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Abstract

The cost percentage of engine part in the total building cost of a ship is about 30~40%
and the main engine occupies about 509 of the engine part cost. For certain ships the fuel
bill can be as high as about 60~70% of the total operating cost after two oil shocks and its
amount for one year is nearly equivalent tc her main engine price. This fact has further
increased the pressure on the engine builders to develop engines of higher efficiency and
better possibilities to burn further deteriorated fucl qualities. But the energy-saving plants
are ordinarily morc expensive and their available amount of exhaust gas energy is less  and
therefore, they are not always profitable and optimum systems.

This paper is prepared to decide the most economical and efficient engine systems by pre-
senting reasonable selecting and economical evaluation methods of the main engine, which is
the largest single unit and the most expensive, and its auxiliaries,

In order to demonstrate the application of investigated methods in a practical case, a 46, 000
DWT class bulk carrier Is selected as a mode] ship and her main engine and its auxiliaries
are sclected and evaluated,

The result shows that the optimum determined  has ope year three months POP, 0.903
IRR at a year, 4,116,000 dollars PW in 15 years (for 59 escalation rate of fuel cost) and
9.522 BCR for same condition, when the engine plant of a same existing ship is taken as

the basis.
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Abstract

The cost percentage of engine part in the total building cost of a ship is about 30~40%
and the main engine occupies about 50% of the engine part cost. For certain ships the fuel
bill can be as high as about 60~70% of the total operating cost after two oil shocks and its
amount for one year is nearly equivalent tc her main engine price. This fact has further
increased the pressurc on the engine builders  to develop engines of higher efficiency and
better possibilities to burn further deteriorated fuel qualities. But the energy-saving plants
are ordinarily morc expensive and their available amount of exhaust gas cnergy is less and
therefore, they are not always profitable and optimum systems.

This paper is prepared to decide the most economical and efficient engine systems by pre-
senting reasonable selecting and cconomical evaluation methods of the main engine, which 1is
the largest single unit and the most expensive, and its auxiliaries.

in order to demonstrate the application of investigated methods in a practical case, a 46,000
DWT class bulk carrier is selected as a model ship and her main engine and its auxiliaries
are selected and evaluated.

The result shows that the optimum determined has one year three months POP, 0.903
IRR at a year, 4,116,000 dollars PW in 15 years (for 5% cscalation rate of fuel cost) and
9.522 BCR for same condition, when the engine plant of a same existing ship is taken as

the basis.
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Table 1. Prices of main engine, its appendages and auxiliaries

Items Unit Price Remarks
Main engine $/PS 155.00~180. 00 Large, slow-speed 2
stroke cycle diesel

Engine balancer $/Unit 185, 000. 00~ For large, slow-speed 2
145, 000. 00 stroke cycle diesel

Shafting $/Kg 3.00 Forged steel

Propeller $/Kg 6.00 Ni. AL Br

Diesel generator $/Kw 230.00

Turbo-generator 8/Kw 310.00

Shaft-generator $/Kw 480.00

Shaft-generator-motor /Kw 550.00

Economizer $/Unit 220, 000. 00 3.5 T/H capacity, single

Economizer $/Unit 300, 000. 00 ” , dual

@) &9 KARIF £2£2] HEE)
£ W@l MBS E AL MEnmel MWW MY oA SO MmES zrolth
PO BiE] ol 2] TSl 9 on —REMel REIRAEES Mt o) HEEEC) A

Bunker C {f{#£ 200% /ton(170$~230$ /ton).o. 2 3 #a5e] {HEHFS Fotdeh. 1
| LRA%A st g Mol AESIL Uy o Fol o] WY BElT. Lo W
FiZEe AfE AME mETE —mel REols ®3ER =oha ARTo 4 39 Fi
BEel 1€ Ao st Qv webd & Figol e MELAKS 0~15%717 itEsT &
B 1IN E 0%2 5% T7hx 7Sl ol st Aink Mokshg o}

B A4 Bkl HEse FHl L NESRT, FHAR REERAME % d8157) g
o RE SRvel BEGERCT BEY BHE 28 RENSD ERBINEY L RS 4]
A w7 Agel BEBZAA BRSO RES go] BRY AL o] ZES: AL BET
o] o},

Bl 2 ool = #iage) M =e} B, RE, wBk, S6h, FRBAR, EEFET 8
BEE HE GO 2 Bl ole e HA-L e FMEAk LB & FaAAE %3

