OPTIMAL SHIPPING TECHNOLOGIES
FOR ROUTES TO DEVELOPING COUNTRIES

ByS. Gilman*

INTRODUCTION

From the late nineteeth century to the middle of the twentieth the general cargo
sector of world seaborne trade, which handles industrial goods and smaller flows of
raw materials, was dealt with by break bulk methods. Cargo was loaded and
discharged in small lots of up to about 3 tons, and individual items were man-
handled in the port and in the ship. This began to change in the 1950s with the
unitisation of cargo into homogeneous units which could be handled mechanically.
In the early days there were two main lines of approach: Europe, led by Scan-
dinavia, concentrated on the use of pallets and large lifting trays, while the U.S. ex-
perimented with these methods, but also with the use of containers. One of the
leaders in containers was Sealand, which developed out of a trucking company.
Since the company already had control of inland movements, containers were from
the start associated with through transport movements providing door-to-door ser-
vices.

In the early 1960s the container system made a breakthrough on deep sea routes
between the U.S.A. and its main trading partners. It progressed technically with
the development of the cellular ship, which provides the capability for very fast
ship-to-shore transfer, and also in the management techniques required to monitor
and control the flow of large volumes of cargo in through transport systems. Over
the last decade there has been rapid growth in the cellular system, which now
predominates on routes between developed nations.

Concurrently with the development of the cellular container system there was
continuing progress with other unit load methods. There was a minor design
revolution in conventional general cargo ships, which facilitated the operation of
fork lift trucks in the hold, made available cargo handling gear with heavier lifting
capacity, and increased the capability for carrying containers in non-cellular
operations [1]. Conventional ships still dominate routes to third world nations, and
because of the long physical life of ships many of them are of old design [2].

There have been two other developments. The more important is the roll-on-
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roll-off technology, in which loading and discharge is accomplished by vehicles,
towing units and trailers, or fork lift trucks, which use ramps to board the ship.
This was originally developed for vehicle ferries on very short sea routes like the
North Sea, but it has now spread to pure freight operations on medium and deep
sea routes. Finally, in recent years the barge aboard ship system has been developed
in the U.S.A. This is a method by which barges of several hundred tons capacity are
towed to a mother ship moored off-shore and floated or lifted aboard. It is par-
ticularly appropriate for cargo which travels inland by barge, and early develop-
ments were concerned with semi-bulk commodities like forest products which use
the Mississippi river system. There was a great deal of interest in this approach in
the early 1970s, but it has spread on only a relatively modest scale. Although very
fast ship turnround can be achieved, there is still the problem of getting cargo
ashore.

Study of the early developments in containers was concentrated on estimates of
the savings which the application of the revolutionary new method would make
available. In 1960, Macmillan and Westfall examined the operations of U.S. com-
panies using conventional break bulk methods of cargo handling and showed that
direct labour, including crew as well as dockers, accounted for 50% to 60% of the
total cost of sea transport and that between 60% and 70% of total costs ac-
cumulated in the port. They calculated that labour costs of U.S. companies had
risen by almost 8% compound throughout the post-war period, without any in-
crease in productivity, and estimated that containerisation would reduce cargo
handling costs by between 65% and 80% and ship time in port by more than 80%
[3]. In the United Kingdom in 1967 the Mckinsey report on containerisation also
took break bulk operations as a base for comparison, and demonstrated the poten-
tial for substantial savings in capital and labour costs. It predicted that the con-
tainer system would necessarily require integrated shipping operations, simplified
route structures and intensive port operations [4].

The general developments in cargo handling technology have made these early
comparisons no longer relevant to current problems. One of the most important
problems is the choice of system for routes to developing countries. A simple com-
parision of conventional break bulk operations with the cellular container system is
not appropriate because intermediate options are available and accumulated
operating experience shows that the ecoromic efficiency of alternative systems is a
function of route conditions [5].

The aim of this paper is to explore the relationship between route conditions and
the choice of handling technology, with particular reference to routes between
developed and developing nations. It considers the three strongly competing
systems: cellular container, conventional (including the modern liners which have
significant container capability), and roll-on-roll-off. The first part of the analysis
concentrates on those route conditions, excluding port congestion, which control
comparative ship costs per ton of cargo, and these are investigated in a model of
round trip costs. After this there is a more general treatment of factors controlling
comparative performance in ports and hinterlands. Because of the variation in
ports and hinterlands it is not possible to draw precise conclusions, but the factors
controlling the choice of system can be identified, and this in turn gives indications
of likely trends in the choice of shipping system.
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THE COMPARISON OF SHIP COSTS PER TON OF CARGO

The selection of options

The route conditions referred to above are route length, load factor and cargo
balance, geographical dispersion of the cargo as it controls the itinerary of the ship,
the physical characteristics of the cargo, stevedoring costs and conditions in ports
and hinterlands. These factors are the determinants of comparative handling per-
formance, which controls ship and cargo handling costs, and they also control the
relative advantages of the alternative methods of unitising cargo.

