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Abstract

Based on the regulations of the Energy Efficiency Existing Ship Index (EEXI) and
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the Carbon Intensity Indicator (CII) launched by the International Maritime Organization
(IMO) on January 1, 2023, this study conducts a simulation evaluation model to assess
the impact of gross operating profit and the efficiency of CO, emission reductions
through speed reduction, using data collected from existing Capesize Bulk Vessels. The
findings of the study are twofold. First, the choice of speed reduction, optimal fleet
management, and proper hull maintenance is a cost-effective strategy for reducing carbon
emissions in existing ships. Second, selecting an economical speed for vessels can reduce
carbon emissions, minimize operational profit loss, and lower the shipping capacity of
the vessels. Therefore, in order to meet the IMO requirements for EEXI and CII, ship
operators should adjust the optimal economic speed of their vessels based on market
conditions. This approach not only helps reduce fuel costs for ship operations but also

contributes to the sustainable operation of shipping companies.

Keywords: Energy Efficiency Existing Ship Index, Carbon Intensity Indicator, Existing
Capsize Bulk Vessels, Speed reduction
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EE

L)
i

wa) il

FPy : n B RS (G35 1) -

3.5 ASAABEES — S LB
BT E

KIgTRA . ~ FEE(2010) R A
AL & & (Carbon dioxide equivalent,
COne)FAL PR LURR IR TH #2 F 3l DARATH —
FACTHER R » KL A A i —
AbhxAECEEE) - ] DU A
Jite=0(10) :

4.1 EHHHA

T A ATEEX TRICTIE AL 58 F B bR &
B+ ANFRTEH ZEB A H IR R R i
FAREHRL - DUt B R R R i
M kBl » FEITEEXIFICIFRARZ A - #if TR
BRI AR LT T TERRE R 7,791
M eSS RS - Sl EL AR B
Y 55 FHIFO 380KA K -
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B ]

&7 WRAEBRZ SRR R - ks  SEEBEPHER)
Vessel specific information

Type Year of built Summer deadweight (mt) | Lightweight (mt)

Capsize bulk vessels 2010 178,065.8 27,364.5
Machinery
Main engine Auxillary engine
Power Grade fuel used Number & power Grade fuel used
H FO.upt

16,860KW/91RPM eav3y8 . CstuP ° 3x970KW/900 RPM IFO 380

Fuel consumption at a speed of about 16.1 kts (original installed power limit to Maximum
Continuous Rating (MCR), Cruising speed 14.5 kts and fuel consumption 58 tons/ day

Ship at sea (tons/ day) Ship in port (tons/ day)
Auxill ine about Boiler fuel
Main engine about ux; Sarytelnlégéng ; 0 ou Auxillary engine about orer t.e
Sm consumption
71.46 mt IFO 380 . 3.5 mt IFO 380 (without P
(without ballast about 1.5 mt IFO
ballast pumps) .
pumps) in port
Distance Time of ship in
Sea route . R
(Nautical miles) port
Kaohsiung to Richards Bay (South Africa) 7,791 10 days
Capsize Voyage charter Freight Rate Global 20 Ports Average Bunker price
6 % £/Mp~18 % &/vf 300 # £ /¥ ~550 % £ /7

F AL k& © InterShip Navigation Co., Ltd. (2022) and Clarkson Research Shipping Intelligence Network e

Power Limitation, EPL)PJ[EH T » DL A%
4.2 JBIRBIIRREML EEXI EZRE{E jJ«A\Ps?ﬁIJJ%Ems% (12,598 KW) Fukt

Bl EEXT E3R B HESEE LT > 5 M AR I T FE 3R ) 98.60
/kWh) » TR H TR 12,598 KW
42.1 EEXI M EEH (e/kWh) » 153 Hesh=RigHTh

PR TS » AR Ry 12.03 (kts) AT AR IATHY
WIS A DR BEXIZE 186 SR 12023 FF BEX BRI (E 12,22 (g
B (KNS T LR DRI (Engine  COylton-mile) » SHEIZERIZEFRER(I1) -

