24. | WIAIPIULAZNITOBNKUY FEUY DU 5-6 dnAn 56 | Isswsuwseal | Anamsldeouw | 256,500
fya 1A UBARNELILIANES NFeUTH

Center of Excellence in Electrical Power Technology
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(@U
Galal Foi30q Uszm 32ELIAN aoudi undeu JuUszuna
i VB (um)
UUINIT
il szuuthenmsesn waglnih
wAsAI9RNIAY
25. wialulagnisawiulazng DU 22-23 @wnen | lswwswwsead | Anamzldeu | 337,500
naaeulnfiusgs 56 NFBUTY
26. | msawuuuiaeveduga AU | 23 dwneu 56 | viesUseyuadu | IEEE Power & -
waauaI®19ing (Modeling of sla Energy
Photovoltaic Module) ALY Society-
Thailand
Chapter IEEE
Thailand
Section
27. Power System Harmonic auIU 19-20 Auwngy | lslsuunsval Aeanzideu 270,000
Problems and Solutions 56 mﬂﬁl,‘l’hamu
28. Improving Electricity Network UT3818 30 fug18U 56 Cataleeya IEEE Power & -
Performance NPy Room, Rama Energy
Gardens Hotel, Society-
Bangkok Thailand
Chapter IEEE
Thailand
Section
29. | msgeutnzegunsalanid ausH | 26-28 fugnew | lsawsungieal | Aameidew | 370,500
I seganagseuudngeg 56 NNFBUTY
Uaendy Jufl 4
Center of Excellence in Electrical Power Technology — -16- Annual Report 2013
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AMNUTLNOUNITINDUSY FUNUT HATUSTEY

N153nBUTULNYARAN LY

lasen1seusy Ienssulniliusguasdidud sewing
Ui 11-13 war 18-20 AanAx 2555 (6 Tu) o 15ausy
wiseal nunne lawdl sa.ns. d1598 dedazenn

Juwiwmihleasins Sfdrileusudunu 45 au

Iﬁmmiammamwuﬁm@mmleﬁwmﬂmiL%ma
WaIn AN IIULUUNTENY  SENI1eTud 24-25

manAy 2555 (2 Tu) o lsausuunseal nyanne lag
1 ua.ng. s3ude wdaedud Wuiiniilasnis
UII¥18970A U Professor Chan-nan Lu, IEEE

Fellow, Taiwan  $IELinflaousudu 40 AU

1A59N158U50 HanIznuveadnaalwihseidn was
JuIALENNINADSEUUINANAEY sErIneiun 1-2

WeAINIEY 2555 (2 Tu) 4 Tseusuungeal

< g 4

nyunne lawdl as.q5%e Fediald [Duimidl

159715 UsTEeTINAUns.Usshvg e M

U

WDUTUIUIY 75 AU
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lassnseusy Swddesiulussuudmiegluil (mguiuaznisilnin) sewineiuil 14-16 wgadnieu 2555 (3u 1)

WAz 27-28 NUAMUS uay 1 Ju1au 2556 (JU 2) uag 3-5 N3NIAN 2556 (3U 3) (3 1) o 15IUUITIE0] NFIVN

Toedl a3, Myused viansea Wuimilasinis usseiesiuiu weauma ugadena Tddhilseusy S1uau 83

Y

AU (3U 1), 81 AW (31 2), WAz 85 AU (3U 3)

lasanseusu n1sgenvngeaunsalaniilniinusegs uazssuvdsneegisasnds seninedui 19-21 ngednigu

2555 (U 2) , 10-12 AR 2556 (U 3 ), 26-28 U1y 2556 (3u 4) (3 Ju) i Tssusuunseal namne 1o 3

! a a a < LY 4 ! Y a v § v adaa a YooY
UNNDIVIAD amﬂiuaigwa Wukut1lasan1s usseesiunu we.as. 35eWus Sediansusenn QJE‘\JILGU’]"WJE]Uill

WU 73 AU (3U 2), 78 A (3U 3), waz 57 AU (Ju 4)

