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Abstract

Low-pressure sodium lamps, high-pressure sodium lamps, and fluorescent lamps are
mainly used for tunnel lighting in Rep. of Korea, which accounts for the highest
percentage in the tunnel maintenance costs. Therefore, tunnel lights are being replaced
by LED lamp that have advantages with respect to low power consumption and
sustainability. To analyze the effect of replacement high pressure sodium lamp with
LED lamp, illumination and monthly power usage per year have been investigated for
10 tunnels. The usage of LED lamp results in illumination improvement from 27.9%
to 490% and power saving around average 47.1%.

Keywords: Tunnel lighting, Power usage, [llumination, Light emitting diode (LED),
High pressure sodium lamp
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Analysis of power usage and illuminance changes due to the replacement of tunnel lighting source from high pressure sodium lamp to LED
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(1) 7]*2-5interior zone)
27 e Fellas WHsh=tl B agt Ha wrIE Alssh] fltt 714 Q] £ 2 2(Lee and Kim,

2020), 71] B 7} 0] 4] AR Liny= AA 712l A ) B S50 Het 311 Lin [odin?]
< shwsfolgie.
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Fig. 1. Luminance reduction curve
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Table 1. List of tunnels to be analyzed

Classification Total length (m) No. of lanes Year of completion
OO Tunnel 1,835 2 2002
A\ Tunnel 1,212 2 2001
(I Tunnel 2,720 2 2004
<< Tunnel 1,428 2 2007
¥¢¥¢ Tunnel 2,450 2 2004

3.2 Bd JI7HE 22 Fi}

TR 2PAAE 270l frleo = MR o, ave] =S4 AH] Y H 2 5o &
A= @golx= ASTE7EEold =54 AHIE B8oto], 54 H 255 9= eHiboh=H o2 iy
5kl QJtHLee and Kim, 2020).

mebA] 2 Atolis TYHEFH IO LEDHEZZ WA X - %9] 2= Z4A4ANE ZAF 24 519k
g Ul 2= 25 A5 Edstol 1555140 AASHAT

ZF R AR 3~5714, ofdF 3~87114, 71 R 1~107114,
= Efi= 2451810, 54 A= Fig. 2(a)~(e)2} £t

Fig. 2(a)~(e)2} o] o] IJYUEFHILR] 3¢ BAN, offF B 725 e 212 637975 Lx,
211~526 Lx, 20~149 Lx©O|H, S5 &= 459~580 Lx Q] .02 LRIt

Eot o] LEDH I H 2= A 1,729~2,500 Lx, ©]385- 403~697 Lx, 7|25 116~186 Lx, =
357426 Lx Q] A0 2 VERdth
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Analysis of power usage and illuminance changes due to the replacement of tunnel lighting source from high pressure sodium lamp to LED
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AR RS ZAFSIGTK Table

Table 20 Mol P} 20] EJ4d25) H4lo] TSP FERATS 29 12 HEAHEL 673,114-969.800
kW (B4t 777,671 kW), LEDHHIRQ] 739 1 A7F ARG 22 259,750~569,528 kW (Bt 411,488 kW) Q1 &
= Herdt
Table 2. Power usage for a year (unit: kW)

OO Tunnel A\ Tunnel ] Tunnel << Tunnel Y ¥¢ Tunnel Average

High High High High High High

pressure| LED |pressure| LED |pressure| LED |pressure| LED |pressure| LED |pressure| LED
sodium | lamp |sodium | lamp |sodium | lamp |sodium | lamp |sodium | lamp |sodium | lamp

