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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

=

—l——|

EATR0) S EAEBe O E20) 2t g F710]

I
EN

o of
o,
el
ol

d

Ju
o
I
(o]
£
T
I
oo
N
(o]
s
o,
5
o,
o
4o
ok
)
I
ko
o
Flo
N
o3l
Hir
flo
I
o
X
ol
o,

Q= AoE el ek, webH GAELE B 52 9Iste]
2, 447 5.0 A70] Sl LEDHZ 4] e
o] QR HE T 1074 B S RO 2 B2 BASLED

24 ffeled, B WAl A - & B 2579E B 1E]

o
yiirs
BN
o4,
tlo

%
r
od ™ K

Mg
rlo
e b
s

EX

30,
0
e
i
>,
i
N
ki)

o
ﬁ
El
>
o ol

o
g
R
1%

S~
%
[e)

Journal of Korean Tunnelling and Underground Space Association 211



JEloL, BEaxgE

o

[e]

SFA

)

27.9~490%

1

—

& 2

A

3

20
!

Gyu-Phil Lee - Jeong-Heum Kim

o4 LED

20
=

=
=

E

1. M

—
1j0

el

T
ol

THJeong et al., 2011).

iy

o

EJofof

[e)

7

THLee and Kim, 2019).

2t

717HA

Stofok

vy A

1

EldollA

A

I-

SHAl

[}
1—

tar o

o)

a1

[e)

Al

T 2dA wE Ale

=

K

2, A=A A B A7 FEo] AlobdR,

__O._

5L

He= 7

9]

4o, &

S
T

o) Q5 of wfebA] A7} e

2~
T

™ A7 Q702 AREE|A It Lee and Lee, 2013).

g

Il

|

-

e Argaforste SR ol A] 4771 Eo] EAE]

LED#

1L
1

LS
—

ZH'E 72 w2l 9] °F 60%7T

A, A EE

o1

A| AZFQ1 ¥Fgt}o] @ E(light emitting diode, LED)

=]
Tl

=

8 52 3ol 9lo i (Moretti et al., 2016), T HE

A7

Ay

[e]
W

gl

—_
:
;
i1

e

17] 51

S
=2

S|
=

,LEDIT 7| A-

9

of

=

15
FHRABT, 2006). =2SHHA]

h i,

o o] sy

[e)
Journal of Korean Tunnelling and Underground Space Association

10714 €

=3
¢}

1

—

2 WA F 9let.
webA] 2 Aol B

2130l OOEE(A)

2, E{d=Yo

oA Ho
212




Analysis of power usage and illuminance changes due to the replacement of tunnel lighting source from high pressure sodium lamp to LED

A7) 71& 5= ot 2ol sl Al

(1) 7]*2-5interior zone)
220} el Holee Wskrl AT Ak YIS ARel] F1et /1A 290 2 Lee and Kinm,

2020), 7] B 7] ollA o] Bt AR = (Lin)y= BA AR (A ) B w53 5ol Wt 3~11 Lin [ed/m’]
& SfEsfof .

(2) A threshold zone) & ©]3¥Ftransition zone)
Y 22 AN, ol R E =, B G Bl ofe] Sk, A, Hd o] o], wEEF T2 1L
2{sfofolRlty.

(3) H'g Y+ " approach zone) & E7-F(exit zone)
A% O] Aol ] AR A ZEE Asshl, BE& U & S 2 i Yo & &4 s S5
ot 7] F et e x-S AlFofior gtk
=5, ;Q'EHETQ—J SRS A 22 A AL 4= = ol V== A R 5o S 2
D=E AR AR oV Fe] bl AA FAL SR e 7|5 S keof| A Al2tsto] S S5 A 20 m
2139] &7t 7125 S5 9] SHl7} E| R TAIA 0 & AFSAIXI.

Tunne! exit

Tunnel entrance . [z /Tfnne' zon/< W 7 Tunnel exi
Direction of traffic e Entry zone o S »
EEEE—

Open Approach Exit zone
|, stretch .| Zone Entry zone Interior tunnel zone
PP — P ——————————————— S o

| g H 1
Thresholdzone -t~ | Transition

Luninance —»

Fig. 1. Luminance reduction curve
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By 21 S U EEHIA LEDHZE WA A] 2= B HMHALESF HSIE E4o}7] $lote] E <
FE= OOHYA, (3D 5 10714 B (E 9974 9,645 m) 2] F WA A - & 2= Aq} ZARSII
=] S 2

ZEZe B9 - oA 22 Alsiont A sRl Ede] 2
o 3 47IE Soto] FFEDE, A o1 Ed0] AL ZABHAT, ZESP AT J4, 514
A 705 2 A1) ke Eole COMY & /e EARISLCE, el el 67 5 A d

