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Introduction

INTRODUCTION

Shortsea shipping should and can play a more important role in the logistical
chain of unitloads within Europe. This was the rationale behind the 89" Round-
table Conference, organized by the ECMT in Paris, in September 1991. Géran
Efraimsson of the Swedish consultancy company MariTerm AB handed out at
this meeting a short description of an interesting coastal unitload shipping
project, on which he and his team were working in Sweden. The project was
financed by the Swedish Transport Research Board and identified as the major
focus of future innovation a more efficient ship-terminal interface. | liked the
results of this preliminary study and decided to put two engineering students of
the Faculty of Marine Technology of the Delft University of Technology on this
project in the framework of their master thesis work.

The Dutch Foundation for the Coordination of Maritime Research was willing to
cover their out of pocket costs for travel to Sweden and in December 1991 we
visited MariTerm in Gothenburg for the first time in order to define our part of
the research. The two students, Ben van der Hoeven and Coert Kleijwegt, gra-
duated in May 1993 after extensive work, both in Sweden and in Delft.

Parallel to their work, Anders Sjobris of MariTerm was deeply involved in the
"Automated coastal shipping project" which resulted in a report, titled "Coastal
and ShortSea Shipping; Technical Feasibility Study", September 1993. The most
relevant part of this report, the conveyor-elevator ship design, is also included in
the book.

The results of both studies are quite positive and promising, and therefore we
have asked the Swedish Transport Research Board, The Dutch Foundation for
the Coordination of Maritime Research and The European Commision, DG-7
Transport to sponsor a follow-up study.

If shipping has to become competitive in comparison to land transport,
fundamental innovation in the ship-terminal system of unitloads has to take
place. This book draws an indepth picture of all the relevant issues the
researchers in this field have to address.

The objective for the present book is not to develop new technological
knowledge, but rather the diffusion of the innovative ship-terminal concepts and
their rationale.

DIFFUSION OF INNOVATION IN SHIPPING

The acceptance of the container in the maritime industry is an unparalleled
example of high speed innovation adoption by hundreds of different players in
many segments of transport.

The percieved attributes of the innovation corresponded and coincided with the
tremendous increase in cost around the word of liner shipping and stevedoring.

Innovation in ShoriSea Shipping 1



Introduction

There was no alternative for deepsea liner shipping, as is not the case in short-
sea shipping. The alternatives of shortsea shipping are foremostly road and
railtransport. As the cost increases in these other modes have been very modest
over the last decades, there has not been a strong incentive to change all this.

"Selling" the self-loading and unloading ship concepts of unitloads, which is the
central theme of the book, does not have the benefit of spiralling costs, which
influence major shippers and recievers. Although, this may change in the coming
decade. Environmental and social costs will more and more be charged to each
mode.

If small ports want to become a part of a coastal/shortsea unitload shipping
system, this will not happen by itself. The authors believe that a system can be
developed with similar impact as the introduction of the container thirty years
ago. The technology can be developed, that is not the issue.

Shortsea shipping can and should compete more effectively against road and rail
transport. This can be achieved by looking at the total transport chain and not
only the hardware of ships and terminals but also the software of VTS, EDI
etcetera.

This book is not about the technology of a selfloading and unloading ship sy-
stem, but about the constraints and conditions under which shortsea shipping
can compete against other modes, on the level of transit time, frequency of
departure, quality of service and of course, in price. The environmental benefits
will be treated "pro-memorie" in spite of their magnitude.

The authors wish to communicate the transport concept of a competitive short-
sea shipping system to their peers around Europe. We wish to inform the
shipowners, terminal operators, shippers, transport companies, governments,
consultants, universities, politicians on the essence of such a system.
Therefore we have chosen the route of dissimination of the information through
the publication of a book, accompanied by a video presentation. A "roadshow"
through countries in north-west Europe will accompany this diffusion-drive.