The capital and operating costs of general cargo ships also vary significantly with
size and speed. Goss examined the relationship between size and cost for most
classes of merchant ship in an analysis which excluded fuel costs (apart from the
hotel load), but found significant economies of size in capital and operating costs
[6]. The response of cost to increases in speed is more complex. Increases in speed
increase the transport capacity of a ship of given size, but at a price in increased
capital costs and fuel costs. These costs eventually rise steeply, so that high service
speeds carry a cost penalty. These relationships have been examined in detail by
naval architects, and Benford established a technique for investigating the
economic performance of alternative designs in various route environments [7].
Although it is necessary to be aware of these relationships it is not possible to in-
corporate the form of complex technical parameters in the analysis. They are set to
one side in an approach embodying the “black box” concept of operations research,
in which the relationship between complex systems is examined without going into
the detail of their internal operation. The analysis is based on four major options in
conventional ships, which are compared with two container ships and one large
freight ro ro ship.

On routes to third world nations tramps and liners of up to 15,000 dwt. have un-
til recently dominated the general cargo trades. In the tramp sector the most im-
portant class since the mid 1960s has been the Liberty replacement, which is a stan-
dard workhorse of 14,600 dwt. with a speed of 14 knots and enough popularity to
make available the economies of series production. Specialised liners are somewhat
faster than tramps and have more sophisticated cargo handling gear, a greater con-
tainer capacity and rather more scope for variation in the detail of the
specification. Very recently there has been a jump in size up to 23,000 dwt., com-
bined with a specification which increases flexibility for both bulk cargoes and con-
tainers. Ships representative of these basic options are included in the comparison,
together with a second-hand liner eleven years old. This is to take account of the
fact that market price can be reduced to allow ships of outdated design to compete.

The capacity of cellular container ships is measured in TEUs (twenty foot
equivalents), and the standard I.S.0. 20ft. container has a weight carrying
capacity of twenty tons and an internal space of 30 cubic metres. A ship of 560
TEUs is selected as roughly equivalent in size to the standard liner, and a 1,200
TEU ship is included to compare with the new large liners referred to above.

Although there is now great interest in deep sea freight ro ro ships, and a
significant building programme, there are not yet many established classes to
choose from. The class selected is that operated on the N.W. Europe/Australia and
Japan/Australia routes — variously referred to as Scan Austral or PAD ships.

Details of these ships are given in the Appendix. Marine sector cost comparisons
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are shown in Table 1, which also assigns a code number for ease of reference on
charts used later in the analysis.

Ship costs

In the period between 1967 and 1975 there was a rapid rise in ship prices. This was
particularly steep in the case of container ships, which were underpriced in the
early years, partly because of underestimation in building costs and partly because
of a desire on the part of some yards to establish a place in an important new
market. On some contracts there were heavy and even crippling losses. A sub-
stantial upward readjustment has taken place in recent years, so that the price of
containerships is now higher, relative to those of tramps and liners, than at any
time since the introduction of the container system.

Since 1975 a highly competitive position has developed in world shipbuilding,
caused by the collapse of the tanker market. Some quotations are barely adequate
to cover the cost of labour and materials, and the conversion of tanker orders to
other types has added to the complexity. The prices used in this investigation were
based with one exception on ships delivered (or orders placed net of inflation
allowances) in the first six months of 1975. The most recent price for a deep sea ro
ro ship relates to a delivery in 1973 for one of a group of ships negotiated some two
years earlier. This price was substantially increased to take account of inflation.
Because of inflation and the instability caused by the market forces affecting world
shipping, prices can be considered only as a reasonable guide.

Goss established the case for using long-run opportunity cost as the economic
measure of the cost of ships’ time. Capital charges were taken as a constant annuity
equivalent to the capital cost of the ship and extending over its life. The rate of
discount employed in the analysis was 10%. This is the public sector discount rate,
based on an assessment of the marginal social opportunity cost of capital in the
U.K. Comparisons were made at rates 8% and 12% because of their possible
suitability for other economies. In computing the total cost of ships’ time crew costs
were assumed to rise at a rate of 3% in real terms relative to other costs. There was
also discussion of the possible use of a tilted annuity technique to take account of
technological change, although this point was not pursued because of the lack of an
adequate measure [8].

This analysis follows Goss’s approach in using a constant annuity technique for
arriving at capital costs and in ignoring residual value of the ship at the end of its
life. In selecting the discount rate, account has to be taken of the availability of
cheap fixed interest loans from shipbuilding nations, which cover up to 80% of the
capital costs of the ship and may extend for eight years. In real terms and after tax,
rates of interest might for certain periods be negative. This distinction between
private and social costs could cause distortions in resource allocation. Some of
these, like those relating to total investment in shipping, are outside the scope of
this paper. However, the effect of low-cost finance on the choice between
technologies is directly relevant. This issue can be explored by examining the effect
of a reduction in the discount rate in the context of an economic model of the fac-
tors controlling the choice between ships. This technique is employed below, and
the analysis employs a general discount rate of 12% with selective comparisons at

8%.
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Ship operating costs are rather more manageable than capital costs. The cost of
fuel at sea is a major item; consumption at normal service speed is obtained from
the ship specification and priced at the mid-1975 rate for the appropriate grade.
Crew numbers are also closely specified, and U.K. rates for mid-1975 are taken.
Representative quotations were obtained for insurance at this date and for
estimated maintenance costs. No assumption is made on changes in relative
operating cost over time, and costs are quoted in U.S. $ throughout because of the
comparative stability of the currency.

