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vl, Zy=NZE#2 annual inferiorty costs

N=1#Eh

R=Initial annual revenue

Y =Initial annual operating costs

a=g LIREREES] WA o3 B
inferiority factor (%)

bgiel LR KR FU4 MR A2
L inferiority factor (%)

c=Ffte FHT BRE 1 vy S48 7
A ¢ x inferiority factor (%)

d=frie BEhbel o3 HEMHS initial
annual operating cost & Ao W& A FE
hARe] inferiority factor (%)

Hell4 a 8 p incomed A factor 24 HAR
o B, 27 ¥ AHK Sl Hek RN, " 4
X operating costs o] #n factor 24 ¥EEERLY
management 8} maintenance standard off wz} o] 7:
sleh.

HE EmEmY F4% BRo= FiGMY initial
operating cost = 3| n}c} ®AE, initial income &
s = BEEel vt

4.1 Replacement Analysis

BEERHET IS 2 REBE] AAsa i LERE
B4 #4385 HAHL o=z M
revenue & RIAM BASHS] o1F¥ o}t Ed B &
44voh RGeS EHE S U] i BER
T G4 —igstA ek webd fiEnaael o sk
annual gross revenue & annual! operating cost
RHZHASH o137 = 2o i optimal life
4 sked ol #- Aol 3}, optimal life study
—pye. 2 mol S gl annual average
cost method & #Frifiine REME] FH0x #H0
7Hsshvt MRkl We EFARS RERNE REste
g A 2 BRCE ) S Ee] AA H-84
T2l 7k et

wlebA] ELAARARS]l REE RESH dAE Fil
& BBl A ESE A S delA & value 8b 14E
v] operation s}l B4 7359 net present value
o}§ st year-by-year method 71 U4 BEHY
ol I shoh. F jRdEe BES
investment (lost opportunity cost) & 4J7-ela —4F
B o operation® 729 net incomez} w9
resale value §}9] total net income-§& L ¥ =t
o]e]Fo = M-S w9 o]-§(interest rate)g Z E 5}
o AfRS H R4 god At 2 % o #

income

2 g se M

resale value &

ABEMEGE

fis 2 AdstE BT 5 Y

oldar ke RESEaA Hismmd =
YA B
Hiled & AEREE RET & Yt ZEEM] 5
gtk B2 o] 3l & M Hine] =& operating
cost o] #pn 4 ¥ revenued] F4&E sHH o F
inferiority factor 2 o] 2 EMEHA F3 34 of
g A7 Aot

ole]qF FH:e] year-by-year method & cash flow
diagram 3} A0 2 Yy Aot il BFE
{Em .

NPV=Net present value

optimal economic life & FH & +

S=Income from resale before tax

A=Annual return before tax
=Gross revenue--operating costs

Ts=Capital gain tax

t,=Capital gain tax rate

T=Income tax

t=Income tax rate

D=Tax depreciation allocation

B=Book value

Z=Inferiority costs(§fne] ## ¥ #HR/L=
Ha JepEdRel 4] 0. loss)

(p/f)i=Present worth factor

i=interest rate (owners minimum acceptable

interest rate)

(g}, % BEFY subscript 0-& H7E, 1-& 145#9

A& ZTY)
o] BFE AF&3le cash flow diagram & #iR3hs,
'SI
ln. A
0] Hin
S {z
Fig. 2 lTel

income T capital gain tax & o}ei &} Zvh.
Teo=t,(So—By), Tor=t,(S,—B))
T, =t(A-Z-D)
co (NPV)o=S,— Ton=S0—t:( Sy — Bo)
(NPV),=(A~Z— Ty+5,— Tar) X (/1)
=[A-Z—t(A—Z—-D)+S,—t:(S,— B, (p/f)i
=[(1-8)(A=Z)+1,) S, ~£(S1—B) J(p// N
g4 BED (NPV)g (NPV), & vlmstd (N
PV)o>(NPV),al A% B B3A replacedt=
Aol elgo] FHH (NPV)<(NPV),dl H4+=H4A

I.:‘xl



WILH H1E 19745 5 13

—45. o] operating &

Al o1 % EEfEATe] o #
o W+ 9o §

Sfeed 47

computer ¢
ol .
4.2 BEtEH

2] Scction 3" 4] ZE#iE- replacement

analysis &

o} EHuigbch

Bigr=t.