Fsket.
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Case [ : TGH-SGM
LR R 1T o REERH 0 i HEBRELY FEE A=
Case 1: DG
Case [ : TG+ Auxiliary boiler
Case f: TG+DG
Case NV: TG+SG(or SGM)
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Table 2.

bulk carrier

drae Xl e 46, 000DWT#E s fednfh
SHlth ol M AT thi
Principal dimensions of 46, 000DWT

O 2

i o

2 3k
S K i

Dead weight
Length OUA

Length B.P.
Breadth moulded |
Depth moulded i
Draft dosigned
Draft scantling i

Service speed {

L000DWT
223.0M
215.0M

32.0M
15.16M
10. 50M
10. 58M
14Knot

<

T AR,
Bou omE

m A

(20 il L kge
Table3sl
Sh O T

Bl HWRC Ll ek

Table 3. Principal Data for 46,000 Ton Bulk Carrier
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Propulsive methed Without R/G E With R/G
- N [ . i i T
: e g H |
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NCR | A , | i ?
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Siérvi'-f; pO’W” . i XA o\~ o/ T . i o
> [ o/ 35, 5 & 5 5 85 o Qo 5 e
Spe. MCR % b.)‘ 8 0 85 85, 85 85 85, 801; 80‘ 85
NSR AT 14 Knot re cana 8 . | 1
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‘ ‘ ‘ : |
Hull efficiency i |
1=t nH 1.38()9: 1.3753  1.3671] 1.3515{ 1.3413 1.3287 1‘30801.30801.3080‘1.3080
HE Ty ‘ : | ! !
Propulsive Eff. ne | 048200 0.4912 0‘53033] 0.5229] 0.5375 0.5552, 0.58:80.5828}).5828‘0.53&
| | ! ; i |
g;"flatiw rotative nr L 1.01360 10157 10190, 1.0260° 1.0311 1.0384] 1.05271.0527:1.0527.1.03°7
{f. ! ! | I i i
| ; | ! \
- . L. | i I oy ! !
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_— SR R O i A S A
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| | | i
R T TP T . N o I nen ) |
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-ler i o] el
;;1 Blade arca 0.6437 0.6266, 0.6016  0.5547) 0.5500 045500i 0.55000.5500;053()0‘()‘5500
4 bla- | ratio !
{ | H | H
| i | I ‘
Tos - L ! ! i ,
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Fig 3. Approximate speed prognosis and engine
selection for a 46,000 DWT bulk carrier
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Table 4. Techno-economical analyzing data (with R/G)

Items Type H I J K L ’ M N

S. MCR BHP/RPM 10350) 10350, 10350 10350, 10350/ 10350} 10350
111 111 123, 150 164 98 150

SFOC (G/PSH) 124 122 126 131 131 123 129

NSR C 0il(T/D) 27. 6| 26.8 28] 29.1 29 27 28.6
BHP/RPM 8798] 8798 8798 8798 8798 8798 8798

105 105 115 143 153 91 141

|

FO. cost C oil x10%(T/200D/Y) 1102 1070 1119 1163 1159 1092 1146
L (mm) 7070, 8135 9425, 10210] 10210 10970 9300

Engine cost B (mm) 3225 3225 3600 2670, 2670, 3280, 3000
W (Ton) 295 340] 330 288 288 405 285

x1038/Set 1830 1901 1682 1700 1793 1944 1898

f

Inter, (mm) 532 532 532 532 352 532 532

Shaft Dia. Pro. (mm) 647, 647 647 647 647 647= 647
Shaft length Inter. (mm) 114101 11410 11410, 11410 11410 11410. 11410
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Dia. (mm)
Pro. with F.P.}?
YW (Kg)

| Cost x 10°8(63/Kg)

Init. Invest. X 10%8 '

Init. Inv. Dif. ‘ X 10°8

FO. cost Dif. x 108

Pown R BRI e,
AEEgEe] L il 2 A TRREL, dUMElT b 0 SERERY REehalch <]

