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A study on the change of EEOI before and after modifying bulbous

at the large container ship adopting low speed operation
Goryong Park' - Kwonhae Cho'
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Abstract: The International Maritime Organization(IMO) has adopted and implemented compulsory regulation for reducing greenhouse
gas emission that cause global warming. However, with global warming underway, the IMO plans to enforce voluntary carbon diox-
ide emissions reduction based on the Ship Energy Efficient Management Plan and the Energy Efficiency Operational Indicator(EEOI)
in the near future. Large container ships sail at low speeds in order to save fuel and reduce carbon dioxide emissions. However,
bulbous bows designed for high-speed ships decrease fuel efficiency by acting as resistance when reduced speeds are adopted by
large container ships. In order to adopt low-speed operations and increase fuel savings, the bulbous bow of a large container ship
was modified into the proper shape and size. Fuel consumption was compared for checking the result of EEOI before and after
modifying the bulbous bow adopted on low speed operation of large high-speed ships. The results confirmed much larger carbon
dioxide emissions reduction than expected. If EEOI would be implemented as compulsory regulation for reducing carbon dioxide
emissions, bulbous bow modification can be considered as one of the fuel saving methods for the high-speed ships.
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Table 1: Ship's particulars

Ao AbgH 8,600 TEUT ZAE|o] Auke]

Ship

8,600 TEU Container ship

(before/after modified)

LOA (before/after modified) 339 m
LPP (before/after modified) 324.82 m
Breadth (before/after
modified) 456 m
. Design : 13.0 m
Draft (before/after modified) / Scantling : 14.5 m
Deadweight Design : 77,800 M/T
(before/after modified) / Scantling : 95,900 M/T
Lightweight

35,435 M/T / 35,364 M/T

Main Engine Type HD Sulzer 14RT FLEX

96C
MCR(kW) x rpm 81,254 x 102
/ NCR x rpm / 73,130 x 98.5
/ Service speed / 27.0 knots
SFC at 75% MCR (g/kWh) 171.58 g/kWh(MCR) /
(before/after modified) 162.73 g/kWh
Daily fuel
consumption(MCR) 288.5 M/T

B&W 7L x 32/40H x 4

Auxili ine t
uxiliary engine type Sets

Auxiliary engine MCR(kW) 3,470 kW x 4 Sets

D @)2A, Maersk Lines, NYK, Wilhelmsen -] 7§23t}
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Table 2: Modification status of bulbous bow

Modification Bulbous bow
plan of cost
4
Cost $485,900 ($463.000)
Day of at the regular
modification 10 days dry-dock

Figure 1: Before and after modification of bulbous
27 knots to 18 knots

16 ~ 22 knots

Speed change
Operation speed
Expected fuel 37 9

saving(%) ' skl SAW A3} 14 wER A% 9 A AT 27
Expected fuel fuel price § 577 o] [(A-C)(A)] 8] 9.9%tN71A] Eobxl AL sheldt 5= 9)

1,040 ton/year
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Table 3: Fuel consumption before/after modification of bulbous (unit : tonne/day)

Fuel consumption Fuel Fuel reduce Fuel Fuel Fuel reduce | Total fuel |Total fuel reduce

Speed (day) reduce consump. | reduce .
(knot) | before after tonne Arl;itj A T/C cut-off | tonne Brgt?B redl:e t((:)nne Arzéu/o A

W | ® | e | AP | AT PN ®o®) | @aro | a0
14.0 68.8 63.5 5.3 7.7% 62.0 1.5 2.4% 6.8 9.9%
16.0 86.2 80.6 5.6 6.5% 79.8 0.8 1.0% 6.5 7.5%
18.0 108.0 102.3 5.7 5.3% 102.6 -0.3 -0.3% 5.4 5.0%
20.0 135.4 129.9 5.5 4.0% 129.9 - - 5.5 4.0%
22.0 169.6 164.9 4.7 2.8% 164.9 - - 4.7 2.8%

gt el Aol g3 A A419 A15(2017.1) 17
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Table 4: EEOI before/after modification of bulbous at 14

knots
Fuel consumption| Cargo and distance
Fuel type Deadweight | Speed
(HFO) (ton) (knots)
Before modified
68.8 ton/day |77,880 (ton) 14
bulbous bow
After modified
63.5 ton/day | 77,880 (ton) 14
bulbous bow

Fuel reduction

5.3 ton/day (7.7 %)

Before modified

(68.8 ~24) < 3.114

X 10% = 11.7 gCO,/t.n.mile

EEOI 0.7 X 77,800 x 14
After modified =
163520 X311 o6 9000, /t.n.mile
EEOI 0.7 X 77,800 < 14

CO; reduction

0.99CO,/t.n.mile (7.7 %)
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Table 6: EEOI before/after modification of bulbous at 16
knots

