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Abstract : This study determined the ship replacement life expectancy from an economic perspective. There are many ambiguities in the
cost for calculation of economic lifespan, and these were expressed as fuzzy numbers. Also, a fuzzy cost model using fuzzy numbers was
developed and suggested as a more practical analysis method than the existing cost model. And the suggested fuzzy model was used
to determine the economic lifespan for various types of container ships. As the result, Without fuzziness, the economic lifespan of 5000
TEU Ships was found to be 19 years. it was found that the greater the container ship, the greater the economic lifespan was.
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1. Introduction

The recent global economic crisis has caused the ship—
ping economy to shrink, and the shipping companies are
putting in many efforts to cut costs such as selling ships
and introducing cheaper ships.

Accordingly, the businesses and military units are ac—
tively conducting the study to find the replacement point of
deteriorated equipment, and there are even departments
dedicated to replacement(Kim & Kim, 1999).

Due to concerns about high costs and loss of profit due
to service halt during equipment replacement, however, the
awareness of loss factors such as increased maintenance
and repair costs due to the deterioration of equipment is
relatively poor.

Also in the issue of choosing to replace ships, there are
various logical consideration factors as discussed above, but
the considerations for the economic efficiency would be the
most important. Surely, it would be rational for the eco-
nomic efficiency to consider the freight charges due to
transportation of the freight and the costs for ships, but if
the ships can be ordered according to a plan and the oper—
ation of alternate ships is made available, the matter boils
down to the economic efficiency of the freight charges of
the ship. In this case, if the economic lifespan periods for
ships are analyzed and a rational replacement plan is pro—
moted, the waste arising from unnecessary costs could be
stopped on the forwarder’s part.

As a method to determine the economic lifespan of

equipment, the annual average cost method is widely
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known(Bae et al, 2010; Kang & Lee, 2002). This method,
however, assumes that the equipment price does not change
and there is no used price. Actual equipment, however,
fluctuates depending on the interest rate, so the changing
price must be considered, and in the calculation of actual
replacement cost, the used value needs to be considered. As
a method complementing such shortages of annual average
cost method, the annual equivalent cost method is sug-
gested and used. Meanwhile, the interest rate in the annual
equivalent cost method differs in the cost depending on the
market price of the equipment and the inflation, so such
price fluctuations needs to be considered together. Also,
quite a bit of ambiguity is included in the actual data and
thus there are limitations to definitive analysis. Therefore,
the annual equivalent cost model using fuzzy numbers is
suggested and applied to the container ship to analyze the
economic lifespan of container ship in this study. Also, for
simplicity of application, it is necessary to establish an ex-—
pandable model from the beginning so that it can be applied
to container ships of any capacity. For this, this study uses
fuzzy regression model to suggest a flexible model to easily

draw the results with simple change in parameters.

2. Equipment Lifespan Method
and Fuzzy Number

2.1 Annual Equivalent Cost Method Considering
Price Fluctuations

The annual equivalent cost method makes use of the fact
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that the current value of all costs for n years multiplied
with capital recovery factor yields annual average equiv-
alent cost(Terborgh, 1949; Terborgh, 1958). The annual
equivalent cost represents the annual average cost for cer—
tain equipment and the one with the lowest cost can be
said to be the economic lifespan. Meanwhile, the interest
rate fluctuates in real life according to market price of the
equipment or inflation. Therefore, such price fluctuations
need to be reflected to the model. In this study, the annual
equivalent cost model incorporates price fluctuations.
Generally, the consideration factors for the economic life-
span of the container ships are the building costs for a new
ship, the value of an used ship, and the maintenance costs.
Thus

- Cost of Container Ship = Building Cost for a New Ship

— Used Ship Price + Maintenance Cost

All equipment has interest rates, so the capital regression
coefficient which is the cost that brings this to the present
is:

i(1+4)"
{ }

(144)"—1

Thus, the method to calculate the annual equivalent cost
of building cost for a new ship, used ship price, and main-
tenance cost using capital regression coefficient.

P The annual equivalent cost of building cost for a

new ship is:

i (L4+4)"
P>< A—L
e =
T, Here, for the residue value, let the residue value after

n years be

(1+nz‘)"
i(14+4)"
(1+4)"—1

Current value of residue value:

]—VVL
(L+4) a

Annual equivalent cost:

The maintenance cost is the present value of the main-

tenance cost for j years:

M.

(1+4)

The present value of maintenance cost for n years:

E{u—]fﬁ} (Gj=1,..,n)

=

Thus, annual equivalent cost of these maintenance

costs:

" M, o n i(1+4)"
3 sy ) 6= L sy

J=1

And here, the price fluctuation k for inflation h:

1414

FETR

1

Thus, the total annual equivalent cost is:

M 7, EQ+4k)"
E, =P+ L— — — X , (1
,; (I+E)yY (Q+k)" (Q+k)-1

Therefore, the economic lifespan is the minimum value of

the total annual equivalent cost

Economic lifespan: n* =min{E,,i=1,2,..n}

But there are numerous ambiguities in the real-life data.
Thus, these ambiguities need to be expressed as fuzzy

numbers in a fuzzy model.