dabel g GMEEfRel o Sh BT, WL AORTY. RBIRUE, BUORETR, MULR2 T

CEUE, TRRel B %% GMFstel K b Zie] Table 431 Table 5oj=h,

A0 WA R holos] BBIEGRES A el o

T ORme T Mmoo e Hietel 1RTH

i nlﬁo}"ﬁtr

(3) fraflogge) Wik

ALEEPERE O T Mgl Gz 3 5- Table 571 ARSE], & A -$ol = Table 48] KRG
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Pro. (mm) 7335 7335 7335 7335 7335 7335 7335
cost Total cost 38/Kgx10%8 56. 8 56. 8| 56.8 56.8 56.8 56.8 56.8
R/G cost x10%8/Set 201 201 201 201 201 201 201
Coupling cost x1038 /Set 18 18 18 18 18 18 18
. !
Dia. (m) 7.7648| 7.7648] 7. 7648l 7.7648) 7.7648] 7.7648 7. 7648
Propeller with
C.P.P W (Xg) 27054| 27054] 27054 27054 27054 27054] 27054
Y o o 1
Cost x10% 350 350 350l 350 350 350, 350
Inital Invest. x10%8 2623 2526 2491 2326 2419 2517 2639
Initial Inv. Dif. x10%3 +303 ~+200, + 165 Base +93 +191 +313
FO. cost Dif. x1038 —61 —93 —44 Base —4 —66 —17
Table 5. Techno-economical analyzing data (wihtout R/G)
Items Engine Al B | c| o | E] F| &
S c BHP 12362 10432 11020 11404 11404 11030 11850
. MCR
RPM 154 98 102] 112 115 115 135
' |
BHP 10508 8868i 9367, 9665 9694 9375 10073
NSR RPM 146 94‘ 97 115 116 104 128
SFOC(G/PSH) 130 123 126 127 132 132 129
C oil x10%$(T/D) 32.9 27. 5] 29.7 31 32.2 31.1 32.7
FO. cost C 0ilx10%% (T/200D/Y) 1373 1100; 1189 1241 1289, 1242 1323
L (mm) 11470 8800 9870 8770 9440 9865 9865
W (Ton) 310 410 365 320 350 345 345
Engine cost
B (mm) 3100 3780 3280 3280 3500 3150 3150
X10%8/Set 1939, 1995 2056 2071 2912 1843 1967
!
Inter. (mm) 11410 11410 11410 11410 11410 11410 11410
Shaft length l
Pro. (mm) 7335‘ 7335 7335 7375 7335 7335 7335
Inter. (mm) 389 434 430 408 412 402 400
Shaft Dia. |
Pro. (mm) 439' 527 522 496 502 489 486
Total W (Kg) 26328' 32829] 32215 29053] 29636 28206 27905
Cost x10%$(38/Kg) 79‘ 98 97 87 89 85 84
Balancer x10%8 /Set 147 147
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Table 6. Priority of engines
Items ‘ PropuISKm without R/C with R/G
S . _ : - ! . . .
Engine type o QY AoE R 4 gal M | 1 ' N
! i ! 3 [ B
o ‘; ? | ! ! | i
L i=109 i Dolulp D16y 14840 1.036)  7.755  4.843)  1.931]  2.555  50.0%
1 i ' ! Z ‘
por | | IVBAL 3YSMOU1YaME. 1Y ! TYGM. AYIOM, 4YIM  2YeM  SuYIM
| H | | H 1
| . - | — .
Priority i 3 NN 49 4 3 i 4 2 3 1 5
I | i
! ‘ ' i N o
i N=13 0,922 0,648 0.791  1.046  0.181 0.2 46 AN
IRR ‘ 1
Priority 3 o 4 ! 1 4 b
} |
| ! i ! : N
| N=15 . 0.8385. 0.3333 0.15 0.1697, 0.5074] 0.88
Voi=10%, S=0% COXI0% X0y X1 XIom 10
! i 1 ' :
| Priority : 2 3 4 | 4 5 | 3. ! 5
W ‘ | | ; | i L
I N=15 0.2592 0.1653 0.1234 0.4802 0.3304 0.43230 0.2002 0.7804, 0. 1473
I 1=10%, S=359% 210 X107, 107 X109 XI0% X105, X105 IO 10
H : H H i
H 1 |
. Priority O O O R T N R O s
3 ' : : i : : i | i
) P i | P : i : ' ;
| N=15 b 0.7092] 0.6711 0.6034 0.8092 0.1484 0.2564 0.2054 0.3525  0.6534
Li=109. S=0% 0 X104 X1eh o 10h X10! X0 Lo XLo o xron X
| 1 ' : | | i
' Priorty ! o 3 4 1 4] 2 3 | g 5
BECR | i : , : i | i
| N=15 0.9832) 0.94020 0.8352 4.1121 0.2064 0.2354 0.2814] 0.4882 0.9064
} i=10%, S=5%  XI0Yy  XI0'  <10% X0 XI10% X100 ig W0 X100
| | : | ! t
: Priorily | 2 3 4 1 4 2 3 1 ‘ 5
! ! ! : !
Total peint 12 12 19 ! 6 | 30
Priority I 2 3 1 1 5