We intend to raise the awareness of the system with potential decision makers,
and ultimately to obtain their support. Not for personal gain, but as the only way
to avoid an unparalleled congestion in Europe. So, give it some of your valuable
time and give us feedback.
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If you wish to comment on this book, please, do not hesitate to do so. You can
direct it to either of us:

ir. Anders Sjobris

MariTerm AB,

Visiting address: Mailing address:
Banehagsgaten 1P PO. Box 12037

Gothenburg, Sweden S-402 41 Gothenburg, Sweden

Phone 46-31-122030
Fax. 46-31-245856

Prof. dr. ir. Niko Wijnolst

Visiting address:

Faculty of Mechanical Engineering and Marine Technology
Mekelweg 2

2628 CD Delft, The Netherlands

Phone 31-15-784682

Fax 31-15-620620

Mailing address:
Borodinlaan 5
3055 KC Rotterdam, The Netherlands
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Part I: Innovation in Shipping

PART |- INNOVATION IN SHIPPING

CHAPTER 1: INNOVATION PROCESS

Shortsea shipping plays a vital role in the international movement of passengers
and goods. Especially within Europe its importance in number of passengers and
tons of goods is impressive as various studies have shown. Therefore the objec-
tive of this book is not to show its importance, but to explain the constraints
posed on an even larger role. Changing the modal split in favour of an environ-
mentally friendly sector like shipping is the challenge addressed in this report.
Technological innovation is the key-word to achieve this.

In Part | the process of innovation in shipping is described and mechanisms
behind it analysed. This excursion in innovation is necessary in order to under-
stand the examples of innovative developments in shortsea shipping as presen-
ted in the report.

In order to avoid confusion about the terminology, the following definitions are
used:

* an invention is the prospective useful idea of how science and
technology can be combined or extended in a new way

* an innovation occurs when the invention is turned into an econo-
mically successfull use

s diffusion is the spread of the innovation among its potential users

Innovations are subdivided into basic or concept innovations and improvement
innovations.

Examples of basic innovations are container ships, roll-on/roll-off ships, pure
care carriers, chemicaltankers, reeferships, supertankers, bulk carriers, heavy lift
ships, etcetera.

Examples of improvement innovations are: the bulb, reaction fins, SPC antifou-
ling, shaft generator, contra rotating propellors, shipboard cranes, folding
hatchcovers, unmanned machine rooms, etcetera.

There are several basic conditions which have to be fulfilled before innovation
can occur:

market demand for the innovation
availability of technology to meet the market demand
financial means to combine the above two factors, and an oppor-
tunist who hopes to cash in on the commercialisation/diffusion of
the innovation

* a creative, technologically educated entrepreneur who can combine
the above three factors into a commercial application

Innovation in ShortSea Shipping 5



Part I: Innovation in Shipping

In general the shipowner who is close to the market place, is at the conception
of basic innovations in shipping, and the shipbuilder or marine equipment mana-
facturers develop the improvement innovations.

There are of course many other actors who initiate change in the shipping
system, such as shipbrokers, consultants, classification societies, shippers,
receivers, etcetera.

Innovation is generally triggered by a constraint or limit in the shipping system.
A useful conceptual tool to analyse constraints or limits is the S-curve.

S-CURVE THEORY

Discontinuity

-

Performance —#=

Effort (funds)

Figure 1

The S-curve is a graph (Figure 1) of the relationship between the effort put into
improving a product or process and the results achieved by that investment.
Initially, as funds are put into developing a new product or process, progress is
very slow. Then, suddenly development goes very fast and gradually it levels
off, when the scope for further improvement of the technological process redu-
ces.

Some companies continue to invest heavily in the existing technology, with
relatively little return on investment. Others, the innovative ones, look for a
radical new technology, though still undeveloped, which might eventually out
perform the current one. The original S-curve is replaced by another, which
represents a sort of discontinuity.

6 Innovation in Shortsea Shipping



Part I: Innovation in Shipping

EXAMPLES FROM THE REAL WORLD

A theory like the S-curve feels intuitively right, as it looks like the product-life-
cycle. However, there is an important difference. The product-lifecycle has
"time" on the horizontal axis, while the S-curve has "effort". The vertical axis
also differs; the product-life cycle has volume and the S-curve performance. If
we go beyond the intuition, the real world offers plenty of examples which
substantiate the theory. A number of examples will illustrate this.

