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Economic analysis on the applications of shipboard LED luminaires
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Abstract: This paper dealt with the economic analysis on the application of shipboard LED (Light Emitting Diode) luminaires to
replace incandescent and fluorescent lamps, which account for over 80 % of light source on a training or naval vessel. The
rates of savings achieved in the power consumption, initial investment, maintenance cost, and fuel cost 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 the maintenance cost over five years was reduced by 51 %. When 40 %, 50 %, and 60 % of luminaires were
turned on, the calculated break-even points were 11 months, 9 months, and 7 months, respectively. On the other hand, the ini-
tial investment was increased by 3.5 times while the maintenance cost over 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 vessels were reduced by 69 % and 65 %, respectively.

From the results, it was revealed that the maintenance cost can be reduced by more than 50 %, and that the power consumption,
fuel cost, and CO, emissions can be reduced by more than 60 % if LED luminaires are used on two types of vessels.
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Figure 1: Classification of shipboard luminaires
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Table 1: Luminous flux by luminaires

Light source | Luminous flux[Im] LED Luminous flux[Im]

IL 60 W 700 8W 785
FL 26 W x 2 1,840 1I0W x 2 1,850
FL 48 W x 2 3,600(120 W x 2 3,735
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Table 2: Types of luminaires by area

Area Light source | Quantity[ea] coi(s)fnlm%% Vz‘[:\rv]
Navigation & IL 60 W 8 480
Training bridge IL 20 W 4

Boat deck IL 60 W 43 2,58
Shelter deck aft IL 60 W 46 2,76
Main deck IL 60 W 83 4,98
IL 60 W 46 2,76

2ND deck IL 40 W 2 8
Engine room IL 60 W 17 1,020
Navigation & FL 48 Wx2 7 672
Training bridge FL 26 Wx2 11 572
FL 48 Wx2 14 1,344
Boat deck FL 26 Wx1 3 78
FL 26 Wx2 17 884
FL 48 Wx2 32 3,072
Shelter deck aft FL 26 Wx1 16 416
FL 26 Wx2 34 1,768
FL 48 Wx2 51 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
Total 763 43,804
HlgEoR andEe] Frksime AgHe] A T o)
Al 71E 7199 Hg-o] W& Main deck 179 A3} L,
71 Fol B S vEShE LED V1S e

343



ulA] .

=5

%)\

rﬂ

HN

FEo g thx)] § Z3}E Table 30 VERNQITE o] W], 20 W,

40W 2 60We MAS57]|4E §W LED 5772 A8},
48 WE 20 W=, 26 WE 10 W= Z}7} 83574 LED

57172 gAEkAch
Main deck 7ol 71& 575 2 LED 57|79 &H]HA
O 7} 15414 W D 4834 WE A= 9tk

Table 3: Types of LED luminaires on main deck

Area LED Quantity[ea] | Total power consumption[W]
3W 83 664

Main 10 Wx1 101 1,010
deck 10 Wx2 56 1,120
20 Wx2 51 2,040

Total 291 4,834
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Table 4: Initial investment cost of IL and FL luminaires

Light source Quantity[ea] Unit cost[ W] Cost[W]
IL 60 W 243 1,000 243,000
IL 40 W 2 600 1,200
IL 20 W 2 300 600
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
Total 3,618,400

Table 5: Initial investment cost of LED luminaires

LED Quantity[ea] Unit cost[ W] Cost[W]
3W 247 8,50 2,099,50
10 W 156 12,000 1,872,000
10 Wx2 214 24,000 5,136,000
20 Wx1 2 16,000 32,000
20 Wx2 144 32,000 4,608,000
Total 13,747,50
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Table 6: Replacement cost of IL and FL luminaires

Turn-on ratio[%] Replacement cost[kW]
40 11,377
50 13,363
60 16,142

oA AR Yol ers] 2] A40¢@ A4E(2016.5)

Table 7: Replacement cost of LED luminaires

Turn-on ratio[%] Replacement cost[kW]
40 5,499
50 6,873
60 8,248
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Ti n - Power Fuel
rato?d] | S | cosrrpicnon] | consurpsionf ¢) | P kA
40 IL&FL 153,489 35,695 18,597
LED 47,962, 11,154 5,811
50 IL&FL 191,861 44,619 23,246
LED 59,953 13,942 7,263
60 IL&FL 230,233 53,542 27,895
LED 71,943 16,731 8,716
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Table 9: Annual CO, emissions

fa‘:fg[g‘j Luminaires | Fuel consurption] ] | CO; emissions[tCOy)]
20 IL&FL 35,695 107.08
LED 11,154 33.46
% IL&FL 44,619 133.85
LED 13,942 41.82
N IL&FL 53,542 160.62
LED 16,731 50.19
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Table 12: Initial investment cost of IL and FL luminaires

Light source Quantity[ea] Unit cost[W] Cost[W]

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

Total 9,089,000

Table 13: Initial investment cost of LED luminaires

LED Quantity[ea] Unit cost[W] Cost[W]

8 W 143 8,500 1,215,500
10 Wx2 642 24,000 15,408,000
10 Wx3 417 36,000 15,012,000

Total 31,635,500
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Table 14: Replacement cost of IL and FL luminaires

O s oA Turmn-on ratio[%] Replacement cost[kW]
321 23Tt 4 40 14,746
e AFAd gy FelAlE AAERE 87 25 50 18,311
9 358 FFEVTE AR A5 vlas] ) %0 22120
7% 57179} LED S$7]7-9] 31 Table 10 3} 119 1}
gl Table 15: Replacement cost of LED luminaires
Turn-on ratio[%] Replacement cost[kW]
40 6,649
Table 10: Total power consumption by IL and FL luminaires 50 8311
Types Quantity[ea] Total power consumption[W] 60 9,973
IL 60 W 143 8,580
FL 26 Wx2 642 33,384
FL 26 Wx3 417 32,526 TS sATE 28 Al ST FANEY A A
Total 1,202 74,490 Eoll Wt 8,097x0¢, 10,0008 R 12,1479 02 AEE

Table 11: Total power consumption by LED luminaires

LED Quantity[ea] Total power consumption[W]

3W 143 1,144
10 Wx2 642 12,840
10 Wx3 417 12,510

Total 1,202 26,494

1o O

PAE=YL jq_ %o]:l. HJ')‘]_QE 7]3& 57] = 74,490W°]111,

322 ZI|IFXH|E
5717 7 M40 J1E 57179} LED 57179 9
71sh 271 A0 62 212t Table 12 9} 139] Vehjgich

oA AR Yol ers] 2] A40¢@ A4E(2016.5)

ok Rl ASAdt g o R AREslglom, Table

1637} 2t}

Table 16: Annual fuel consumption

Turn-on . Power Fuel
ratio[%] | IS | congunpionlkoh] | consunptiong ¢ | Tt kil
40 IL&FL 210,359 48,920 25,487
LED 73,352 17,058 8,887
50 IL&FL 262,949 61,151 31,859
LED 91,691 21,323 11,109
60 IL&FL 315,538 73,381 38,231
LED 110,029 25,588 13,331
LED 57|72 tAsISS A, &84S Al&Es17]
S8l vle AEAE 271FEAEE Al 22566790,
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Figure 3: Break-even point
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Table 17: Annual CO, emissions

rTa‘tlf;‘[(?Af]l Luminaires conswflgl)lt?clm[ 1) | O: enissionsiCO]
0 TL&FL 43,920 126.76
LED 17,058 5117
“ IL&FL 61,151 183.45
LED 21323 63.67
o IL&FL 73,381 220.14
LED 25,588 76.76
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