Center of Excellence in Electrical Power Technology -18- Annual Report 2013



AuddsImgiewamziumalulagiiinas FeUUsEIUauUTENNN WA, 2556

Tasaniseusudes Tassdnelufindaaiozuay
‘Wé’ﬂmuw‘quﬁﬁm (Smart Grids and renewable
Energy) sevinatufl  28-30 ngedniau 2555 (3
Tu) o lsawsuwsieal njanne lae e ag.
wuuysy Muesey Wuiinidilasenis ussene
S HALAT.ANYTI WAANdivd/ KA.ns.sTudy

wdaetud/nAasgIned aiassauniu/mg.aste o

¢ TALARLUIBUTY 31U 72 AU

U

38

L]
)

¥
¥
1
i
1
|
-

Tnssnseusuibos lassnnsmseenuuuuazingsinm 115/22 kv. aaiflaiiusegs (115/22kV. Substation Design &

Service Maintenance) se131¢Tuil 7-9 Uay 14-16 NUAIMUS 2556 333 6 Tu U lsausuwseal namne lngd wie

s o

wsde aadndana WWummdlaseins ussenesindu sa. as. d1598 dadazenn/ wa.as.3sziud Sd@dnsUszn/ as.

' £

SUNIY 53043/ Uaeimnsiisanyanedmnssunarungenwssuuds Wungidneusudiuig 74 au
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(@0

N\

1ASIN158UTH UIRNTZIUAITY

Uaanden1usnfiy 91Asway
15991U49AAIMNTIN 5899

Sudi 13-15 flunAu 2556 w

lsauwsuuseal ngunns lag

a a <) o 4
wigxana Ignsla Wurimi
lAsIN1TUIIEIesIUAY
wigseiuyl ysssuaing /5.
A3, Usenau a5imu1Issa/
w.n.0. WAty Buney Iiwng

WNBUTUIIUIU 57 AU

TASINITBUSULIDI NISTANITNHIIY

fumAla Data Visualization 514

U 16-17 weuA1AN 2556 (2 Tu) W
Tsausuunsneal namne Lo sa. lyey
1 v < v b4 a vy v
wintee Wuimdilasenig gl

AUTUINUIU 43 AU

1ASIN150USULI D9 Professional Project

Management 2013 (n15U5%15lAsIN15Id1Se

961938913 N)3¥NI19TUN 13-15 wag 20-22
fquigu 2556 (63u) 159UIUWITIEN] NFUNN
Tngunensde asrredanaduiandilasenis
VT8930 34, gAY Saudenaanu/ uney
a s gj al L3 U a a a
WIuns aarslnlsan/ wesede lwAvasifesh/ ue
A9ATIM NRIUNADY WYLEA NataTyetud Tuny

WaUTUIIWIUY 63 AU
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@)

1AS9N198UUI3 09 Power System Harmonic
Problems and Solutions S%3193ul 19-20
fus1ey 2556 (2 Ju) & lssusuuisieal
ngamne lng 56 lyee uwdudos (uiinii

[%

1a59n15 iuAdidousudwim 60 A

N15AAUTTYLLRNIZNEY

lassnseusuamzngy Wnulensusun f9iH Inavea wilaea 911n (uywu) Professional Project Management
2013 (Msuimslasanslidnisaedieiioatdm) semineduil 27-31 wauanau 2556 (5 %) Ju 1 uag 29 nsngIAY - 3
Awnaw 2556 (5 ) Ju 2 o lsawsumanada andile 9.5zee9 lasuensdy ssmsdanaduindilasins ussey
Sty 6. a3, 500 59y sA. avial SmuBertnnu /neuiuns Rednlwlsad/uesedy Tefivasniesi/uneaes

Y 1y oy oA oA ° o o
NOIUNAL 1MLLﬂQL°U’]E)US;J§“LJ‘Vl 1 AZIUN 2 97U 70 AU LAY 63 AUNIUAINU

fr——

-
-
Professional Project
Management Course
( Session 2)
29 July-2 August 2013
At Koh Keaw 1

Center of Excellence in Electrical Power Technology —-21- Annual Report 2013



2

ﬁ AuddsImgiewamziumalulagiiinas $1891UUTTAVIVUTZNI WA, 2556

(@0

N153AUsIENENEUAYAAaTNLY

AudBgIryievanizaunalulaglniiiigs
59UAV IEEE/PES daU3T818%LAY Power Quality
Management System Tufl 9 furAu 2556 &l fin