Figure 2 shows the development of the gasturbines as a function of time and
material applied. The sequence of conventional alloys, via super alloys to cera-
mic materials is logical, as the performance of the gasturbine is linked to the
combustion temperature. Ceramic materials allow high temperatures and there-
fore high performances.

Figure 3 shows similar graphs for jet engines.

Figure 4 shows the S-curve development of fibres, from cotton via rayon, nylon
to polyester. Figure 5 shows an equally dramatic change in cash registers. The
market leader NCR lost 80 percent of the market share of electromechanical
cash registers in four years to producers of the new electronic cash registers,
with a superior performance.

Figure 6 shows the consumption of tires in the USA. The radial tire took a long
time to gain market share, as the technology had to be developed. Then in less
than 18 months, the bias-ply tire manufacturers lost 50 percent of their market
to radials, as a result of the superior performance.

Figure 7 shows the development in lamps. The output of the traditional light
bulb did not improve over the last forty years, inspite of research. A significant
performance increase required a change of technology as the graph illustrates.

Figure 8 shows a similar development for batteries.

The dramatic change from vacuum tubes via transistors, semi-conductors,
integrated circuits and chips is fuelled by new technologies that can harness the
atomic world. This quest for the smallest circuit is clearly illustrated in Figure 9
and is not likely to come to an end soon. These eight examples demonstrate the
continuous search for performance-improvements, and the necessity to change
techology to achieve this.

Innovation in ShortSea Shipping 7
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Gas-turbine performance
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Jet-engine performance
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The ascent of radial tyres
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CHAPTER 2: INNOVATION S-CURVE AND SHIPPING

The previous examples are all drawn from the non-shipping sector. This para-
graph describes in brief two important periods of S-curve change in shipping.
The first period covering one century of fundamental change from the advent of
the steamship to the development of the diesel-motorships. The second period
of half a century covering the change from general cargo ships up to the hat-
chless containerships.

This is not a book on the history of shipping, however it is important to under-
stand the reasons behind fundamental change, in order to understand future
change. And that is where this introduction will end; with a conceptual model to
understand and anticipate change in shipping, in particular shortsea shipping.

SAIL-STEAM-DIESEL CURVES

The first application of steampower to a vessel took place in France, England
and the U.S.A. simultaneously at the end of the 18th century. The experimental
model was further developed in England, where it resulted around 1820 in the
paddle steamer (Figure 10). The ship often used sails and steam for propulsion.
The first deepsea liner service between the UK and the USA (1840) shipped
mail. As the voluminous coal bunkers allowed for little payload, the diffusion of
the paddlesteamer in shipping remained limited, with the exception of coastal
and river shipping.

Figure 10

Innovation in ShortSea Shipping 13
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Around 1830 F.P. Smith invented the Archimedes propellor (Figure 11) which
was linked to a steamengine. However, the wooden ships were to narrow at the
stern to accomodate the large powerplant. Therefore steel was introduced in the
construction around 1850 in order to be able to built large, wide vessels. Again,
coal bunkers took up a lot of deadweight capacity.

o
“'."“a_

—
Figure 11

In the meantime the traditional shipowners, who were sceptical about the in-
troduction of steampower, developed fast and efficient sailing ships, like the
clipper. The S-curve of speed by sailing vessels (wood and steel) is shown in Fi-
gure 12.

Ultimately they developed a ship, called "The Thomas W. Lawson", with seven
masts, which capsized while at anchor in 1907 and marked the end of the
sailing area (Figure 13).

The process of change from sail to steampower was accelerated by the opening
of the Suez-canal in 1869, Sailing ships could not use this long canal and had to
make the long journey around South Africa to reach the Far East.