Fuel consumption| Cargo and distance
Fuel type Deadweight | Speed
(HFO) (ton) (knots)
Before modified
86.2 ton/day 77,880 (ton) 16
bulbous bow
After modified
80.6 ton/day 77,880 (ton) 16
bulbous bow

Fuel reduction
Before modified

5.6 ton/day(6.5 %)

wx 10° = 12.84 ¢CO,/ t.n.mole

EEOI 0.7 X 77,800 X 16
After modified . ‘
806+ 24) X311 o6 150000/t nmile
EEOI 0.7 X 77,800 X 16

CO; reduction

0.84 gCO,/t.n.mile (6.5 %)
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Table 5: EEOI before/after modification of bulbous with T/C U= A I F A5 A8 A X F71E 33
cut-off at 14 knots 7] Abek Folli= Al o] 938 HojRe o = gk
Fuel consumption| Cargo and distance
Fuel type Deadweight | Speed Table 7: EEOI before/after modification of bulbous with T/C
(HFO) (ton) (knots) cut-off at 16 knots
Before modified Fuel consumption| Cargo and distance
68.5 ton/day |77,880 (ton) 14 -
bulbous bow Fuel type Deadweight | Speed
After T/C (HFO) (ton) (knots)
62.0 ton/day |77,880 (ton) 14 -
cut-off Before modified
- 86.2 ton/day |77,880 (ton) 16
Fuel reduction 6.8 ton/day (9.9 %) bulbous bow
Before modified | (68.8 = 24) % 3.114 . ) After T/C
EEOI mx 10° = 11.7gCO, /t.n.mile cut-off 79.8 ton/day |77,880 (ton) 16
Aft dified - Fuel reduction 6.5 ton/day (7.5 %
er MOCEA 1 (620 24) X311 o6 10 550 00 /4 mie . y (73 %)
EEOI 0.7 % 77,800 X 14 Before modified

(86.2 ~24) % 3.114

— 6= L,/ t.n.
0.7 < 77.800 < 16 X 10 12.84 gCO,/ t.n.mole

CO; reduction 1.15gCOy/t.n.mile (9.9 %) EEOI
After modified -
%XIUG: 11.88 gCO, /t.n.mile
Table 49} Table 5914 B30 A4 Az 5 3t)e] a3 EEOI '
7] $HO o HaoA] 08 Am 7hAo] W] Q010 CO, reduction 0.96 gCO,/t.n.mile (7.5 %)
FIvld A Y Hed#] A4l A15(2017.1) 18
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Table 8: EEOI before/after modification of bulbous at 18
knots

Fuel consumption
Fuel type
(HFO) (ton)

Cargo and distance

Deadweight | Speed

(knots)
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Table 10: EEOI before/after modification of bulbous at 20
knots

Before modified

108.0 ton/day | 77,880 (ton) 18

bulbous bow
After modified

bulbous bow

102.3 ton/day | 77,880 (ton) 18

Fuel reduction 5.7 ton/day (5.2 %)

Before modified) (105.0 + 24) x3.114
EEOI 0.7 X 77,800 X 18

After modified || (102.3 = 24) x 3.114
EEOI 0.7 X 77,800 <18

CO; reduction

x10° = 14.29 gCO, /t.n.mile

X 10 = 13.54 gCO, /t.n.mile

0.75 gCO/t.n.nmile (5.2 %)
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Table 9: EEOI before/after modification of bulbous with T/C
cut-off at 18 knots

Fuel consumption
Fuel type
(HFO) (ton)

Cargo and distance

Deadweight | Speed

(knots)

Before modified

bulbous bow
After T/C

cut-off
Fuel reduction

108.0 ton/day | 77,880 (ton) 18

102.6 ton/day | 77,880 (ton) 18

5.4 ton/day (5.0 %)

Before modified (108.0 = 24) x3.114
EEOI 0.7 X 77,800 <18

After modified (102.6 N 24) x3.114
EEOI 0.7 X 77,800 X 18

CO; reduction

% 10° = 14.29 gCO, /t.n.mile

X 10° = 13.58 gCO, /t.n.mile

0.71 gCO,/t.n.nmile (5.0 %)
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Fuel consumption| Cargo and distance

Fuel type
(HFO) (ton)

Deadweight | Speed

(knots)

Before modified

135.4 ton/day
bulbous bow

77,880 (ton)| 20

After modified

129.9 ton/day
bulbous bow

77,880 (ton)| 20

Fuel reduction 5.5 ton/day (4.0 %)

Before modified 94 %
(18542 24) X3 UM o6 3649 000, Jtmmi

EEOI 0.7 X 77,800 X 20
After modified -
—%2?‘9 ‘7723)[? 3‘;[1)4 X 10° = 15.47 gCO, /t.n.mi
EEOI 777,800 X

CO, reduction 0.65 gCO,/t.n.mile (4.0 %)
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