49U 2 pugdaInsuaans 9y gidflsusseny

U 231 AY

N15908USU LALAIAINTAIUSLNA

AudggIvgiewanzaunalulagliiimds pugdminssumans Puansaluninends laaliunisdnduuwn

oYl o

a a

AWINTUAZBUTUIIU TANT 1A59n13 Consultant and Training for National Electricity Corp., SUDAN Tsiwn3aans
NnUszinegey Tneiinguszasdiiiefunsairaaiy anuiiazuandsumalulad seninsUszimaiiesesiunns
ygrsuiuivInunazniseusuiumsUszna suasfumsiudnenmlsifugudidorgs lusuan nasnay
duasuunumnisidiusiuuasinuvedimniminaUsema laglaloudyannansdannauiansalunine1d wag
Al ifvssaunisaiannmisnumesueniniuduineinsiie Tundngms 220 KV High Voltage Substation

Engineering & Design
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@

©

2.3 UUINITNATIULAZDU

1 nageugUnsnilasiuusaiuiuidsa (Surge Protective Device, SPDs) 15
2 npgoufipasinii 1
3 nagaudulonitias (Fiber Optic) 1
4 NAFBY Thermostat 1
5 drsratannuduaunuivantni 2
6 douiiieugunsnl 2
7 sn'au@hLﬁuﬂszqﬁfm%’usqmwmaaummﬁqa (Tesla Transformer) dw3uns 1
VIAFBUgNMIEAUIY
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2.4 AAINTIUDUA

nanssuduasunIENNsAEUILATAAaUIAMUS T naNssu 5 d. Uszand 2556

o

WANSA 4 UnTIAN 2556 YAANSAUEDEIy iy lduns TN AuddeII lauseiaianssy 5 a.

Wedlulonaiuvutlng 2556 AngIAINTIUAENT 1Y Tuduanvwaugienssuaans 100 U

e
Ayt

Woduil 31 wquaiau 2556 . a3, Uselund aasilver Uses1unssuniseIuisn1sAudedvio

ANNTELATYAAINSALETEITIYY TalduInsviuglenanassiuanlunangdmnssumans 100 U

ANIR13E YARINTHAIMINTITINTU LA RANILTInIRaua ¢ A3, Uselung aamilmes Usesnu

° ¢ Y s o o o &
ﬂiillﬂ']ia']u'ﬂﬂﬂ'ﬁ@ugLGUEJ’JGG']QJ,WI IUIaﬂqa?anﬂiqumﬂigﬁ]']ﬂ 2556 o a']unﬂ']uﬂu%ﬂsﬁﬂqsﬂflﬁyﬂ

Center of Excellence in Electrical Power Technology —-24- Annual Report 2013



AuddsImgiewamziumalulagiiinas

891U srINUIUUTEUNM WA, 2556

3. MIEAUUAYUATN

atuayuAldInglunisuseyy / dnauaunanunisdvimsineg Tikiannansd ddauazyaainseuds

i FofjFunsatusyy onnsdivinen | deunanu / EUGEHRLT) Ruaduayy | wunewme
dannsuszyu (um)
1 | wensive) deanadies HALAS. @1yl | Novel dnausluiiusseu the 20,000.00 | atfuayuy
ua@seANaYg | Topologies 38™ Annual TRNG o]
for Three- Conference of the IEEE
Level Back-to- | Industrial Electronics
Back Society (IECON'2012),
Converters Montreal, Canada
Based on during 25 - 28 October
Matrix 2012
Converter
Theory
2 | wewd Aushwn 37.05. audy 1. Effect of | The 7™ International 20,000.00 | affuayuy
SAusTIUNUS Sbd Soaking | Conference on UNEIU
Time and Meterials for Advanced
Low V/IIl Ratio | Technologies (ICMAT
on GaSB/GaAs | 2013), during 30 June -
Quantum 5 July 2013, Suntec
Dots Singapore International
2. A Hybrid Convention &
Growth of Exhibition Center,
Self- Singapore
Assembled
INAs/GaAs
Quantum
Dots
3 | A.AS. A3 UTTRANGAYY - [EC/MSB/MDR- | ithsuszapiios 88,000.00
5A.05. lOnNdy dansal se. SWG Microgrid for disaster
3. WU ﬂ’%qwﬁﬁﬂé Singapore preparedness and
Meeting and recovery (MDR) Usgine
Global a15130us5AALUS sEndne
Workshop Sufl 31 A - 1 AW,
2556
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A.A5. IR UTSHIANIATY -