The steamships were perfected in design from 1870-1910 and replaced almost
entirely the sailing ships. The last drawback of the steamship, its voluminous
need for coalbunkers, was eliminated by the invention of the diesel-engine in
1892, The first marine application took place on the Danish ship, the Selandia in
1912 (Figure 14). It marked the beginning of our modern day oil-powered mo-
torships of today. Figure 15 shows the succession of sail, steam, diesel S-cur-
ves over the period 1800-1920.
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Salling Ship Evolution of Speed (knots)
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Performance
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Figure 12

The Thomas W, Lawson, 1902 to 1907.
The Lawson’s seven masts crowded as much sail above her decks as the
limits of space and windflow would allow. '
Source: Angelucci, Enzo, and Cucari, Autilio, Ships, New York: McGraw-Hill, 1975,

Figure 13
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Figure 14
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Figure 16 shows the development of the Dutch merchant fleet over the period
1852-1934. In this graph the decline of the sail ships, the growth of the
steamships and around 1924 the growth of the diesel motorships is selfevident.
It should be noted that although the fleet reduced in number of ships, the resul-
ting transportcapacity was greater than those of the sailing ships as the produc-

tivity was larger.
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This example clearly illustrates the rate of adoption of innovations. It took
roughly hundred years before the steam engine was developed and applied to
the ship and eventually replaced the sailing ship. One innovation, e.g. the steam-
power plant, required parallel innovations before it could come to fruitition. The
development of screw propellors, seals, lubricants, steelships, navigational aids,
bunker stations around the world, etc.

The adoption rate of the diesel engine was much faster, especially among the
Nordic shipowners.

The ships continued to increase in speed and Figure 17 shows the S-curve of
speed of today (experimental ships).

Marine Vessel Evolution of Speed
Year Speed knots | Typical fast vessels
<10 time before hull form development (hull speed, Fn< 0.3)
1900 15 fast sailing ships (grain race vessels Pamir,Herzogin Cecilie ete.)
1910 20 ocean liners
1920 25 large ocean liners with steam machinery (b ia, B )
1940 30 aireraft carriers (Midway, Hancock, Intrepid-class), Queen Mary
1945 35 destroyers (Towa-class)
1960 40 Alr cushion velicles (ACV, Russian Radupa)
1965 50 ACV (BHC craft in English Channel)
1970 G0 ACV (Russian Briz)
1975 70 ACY (Russian AIST, LEBED)
1987 90 Wing-in-grouod vessels (WIG, German Jérg V)
1591 215 WIG, Russian Orlan d
=l
@
4]
[= 8
1]
@
o
c
@
£
=]
L=
]
o
Years -
——
Figure 17
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GENERAL CARGO-CONTAINER-HATCHLESS SHIPS CURVES

General cargo ships were gradually improved after WW I, hatches were made
wider, tweendecks removable, heavy lifting gear speeded up loading and di-
scharging. However, the cost of crewing and stevedoring rose to staggering
heights, as the labour productivity increases achieved were by far not enough to
offset the cost increases. The general cargo ship was around 1950 at the end of
the S-curve (Figure 18).

!
EMKELE LAADDOONPIES
TE IWENKEN NET cOEd A
VASTE HANCER OPF KETTING

=
Figure 18

In the meantime an American trucker chartered obsolete WW Il shallow draught
landing craft and used them for coastal shipping of trucks. This intermodal
system soon started using standardized boxes, which lead to the container
system as we know it today. The containership innovation started around 1965
to spread worldwide, and contrary to other innovations, its rate of adoption was
extremely fast. By 1970 all the major trade routes were covered by container
services.
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The reason for this fast adoption were the compelling economics of the new
system. Studies from that period comparing a 12 conventional cargo ships
service with a 2 cellular containership service showed that freight rates were
halved by using the container system. The landing craft developed by W. Chur-
chill in 1840 had a short S-curve. By 1943 they were in mass production. Out
of this early concept developed later on the roll-on/roll-off vessels as we know it
today (Figure 19).
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The containership design was perfected during the following decades.

