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Economic Analysis on the Application
of Shipboard LED Luminaires

by Sung-Hwan Byun

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime and Ocean University

Busan, Republic of Korea

Abstract

This thesis dealt with the economic analysis on the application of
shipboard LED (Light Emitting Diode) luminaires to replace
incandescent and fluorescent lamp, which account for over 809 of
light source on a training and a naval vessel. The saving rate of
power consumption, initial investment, maintenance and management
cost, and cost of fuel were analyzed. The break-even points and the
CO, emissions were also calculated. For the training vessel, the initial
investment was increased by 3.8 times, while 51 %6 of the maintenance
and management cost for five years was reduced. When 40 %, 50 %,

and 60 9% of luminaires were turned on, the calculated break-even



points were 11 months, 9 months, and 7 months, respectively. On the
other hand, the initial investment was increased by 3.5 times and the
maintenance and management cost for five years was saved by 55 %
for the naval vessel. The break-even points were calculated as 15
months, 12 months, and 10 months, respectively. Moreover, the CO;
emissions of the training and the naval vessel were reduced by 69 %
and 65 %, respectively.

From the result, it was revealed that the maintenance and
management cost can be saved more than 50%, and the power
consumption, cost of fuel, and CQO, emissions can be reduced more

than 65 9% if LED luminaires are applied on of two types of vessels.
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Fig. 2.1 Diagram of a power system
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Table 2.7 Types of LED luminaires
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Table 2.8 Types of LED floodlight and searchlight
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LED 150 W
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Table 3.1 Lifetime of luminaires

3t 5 T T 4 [hrs]
P - 1,000
e B 4,000
A 7] 15,000
LED 7]+ - 35,000

Z 32 TV B

Table 3.2 Luminous flux by luminaires

3 4 3 % [lm] 3 4 4 % [Im]
IL 60 W 700 LED 8 W 7185
FL 26 Wx2 1,840 LED 10 W x2 1,850
FL 48 Wx2 3,600 LED 20 Wx2 3,735
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Table 3.3 Types of luminaires by area

T 9 #* 4 T FH] | F &g W]

Navigation bridge, IL 60 W 3 480
Training bridge IL 20 W 2 40
Boat deck IL 60 W 43 2,580
Shelter deck aft IL 60 W 46 2,760
Main deck IL 60 W 83 4,980
IL 60 W 46 2,760

2ND deck
IL 40 W 2 30
Engine room IL 60 W 17 1,020
Navigation bridge, FL 48 Wx2 7 672
Training bridge FL 26 Wx2 11 o572
FL 48 Wx2 14 1,344
Boat deck FL 26 Wx1 3 78
FL 26 Wx2 17 384
FL 48 Wx2 22 3,072
Shelter deck aft FL 26 Wx1 16 416
FL 26 Wx2 34 1,768
FL 48 Wx2 S 4,896
Main deck FL 26 Wx1 101 2,626
FL 26 Wx2 56 2,912
FL 48 Wx1 2 96
FL 48 Wx2 27 2,592

2ND deck
FL 26 Wx1 32 832
FL 26 Wx2 14 728
FL 48 Wx2 13 1,248
Engine room FL 26 Wx1 4 104
FL 26 Wx2 82 4,264
& A 763 43,804
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o] AHgo] @ Main deck7HS AA3Aa, 71F Fdol F3ta A
S WEEE LED 5798 4% FHoE oA 3 AnE % 349 4
Bt o W, 20W, 40W %2 60W<e] #AF7+E 8W LED 571+
2 hAEta, WS 20W=, 26WS 10W= 2+7 &35 770l LED
S71E oA

olr

¥ 34 Main deck 79 LED S71+ &+
Table 3.4 Types of LED luminaires in main deck

T 9 F T ZFUH | F &HAdEY W]
LED 8 W 33 664
LED 10 Wx1 101 1,010
Main deck
LED 10 Wx2 56 1,120
LED 20 Wx2 51 2,040
< A 291 4,834
Main deck® F9olAd 7]& Z7]3+ 2 LED 779 AnjAzge 7t

15414 W % 4834 W= AF=5 At

Y. 27 F A &

A el M 7€ 5717 % LED 57179 7HAS whgste] AEstsl
ohoofdl, AlE vl Tl g TSR wandel A Al 9
o}