2.2 Definition of Fuzzy Number and Calculation
Method

Before bringing the fuzzy annual average cost model to
the present, the fuzzy numbers and related arithmetic oper—
ations shall be explained first(Chang, 2005).

Definition 1. 0 £ a = 1, 0; The fuzzy number in the
fuzzy space B= (— 00, 00) is called a - level fuzzy point,

and a: the membership function is as in the formula.

_ (ZL‘) _ &, r=a,
'u'a,. 0, x #a,
Definition 2. N = (my, mg, A\, B)rp The fuzzy set defined

on fuzzy space R is called LR-fuzzy number and N the

membership function is

L{(mi—2)/A), m— A<z <m,

(z)= L, m; < T < my ©)
Hy R((x—my)/B), my <z < my+ 8
0, otherwise,

But, c<a<b<d

Here, 1 N(LL‘) € [0,1] means the degree of membership

of factor x and V. [ml, mQ] is the peak of N, and A > 0
and 8 > 0 means the left and right width. L and R are

the left and right reference functions: [0,1]—[0,1]
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L(0)=R(0)=1, L(1)=R(1)=0 which is monotone increasing.

Meanwhile, expressing N = (my,my, A, 3);, in another

format results in N:(l,ml,mg,u)ug. Here is

I(=m;—X) and B8(= my+ 8), which shows the boun-
dary between the top layer and the bottom layer. For each
of N and (l,u)N, here the membership function of N,

py(x) >0, Vo e (L,u) and N the o -level of certain
interval fuzzy is the degree of special membership, and o -

level set is the normal consecutive closed interval. It is de-

fined with N = [I%u"], N of z | py(x)>ax e R}

1 1 .
N”’:{{L (a?, R _(a), if o€ (0,1), 3)
my,m,| ifa=1,
Va € (0,1] Here, L 'and R~ ‘are the inverse func-

tions of L and R respectively . After all, the interval fuzzy
setV:=[N=[Iu"], Ve (0,1]}. If

m; =m,=m is applied to formula (2) and formula (3), it

becomes « - level

becomes N = (I,m,u )z, and applying it to triangle fuzzy

number results in (I, m,u ),

@)= { Z{mozm ol d=z=m,

Py ;
0, otherwise,

Expressing this as a set of a -level set is
N:=[N = [1u"] =[(m—Da+Lu—(u—m)al], Va(0,1]}
The fuzzy numbers N: JV; fuzzy calculation using ex-—
pansion principle of Zadeh are N = [If,u}], Ny = [I5, u3]
Ny@ Ny={ [min (155, lus, uils, uily),
maz (ufus, uily, juy, 1515)], Va € (0,1]},
Ny @ Ny:={[min (15/us, 1315, ui /us. ui/15),
maz (ui/l5, ui/us, /15, 11/u3)], Vo € (0.1]},

[+ 15, ui + w3, Vo€ (0.1},

S Ny:={
O Ny ={[lf —ug. ui —13], Vo € (0,1]}

Here, except for addition and subtraction, the initial value

of fuzzy numbers cannot be conserved.

3. Development of Fuzzy Annual
Equivalent Cost Model

3.1 Cost Model Application of Fuzzy Regression

In this study, for the cost regarding various container

ship capacities, the fuzzy regression model shall be used for
expansion(Chang, 2005). There are many known fuzzy re—

gression models, but a general case is as follows:

?:f(x7;4v) :go@g1®$1@ @gw®xw :Zt®$}

Here 4 = (ZO, ey Z], ey Aw)t is the vector of the fuz-

: ¢
zy regression number and x=(1, Ty xw)

A ;= (l;,;mj,u;)p is the non-fuzzy independent variable.
Fuzzy coefficient is (m;—1; = u;—m;) using triangle. For
convenience, ¢; = m;— lj =u;—m; and A jcan be ex-
pressed in short as A ;= (m]», Cj) using the spread format.