Comparative carrying capacity

Although there are some important flows of traffic within the general cargo sector
where the cargo has a high density, the average for mixed industrial goods tends to
be quite low, requiring between 2 and 3 cubic metres per ton weight. In this con-
dition space rather than weight is the factor limiting carrying capacity, and the ap-
propriate basis of comparison between ships. However, the space available in a ship
is not necessarily fixed, and the relationship between total space and usable space is
partly a matter of operational choice.

The simplest case is that of cellular container ships, where the internal space of
the containers is easily calculable and the only difficulty is that some classes have
stability problems, which affect operational practice and impose limits on the num-
ber of containers that may be stowed on deck.

For cargo liners the measure of space for general cargo is bale capacity; but this
refers only to below deck space, and when light cargoes are carried it can be sup-
plemented with containers on deck. In fact continuous design developments have
substantially increased what was previously a very limited capability for containers,
so that the modern liner may be virtually a non-cellular container ship. In the full
container configuration there is a large loss of space below deck, partly com-
pensated by the deck capability, but if a break bulk stow of enclosed space is sup-
plementated with containers on the weather deck there can be a net gain of up to
one third in space available. Deep sea ro ro ships have even more options. They can
take containers or trailers on deck, while internal space may be used for break bulk
cargo stowed by fork lift, for containers, for the low slave trailers confined to the
ship and port area, and for road trailers or trucks. A tight stow can be achieved by
fork lifts; there is some loss of space where slave trailers are used, and a much larger
loss when road trailers or vehicles are carried.

The first stage in the analysis is presented in Table 1, which compares costs of
carrying capacity at sea both in terms of deadweight and space in the ships as
described above and for the main alternative configurations of the large cargo liner
and ro ro ship. The space index clearly shows the importance of different operating
configuations and the value of the capability to stow containers on deck. The cargo
liner is expensive in operation when only containers are carried, although recent
design developments are improving this capability and may be able to reduce costs
at sea to something approaching those of a cellular ship of a similar size. Although
the old liner has low marine sector costs, some of the modern ships compare quite
closely because of the economies of size, the use they can make of deck space, and
changes in space d.w.t. relationships. It is confirmed that economies of size in the
marine sector are substantial and can offset differences in cost between ship types
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and the poor utilisation of space resulting from some configurations. However, on
some routes there are constraints on size imposed by limitations on the flow of traf-
fic in relation to the required frequency of service. At any given carrying capacity,
container and ro ro ships carry a premium over liners.

Ship costs in port

The increases in transport capacity in the marine sector made available by in-
creases in the speed and size of ships are not operative in the port sector. In port
they merely increase the cost of ship and the handling rate required to achieve a
given ship cost per ton of cargo handled. This very difficult relationship is indicated
in Table 2 below. The index shows the increase in cargo handling speed required to
achieve a given ship cost per ton. The increase in the actual tonnage which has to
be moved depends on the performance of the ship taken as the base case. This is ex-
plored further in the model below.

TABLE 2
Dazly Ship Costs in Port
Ship Code U.S§ Index
129 8% 12% 8%
discount rate discount rate discount rate discount rate
C1 5,729 4908 100 100
C2 6,650 5704 116 116
C3 9,685 8115 169 165
C4 4,144 3865 72 79
Ctl 9,593 7978 167 163
Ct2 15,007 12455 262 254
RO1 18,084 14872 316 303

A model of route relationships controlling ship costs per ton

The model starts by considering costs per ton of cargo for ships carrying a full load
in each direction, and it assumes that cargo has the same stowage ratio in each ship
of 2.85 cubic metres per weight ton. In order to take account of ro ro trailer
operations, the assumption is made that in this operating configuration 50% of the
available space is unusable but the common stowage density for usable space is
maintained. In charts 1 to 5 a discount rate of 12% is used, except in one case
where sensitivity to the 8% rate is examined. '

Let C,be the cost at sea/thousand miles/ton. Then the total cost at sea/ton for a
round trip is C X D where the port-to-port distance is D thousand miles.

Let C,be the cost in port/day and H be the handling rate in tons/day. Then the
total port cost is 2C,/H.

So the round trip cost/ton, C = C,D + 2C,/H.