299 — (1)(12,598(kW)x3.114%x98.60E(g/kWh))+ (2x900(kW)x3.114x108E(g/kWh)) ... ... (11)
’ IxIx1x178066( DWT)x1x12.03( (kts))x1
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4.2.2 EEXI E5R{HETE

2 R YU B A EEXTERAE - £
DAIEEDIHEAZ T R (D R - 1%
RRIMORSE A B LL96 1. 795 Ui i #k

WEI-0.477R J7#E1TEHEL » 2020~20244E
EEXIZIRIEFRFRLL0.8 » HALS F2.41 (g-
CO/ton-mile) » 2025~20304EEEXIZEL 3K (K
=R LL0.7 o H S B 2.11 (g-COy/ton-
mile) » FHEEREHN T FRE(12) -

2.41 =961.79 x DWT 477 x (1-20%)=961.79 x 178065.8 """ x 0.8 (required EEXI 2020 ~ 2024)

2.11=961.79 x DWT*77 x (1-30%)=961.79 x 178065.8"4"7 x 0.7 (required EEXI 2025 ~ 2030)

............................................................................................................ (12)
L5 fmqﬂﬂfﬁﬁiﬁQZOZON203O$EEXI%IE{E
' —e— AL
4 — & -Phase2-2020-2024([#%20%)
35 0 e Phase2-2025-2030([%30%)
L .
E N‘:".Ol
é 3 ¢ o ° Pe
= S e - e e e - _ 241
825 ------------------- "- L -.---'-_.—.—_"'.——-'—-._,.___.
= T R R A Attt ettt ettt LT TP S S
2 2.11
1.5
7 7 > > 3 3 % 5 ) o =
= Ch S O = h S On S h S

G EE I {2(1,000DWT)
2 YEIFREYZR By 2020~2030 5E EEXT 3K

4.2.3 EEXI &k {EE EEXI B3k {g

fii] 3 PR I RY 2 iz it EEX T 5K i Bl
EEXTERAE(3) » £E2020~20244-EEXI
S RE (2.22 g-COy/ton-mile)/|NfA EEXT 22

KAE (2.56 g-COy/ton-mile) » 7RE[If&EE 2
12.03 kts » ZF&MEPC.335(76)4 » (B4
Bl 2025 ~ 2030 4F EEXT 5% 3K {8 (2.11¢g-
CO,/ton-mile) FLER - ¥l IR B Y2020 ~
2024 EEXTE % (B e 7: 75 52025 ~2030
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FHE » T PR REERHEE - &% COy/ton-mile) /N * EEXT 22 3K {H (2.11 g-
PR 11.4 ktsHFEEXGERE(2.10 g- COy/ton-mile) °

JEHIFRAYTE A 2020 ~ 2030 EEX T SR A8 B 22 Al (H
m EEXIZER(H m EEXGERGE

24
2.3
2.2
2.11 21
B I
2

2020~2024(#772£12.04Kts) 2025~2030(f 2K 11.4Kts)

2.5

(g-CO2/ton-mile)

3 PIRRIR Y 2020~2030 £ EEXT BR{EELERE

(178,065.8 I ) Bl % 4F i 1T BE B (7,791.1 n

4.3 BIREIR AL EEE 2 mile) Al - K 202248 CILE B Ky

FE CII ER{EER CII BR{E  2.27(2/tDWT nmile) » HEZPRIFEATT /7

B0 e F2z(13) - HKIEIMO MEPC GS#EHI Ry

L e b Pt e (oY S SHE S CLRTAR R SE MY ~ R TRATIRE » Bk

3 QEE%EZE’”_‘%E CIUERE PRI SRS - AL » VRARAS

REAEVK@AAT ~ BB Rl b A Sk

VIR A £E A8 S BB EECIE B~ WA ER SN B L S 5 -

RE - RS 12.03 kis(EBIhRRIRA  WAEFR AT 2 02 B B e

Ty 3 75%) I 0 A AR MR 0N RE B EERIIENUS - IR R R
(34,033.602 I ) B DL fifs i 2€ &% 68 & FFEESl -

3.114><{34,033.66—(0+O+0.75—0.03y,.)+(O+0+O))}
Ix1x1x1x178,065.8(DWT)x(7,791-0)(n mile) (13)