Sk Table 13} 2t}

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
LI Tunnel 2,720 2 2004
<< Tunnel 1,428 2 2007
¥¢¥¢ Tunnel 2,450 2 2004

3.2 Bd JI7HE 22 Fi}

g 288 27|EA flerlee s R o, A7) 9= AH| 7Y H 2 S =

gL
A= @HolA= ASHeT-gold 257 FH|E E85l0], 54 1 28 J == eHilel=Ho= 1]
5}al QJtHLee and Kim, 2020).

mebA] 2 Atolis TP HEFH IO LEDHEZ R WA X - 29] 2= Z4ANE ZAF 24 519k H
Ul =25 HeE 3}011*1 Z5 S4& Ak

ZF R AR 3~5714, ofAR 3~87114, 7] R 1-107114, &5 1-47l140A S 2= 0] Hatgd
= Edi= 2451910, 54 A¥=Fig. 2(a)~(e)<} £t

Fig. 2(a)~(e)2} &o] FHo] IPYUHEFHII ¢ AT, oldiF ¥ 7|&2F 2%+ 217} 637-975 Lx,
211~526 Lx, 20~149 Lx©O|H, S5 F = 459~580 Lx Q1 .02 LERITt

ESH o) LEDH IS A9 2= AAIE 1,729~2,500 Lx, ©]35 403~697 Lx, 7] 25 116~186 Lx, &+
H 357~426 Lx3l A S 2 eI
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Fig. 2. Average illumination for a part
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AP ERS AVt Table 2 H%).

Table 294 WOl le} o] e o] MYFEBUIL A9 140 AL 673,114-969.800
kW (B-777,671 kW), LEDH S 197 ARG 259,750~569,528 kW (Ht 411,488 kW)l Z1.©
= YeErdt

Iz
rO
o

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| 35,247| 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

TPUHEFHITAA LEDHZZ WA A| 27 P 2 &R Bl-&-2 Table 33} £t

Table 304 Holi=H}e} Zro] LEDHHIE WAH| & HAR Z%1=79.4~292.5%2] HI-E2 B= oA 2%
7t =gl o Bl 725 2= OO S Alofstal o]+ 27.9~149.8%, 7125 47.5~490%
B Ao T ZARE S

216 Journal of Korean Tunnelling and Underground Space Association



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%
LI Tunnel 170.8% 149.8% 490% -16%
<< Tunnel 292.5% 108.1% 158.3% -19.8%
¥¢¥¢ Tunnel 100.8% 27.9% 47.5% -30%

S5 X5 LEDHEE WA & E EEolA 11.3~30% HIEE A4S A 02 ZALE QL)
HEXH S AYUHEFHZOA LEDHEZ WARE H-oe S5 27t gAsh 202 Yehto
(Lee and Kim, 2020), ©]= LEDH X WA A] 37|02 7iAH 5Y Z2gAdA| 7|5 Hky

e,

)
1o
e
paT
h
e
(LU=

4.2 HAZ T Aot 24

APHEFH TN LEDHZE HEET Fd wA| A - 0] 197 5@ 288 WA Table 4 2
Fig. 3014 Holi= Hiel Zo] OOEY 50.3%, AAEE 49.9%, [ILTEE 41.3%, OOEYE 28.0%, Yok ElE
65.6% 217k A4t 2o = Lehdth

Ed A% 100 m3 HHARSFE IUQUHEFEH L] 79 30,778~57,836 (kW/year), LEDFIZO] 7-9- 10,602~
33,916 (kW/year)Q! A 0= LEPL O H(Fig. 4 X), Bt AR IUUERTIT 40,315 (kW/year), LED
I 21,332 (kW/year) 2 F 8-S LEDHIE WA A] Bt HAMERF 482 47.1%0]ck.

Table 4. Reduction rate of power usage for a year

High pressure sodium lamp LED lamp Reduction rate
8013213 790,423 kW 392,982 kW 50.3%
ﬁﬂ;‘;“jj; 700,969 kW 350,870 kW .
(DLD;;gTS 969,800 kW 569,528 kW 41.3%
X?I;;mrz ; 673,114 kW 484317 kW 28.0%
Zijzggnrg ; 754,050 kW 259,750 kW 65.6%
Total 3,888,356 kW 2,057,447 kKW 471%

Journal of Korean Tunnelling and Underground Space Association 217



Gyu-Phil Lee - Jeong-Heum Kim

1,200,000
- Ohigh pressure sodium lamp B®LED
Z 1,000,000 —
-
1
S 800,000 |
o —
« BRRS —
) 600,000
0
o
2
3 400,000 ‘
1o
v
-3
(o) 200,000
Qo ‘ \
0
OO Tunnel AN Tunnel 00 Tunnel OO Tunnel %% Tunnel
(L:1,835m) (L:1,212m) (L:2,720m) (L:1,428m) (L:2,450m)
Fig. 3. Power usage a year
100,000 - .
o high pressure sodium lamp @LED
2
4 80,000
£
g
= 60,000 57.83
| o
o
Q
&% 40,000 :
b 128,950
-
|
v 20,000
3
o
a
OO Tunnel AA Tunnel 0O Tunnel OO Tunnel Y%t Tunnel

