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Design Evalution for Fast Freighters Based on Transport Economy

By Shinsuke AKAGI (Member), Fumio NAKAHATA
‘ and Kikuo FUJITA

The interest in exploiting fast ships as cargo vessels has grown in recent years. This paper
examines the economic viability of such vessels by deriving operating cost estimates for outline
design solutions relating to three kinds of fast freighters, i.e., a monohull, a catamaran, and a
trimaran. Their hullforms are then optimized so as to minimize each of the total resistance. The
total transport cost is also caluclated for each vessel option in an assumed operating scenario,
which allows an assessment of the potential competitiveness of fast freighters with conventional
containerships and air tramsports, operating for several Asean trade routes including Taiwan,

J. Kansai Soc. N. A., Japan, No. 230, September 1998

Hongkong and Singapore.
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Step 1

Selection of ship type and calculation of the
performance

—_— Selection of ship type

-« Determination of ship’s size,
and optimization of the hull form

Step 2

Evaluation of transport economy of the ship

+ Selection of the voyage route, and examining
transport demands

+ Calulation of the operating cost, and
determination of the freight of the fast ship

changing ship’s size

» Selection of the competitive transport systems

» Calculation of the share of the fast ship using
a total cost model

- END

Fig.1 Procedure of the study
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Table 1 Principal dimensions of fast freighters

I . !Monohull[ Catamaran ITrima.ran

Length O. A. [m 130 95 110
Breadth m] 14 23 20
Depth [m 3.0 9.0 9.0
Draft [m] 2.7 4.2 3.15
Light weight [t] 1088 1107 1165
Fuel weight  [t] 388 609 441
Cargo weight [t] 1000 1000 1000
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Fig. 3 Optimal hull forms for three kinds of fast
freighters
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Fig. 4 Total resistance
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Fig. 5 Relationship between P/WV and V (Karman's diagram)
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Fig. 6 Relationship between P/WV and W
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Table 2 Items of DOC

K. | Ship’s price (=10%[yen]) U | Annual utilization [hours]

ry | Rate of residual value (=0.1) K. | Maintenace cost (Km/ K. =0.03)
¢ | Rate of interst (=0.05) C, | Crew cost (=T7-10%[yen])

z | Rate of insurance (=0.015) N. | Number of crew (=8[p])

Y | Amortization (=10[years]) || Cs | Fuel price (=3 - 10%[yen/t])
W, | Cargo weight (=1000[¢]) Wy | Fuel weight [t/service]

V' | Ship speed (=40[kn))
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Fig. 7 Annual utilization
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Fig. 8 Relationship between DOC and range
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Table 3 [tems of the total cost model

Annual transport weight of cargo [t/year]
Annual stowage weight of cargo [t/year]
Stowage ratio (W,/W,)

Unit price of cargo [yen/t]

Insurance of cargo

Tax rate

Interest rate

Rate of depreciation during transport
and stowage

Rate of inventory cost

Number of days during transport
Number of days during stowage

Unit freight [yen/(t-km)].

Route length [km]
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Fig. 9 Competitive evaluation among various
- transport systems
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Fig. 10 Trade routes among Asean countries
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Table 4 Items of transport by fast freighters for the Singapore route

| Ship type [ Monohull | Catamaran | Trimaran
Ship speed knot] 40
Cargo weight [t] 1,000
Range nm] 2,814
Displacement t] 2,576 2,816 2,706
Ship price [million yen] 3,910 3,990 4,240
Power PS] 41,200 71,655 38,185
Services service/week] 1
Ann. utilization  [hour] 3,373
Freight yen/(t-km)] 10.64 | 15.97 | 12.96

0.6
mineral products
0.5 A&V equipment
cricuit Export
e 04 [ heavy electrics
— semiconductors
o . .
g J Y thermo electric device
k= 0.3 T . clocks and parts
2 1 seafoods Impost
g 02 ) ! clothes mpo
! / fruits and vegetables
WY N -
R PAT R
PP SR
0 AT et s et T =

0 2000 4000 8000
Value of time R {yen/(t - day)}

Fig. 11 Distribution of the value of time for var-
ious transport cargoes
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Table 5 Unit freight for competitive tra.néport

systems
Conventional Aircraft
containership
[ven/(t-km)] | [yen/(t-km)]
Taiwan 5.0 300
Hongkong 4.0 200
Singapore 3.0 150
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Fig. 12 Competitive evaluation of fast freighters for the Singapore route

Table 6 Optimum zone of the value of time for fast freighters

l v

| Monohull | Catamaran | Trimaran |

R1s [yen/(t-day) 14,141

17,666 13,566

Ros [yen/(t-day)] | 168,126

161,703

165,335

Table 7 Calculated results of annual cargo transport demands for fast freighters in the Asean routes

I l Monohull I Catamaran ] Trimaran j

. Tmport [t] | 151,281 66,333 117,767

Taiwan Export [t] | 470,185 | 323,713 121,224
Tmport [4] | 83,678 10,297 64,571

Hongkong MEyiport [t] | 143,540 98,339 125,834
] Import [t] 30,926 19,741 24,930
Singapore "Fiort (6] | 121,235 89,383 105,044
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