2.27(g /t DWT n mile)=
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IR CILER I e R T =GB TR
A DAL 55 i 7 2 3 iR e B C T
{E(z\6) Ry rhReI L _EEAE: NIRBH T R A ~
B~ C~ DEURER - SRR o
3 iR CIGE RRAEE R IBAR R KAEE -

4 IR 2022 SEE Ko
& CIIERKE

432 AR ENE.ZBOARE C1l k1A
B

i WFF R B ol Aty CTUES % {3 38 2 =X
Cllref=axCapacity—c » H.rfCapacity %
s s B AR AL R HEEMER(DWT)
HGRAMERL(GT) 5 afec ks NIRRT A ERY
FRE > 5320224 5% 78 Bk 5 R CTIZE 5K
H & % fr W i ® o K
CII=(1-Z/100)xClIref » ZHTIKIKT > Ky
FHET R CILES KRB FR P Iny B 73 FLfE - e
20234 FFHT IR T B 5% » T BB A T
2% 20265 » 8y f&EH20224ECIIEE
SRAE2.57 (/ DWT- nmile) ~ 20234ECII
R E 2,44 (¢/ DWT- n mile ) » 20234F
CIIER{E F52.44 (¢/ DWT- n mile) ~ 2024
FECNERE F2.39 (g/ DWT- n mile) »
2025 4F CIN % 5k {f }5 2.34 (¢/ DWT - n
mile) ~ 20264FCIEE R 152.29 (2/ DWT -

n mile) °

& 8 HSINEUSE B 2022~2026 2 FFEE ZiGRE CII ZR1E

B Cl EREZEER 2022~2026 £ CIT ZE3K{H
2023 2024 2025 2026
a |bOWT)| ¢ 2022 (5%) (%) o | Cliw
4745 | 178,065.8 | -0.622 | 2.57 2.44 2.39 2.34 2.29

4.3.3 SSIRBIIRALAY 2022~2026 F&
B iksaE CI 2R {E5GERL{E
L&

AR B e S Y U BB e 2022 A A i B
M A37. (178,065 .8 ) 725 35 i fifi 5t B CTI5E |t
{5227 (g /t DWT- n mile)Ed20224E %
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2026 FCHELRAE LEf - m] LSRR AU
JlSi§ 202268 7 S Btk 58 BE T 5 2026 £F

CHELR{EARAE -

2022~ 20265 /IR B AR CUBER{F 2022 2 i {H

----- 2022% 5K 1{H ——2023(-5%)Z R
== =2024(-7%) SR
— - 2026(-11%)5 K

2.90
2.80
2.70
2.60
2.50
240
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2.10
2.00
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S

R

CIZK{H
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4.4 1RHERAEAAREE ¥ Ak A0 E B HE
-~ &EEF  _FILRREER

BRI

RRLEGETF IR SR s T R ook« 2 — M
TEEE Ry R I e S 14. 5 kes 5 2R
IR ST R 5 5 12.03 kes(EBELIR Ty
R IRITIERNT5%) 5 5 = RB I Ry
R Fy11.4 kts (EEXBEREST52025~2030
FRUE) 5 VIR S R fy 10.0 kts 5
DUk 8 AR TR 5T Ry s eE Fo8.0 kts » fEA
[FIfSERE TSRS AESE TR EN BT - PR
REVERE R RS SRR GEE L