(L:1,835m) (L:1,212m) (L2,720m) (L:1,428m) (L:2,450m)

Fig. 4. Power usage per 100 m for a year

(02e)
=
B
=2
o)
O J
[o
>
o
o

21 Bl g

2 WA A Bt DA S-S 40.7% = UETE wEbA 71E Hd 2 o] IUEFH ]I
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A A2 Fig. 50014 Hol= Hie} o] o] MUEFH I 79 69 455,509 kW 2] Z|of A=A}
B2 7155FH oM, ol= 24 WHARE(1Y) 312,164 kW HiH] ©F 46% To] AR&Rt 208 LHERT.

o] LEDH Q] 79 590] 243,475 kW] F|of| ABAETFE 71501901, o= 24 AALE-E 12€
ZHFAREEF 172,701 kW ThH] €F 41% o] AR8<t 71 o = Liepsttt,

OOHY 5 571 B9 285 LEDHIE WA & 5FE7|(5~109) AZAREZ- 220,263 kW, 5471
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600,000
0 high pressure sodium lamp ®LED

500,000
s i} B 0 - -
= 400,000 -
) _ -
< -
S 300,000
3
-
o
E3 200,000
o
<%

100,000

Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Fig. 5. Monthly power usage

5. E %
£ Ao LEDH LR a2 3 wAjo mhe 2= B WA /I avt 242 flstod, 2834
VEEH AN LEDHE AR OOEE() 5 10714 B9 0] 3 wA - & & 9 i8S

E
=
ML
js
oli
oL
2

1. LEDYZ2 339 WA & AAR 25 79.4-292.5%, o[ & 7|1EE 20 OO E-S A|Qjskal ZF2F
27.9~149.8%, 47.5~490% F/d=|2 o1, OOE'E() 5 107040] S5 Z = FHASIIT. o= 4 of
g 10704 Bl % Bd 2y A% 784 o) 25 HE 2 3 wA| A A AR E eldx AAY
2ol 7|918t A o 2 wtEch

2. BEx" FUS LEDHAEE wA| A HE Y 2= FE oW, HExH FeS TAHEFHIA

fin =
LEDYIE 4] 5 197 {25 ARG RS Bt 47.1% 7IAoHiom, 5 o

—_

=

o2

=

O ()
B

ofl

ra

>,

o

4. ARG /RN DADE AR 5] G Wov], Bl o] LEDHAZS 9 4 12
AFELR 129 ThH] Heh AL SDol oF 41% B A ARgtn, F471(11-42) ] 5171

(5~10g)°]l oF 15.2% W2 A& ARSoh= A 0= LiehgT

Journal of Korean Tunnelling and Underground Space Association 219



Gyu-Phil Lee - Jeong-Heum Kim

AL =

H AFE FEWFTE 2020 EEWRA|AH 27 0] ABEo 7 AP E| Q5T

242} 7|0 &

ol A7 A W A, 31 S S, AL dlole] 4 2 Hlo]e] B4 sheick

References

. Jeong, M.S., Joo, J.S., Jeong, 1.Y., Song, K.D. (2011), “A basic study on the location of mirror reflector

system to improve illumination environment”, Journal of Korean Tunnelling and Underground Space
Association, Vol. 13, No. 5, pp. 385-393.

Lee, G.P., Kim, J.H. (2019), “Analysis of tunnel lighting power usage between low-pressure sodium lamp
and LED”, Proceedings of the KSCE 2019 Convention Conference & Civil Expo, Pyeong Chang, pp.
416-417.

. Lee, G.P., Kim, J.H. (2020), “Effect of tunnel lighting replacement on power usage and illumination

improvement: replacing low pressure sodium lamp with LED”, Journal of Korean Tunnelling and Under-
ground Space Association, Vol. 22, No. 2, pp. 185-196.

Lee, M.A., Lee, D.H. (2013), “A study on effects of landscape design of road tunnel portal to interior
lighting of tunnels”, Journal of Korean Tunnelling and Underground Space Association, Vol. 15, No. 5,
pp- 497-504.

. Moretti, L., Cantisani, G., Mascio, P.D. (2016), “Management of road tunnels: construction, maintenance

and lighting costs”, Tunnelling and Underground Space Technology, Vol. 51, pp. 84-89.

. RABT Road and Transportation Research Association Working Group Traffic Routing and Road Safety

(2006), “Regulations for the equipment and operation of road tunnels”, Edition 2006, pp. 52-53.

220

Journal of Korean Tunnelling and Underground Space Association