600 BEREFAE KB Ak 270

5:2. BMAI2HC BFY BAFN
D FEER L BRE BAeTHE XK 2 BRE

Table 7¢] el Wl @& Ml FEBEES 29, —BWOZ MBS AWK, M85
Ml 2R TR IS RS RIGHBEY BBBHC Tl MEe] A —REsheha

¥+ g Aolsh

Table 7. Required electrical power for selected 6 engines

\Re(};)l(x)lvrvgg 122321 of continous Tcigaald;)f intermittent dG i:g;p- | il?l(t:?;:i tlt?:r:it (i(f)ads l Total loads
(Rw) at sea at at at sea | at at sity  |at sea Jat port at at sealat at
Ships\ port | loading port | loading | factor !gzd' ’port %gagd—
B 327 526! 656 118 209{ 74 0.5 59] 105 25 386/ 630] 681
C 278 477‘I 656 118 209: 74 0.5 59| 105 25{ 337] 581 681

:
G 344 543 656 118 209 74 0.5 59 105 25| 403; 647 681
1 310 509, 656 118, 209! 74 0.5 59 105 250 369, 613 681
M 288 487; 656I 118 209: 74 0. 5] 59 105 25 347 591 681
J 323 522| 656|' 118 209‘; 74 0.5 59 105 251 382 626; 681

Table 8ol AWM Tol A2 BMe] 3l FERER HAN2 2029 Kkl o3 BETHE RO
FolA 2 gleh o714 ISOBAF& KR 27°C, ik 27°Coln BMBEM-S A% 45°C, fik 32°Co|
o IS KR 25°C, fEAK 18°Colth.  Ea BHMEMS MEHEMA MRS KKZ mET
A4 ol ffkel wet BEv EEE A B Bel BES 4SS K#OD #_sAl 470k
h(295kw) 2 Shi 3 MEMMMBARRE HRE BET 29 850kg/h(GI0kwIZ  H—sbi Telal
om odylel & EMEN AN KKE 0a0T wehd KRS A4S 1320ke/holm fHiAN
Bt dkg/em® MAHINE BHGIAT. o BEY HEAold MEMES —MEMeIT HRnd s
Dual system© 2 &0 24 TGO H#E + gt ARREAE HITH2 BAS 2424 oo,
Table 8¢ TRl BERS HRAES RS 9o,

Table 8. Comparision of required electrical power and TG output by exhaust gas

Items | Type ] B | c G 1 ] | &
N| kg/h| °C |kg/h °C | kg/h| °C kg/hJ °C | ke/h | °C | ke/m| °c
Amounts and ISO | 53150 275 57980 269 63000, 270 60687 274| 53150 279l 54020 265
emp.

of exhaust gas Tropic. 49011} 310 53510f  300| 58148, 300 56008 305 49011| 310} 49855 296
Desi. Con. | 54348  264] 59337| 255 64474| 255 62107] 260| 54346 264/ 55284) 251

Bunker heating,
accomodation & | Sum. (kg/h) 1320 1320 1320 1320 1320 1320
general service




Ratmmmmel 8% 2 10 mmn FEI o B g 6501

T 7 f X T
; | ; :
Assumed output 1SO ; 332 358 354 | 383 1 332 96
: ! ! ,
of TG " Tropic. | 300 397 430 | 430 390 30
(KW ; !
Dest. Cond. | 295 293 318 323 295 261
T T T R I .
Elcctrical load : at sca i 386 | 337 403 369 i 38 R
(KW) [ at port ! 030 "‘ 581 647 613 i 620 091
H i
funder IOadmgf 641 i 681 681 681 ! 681 62
B l‘ R e 7_’777_ I _ o '7‘» e —
Diffcrence ‘ ISO | —54 I +21 f -39 ! -6 =50 ! i
' i i i ' i
TG out-put and Tropic. | e S R I B +61 -8 1
clectrical load { i ; I ! .
(KW) DesiA Cond.! —-91 —44 ) —85 —46 { —87 1 - S
i j
V.S Pump & foniAir Cond.| .. s o B
spared Power (KW | = i = ; o= o !
Final Cond. with V.S pum &: —51 . 4R ! -an +6 L —40 =21
fan+- Air Cond. (KW) i ; |
| ; i ‘

