ﬁ OPEN ACCESS

Journal of Korean Tunnelling and
Underground Space Association
22(2)185-196(2020)
https://doi.org/10.9711/KTAJ.2020.22.2.185

elSSN: 2287-4747
pISSN: 2233-8292

Received February 11, 2020
Revised March 17, 2020
Accepted March 20, 2020

@ ® @ This is an Open Access article

—— distributed under the terms of the

Creative Commons Attribution

Non-Commercial License (http://creativecommons.org/

licenses/by-nc/4.0/) which permits unrestricted non-

commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Copyright (©)2020, Korean Tunnelling and Underground
Space Association

E{d RS WwH|0f| (2 M2qAr22F 0l 2o
I4M 3k QI IES=HT | ED2 WA

ol - UHE

MBI, SRS T QI BRAOIHH DL LM 017
2|5)9, 3H27147|2 7Y Qlmalordol PE L Mol

Effect of tunnel lighting replacement on
power usage and illumination
improvement: replacing low pressure
sodium lamp with LED

Gyu-Phil Lee'™ - Jeong-Heum Kim?

'Senior Researcher, Dept. of Infrastructure Safety Research, KICT
2Researcher, Dept. of Infrastructure Safety Research, KICT

*Corresponding Author : Gyu-Phil Lee, freely@kict.re.kr

Abstract

Low-pressure sodium lamps, high-pressure sodium lamps and fluorescent lamps etc
are mainly used tunnel lighting in Rep. of Korea. Power rates for tunnel lighting are
known to account for the highest percentage in the tunnel maintenance costs.
Therefore, tunnel lights are being replaced by LED that have advantages such as low
power consumption and longevity. To analysis effect of replacement low pressure
sodium lamp with LED, illumination and monthly power usage for a year are
investigated for 8 tunnels. Power usage for tunnel lighting is decreased by 26.1% to
59.6%, and illumination is increased by 34.1% to 293% replacing low pressure sodium
lamp with LED.

Keywords: Tunnel lighting, Power usage, [llumination, Light emitting diode (LED),
Low pressure sodium lamp
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Table 1. List of tunnels to be analyzed

Classification Length (m) No. of lanes Year of completion
OQOTunnel up line 1,960 2 1996
OQOTunnel down line 1,765 2 2000
AATunnel up line 440 2 2001
AATunnel down line 470 2 2001
CJC0Tunnel up line 570 2 2004
[JJTunnel down line 480 2 2004
<< Tunnel up line 815 2 2004
<OTunnel down line 811 2 2004

32 REEA 23}
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Table 2. Average illumination at OOTunnel up line

L t .
. PP | ow pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 48 m 1,137 4,467
Transition zone 216 m 340 545
Interior zone 1,458 m 69 267
Exit zone 1,602 m 514 476
Measurement date: low pressure sodium lamp - 21. Mar. 2015, LED - 10. Sep. 2018
Table 3. Average illumination at OOTunnel down line
Lamp type .
. Low pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 42 m 1,596 3,722
Transition zone 210 m 468 700
Interior zone 1,330 m 66 113
Exit zone 1,407 m 527 492
Measurement date: low pressure sodium lamp - 21. Mar. 2015, LED - 10. Sep. 2018
Table 4. Average illumination at AATunnel up line
Lamp type .
. Low pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 52m 1,880 3,124
Transition zone 135m 963 1,015
Interior zone 311 m 175 331
Exit zone 415m 457 1,587
Measurement date: low pressure sodium lamp - 20. Jun. 2016, LED - 18. Jun. 2018
Table 5. Average illumination at AATunnel down line
Lamp type .
. Low pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 52m 2,010 3,005
Transition zone 135m 1,297 1,419
Interior zone 343 m 192 316
Exit zone 447 m 523 1,022

Measurement date: low pressure sodium lamp - 20. Jun. 2016, LED - 18. Jun. 2018
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Table 6. Average illumination at OOTunnel up line