7l ek ETE AREETRE] W

ety S wlY  capital gain tax =

Asjse] 9= B EETAA 97 WEe e

—y3fyel tax patterne} & 3re] FHETE] B abch.
Deadweight 130, 009 ton tanker«] optimal life ¢

s ool A1l Foid 51

& 20M (M==Million)

R: Inmal annual revenue==59, 5\

= 21 O
T8

Y : Initial annual operating cost=$2.1M
: Income tax rate=42%
: Capital gain tax rate=25%

Deprecxatlon : Sum of digits method

CaAiEe] 2028 JhAE AidE e

oz g
ZHE5 () + ¢ Section 3. 18 KR Fjke] wt
5. =, FAES commission &5 A

U8 FURES 10%2 ¥
Inferiority factor :

a=27% b=c=d=1%32 3§+
Interest rate (7) ==ff

=z &,

WEE AN MEe 158% FlA o 2ste 5 144°
k3

o Bz sbarate BT A ol WE T Al
. oAE AT i 8 SRED BT At oln

zZ

et resale value at N=15
Sis 155y ARy A
Sys=f1s 7 0+ 0.9=0. 381 0. 9XS20M
=26. 858M

Capital gain tax T g5
Teo15=2, (S5~ Bis)
B5 : 1554 «] #4519 book value

[B\~ 2as

[, EEPPP . H*

N (p 5. +841]

71(71';)

7L
[$20M —0. 222 %20MJ-+0. 2 82¢M
==$6. 708M
Y T 15==0.25< (36, 838N -6, 708N
=%0. 038M
. Net income=S;5— 75 15
=¢6. 858M —£0. 038M
Z (NPV),=%6.820M
One more ycar operaticn:
Net resale value at N=1§
Sp3= L1537 p 0.9
=0. 35720. 9K $20M =56. 426 M
Ty s—t (Si;—Bys)
B, =2 (1424 -(25—10)1
20/\20
(220M —84M) —84M =%6. 215M
Y T 15=0. 25> (%6. 426M —%6. 215 M) =§0. 053M

1488 of $3 A#]2 24 2% annual return &
tax &l inferiority cost 2 = 3L net income &

A=(1-1)(Ao—Z5)—¢ Dys

vl

L, Ag=initial annual return
=R— Y=89 5M—32. IM=87.4M
Zys=Nx[{(a+b)R--(c+d) Y]
=15 [(0. 02+0. 01) X 59.5M
0.01) <

-+ (0. 01+ %2, 1M =8§4. 905M

= —25:-@;1? (320M — £4M) =£0. 492M
I

A= (1-0.42) ($7. 4M —84, 205) +-0. 42
x 80, 492M ==$1. 634 M
. Total income=A,;~—(S;;—T5_12)
=351, 654M—-26. 426 M —$0. 0533M
==$8. 027M
*. Net present value
(NP V), =88. 027M < (p/f)}1®
=88. 027M 0. 8920
=37.167M
(NPV),— (NPV),=57. 176 — £6. 820
=30. 347TM>0

HE 14y EHAT = Zol HEldtot = ol v
ok, AL ol MEY HEE T hga (N=16)
o nﬂoH el

By 16507 A MRS
u] fef Al TE o
Si5— Too15=56. 426M — 80, 053M
=86.373M
A=(1-8(A-Z,)=*1tD;.

wj=& AL9 income & of



72
Ap=8$7. 4aM
Z15=16< [ (0. 02-+0. 01) X$ 9. M- (0. 01-0. 01)
x$2. 1M]
=§5. 232M
_2x[25—-17+1]
D, =2xteo i) M —§4M) = M
= e X ($20M — §4M) =§0. 443
A= (1-0.42) (87. 4 —$5. 232) +-0. 42X $0. 443M
=$1. 071M

S17=f12X0.9Xp
=0. 335 0. 9 $20M
=§6. 030M
T,_17=t,(S”—B”)