To compare two ships, let C denote C for ship 1, C, denote C for ship 2;
similarly for C |, C,,; and let H, H, be their respective handling rates. Given C ,,
Cy, Cipy Cyp and H,, we wish to calculate the value of H, which will give the two
ships equal costs/ton, i.e. at which they are equally effective in carrying cargo.
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: 2C 2C
We require CysD + 1P=CZSD+ 2p
H, 2
then
2C,p 2C,p
= (Cys — Ca5)D +
o, (Cis 28) H,
20,pH, _[ Cys\ D 2
S (1— ¥ H,
H,CipCis Cis/Cip H{Cig
H, 2(%”/019)
H, C,sH, [(1— ”) b, 2 ]
Cis/ Cip HyCg
. 2(C,p/C
i, (C2p/Cip)
—= Crs
Hy 2+DH,;(Cys5/Cip) l_C
18
2(C,p/Cyp)
= C C
o () (6
Cip/ \Cyg

From this formula we can derive values for the ratio A2
H,

Now let ship 1 be C1, the 14,600 dwt conventional cargo ship, and let ship 2 be
Ct2, the large container ship. From the indices we let

C€,=100,C =100andC /C =262, C,/C = 1-07.
-3
We also have C, = $3-22, C,.=$5729s0C /C =056 X 10 .
 H, 2 x 2.62 5.24

“H, 2—DH, x0.56x 1073 x0.07 2— DI, x3.92x105

There are a number of features of the competition between C1 and Ct2 which
can be seen in Chart 1. First, as the handling performance of the conventional ship
improves, the performance of the container ship has to improve by increasingly
greater amounts for it to achieve the same ship costs per ton. Route length does not
make very much difference at the low handling rates for C1, but it becomes in-
creasingly important as the performance of the conventional ship improves.

Cargo balance
The simple formula used above may be modified to include a factor for cargo

balance. We have cost/ton = gD + 2Cr
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CURVES OF EQUAL SHIP COST PER TON OF CARGO FOR C1 AND CT2 WITH
48001  VARYING ROUND TRIP DISTANCES

A Balanced Route at Full Load

Round Trip dista
| u rip distances

R1 24,000 n.m.

R2 16,000 n.m.

] R3 8,000 n.m.

4000 R4 4,000 n.m.

Stowage Rate 2.85 cubic metres/ton
3600 1

R1
R3

% R4

Handling rate of CT2 (tons/day) 8

12

S

200 300 400 500 600 700 800 900 1000
Handling rate of C1 (tons/day)

CHART 1

: 2Cp 2T
i.e. total cost = 2T CgD + —I}_

Sea cost is constant however much cargo is carried. For a container ship we may say
the same about port costs, since empty boxes must be returned to base.
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C .
For a conventional ship, port cost = 2—H—P (1+7)T (0<r<1)ifonly(l + r)T tons

are carried instead of T in each direction. So if 7, is the return fraction of tonnage
for ship 1, and 7, is the return fraction for ship 2, we have

2TIC]SD + 2C1P (1 + Ty )Tl _ 2T2Cst + 202}7 2T2
(1+71)T1 Hl (1“"71)T1 (1+r2)T2 Hz (1+7’2)T2

1.e.

C
2C1sD _2Cip _ ( 2 ) [Cst+2H”]

(L+ry) H, 1+7, 2

20, pH CisD C

L=H1(1+72)[__1_S___+_1_£}_02SDH1

2 (1+71) Hl

2C0,p H DH C C

_2P_._1_:(1 +7,2)|: 1 (_I_S) +1] — (_Z_S)D[{1

Cip Hy (L+7)\Cyp Cip
2C,p/C

i, : 2\P/ ép -

e 2 ,

e o (22) [ 22 ()]
Cip/ LCis 1+7r;

With the above figures and puttingr = 1,7, = 0'8,

we get Iﬁ = 5.24

H, 1.8—DH, x0.56x1073x (1.07 — 0.9)
~ 5.24
1.8 — 0.952 DH; x 107

ry = 1,7, = 0.5 gives
Hy 5.24

H, 15— 1.79 DH, x 10~
ry = 0.8,7r, = 0.8 gives

H, 5.24

H, 1.8—0.392 DH, x 10~

Chart 2 takes a route of fixed length, and shows how the changes in cargo balance

affect the H, required to give equal costs.

When for exampler, = 1,7, = 0-5,as1-79 DH X 10_4approaches 1-5, H, ten
to infinity and this asymptote is at DH, X 1-79 = 15000 i.e. DH = -8380

ds
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CURVES OF EQUAL SHIP COST PER TON OF CARGO FOR C1 AND CT2WITH
VARYING LOAD FACTORS (r) ON THE INWARD LEG

Round Trip 8,000 n.m.
Stowage Rate 2.85 cubic metres/ton

4000

g

w
N
o
[«]

Handling rate of CT2 (tons/day)

12

8

800

200 400 600 800 1000
Handling rate of C1 (tons/day)

CHART 2

e.g. when D = 8, if ship 1 handles at approaching 1045 tons/day it is theoretically
as well as practically impossible for ship 2 to be as cheap. This corresponds in
general terms to the total cost/ton of ship 1 being equal to the costs at sea of ship 2,
for which no handling rate for ship 2 can compensate. This formulation can also be
used to deal with general variations in load factor.