The arithmetic expression for the fuzzy output of a general
fuzzy regression model is:
V= (Lo, Mo, ug) 7 (I, My, g ) @21 D -+ B (L, My ) 7@,
= (ly+ Zl]mj,mg—F Zm]-xj, Uy + EU]'I]')T
=1 =1

i=

w w
= (moJF Emjw,jfco+ ch ‘ T | ): (mtl’; d | T | );
j=1 i=1

Here, m = (mg, my, ..., m,)", c=(cycpseescy),

lz| = [z ]..... |2, )'and  the  membership
function is

(z) = 1— |y—m'z | /z, if | y—m'z | < =,
Py 0, otherwise,

The w set of observed crisp data (yi,xi ),

1=1,2,..., W, W set can Dbe

z; =1, 2, ..., 2;,)". The

K3

said to be

fuzzy regression number

A= (mj, ¢;) can be obtained as follows.

min J: E(Cﬂ+cl | Zi1 | + - +Cw | Loy ‘ s
i=1

subject to ¢ | z; | =0,
m£$z+(1_@)cl ‘ Z; ‘ =

_mtmi‘“(l_a)ct | T | ==Y, Vi,

Here, Va € (0,1] is determined by the decision maker.
Therefore, the fuzzy regression model can be used to cal-
culate the cost due to TEU. That is, the operation cost for

n years for O TEU of container ship is

M= {[Mf M2, Va € (0,11} (4)

The ship building cost for container ship O TEU can be

expressed as
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Pr=A{[p""Py], Ya e (0,1]} ©)

3.2 Fuzzy Model Development of Annual Equivalent
Cost

Thus, the annual equivalent cost model can be modeled
to a fuzzy model using interval fuzzy numbers based on the
above definition as follows.

The fuzzy capital regression coefficient for capital re—

gression coefficient is

Ay oy i) [, 2 11 + [zz,u])"
VA e - Q+Ge—1
Vae (0,1]}

L)ty
7{[(11—%2'1“)’3—1’(1—1—@;)”  vac 1)

The fuzzy annual equivalent cost for the annual equiv-—
alent cost of P of new ship building costs for container
ship O TEU is

o (A1 n)= ([P, P2"][x]
P
i) (1)
, — — Yae (0,1
[(1+iﬁ)”71 (I+iy)"—1 (011}

The fuzzy residue present value for the present value of
the residue value for container ship O TEU is
T (r)L — [ n, l s 71;; Z}
(1+44)"

Gy Yes 01

The fuzzy residue annual equivalent cost for the residue

value annual equivalent cost of container ship O TEU is

7 A - (Toi. Tyt
—Q(=L,n)=1—7—""—"|X
(142)" (P ) {(l—i-[z],z,;’ )”[ ]
ila (1 + ,L-la)n r1 (1 + Z a)rl
1+ =17 (1 +i")" —

[

Tl vae (0.1]}

For the maintenance cost for container ship O TEU, the
fuzzy present value of maintenance cost for j years is
M MM

71/]
(1+4) u+hrHJ)’va€(&H}

The fuzzy annual equivalent cost of maintenance cost for
n years regarding containership O TEU is

A
Ny ) =1

n)]®(47,n)

N

_ M MED G Il it (L+if)" g (L+ig)”
(1+[lla)lljl])/ 1+7;[”')"717 (1+llf)n*1 ’
Va e (0,11}

The fuzzy k for price fluctuation k for inflation h is
=[(1®i)2 (1dh)] -
={[Q+i"14+i)2Q+hi.1+h)] -1, Va e (0,1]}
_ {[(1+z‘ﬁ)’ (1+34,) ]
(1+hy) (1+hy)

-1, Vae (0,1]}

Thus, the fuzzy annual equivalent cost model for con-
tainer ship O TEU changes from the model of formula (1)

to the model considering fuzziness.

_ n To
Eo=Po _
E 1+k (1+k)”

But, k = {(1®7 )0 (1ph)} —1

EALE) (g
1+Ek)—1

Thus, fuzzy economic lifespan is the value that mini—
mizes

n°* =min{E° i=1,2,..n}

n’

4. Application of Fuzzy Annual
Equivalent Cost Model

4.1 Fuzzy Cost Analysis for Container Ship

There are various forms for classification of raw costs
related to ships, but it is general practice to divide it into
ship cost and transport cost. Ship cost includes labor cost,
repair/maintenance cost, insurance, ship article cost, and
general management costs, and the transport cost can be
divided into fuel cost and port charge.

This study employed the resources(Park et al, 2006) that
analyzed the economic efficiency of container ships for
analysis of economic lifespan of container ships.

Based on the pacific course, the annual ship operation

costs for container ships can be shown as in Table 1.

Table 1. Shipping service tariff Unit: $
TEU(min) | TEU(mean) | TEU(max) | Maintenance
3,800 4,000 4,200 2,314
5,900 6,000 6,100 1,962
9,900 10,000 10,100 1,449

As in Table 1, it can be seen that from 2,314 dollars for
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3,800~4,000 TEU, as TEU increased to 9,900~10,100 TEU,
it was reduced to 1,449. Based on the data of Table 2, the
fuzzy regression formula for operation cost M against TEU
fluctuation of X is as in formula (7).

M=2,074.7—(0.063 £+ 0.002 ) X (7)

Meanwhile, the new ship building cost for a container
ship is as in Table 2.