B._2x(1424-+(25-17) ]
v 25X 26

($20M — $4M) +$4M =$5. 772M
*. Ty_17=0.26X ($6. 030M — §5. 772M)

=§0. 066M
e 14y 285tg e 429 total income -
A8 = Ty
=$1. 071M4-$6. 03M — $0. 065M
=$7. 036M

AL 142 incomeo] 7t

Net present value (NPV),=$§7.036MxX (p//)1*
=%$7. 036M 0. 8929
=$6. 282M

oo (NPV),— (NPV),=§6. 282M — $6. 373M

== —$0. 091M <0
aleb4] &S] optimal economic life & 16 L2
FA 5

5 ¥ B
2]8] Section 4.2 AL FiEALAEe optimal life
Bz sk Ak o]
X MRS replacement o] A % [ﬁ].ﬁig A ALsF o
24] economic decision & & 4 9t}. ALzl
A A o] 4] = inferior costs & X]——9~c}0=]£ Zukakel,

=3 R A EmETS e & o= 7kx ERE
WAz F-8d 4 Yt

c}rt inferiority cost &

estimation & year-by-year method

g FHehert e A
1= ,J«"] 1), optimal economic life 9] Fx-2 $]8] &
HkE 8T 4 9

6 B2EXR

(1) G.G. Meredith, “Capital Investment Decisions”
{2} C.]J. Mawkins, “Capital Investment Appraisal”

{3] James L. Riggs, “Economic Decision Model”

HE : e BES

Vgl A B c pol|E!l &
VSR | N

v %:?;;al L?lrllll:?r steel 2 A y—‘i‘r =y ’ng‘iﬁ"Lﬁ
tug carrier |c..1. 2 =
A\ timber fishing 2] A
E] A A ref. vessel [ZEA ] 4 oA =g

& <= Alcarrier 5 Lli‘\%
% % %1 % % %
1 98.4  93.8 92.0 89.1] 85.7 + 2.0
2 89.7| 87.90  85.1 79.4 73.6] £ 4.0
3 85.1] 82,4 78.5 70.8 63.1] X 55
4 8.7 77.3] 72.5| 63.6 54.1 £ 7.0
5 76.4| 72.5| 66.8] 56.2 46.5 + 8.0
6 72.5|  67.90  61.7] 50.1] 39.8 £ 9.0
7 68.7] 63.7 56.9 44.6 34.1] = 9.5
8 65.0 59.7 52.5| 39.8] 29.2 +£i0.0
9 61.5 56.0 48.4/ 35.5( 25.1] +10.5
10 58.5 52.5| 44.7 31.6] 21.5 £11.0
11 55.3]  49.2| 41.3 28.2 18.5 £11.3
12 52. 5 46.1 38.1 25,1 15.9] =*=11.6
13 40.8]  43.4) 35.2) 22.4 13.6 *1i.8
14 47.2 40.7 32.4| 20.0 11.6] H12.0
15 44.7 381  29.9] 17.8 10.0 *+12.0
16 42.4  35.7] 27.6] 15.9 +12.0
17 40.4 33.5 25.5] 14.1 +11.9
18 38.1 31.4 23.5 12.6 =1i.8
19 36.1  29.5 21.7 112 +11.6
20 34,2l 276/ 20.0f 10.0 +11. 4
21 32.4  25.9 +11.2
22 30.8  24.3 +11.0
23 29.1 22.8 +11.3
24 27.6]  21.3 +10.6
25 2.2 20.0 +10. 2
26 24. 8 + 9.8
27 23.5 + 9.5
28 22.3 + 9.2
29 21.1 + 9.1
30 20. 0 + 9.0

[4] D.W. Pearce, “Cost-benefit Analysis™
(5] H.W. Pack,

cement Model”

“Ocean Transportation and Repla-

(6] H. Benford, “Optimal Life and Replacement
Ananlysis for Ship and Shipyards”

(7] W.F. Blackodder, “Some Thoughts on Shipow-
ning and ship Management”

(8] J.B. Bunnis, “Towards the Optimisation of
Repair and Maintenance Costs”

{93 L. L. Buxton, “Engineering Economics Applied
to Ship Design”