lamp lamp lamp lamp lamp lamp
Jan. | 56,275| 31,390| 37,207| 21,274| 53,760| 43,120| 47,394| 35247| 52,150| 19,600| 49,357| 30,126
Feb. | 57,136| 31,847| 52,474| 24,701| 63,680| 46,256| 52,485| 37,732| 53,200| 22,650| 55,795| 32,637
Mar. | 54,778| 29,176| 56,477| 25,246| 57,840| 43,320| 50,040| 36,303 | 57,700| 17,250| 55,367| 30,259
Apr. | 60,543| 32,504| 65,678 31,615| 60,960| 48,032| 57,434| 44,226| 67,750| 24,600 62,473 | 36,195
May. | 78,235| 34,813| 66,130 32,083| 66,240| 51,200| 59,588 | 45,770| 68,950| 25,050 67,829 | 37,783
Jun. | 82,055| 36,359| 66,622 36,005| 86,240| 51,520| 62,961 | 49,010| 72,150| 23,300| 74,006| 39,239
Jul. 72,773| 33,760 62,062| 33,367| 98,560 51,520| 58,035| 46,235| 68,800| 22,350| 72,046| 37,446
Aug. | 74,890| 37,976| 61,639| 35,062|103,360| 51,256| 63,443 | 43,747| 67,400| 25,650 74,146| 38,738
Sep. | 71,437| 33,915| 66,494| 31,193| 93,200 47,664 | 63,345| 40,233| 67,050| 21,150| 72,305| 34,831
Oct. | 62,293| 30,629| 62,134| 26,662 |101,040| 45,800| 56,405| 37,789| 62,700| 20,250| 68,914| 32,226
Nov. | 64,027| 32,340| 61,414| 26,110| 97,600| 50,480 53,532 36,273 | 62,600| 19,950| 67,835| 33,031
Dec. | 55,981| 28,273 | 42,638 27,552| 87,320| 39,360| 48,452| 31,752| 53,600| 17,950 57,598 | 28,977
2 790,423|392,982 | 700,969 | 350,870 | 969,800 | 569,528 | 673,114 | 484,317 | 754,050 | 259,750 | 777,671 | 411,488
4, FH uy 53 F4
4.1 Mol 74

JAPESEIToA LEDH R WA A =9
Table 3°J14] Hol=Hle} Zo] LEDHZZ WA § HAR

7t o,

© 2oz A

T7HE 2R H8-S Table 33} 2t
RE=79.4~292.5%2] HIEE BE E|doA 2

o gl 7| BB k= OOHE-S A|elotal o35 27.9~149.8%, 725 47.5~490%
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Analysis of power usage and illuminance changes due to the replacement of tunnel lighting source from high pressure sodium lamp to LED

Table 3. lllumination improvement by the replacement of tunnel lighting

Threshold zone Transition zone Interior zone Exit zone
OO Tunnel 145.6% -23.4% -22.1% -11.3%
A Tunnel 79.4% 77.4% 280% -38.4%
(] Tunnel 170.8% 149.8% 490% -16%
<> Tunnel 292.5% 108.1% 158.3% -19.8%
Y¢¥¢ Tunnel 100.8% 27.9% 47.5% -30%
ZR 2 CEEDRAIE WA $ E gldofA] 11.3~30% H-&& 7ASH A0 2 A=)
HUEH5S AShIEFULAN LEDALE WA A9l 278 257} 74 202 teton]
(Lee and Kim, 2020) Ol=LEDHI WA ] I r|Fo 2 JAE gy ZHAA 7S v elst 7] o 2 Tt}
.

4.2 HAEY Hot EM

TYUHEFHAITNA LEDHIER BEx Fd A A - 29 137t e dx-§ H2ARG=ES Table 4 2
Fig. 304 Holi=Hie} Zro] OOHY 50.3%, AAE'E 49.9%, [TEE 41.3%, OOE'E 28.0%, Yok El'E
65.6% ZYZF 7145 2 o 2 VrERdth

Bd &4 100 mG AR S TN EFHIO] A2 3(0,778~57,836 (kW/year), LEDHILO] 210,602~
33,916 (kW/year)Q! A 0= LB O H(Fig. 4 X), Bt ARG IUUERTIT 40,315 (kW/year), LED
I 21,332 (kW/year) 2 FE-S LEDHZE WA A| Hat ABARE=F 7H48-2 47.1%0]th

Table 4. Reduction rate of power usage for a year

High pressure sodium lamp LED lamp Reduction rate
(?Olgg TE; 790,423 kW 392,982 kW 50.3%
(%A]gf;?s; 700,969 kW 350,870 kW 49.9%
E:Dz;;m 969,800 kW 560,528 kW 413%
gﬁgg?ﬁ; 673,114 kW 484317 kW 28.0%
Ziii?g?ﬁ; 754,050 kW 259,750 kW 65.6%
Total 3,888,356 kW 2,057,447 kW 47.1%
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Lee and Kim (2020) €17 o2 71 Bd 2 o] Aeh =Rl 6 871404 B2 LEDY
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o HRARS 2 Fig. SOl Hol= Hieh o] sgedo] IHEFHIR -9 68 455,509 kw o] 2o At
e 7150telon, ofs 24 A1) 312,164 kW thH] 2F46% o] AHER 2102 LET.

U] LEDHZS] - 5901 243,475 kW o] Z|of] F AR5 715319100, ol &4 HA-8-d 129
ARG 172,701 kW tH] oF 41% Bl ARERE 2.0 =2 LyEpyTt,

OCHY 5 571l Bd9] £35S LEDHIZE WA & sFd7](5~10Y) A=A 220,263 kW, 5871
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