Table 2. Container Ship’s First hand article price
Unit: Million $

TEU(min) | TEU(mean) | TEU(max) | Buiding Cost for
900 1,000 1,100 21
2350 2500 2,650 A1
3900 4000 4100 50
6,300 7,000 7.200 &

As seen in Table 2, the new ship building cost varies
depending on the capacity of the container ship as in 21
million dollars for 900 ~ 1,100 TEU and 88 million dollars
for 6,800 ~ 7,200 TEU, and the price increased as TEU
increased. Thus, based on Table 3, the new ship building
cost P for the TEU fluctuation X is as in formula (8).

P =11,217,544+ (10,825 + 1,158 )X ®)

4.2 Determination of Economic Lifespan by Fuzzy
Annual Equivalent Cost Model

When a =0 for 1,000TEU, the fuzzy data for the ship

operation cost and used value is as in Fig 1.

—e— Maintenance Cost (L) —=— Maintenance Cost (R)

Used Ship Price (L) Used Ship Price (R)

16000

14000

12000

10000

Fig. 1 Shipping Operation Cost

As seen in Table 2, The maintenance costs increased
every year, and the used ship price appeared every year by

decreasing. especially, the used ship price suddenly de-

creased until four years a period of service.

Using Fig. 1, the economic lifespan is calculated for 1,000
TEU ships, and Fig. 2 is the result.

—e— Economic lifespan (R) —s— Economic lifespan (L)

14000
12000
10000
8000
6000

4000

2000

i1 3 5 7

9 11 13 15 17 19 21 23 25 27 29

Fig. 2 Economic lifespan for 1,000 TEU ships by «a -level=0

As seen in Fig. 2. when a = 0, the minimum value was
found to be [16, 11]years.
The analysis of economic lifespan depending on the ca-

pacity of various container ships is as in Table 3.

Table 3. ax-level set of ship’s economical life

o 1,000TEU 5,000TEU 10,000TEU
1.0 [17] [19] [22]
09 [17,15] [19,17] [22,18]
0.8 [17,14] [19,16] [22,17]
0.7 [17,14] [18,15] [22,16]
0.6 [16,13] [18,14] [21,15]
0.5 [16,13] [18,13] [21,14]
04 [16,12] [18,13] [21,13]
0.3 [16,12] [18,12] [21,13]
0.2 [16,11] [18,12] [21,12]
0.1 [16,11] [17,12] [20,12]
0.0 [16,11] [17,11] [20,11]

As seen in Table 3, the economic lifespan was found to
be increasing as the capacity of container ship increased.
The model of this study is annual equivalent cost method,
which, as shown in formula (7) and (8), as the container
ship capacity increases, the increase in used value appears
greater than the increase in operation costs.

Meanwhile, examining the economic lifespan according to
change in a, the container ship of 5000 TEU has some
fluctuations of about 6 years with [17, 11] for a =0, and
[18, 13] for aa=0.5with 1 additional year in the lifespan
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with about 5 years in fluctuations. a =1 Without fuzzi-
ness, the economic lifespan was found to be [19] years.

Also, for 10,000 TEU ships, the fluctuation was about 9
years with [20, 11] for « =0, and [21, 14] for o = 0.5 with
1 additional year in the economic lifespan with 7 years of
fluctuation, and for aw=1, the economic lifespan was in-
creased by a year to be [22] years.

From such results, the fluctuation was found to be in—
creasing along with the increase in the capacity of the con-
tainer ship. Thus, it can be seen that it is a more flexible
model to analyze the economic lifespan by the deci—

sion—maker determining an appropriate <.

5. Conclusion

Regarding the choice to replace the ships, there are nu-—
merous logical consideration factors as discussed earlier,
but the consideration for economic efficiency would be more
important than anything. Meanwhile, the annual equivalent
cost method is used to complement the shortfalls of annual
average cost method, but the price fluctuations need to be
considered for cost calculations, and for a practical analysis,
this can be said to be more practical by analyzing with
treatment of fuzzy numbers rather than definitive data.
Thus, in this study, the fuzzy regression model that can
reflect fuzzy numbers and capacity of model ships was
used to establish a simple and flexible fuzzy annual equiv-—
alent cost model, which was applied to the container ships
to analyze their economic lifespan.

As the result, it was found that the greater the container
ship, the greater the economic lifespan was. Such results is
caused by the fact that the increase in used ship price is
greater than the increase in operation cost. Practically,
equipment is bound to have an used value, so for an issue
of equipment replacement by a long—term plan such as the
container ship replacement plan, it would be more rational
to use the annual equivalent cost method than the annual
average cost method. This study analyzed the ship replace-
ment period which still lacks research works domestically
from the perspective of economic efficiency, and can be uti—
lized as an elementary material when making decisions on

the ship replacement period.
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