Space utilisation
Chart 3 shows how a ro ro trailer operation with a considerable volume of
unutilised space might compete with a large liner in break bulk configuration. In
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CURVES OF EQUAL SHIP COST FOR C3a AND RO1c WITH VARYING
DISCOUNT RATE (i)

12000 1 Balanced route at full load
Round trip 8,000 n.m.
11000 Stowage factor - 2.85 cu. metres/ton
RO1c is a trailer configuration with
50% unutilised space
10000
1 i=12%
| i= 8%
8000 {
T
@
=
S
7000 { =
(8]
o
o
6000 { ©
[
©
g
5000 1 5
c
©
T
4000
3000
2000
1000 -

400 600 800 1000 1200 1400 1600 1800 2000
Handling rate of C3a (tons/day)

CHART 3

the example shown a high difference in handling rate would be required to equalise
ship costs; but this is by no means impossible to achieve if the liner is performing at
the lower end of its range of handling capability.

Cargo balance
Finally, costs for all the ships for a route of 4,000 nautical miles for two different
conditions relating to cargo balance are shown in Charts 4 and 5.

Chart 4 shows a perfectly balanced route and Chart 5 a completely unbalanced
route. Weight tons are shown along the horizontal axis, but the tons carried in each
ship are calculated on the assumption that cargo stows at 285 cu. metres to the
ton.
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COST OF SHIP SAILING AND SERVICE TIME FOR A BALANCED ROUTE

Round trip 8,000 n.m.
Load Factor
80 Outward leg 1.0
Inward leg 0.8
Stowage factor - 2.85 cu. metres/ton
70+
or
&
D 604
o
o
]
5 504
c
e
2 401
@
o
(&}
£ 30
2 CT1
S C3a
o 9 c1 CT2
g 204 c2 RO1a
< C4
10 1

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Handling Rate —tons weight/day
CHART 4

COMPARATIVE HANDLING PERFORMANCE

The charts demonstrate the importance of handling rate and comparative
handling performance, and show that a ship with high ton-mile costs at sea and
high daily costs in port can compensate for this by savings in ship time in port.
Where a sufficient differential can be established in handling rate, ships employing
sophisticated technologies can in fact be cheaper than conventional vessels. There
are clearly limits to this, and it becomes increasingly difficult to establish the
required difference in handling performance as the performance of the con-
ventional technologies improves. The results are not very sensitive to moderate
variations in the rate of discount. However, in order to aid interpretation it is
necessary to have some indication of the handling performance for each of the com-
peting systems in various route environments. This is dealt with briefly below.

The cellular container system
Sealand, the U.S. company which has the largest container fleet in the world, has
demonstrated the ability of the cellular container system to operate at a handling
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COST OF SHIP SAILING AND SERVICE TIME FOR AN UNBALANCED ROUTE

Round trip 8,000 n.m.
Load Factor
90 Outward leg 1.0

Inward leg 0.0

Stowage factor - 2.85 cu. metres/ton
« 80
%
o)
& 704
38
k]
§
5]
o
B 50
O
2 CT1
)
g 407 cT2
g c2 RO1a
>
I 301 C3a

C4
20

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Handling Rate - tons weight/day
CHART5

rate of about 4,000 TEUs a day. This is achieved on large ships of some 2,000 TEU
capacity, which have 35ft. and 40ft. containers only and which are undertaking a
full load and discharge with four cranes working the ship. However, there are few
hinterlands which generate cargo flows between port pairs sufficient to sustain an
intensive service of this type, and the Sealand operation itself is supported by feeder
services. It is also atypical, as most container companies operate multi-port
itineraries and employ a mixture of 20ft. and 40ft. boxes. Typically handling rates
lie between 300 and 800 TEUs per day [8]. Thus there can be a tenfold difference in
handling performance within the cellular container system. Where traffic flows are
small and dispersed and hinterlands cannot accept large containers, the per-
formance is likely to be towards the bottom of this range. With an average of 11
weight tons per loaded container and an unbalanced route with only half the
movements of loaded containers, we obtain a lower limit of about 1,650 weight tons
of cargo a day.

Cargo liners
General cargo liners usually have a minimum of five separate holds, with cargo
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handling gear on the ship to work each hold; this is often supplemented with port
cranes. With an appropriate stowage plan it is possible to accommodate multi-port
itineraries and still work several holds for much of the time. Although these ships
can achieve the best results when there is a simple route structure, they are less sen-
sitive to complex itineraries than container ships. Since there is not quite the same
problem with the return of cargo handling units, some of which may be disposable,
they are also less sensitive than container ships to poor cargo balance. The system
is, however, sensitive to cargo type, performing substantially better with
homogeneous cargoes than with mixed industrial goods, and is the most labour-
intensive, suffering from the rigidities of established labour practice. For a cargo
flow comprising mixed industrial goods the system often operates with handling
rates of between 200 and 500 tons per day; but by using a variety of unit load
methods, including a limited number of containers, liners can achieve up to about
1,000 tons per two-shift working day. With large liners there will be pressure to
double this rate to a level of performance which, although theoretically feasible,
has not yet been sustained in operational practice.