L t .
. PP | ow pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 30m 1,617 2,980
Transition zone 235m 186 288
Interior zone 325m 246 175
Exit zone 445 m 1,122 555
Measurement date: low pressure sodium lamp - 13. May. 2016, LED - 23. Dec. 2019
Table 7. Average illumination at OOTunnel down line
Lamp type .
. Low pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 30 m 1,620 2,815
Transition zone 235m 119 403
Interior zone 325m 236 213
Exit zone 445 m 692 558
Measurement date: low pressure sodium lamp - 13. May. 2016, LED - 23. Dec. 2019
Table 8. Average illumination at O><Tunnel up line
Lamp type .
. Low pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 40 m 1,320 2,348
Transition zone 180 m 352 1,654
Interior zone 715 m 264 354
Exit zone 795 m 1,046 557
Measurement date: low pressure sodium lamp - 13. May. 2013, LED - 23. Dec. 2019
Table 9. Average illumination at &< Tunnel down line
Lamp type .
. Low pressure sodium lamp LED
Measurement point (Lx) (Lx)
(distance from tunnel entrance)
Threshold zone 40 m 1,310 2,452
Transition zone 180 m 297 1,324
Interior zone 715m 301 452
Exit zone 795 m 1,677 757

Measurement date: low pressure sodium lamp - 13. May. 2013, LED - 23. Dec. 2019
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Table 10. Power usage for a year (unit: kW)

OOTunnel AATunnel (O Tunnel OO Tunnel
Low Low Low Low
pressure LED pressure LED pressure LED pressure LED
sodium lamp sodium lamp sodium lamp sodium lamp
Jan. 119,530 90,876 49,558 32,570 63,875 19,685 86,201 49,826
Feb. 118,801 88,505 44,690 31,980 58,032 20,057 86,095 42,605
Mar. 108,579 85,197 41,059 30,029 52,114 18,562 75,706 35,930
Apr. 121,817 95,995 47,640 35,640 60,266 22,837 84,353 33,559
May. 138,539 94,369 53,081 35,527 58,592 26,581 81,149 29,854
Jun. 145,676 98,697 51,794 38,354 53,332 31,145 87,811 31,234
Jul. 139,959 97,008 47,213 37,810 45217 27,451 75,132 30,367
Aug. 143,534 99,553 46,198 39,206 43,144 31,272 77,770 30,962
Sep. 138,799 96,947 46,565 37,493 45,240 23,162 78,828 30,046
Oct. 124,409 96,866 44258 33,830 50,428 20,708 82,910 28,111
Nov. 124,954 97,595 45,665 32,928 67,871 19,116 84,979 28,147
Dec. 118,011 91,981 44,570 30,058 65,335 18,590 82,166 26,736
P 1,542,608 | 1,133,589 562,291 415,425 663,446 279,166 983,100 397,377

Table 100])4] Holi=Hfe} Zo] gld 2wy FHo| HUUEFHIR] 749 137 ABARETERS56,291~1,542,608
kW, LEDQ! 7% 1 d7F AEARE SRS 279,166~1,133,589 kWl 71 © =2 LyeRdth
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Table 11. lllumination improvement by the replacement of tunnel lighting

Threshold zone Transition zone Interior zone Exit zone
OQOTunnel up line 293.0% 60.5% 288.8% -7.3%
OQOTunnel down line 133.3% 49.6% 72.6% -6.6%
A ATunnel up line 66.2% 5.4% 89.1% 247.3%
A ATunnel down line 49.5% 9.4% 64.6% 95.4%
LI Tunnel up line 84.3% 54.8% -28.9% -50.5%
LI Tunnel down line 73.8% 238.7% -9.7% -19.4%
OO Tunnel up line 77.9% 369.9% 34.1% -46.7%
<O Tunnel down line 87.2% 345.8% 50.2% -54.9%

.
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Table 12. Reduction rate of power usage for a year

Low pressure sodium lamp LED Reduction rate
OQTunnel
1,542 K 1,1 k 26.59
(L: 3,725 m) ,542,608 kW ,133,589 kW 6.5%
AATunnel ,
(L: 910 m) 562,291 kW 415,425 kW 26.1%
IO Tunnel
446 k 279,166 k .99
(L: 1,050 m) 663,446 kW 79,166 kW 57.9%
OO Tunnel
983,100 kW 397,377 kW 59.6%
(L: 1,626 m) ’ ’ o
Total 3,751,445 kW 2,225,557 kW 40.7%
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Fig. 2. Power usage for a year
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