Smart Grid
Master Plan
and Demand
Response
related
Applications
in Thailand

n13UTEYnN Workshop on
Demand Response
2013 (APEC2013)
FENIN 4-6 N YAIAY
2556 a4 Jingling
Riverside Conference

Hotel, Nanjing, China

54,600.00
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287190UsANS AWM ALYVU LRgdwIN VTN NDUTUAINENGIUNTURATBU 190118l URAEA18UBNNUILIY

UszanUauuszaunnd w.e. 2556 fadl

il Foynans YoRansau Fuil a0yl Mifgauiidn
1| vwanwgssn | TasniseusunsUfofeudiessun | 29-30 we. 55 | gudmadeud du | el
UsIaunalsayl CU-ERP dwifuguimnssesiunan 4911593 9 | WnInende
aeUfoRng Juft 1/2556
2 | wEmendan Tassmsinuensdoufionisdeans | 18-19 nw. 56 | 91A15UTNIIY NIl
AITUNS VANGAINITRLUTIBIUNITUTZYY nung WIS
Ul
3| uanwgss | lassmsvinugmsi@euiomsioans | 23 we. 56 | e1Asgunivd 1 | enasnsal
UsTUNALIY wangnIN1sleulufinuazanvng WINYRY
Anrianu MIinBeumiiade Ju 3
4 | U9EINIImNes TassnseusudeUfoinisios “ns 16 W.A. 56 | viowlseyue1n1s | uansel
oy Innsienans” atusduz | umivende
5 | U9EINanes TA5IN5UTION81309NTINUHUNS 208,56 | viBdquAg- aINTel
gy amuiilaAusiunmnansiu Wughng fud | uaminends
UNANTAUN 91A15UTEYBUN-
SugLLya $1lwwssel
6 | UNEAINNNDY Tasansim= 100 U ¥idl 100 Falug 51.A. 56 Wiod | —think in | Yuadnsal
ey 3 ARy WNINedY
AenITUAIENS
7| veaavgeissa | lassmsvinezmisdouiemsdoans | 15-16 n.a. 56 | 81A15gunivd 1 | nasnsal
UsINALY vdngrsnaiBeusisusznna Ads UINEY
seigugu 2
8 | UNEINIMBY TAsanIsussEnefivawdes “Happy 9 d.n. 56 VouounUsead | uadnsal
RN Workplace” 83nsuviandnagy Ju 307 $u 3 09A73 | unInendy
1/2556 Wilnusgaun
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WewIey InUTTEIeTiAY “nswssuanunieuvedienslunindigusenay
wiswgneelen” lag audnsdy wipadimwlnia Usesunssun1sgsnauinis anm
won1sAwislszmalne Wifes@lduinensuivsseneliuneiaisdainiy

Fennssuli yransuazdiiaula §1uu 20 Ay

AudIiewanzauwmalulagliinmgs dalassnsdunuiuuiuaainsusednl 2556 5a96uIN1NTs

U o

ANTUIIUNDT095UN 19T AEC Sevinaiui 29-31 Hunau 2556 oy 1seusuiimen fadviaes Jv 2. vauys laenis

duuunaeilsznoulUiennuznITINITEILIENT AMENTINNTUIMT AgYUALEY YaaInsusedl Am1asdn1adnn

Amnssulvi wazuunsuley WrTiunsduLuIATIINEUTI 72 AU

Center of Excellence in Electrical Power Technology = -29- Annual Report 2013



= Auddsngiawamnziumalulagliings $1891UUsTAVIVUTEUI WA, 2556

8

5. UNAMUNIGITINITNANUWLHSLLNS

Tudsuussuna w.e. 2556 gudiliesnnia Wiiaueunaudzinisdadunaainnisinide seq

“ Quality Criteria of Road Lighting for Motor and Pedestrian Traffic with Consideration of Energy,

Efficiency in Thailand” ﬂWLauaiuﬁﬂizﬂ;u Lux Pacifica 2013: Cultural Lighting S3%in¢5ufi 6-8 fiunmu

2556 4 lsausuBuisea Aduddria ngamm

Quality Criteria of Road Lighting for Motor and Pedestrian Traffic
with Consideration of Energy Efficiency in Thailand

Pramoht UNHAVAITHAYA, Chaiya CHAMCHOY, Thavatchai TAYJASANANT, Yodsak
UNHAVAITHAYA, Phonphat TEPBOON and Threetarn AMARALIKIT