(2) BLBBEM <) 2]

TR R B D R R 1t IR LA
CubE MARRE T RSOl ARG IERIEERE s

sl Slehs BOEEEfR] TS B UL A VN S st
b OB s e TR s P e

WH7E AT M) s el

PN R
Ll o), up oA BT

TG
A4 TGoL SGoioa v ke A, DG
;-‘i»-:.;] v} $hel Bijsts o O g

bS] g 4 SR - DGUUBEEE < An 26 L e
Table 9. Final evaluation data of techno-economical engine selection (price X10°85
I[(mw Propulsion system ‘ Without R/G l
Engine t;pu i i C ; G . I ; j ’ M
- _ i e —
. | i
Engine Spee. MCR/RPM 10432/98 110207102 11853 50/ ]33 10350,'113) 10350/123° 10350798
Spen : i ; o f P
: NSR,/RPM { SASGS.’E‘:J O367/97 10037128 87 aR/ IU)' 8798, 115 8708/91
! ' | 1
. ) ‘ | | \
SFOC at NRS (g 'PSITy 122 26 ‘:29: 122] 131 124
| | 5 f ' f
| |
.y FO. cost {200 DY) ! 1100 1189 1323: 1070 ‘110! 1097
! i
' Engine+ Equip. 2688 2336 1362 2719, 216 2701

TG O30S kw | w 12500000 1240400° D I2000000 12404005 100 350)
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. ® Price(2308/kw) (kw) | 13.5(60) 11.5(50)] 11.5(50)
set
(L 6.2 183 4.2 4.2
@ Price(310$/kw) (kw) | 18.6(60) 15.5(50)| 15.5(50)
Addition. TG
€ D) FO. cost(2008/ton) 7 4.9 4.9
® Price(4808/kw)(kw) | 28.8(60) 24(50) 24(50)
Addition. SG
FO. cost(200%/ton) 3.6 2.4 2.4
& 1 ® V.S S.Wpump price | 3.8(41x1)| 3.8(41x1)] 3(41x1)| 3.8(41x1)| 3.2(30x1)3.2(30x1)
Pump an
V.S Vent. fan price |1.9(5. 5x4)i1. 9(5.5%4)|1. 4(5.5x4)!1. 9(5.5x4){1. 9(5. 5x4)|1. 9(5. 5%4)
I
Case( [ )= +2+®+® 2831 2902 2848
Initial
Case([)=D+@+@+® 2836 2906, 2851
investment 2366
Case(A)=D+O@+® 2719 (Base) 2949
Case(VD=D+2+B+® 2847 2914 2859
1Case(1)=(l)+(ll) 1110 1123 1101
FO. cost Case(J)=(I)+(I) 1111 1124 1102
| 1506
iCase( )= 1189 (Base) 1070
ICase(Vl)=(I)+(v[) 1108 1121 1099

Table 102 Table 98] ¥¥tel ¢|ste] HWhHAILH S SIS 78 #Relm Fig. 6& kL R
R Al£He] PWE BRg Zolch. Table 105} Fig. 62288 & =) GHEMS H#o= s9< A

Table 10. Final evaluation of techno-economical engine selection (base G engine)

Items ’ Propulsion ' without R/G l with R/G
Engine type l B case 1 B case 2 Il I case 4 M case 1 M case 2
1.599 1.582 ! 1.231 1.327 1.342
i=10% |
o (1Y7M) QY™ | (1Y3M) (1Y4M) (1Y4M)
POP i
Priority 5 4| 1 2 3
n=15 0.707 0.714 0.903 0.842 0.833
IRR
Priortiy 5 4 1 2 3
i=10%, s=0% 0. 2366x107 0.2377x107 0.2833x107 0.2599x107 0.2588x107
PW Priority 2 5 1 3 4
i=10%, s=5% 0.3490X107 0. 3504 X107 0.4116 X107 0.3791 X107 0.3777 X107
Priority 2 5 1 3 4
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=109, s=0% | 0.5381x10! 0.5434%100 | 0.6886x101 C oadariddn s Gk
| ! . i
BCR ' Priorty | 5 4 : 1 ) 2 !
: :
| | |
I i=109;, s=59 | 0.7462x10! 0.7538x100 | C.9522x100 CL22x 100 0URTSTNAD
| | , ,
| Priority E PR T 2
S ; | I o
I |
Total point 24 % 26 ‘ 6 i 14 ‘ 29
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Fig 6. Present worth of selected main engine
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