AuaAde] 571 S5 /M4 S weeR 71E 57179 LED 57179

_23_



G7tel 27 FAu S zhzt F 353 % 360 YERAAT

Z 35 TV HE (HEA)

Table 3.5 Cost of luminaires (Training vessel)

4 4 =] o 7H] v &[]
IL 60 W 243 1,000 243,000
IL 40 W 2 600 1,200
IL 20 W ) 300 600
FL 26 Wx1 156 5,200 811,200
FL 26 Wx2 214 6,400 1,369,600
FL 48 Wx1 2 6,000 12,000
FL 48 Wx2 144 8,200 1,180,800

& A 3,618,400
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Table 3.6 Cost of LED luminaires (Training vessel)

3 4 = F A & 7HE] B &[]
LED 8 W 247 8,500 2,099,500
LED 10 Wx1 156 12,000 1,872,000
LED 10 Wx2 214 24,000 5,136,000
LED 20 Wx1 2 16,000 32,000
LED 20 Wx2 144 32,000 4,608,000

& A 13,747,500

71E ST 3

LED

SRR RESIE S R

Aol Aol 10,1209 o2 A= F A

o &8 E
AEAS A UNBE A% £§ A2
Fo 3 % sk el 537 FA %

S

7t 3618x 9 B 13747

1, 715 57179 LED 7]
% 377

A HES




Z 37 SV uA HE (EsA)

Table 3.7 Cost of replacement of luminaires (Training vessel)

Hs& wA H-E [H]
40 % 11,377
50 % 13,363
60 % 16,142

x 38 LED 7|7 wAl Hl& (H54)
Table 3.8 Cost of replacement of LED luminaires (Training vessel)

Hde& A w-g- [ ]
40 % 5,499
50 % 6,873
60 % 8,248

X

piud

upel 5878% 9, 6,490 ¢ B 7,804 o2 A=
AFdollA 365 24413 VlEor BAVE &

HI S & 3.9 dERAH.

it
oy
filo

57 &4

o
>
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Table 3.9 Annual cost of fuel (Training vessel)

Z] & 2k g iu]a}: OEH‘I
Z] = © E‘ 11 O [¢] aT T
meE | T o [KWh] (0] [491]
7NE 57T 153,489 35,695 18,597
40 %
LED &7]+ 47,962 11,154 5,811
71E 71 191,861 44,619 23,246
50 %
LED 571+ 59,953 13,942 7,263
7NE ST 230,233 53,542 27,895
60 %
LED 571+ 71,943 16,731 3,716

A& wet AZF fF78] 2ol 12,7863, 15983 ¢ % 19,1791
Aoz AEH A

LED 772 wA stals A, Aegs iste] &urlds b=
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Fig. 3.2 Break-even point (Training vessel)
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Table 3.10 Annual CO; emissions (Training vessel)

Hee T A AMF[2] g ml = = [tCO.]
7= 57T 35,695 107.08
40 %
LED 571+ 11,154 33.46
71 ST 44,619 133.85
90 %
LED 571 13,942 41.82
71E ST 53,542 160.62
60 %
LED 57|+ 16,731 50.19
gavlEEde Hesol wel Ak 2z 7362, 92.03 B 11043tCO =
A A

2
He‘:
2
(o3
o
i
I
g
i
R
N
e
=
bt
o
N
%0,
=
BN
o&
2
=
rol
2
r>~
Lo
AV

HeHe wgor Ade wude W4sAn. 4edd d8d z
Aurlel AA ZolE 100met 9ES 09%2 743, Bridge 794 &
ARk 26 Wx2 2 FL 48Wx2¢] 57|4& 2t7F 371 2 o/l2 A9
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Fig. 3.3 Diagram of a power system in bridge
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Table 3.11 Cross sectional areas of cable by luminaires

@ A [mm?]