(Center of Excellence in Electrical Power Technology (CEPT), Chulalongkorn University, Thailand)

ABSTRACT

The quality criteria of road lighting for motor and
pedestrian traffic should take energy efficiency
into account in order to lower the energy cost.
Each year Provincial Electricity Authority (PEA)
have to spend billions of Bahts for road lighting.
This high expense can be reduced by using proper
lighting quality criteria with consideration of
energy efficiency. As a result, Center of
Excellence in Electrical Power Technology
(CEPT), Chulalongkorn University are currently
investigating quality criteria of road lighting for
motor and pedestrian traffic with consideration of
energy efficiency in Thailand. CEPT, with the
financial support from Council of Engineers
(COE) and PEA, have been testing road lighting
systems on quality criteria for conventional HID
lamps and LED luminaires installations with
consideration of energy efficiency. Energy
efficiency indices such as lighting performance
indices (LPI) were proposed from photometric
data of road lighting luminaires and computer
simulations, using luminance and illuminance
concepts and DIALux lighting design software.
Tables of maximum energy efficiency indexes for
three lighting classes—motorized, conflict area
and pedestrian (M, C and P classes)—based on
CIE 115-2010 standard are given for
environments in Thailand. These indexes are
intended to be used in a design stage of the Code
of Practice (COP) for the road lighting for motor

and pedestrian traffic in Thailand with
consideration of energy efficiency. Actual
measurements results at test sites will also be
presented and analyzed.

Keywords:

Road lighting, Energy efficiency, Motor and
pedestrian traffic, HID lamps and LED luminaires
installations

1. INTRODUCTION

Road or street lighting is an important issue. Good
road lighting can reduce vehicular accidents,
improve pedestrian visibility, increase perception
of safety and security. CIE 115 standard classifies
lighting of roads for motor and pedestrian traffic
into 3 classes; Motorized traffic (M), Conflict area
(C) and Pedestrian (P). General requirements for
road lighting are minimization of energy
consumption and improve lighting quality.
Important details of quality criteria for each class
will be discussed in the next section.

Road lighting in Thailand has not been improved
for many years in terms of road lighting design,
regulations, visibility level and energy efficiency.
Four parties involved in road lighting in Thailand
(Outside Bangkok area) are Provincial Electricity
Authority (PEA), Department of Highway
(DOH), Department of rural roads (DRR) and
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Department of local administration (DLA). Each
year PEA has to spend billions of Bahts for
energy consumption of road lighting for DOH,
DRR and DLA.

This paper will discuss quality criteria of road
lighting for motor and pedestrian traffic with
consideration of energy efficiency under Thai
environments.

2. QUALITY CRITERIA OF ROAD
LIGHTING

CEPT carried out the project Code of Practice for
Energy Efficacy of Installation Performance of
Road Lighting Luminaires [1] under the financial
support from Council of Engineers (COE) and
proposed five lighting performance indices (LPISs)
from testings of various lamps for road lighting
taking energy efficiency into account. Equations
of five LPIs are provided in (1) to (5) as follows

[1]:

LPL:B: Exw

—_— (D
s LPW xUFxMF

LPL-— - E

= (2)
sxw LPW x UF x MF

P 1
LxA LPWxUFxMFxQ,

LPI, (3)
_ P 1
ExA LPW x UF x MF

LPL=—
LPI,

LPI, @

(5)

where

P is power of 1 set of lamp (W), s is spacing
between luminaire (m), w is road width (m), A is
area (m?), E is illuminance (Ix), L is luminance on
road surface (cd/m?), LPW is lumen per watt, UF
is utilization factor, MF is maintenance factor, and
Qo is luminance coefficient.

The commonly used indices are LPI; (W/m) and
LPl, ((W/m?/IX). LPI; can evaluate the energy
efficiency of energy consumed by the lamp set per
road width for M class, while LPly is proper for C
class evaluation. Results were obtained from
photometric data of road lighting luminaires and
computer simulations using DIALux lighting
design software. Table 1 summarizes minimum
LPI, values for M class with various road surfaces
(R class) [1, 3]. Tables 2 and 3 tabulate minimum
LPI4 values for C and P classes, respectively [3].

Table 1 Minimum LPI; values for M class with
various road surfaces.