Roro

The various types of ro ro operations have different handling capabilities. Perhaps
the fastest system is that employing slave trailers. These do not have to comply with
the load limits of road trailers, and can be much more heavily loaded, and their
towing vehicles are built for fast operation. On short sea routes which have simple
port-to-port itineraries they have demonstrated a capability to handle up to 5,000
tons per shift. The road trailer system is slightly slower but also operates at very
high handling rates. In both these systems the performance is faster than almost all
container operations. It is certainly faster than the container system can achieve
with small ships on which only one or two gantries could be employed.

The Scan Austral service employs a mixed system, using fork lift trucks to stow a
variety of unit loads on deck together with some slave trailers. It also operates a
multi-port itinerary similar to that of many cargo liners. This system has demon-
strated a capacity for about 7,000 tons per day at ports where large tonnages are
moved. Where there are smaller tonnages the ship can often achieve turnround of
some 3,000 tons per day. This often allows it to turn round in a day, an ability
which offers significant advantages in avoiding weekend working. The system also
appears to be significantly faster than that of the average conventional operation.
It is somewhat similar in performance to cellular container ships of the same size
operating the same sort of itinerary. Systems using slave trailers and fork lift trucks
simplify the cargo handling problem, but they still require a certain minimum level
of port organisation and port facilities if they are to work effectively. They would
not solve the particular set of problems associated with choking of port transit areas
by poor administration and consignees who refuse to take delivery of their goods.
The road trailer system can help to deal with this particular problem, because
goods can pass directly through the port; but it bears high ship and trailer costs and
to some extent moves the problem down the line. There can be extremely high
trailer costs unless very effective administration is obtained in the hinterland of the
developing country.
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THE PORT SECTOR

Within the port sector labour costs are the most important variable with respect to
the choice between systems. Berth and equipment costs are rather less important,
provided that there is a reasonable balance between capacity and throughput.

The conventional system clearly has the greatest requirement for labour in ship-
to-shore transfer. Throughput per man ranges up to about 10 weight tons per shift,
depending upon a range of factors of which type of cargo is one of the most im-
portant, while in the cellular container system the rate per man can be 10 times as
much. The road trailer ro ro system also has a very low manpower requirement.
The ro ro system employing slave trailers occupies an intermediate position. There
is much less labour used in ship-to-shore transfer, but there remains a substantial
requirement for labour in consolidation of cargo on to trailers and distribution
from them. The Scan Austral type operation also retains a substantial requirement
for port labour, although the company estimates that cargo handling costs have
been cut by one third in the switch from conventional to ro ro operations.

In late 1974 the costs for conventional handling ranged from about $5 per ton in
some developing countries up to about $36 per ton in high wage cost areas like the
west coast of the U.S. (This figure relates to weight tons for cargo stowing at about
23 cubic metres to the ton). The United Kingdom and Japan were between about
$8 and $10 per ton. At the same time the use of containers held cargo handling
costs per ton down to about $7 in the U.S. and about $4 in the U.K. and Japan [9],
[10]. Comparison of these cargo handling costs with ship costs on Charts 1 to 5
shows that the differences between systems are very important on high wage cost
routes, and can be decisive in ruling out conventional operations. The high labour
requirement, combined with premiums for night work and week-ends, also makes
intensive working of conventional operations extremely expensive. It is sometimes
argued that countries with low wage costs should necessarily employ labour-
intensive methods. This may be supported by the argument that the opportunity
cost of labour is below even the low market price and that there is a social need to
maintain employment. There are a number of direct objections to this argument.
Labour-intensive methods must be matched in the ports and hinterlands of trading
partners, and, as the figures above indicate, there can be a very high premium on
conventional methods in these areas. It has also been shown that, even in
developing nations, the opportunity cost of labour is not necessarily substantially
below the market price because of the effect of employment upon the consumption
and investment pattern [11]. However, there is a more fundamental objection
which relates more closely to the argument of the preceding sections. This is that
the labour-intensive system may not achieve nearly the same speed of ship turn-
round and can, therefore, raise capital requirements.

Comparisons of port capital costs are complicated by the existence of old con-
ventional facilities with low opportunity costs, and by the fact that the cost of in-
frastructure developments depends to a great extent on site conditions. In terms of
the L.R.M.C. of the berth and its equipment the conventional system is expensive
compared to containers, provided that there is sufficient throughput over which to
spread the lumpy investment for container handling gear. Although there are cer-
tain minimum requirements, the road trailer ro ro operation has low port costs,
and high rates of throughput can sometimes be achieved at conventional facilities
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without much additional investment. The fork lift and slave trailer operations do,
of course, require large transit areas for cargo accumulation, although the in-
vestment in equipment is much less lumpy than that of the cellular container
system, and small throughputs can be more economically accommodated.