X

il

4.1

1.7

F A5 Al

0

il

6.42

2.62

2R E [W]

636

260

R

7E ST

CRdNE

LED

=5 A
42 KS C IEC

/‘\l_

41 mm’? 1.7 mm’=
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3 3.12 KS C IEC 60227-3 &34 w4
Table 3.12 Nominal cross sectional areas in KS C IEC 60227-3

3% 9HA [mm’] dAA FA 71= gk [mm]
1.5 0.7
2.5 0.8
4 0.8
6 0.8
10 1.0
16 1.0
25 1.2
35 1.2
50 14

KS C IEC 60227-3 114< Higo =2 7]E 57179 LED s7]79 A

v
rlo
N

P2 6 mm?, 25 mm’eE HAAST LED 577 7 57 TR

1o

AL vonz

o

A T Ho] gk WS AMgstH, V& TV A
A F71¢ 6mm?Y 1m% @7 3200903, LED 57179 AA #7)
ol 25mm?e 1m% ©7He= 1550 Q9o = 71 5779 nluste] LED

5715 oF 51%9] Mg Ay
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Table 3.13 Types of luminaires
Z 4 T =[] Z AvAE [W]
IL 60 W 143 8,580
FL 26 Wx2 642 33,384
FL 26 Wx3 417 32,526
e A 1,202 74,490
% 314 LED 71+ 7 (34)
Table 3.14 Types of LED luminaires (Naval vessel)
Z 4 T =[] Z AvAE [W]
LED 8W 143 1,144
LED 10 Wx2 642 12,840
LED 10 Wx3 417 12,510
A 1,202 26,494
AEAY Fdg o g V|E U= 74490 Welw ) LED 571 +HE
A shE F 26494 We g 2k Qo
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Table 3.15 Cost of luminaires (Naval vessel)

3 4 T F ] & 7HE] v & [9]
IL 60 W 143 1,000 143,000
FL 26 Wx2 642 6,400 4108,800
FL 26 Wx3 417 11,600 4,837,200
& A 9,089,000

YA

¥ 316 LED 5714 Hl& (&A)
Table 3.16 Cost of LED luminaires (Naval vessel)

3 9 T = A & 7H 9] v &[]
LED 8 W 143 8,500 1,215,500
LED 10 Wx2 642 24,000 15,408,000
LED 10 Wx3 417 36,000 15,012,000

4 A 31,635,500

71 T Z271FAE2 9,089d o

13, LED 5714+ 31,6353
dojm, Aol 22546 Yo 2 2FEE T
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Table 3.17 Cost of replacement of luminaires (Naval vessel)

s WA W [He]
40 % 14,746
50 % 18,311
60 % 22,120

z 3.18 LED 57| uz)| H-& (34)

Table 3.18 Cost of replacement of LED luminaires (Naval vessel)

Hs& A W [(H]
40 % 6,649
50 % 8,311
60 % 9,973

FAe 5d &S Al 71T FAFYH S A Aol w

2} 8,097% ¢, 10,000: € 2 12147x D o= A=A
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Table 3.19 Annual cost of fuel (Naval vessel)

A9 AW 98 =]
b3 =) B ° -
e T [KWh] (0] (4191

71E ST 210,359 48,920 25,487
40 %

LED 7]+ 73,352 17,058 8,887

NE 57T 262,949 61,151 31,859
50 9%

LED 57]7- 91,691 21,323 11,109

71E ST 315,538 73,381 38,231
60 2%

LED =7] 110,029 25,588 13,331
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Fig. 3.4 Break—even point (Naval vessel)
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Table 3.20 Annual CO; emissions (Naval vessel)
A& 7 = 2H A5 [2] ekl & & [tCOs]
71E ST 48,920 146.76
(6} ’
40°% LED 57174 17,058 51.17
7E 57 61,151 183.45
o0 | EENT
LED 571+ 21,323 63.67
7 57 73,381 220.14
qose | E T
LED S57]+ 25,588 76.76
v E o] Aol= A 27 9259, 119.78 ¥ 14338 tCO%E AH=F

3.3 Hl& £4
=

71¥€ 57175 LED 57|72 9A

st ofe) A AL
& 9 FR0E

3.21° e AT

E 321 Aubd el

E

oF
m
r»

Table 3.21 Comparison by vessel

T 2 A4 74
Z7] 5 A v & A 10,1294 ¢ 22,546 ¢

51 % Azt

55 % Hzk

1171<

15714

69 % A7t

65 % dzt
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