Minimum lighting
performance index (W/m)
for different road width m)
Lighting Road
class surface
7 14 21 28
m m m
R1 71 | 123 | 144 | 22.0
M1 R2 85 | 13.0 | 18.0 | 24.0
R3 9.0 | 13.0 | 18.0 | 25.0
R1 6.0 | 106 | 12.6 | 19.0
M2 R2 7.2 | 116 | 158 | 22.0
R3 7.8 | 11.6 | 159 | 23.0
R1 5.0 81 | 111 | 16.0
M3 R2 6.0 | 10.0 | 13.5 | 19.0
R3 6.5 | 9.8 | 13.8 | 20.0
R1 4.0 6.1 95 | 135
M4 R2 5.0 84 | 111 ] 16.2
R3 54 | 80 | 115 16.1
R1 30 | 42 | 78 | 9.0
M5 R2 3.8 6.9 9.5 | 14.0
R3 40 | 70 | 95 | 14.0
R1 2.3 3.3 - -
M6 R2 2.6 4.2 - -
R3 30 | 58 - -
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Table 2 Minimum LPI4 values for C class.

Lighting | Average illuminance; LPl4
class Eav (Ix) W/m?)/1x
Cco 50 0.02
C1 30 0.03
C2 20 0.04
C3 15 0.05
C4 10 0.06
C5 75 0.07

Table 3 Minimum LPI4 values for P class.

Lighting Average horizontal LPl4
class illuminance; Ehav (Ix) W/m?)/Ix

PO 15.0 0.05
P1 10.0 0.06
P2 75 0.07
P3 5.0 0.09
P4 3.0 0.10
P5 2.0 -

The work about quality criteria and energy
efficiency of road lighting for motorized and
pedestrian traffic, sponsored by PEA, was based
on CIE 115-2010 standard [2]. This standard
defines criteria of road lighting for motor traffic
based on luminance values, while criteria of road
lighting for conflict areas and pedestrian are based
on illuminance values. The luminance concept for
motor traffic is considered to be more effective
than illuminance concept which is still used in
Thailand. M, C and P lighting classes have to be
carefully selected based on parameters provided
in the standard. For example, results from the
project under Thai environments show that
“speed” parameter is considered Very high (> 90
& < 120 km/h), High (> 60 & < 90 km/h),
Moderate (> 30 & < 60 km/h) and “traffic
volume” parameter is classified as Very high (>
40,000 cars/day), High (10,000-40,000 cars/day),
Moderate (4,000-10,000 cars/day), Low (1,000-

4,000 cars/day) [3]. Energy performance indices
in the unit of W/mZ.Ix for C and P classes are also
provided in [3].

The test sites in Chonburi province were chosen
to test road lighting systems for conventional HID
lamps and LED luminaires installations with
consideration of energy efficiency. Figures 1 and
2 illustrate sample test sites for M2 and C2 class
with R3 road surface.

. —-l \ B
Figure 1 Test site for LED 140W road lighting for
M2 class with R3 road surface

Figure 2 Test site for HPS 150W road lighting for
C2 class with R3 road surface

3. RESULTS AND DISCUSSION

For test site using LED140W, LPI; and LPl4 from
computer simulations are 3.577 W/m and 0.019
(W/m?)/Ix, while LPI; and LPl; from actual
measurements are 3.577 W/m and 0.024
(W/m?)/Ix for M2 class R3 road surface.

For test site using HPS 150W, LPI; and LPI4 from
computer simulations are 5.184 W/m and 0.022
(W/m?/Ix, while LPI; and LPl; from actual
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measurements are 5.184 W/m and 0.021
(W/m?)/Ix for C2 class R3 road surface.

LPI; values from computer simulations and actual
measurements are the same because LPI; values
only depend on lamp wattage (132 W for M2
class and 169 W for C2 class) and the spacing
between luminaire (36.9 m for M2 class and 32.6
m for C2 class). There is a little mismatch in LPI4
values between computer simulations and actual
measurements.

4. CONCLUSION

Basically, the energy efficiency in road lighting
has been a high priority. However, the low capital
investment in road lighting installation in
Thailand had reduced the focus on energy
efficiency in recent years. As a result, the poor
performance systems need to be improved. The
solution should consider in improving the design
and procurement of systems for road lighting with

consideration of energy efficiency of installation
performance.
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