— —2025(-9%)Z K MH
—e— 202272 {H

— et e ek ek b ek et ek ek ek

A BRIORHE S b R A B RRPER

= L
4.4.1 1R HEMLARRE R E AR E RER &

PR BB T TR RIS I - A
iR BRI A - B 6 RE /R 14.5 ksl »
FEREMIREO6.37% - SEwAE S A
1,121,530 ; iS4 25 12.03 ketsh » H54F
ALEEEYIRREORS5.39K - HLREHEERE
JIA B4R 1,089, 71 TR 14.37%)
HREHE 1.4 ktslif - FEAGEEEYIHIR
BOR5. 15K - TEEIRE I Ry 917,568
(P 18.19%) 5 H R ZE10.0 ktsls
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R TR BOR4.6 2K - SEERAE T IR
DRy RFA-819,924M([5¢(K£26.89%) 5 H Rk
Z£8.0 ktslif » REEF AT X IR BN 3.78

K HHERET TR Ty BF 673,928 (&K
39.9%) o Lt AR HRERS SR BRI A A i
fifEim e B -

I R R A ST

50 8
45 — EN R - - R EERE(%) 7
40 .
, 6
;\8 35 ’/’ @
B30 P 5 g
B 25 - 4 =
i - =
0 15 - 5
10 =" 2
5 -~ !
0 - 0
14.5 14 13 12.03 11.4 10.00 8.00

it (Kts)

6 FEERFINE B S R SRR T R

4.4.2 HEEEAMLAARE Y — F L aBEM
B E

I Ve —

PR AT A BRI R R - (RIE—
Atk E R - BTERERE R
12.03 ktslif » B4 — A AL E WA
38.5% » ERESHZE11.4 ksh » AE R 1L
RHECE K 45.88% » EEHE10.0 kts
IRF » A AL 60.6% » HETREE
F8.0 ksl - FF ~HAALHE R E R
75.9% » K] 10 5 1 R (A SR By
JAURAR HUBRIEEZAL, -

4.4.3 1EEEBIRBIEIMMNE - $RH{E
BRERBHHEEEFZR
%

I I A Jo87GF 22 28 S o S i 7 B IR
HIEFE R - FELUEE 12.03€4/MHCEEME)
B BRI B AR 429 26 /W (SE 39 1H) < 1H 5
T FHEMAEA R - HEEE
FpoRE= 52 » A0ER DA s
FIEE » 114 kts (6,911,011 USD/
4E)>10.0 kts (6,851,458 USD/4E) > 12.0 kts
(6,840,619 USD/4E)> 12.03 kts (6,830,537



A1 An AR R BT IR IONER 21 58 DUB IR BLEERIR Al An PR 2R 75 A1

USD/4E) > 13.0 kts (6,589,074 USD/AE)> B » SEZIRA IR » thert s EEF
8.0 kts (6,261,637 USD/ %) > 14.0 kts  [F{K » K[ AH @ B KM R A AT AR A
(6,263,630 USD/ %) > 145 kts (¢ fK  PAVHNEFE - EHRBRME S M REIRE A
5,882,688 USD/4F) - [EISHE/RIGIRAURIEEHS  EBIARY - EEEFHEm YN - #
R IRTRERE - PRUNE ARG - S GETEREIRAVRLR] -

BEERIRHE & IR S DR T

IR RIS T 2R — AR 22
20,000 60,000,000
SRR AR (1)

50,000,000
— 15,000 ™
%n*\/ 40,000,000 %
il il
W 10,000 30,000,000 &
I 20,000,000 ON
"i\ 5,000 @)
B 10,000,000
0 0
14.5 14 13 12.03 114 10.00 8.00
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	TCyear：全年運輸能力(噸)；
	NVyear：全年航程數(次)；
	D/ Sr /24：航程之航行時間(日)
	D：航程距離(海浬)；
	Sr：航程船速為每小時行駛r海浬；
	PT：每航次滯港裝卸貨天數；
	DWT：船舶貨物載重量(噸)。
	FPn：n期間之燃油價格(美金／噸)。
	ΔR：營業毛利變動(美金)；
	FRincome：航程運費收入(美金)；
	FOcost：航程燃油成本(美金)；
	FRm：m期間之運價(美金／噸)；
	DWT：船舶貨物載重量(噸)；
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