The other characteristic of ro ro, particularly the road trailer operation, is that it
provides a method for achieving a rapid increase in effective port capacity. In those
areas where there is a sudden growth in demand for imports (as in the OPEC coun-
tries), it provides a means of reducing ship waiting time, which is a volatile element
of system costs and can rise sharply with increased berth occupancies. This feature
of the system has been recognised in some ports by giving priorities to ro ro ships
with trailers. The saving in waiting time more than compensates for the low density
of stowage, and the short time that the ship spends in port allows priority to be
given without disturbing the equity of the queue too greatly. It is this factor which
accounts for much of the current interest in ro ro.

This operating practice perhaps reflects economic realities at congested ports,
but there is a wider issue relating to port pricing policy. Pricing structures are often
archaic, bearing no relation to marginal social costs [12]. In fact there may well be
a general tendency for cross-subsidisation, with systems which have low port costs in
relation to throughput bearing a relatively heavy share of the burden of cost. For
example, a high proportion of revenue is raised in wharfage [13]. This is a charge
levied on each ton passing through the port, without any reference to the speed at
which it moves. Such a pricing structure would penalise a ro ro operation. With
systems which impinge upon port facilities in such different ways it is now par-
ticularly important that pricing structures be devised which properly reflect the
economic cost of the resources employed.

OTHER ASPECTS OF COMPARATIVE PERFORMANCE

Container and trailer costs

The costs and benefits of the use of containers have to be related to a total system
rather than just to cargo handling in the ports. The current cost of a 20ft. container
is about U.S. $3,500, the estimated life is 14 years and the daily maintenance cost is
about 50 cents. This gives a daily cost with a 12%, discount rate and with a residual
value of zero of about U.S. $2 per day. The container may be used from origin
through to destination, and clearly there are also some support costs from empty
movements and repair time, etc., which also have to be recovered. Container costs
can therefore range from a few dollars per ton for short routes with tight control of
hinterland operations up to $20 or over for long or poorly balanced routes with
poor control of hinterland operations. Forty-foot road trailers cost some U.S.
$8,000 and 40ft. slave trailers about U.S. $4,500. The slave trailer system will have
associated with it some 2 or 3 sets of trailers per ship. For the road trailer operation
is does not make sense to think in terms of sets per ship, because of the intermodal
use. However, for operating to congested ports with poor administrative control in
the hinterland, trailer control and recovery is a difficult operation and trailer loss
and damage can be very costly.
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Other effects of cargo balance

The effect of cargo balance on comparative ship costs has beeen indicated above,
but there are other system effects. Empty containers have to be returned to the
areas in which cargo originates: this involves inland transport, handling and ad-
ministrative control, as well as ship time in port. Further, cellular ships are not
capable of carrying any non-containerable cargo available on the return voyage or
on a tramping operation back to base. Even where the inwards and outwards traf-
fics on a route are well balanced in total, there may be local imbalance within the
hinterland. For example, imports might have destinations in warehouses in the
main port which could be a centre for distribution, while exports might originate in
rural areas up country. This also operates to the comparative disadvantage of the
container system by increasing the cost of inland container movements. In some
cases, when serving large hinterlands like Western Europe, container balancing
moves can also require additional port transit. A similar factor operates where the
inland transport system at one end of a route cannot handle containers. This means
that the savings in packaging are lost, together with some of those of freedom from
pilferage and damage, as well as the savings in handling.

Thus it is not possible to generalise about the value of containers in through tran-
sport operations. In some situations there will be substantial savings, while in others
there could be substantial increases in cost, and conflicts can arise when routes are
containerised. This tends to create increasing pressures for the use of specialised
bulk systems for some of the larger flows of raw materials within the general cargo
sector.

Finally, the costs of financing cargo in transit have been shown to be quite im-
portant [6]. The analysis above indicates that speed of ship turnround and saving in
port time are crucial in this respect; thus, on routes to developing countries, ro ro
and particularly road trailer operations would have some advantage. The itinerary
of the ship is also clearly very important, and for all these reasons ship speed is not
necessarily a dominant factor, although it has traditionally been considered im-
portant as a marketing advantage.

CONCLUSIONS

The model of route relationship shows how ship class, operating configuration,
route length, load factor and handling rate are interrelated in controlling ship cost
per ton of cargo carried. Measures were made of a boundary condition which shows
the differences in handling rate required to compensate for high marine sector costs
and high daily ship costs in port and an indication was then made of the route
parameters which control the handling rate itself. The analysis showed the im-
portance of comparative handling rate and cargo handling cost in controlling the
choice between shipping technologies. It also confirmed the importance of high
handling rate in achieving efficient use of ships and port facilities. Because of the
uncertainty concerning the actual performance that ships will achieve in port and
differences in other route parameters, it is not possible to come to any clear decision
on one appropriate technology for third world routes; but certain general in-
dications on the directions of development are possible.
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TABLE 3
Dazily Operating Costs— Four Non-cellular General Cargo Vessels

Code C1 (o] C3 C4
Deadweight 14600 8000/12000° 23200 16500°
Gross tonnage 8800 9000* 17000 10864
Service speed (knots) 14 18 16 14

US. § US. § UsS. § US. §
Capital cost 9:2m 10 6m 17-6m 2:3m
Capital charge/day’ ? 3626 (2805) 4177 (3231) 6936 (5366) 1233 (954)
Insurance/day 202 196 351 183
Crew wages & prov./day® 1259 1341 1259 1950
Maintenance & repair/day’ 367 430 556 493
Daily fixed cost 5454 6144 9102 3859
Fuel in port/day 275 506 583 285
Daily in port costs 5729 (4908) 6650 (5704) 9685 (8115) 4144 (3865)
Fuel at sea/day® 1899 3086 3543 21u
Daily at sea costs 7353 (6532) 9230 (8284) 12645 (11075) 5979 (5700)

'350 operating days per annum.

?Capital charge calculated as an annuity over 18 years at 12% rate of return.
*Open closed shelter decker ship.

*GRT corresponding to full deadweight.

’11 years old.

¢ Crew costs for European crew. C1 and C3 crew of 33; C2 - 31; C4 - 39.

” All slow speed diesels.

#Fuel includes lubricating oil consumption.

Figures in brackets are with capital charges at 8%.

Developments in recent years have produced a wide range of options in ships and
operating configurations for third world routes. This has blurred the previously
sharp distinction between conventional and container operations. In this new con-
text the cellular system may be seen as a specialised form, which, although very ef-
ficient in a suitable route environment between developed countries, tends to be
rather inflexible for the needs and operating circumstances of many third world
routes. Ro ro ships and modern cargo liners can operate in full or part container
configuration and achieve many of the advantages of fast low-cost cargo handling,
while retaining considerable flexibility in the use of space and the choice of
packaging and handling methods. Some modern liners can operate as non-cellular
container ships, although for dealing with containers only they are moderately
more expensive than a cellular ship of the same size and speed.

There is currently a minor boom in deep sea ro ro ships, and the system seems
likely to make a powerful challenge on third world routes. It has the capability for
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TABLE4
Dazily Operating Costs— Freight Ro/ro and Cellular Containerships

Code RO1 CT1 CT2
Deadweight 20000 12000 (560TEU) 23400 (1200 TEU)
Gross tonnage 14500 11000 27000
Service speed (knots) 22 19 22

Us. § Us. § US. §
Capital cost 36m 18-1m 28 6m
Capital charge/day’ ? 14187 (10975) 7133 (5518) 11270 (8718)
Insurance/day 930 385 770
Crew wages & prov./day’ 1097 1232 1386
Maintenance & repair/day* 1054 493 781
Daily fixed cost 17259 9243 14207
Fuel in port/day 825 350 800
Daily in port costs 18084 (14872) 9593 (7978) 15007 (12455)
Fuel at sea/day’ 7593 3325 8750
Daily at sea costs 24852 (21640) 12568 (10953) 22957 (20405)

' 350 operating days per annum.

2Capital charge calculated on an annuity over 18 years at 12% rate of return.
*Crew costs for European crew. RO1 crew of 25. Ct1 - 32; Ct2 - 34.

* All geared medium speed diesels.

*Fuel includes lubricating oil consumption.

Figures in brackets give costs at a discount rate of 8%.

very high-speed cargo handling, can accommodate a wide range of cargoes, and
can change operating configurations to suit varying route conditions. The Scan
Austral type of operation has the particular advantages in the port sector that cargo
handling gear can be unspecialised, does not need lumpy investment and sustains
the demand for labour. It also combines fast ship turnround with a relatively even
demand for labour. The slave trailer system is rather more specialised but shares
many of the other advantages of the Scan Austral system. The road trailer con-
figuration, although particularly expensive in the marine sector, has the potential
for a radical simplification of port operations and the ability to deal with sudden
increases in the demand for port capacity. It may be that there is scope for further
development in the direction of a general workhorse ro ro ship for third world
routes, with cost held down by series production. In the light of technological
development in ro ro ships and liners, the modern tramp ship may shortly become
outmoded for operation in liner trades, and this may limit the operational
flexibility of the present design of Liberty replacement.
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Turning to more general considerations, the analysis shows that the choice
between systems is not a simple function of the level of development presupposing
the need for an intermediate technology. Some factors, like wage rates and the
capability of inland transport systems, are directly related, while others, like the
volume, type and balance of cargo, are partly related to development and are par-
tly a function of geography. It has also been shown that the choice between ship-
ping technologies cannot be formulated as a simple trade-off between the increased
capital costs of more modern ships and port facilities and savings in port labour
costs. Modern shipping technologies can have the effect of scaling down capital
requirements in both the port and shipping sectors and can offer savings in long-
run capital costs.

Although it is difficult to envisage further radical technological innovation, it is
likely that there will be a continuing search for new methods of combining fast low-
cost cargo handling with a capability to deal with multi-port itineraries and
flexibility in the use of space.
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