A daring new design, 301 TEU without hatch covers, was first built in 1990
(Figure 20) and soon followed by very large Hatchless containerships of
NedLloyd (3500 TEU). The objective of the design is to shorten the porttime,
which reduces costs and increases the performance.

BELL PIONEER—(BCV 300)

Class: Llayds regisier of shipping
Notations + 100A] +LMC UMS 1P LNC{AA) HOC e Class 1D

Bell Contalner Vesscl-BCV 300

Length overall1iP 14.51060m Speed 15kn  Contaner mitale
Breadih moulded 1692m  Deadweight 5100t 400 200, tanks 301TEY
Draught loaded 592m  Engine ourpul o _3000kw  Reefertank capacity BOFEL

Callsign EIXP b Teracka shpard ipsan 1920

i
w it .
- = 1
= s q
siniE =
o o o o
WS

—= 3
b=y BELL LINES

oy interational freight transpart

= _———————=——_—
Figure 20

The hatchless concept was developed out of the experience with Dutch semi-
submersible dockships for the transport of heavy lifts (Figure 21).

This example shows that new concepts often evolve out of a new combination
from existing technologies.
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Figure 21
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Figure 22 illustrates the S-curves of the general cargo-containership-hatchless
containership development.
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Figure 22
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CHAPTER 3: INNOVATION TRIGGERS

S-curves always approach a horizontal line, which forms the natural limit of the
performance of the existing technology. Strategic planning seems therefore
reduced to assessing the position of a company’s technology on the S-curve.
However, the establishment of the S-curve itself, defining and measuring the
performance indicators is quite difficult. If established, each S-curve provides
the limit of the existing technology and implicitely the trigger for innovation.
One can define five classes of triggers for innovation in shipping.

These are:

Physical laws triggers
Geographical conditions triggers
Economic parameters triggers
International regulations triggers
(Technological) change in related sector triggers

GAhLNS

These triggers will be briefly discussed.

PHYSICAL LAWS-TRIGGER

A normal passenger airplane cannot go faster than the speed of sound, other-
wise the sonic boomm will destroy the plane.

It took a decade before the designers could achieve the last 10 percent increase
in speed up to the Mach 1 speed limit, and very sophisticated calculation pro-
grammes and powerful computers. The S-curve of airplanes is shown in Figure
23.
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Planes are carried by air on the basis of the principle of dynamic lift; forward
motion is converted into vertical, lifting forces. In shipping this principle is also
used with fast ships. Normal ships are carried by water, the so-called buoyancy
support. The speed in water is limited because of the exponential increase in
water resistance when a ship increases its speed. There are two ways to reduce
the resistance; dynamic lift and powered lift (helicopter). Both methods achieve
a reduction of the wet surface of the ship, which is proportional with its resis-
tance. Figure 24 shows the lift-triangle of ships, and Figure 25, a more detailed
graph with performance indicators relating to the effective payload (Wp), the
speed V and the poweruse P. This graph shows all the transport modes, based
on the three main support characteristics water, air, land.

To transport one ton of oil with a crude tanker, the ratio P/WV is 0.03; the
transport with a helicopter results in a ratio of 1, or 300 times more energy use!

THE LIFT TRIANGLE

A= X+¥Y+Z

=2 X = STATIC LIFT $

Y = POWERED LIFT
Z = DYNAMIC LIFT

Figure 24
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The optimalisation of the design within well defined physical constraints is
typically an engineering job and falls under the heading "improvement innova-
tions".

Yet another geographical condition which determines many shipdesigns is the
occurence of ice in the sea. Building ice-class ships influences heavily the design
of a ships hull and machinery.

ECONOMIC-TRIGGERS

The most powerful trigger for innovation in shipping is the drive of shipowners
to develop new shiptypes which have maximized earning capacities or minimized
costs.

The combination bulk carriers like oil-bulk-ore (OBO), or container-bulk are
examples of ships which can operate in different markets and offer flexibility to
the owner. A rather innovative shortsea container-oil-bulk ship (COB) (Figure 29)
was developed for the Baltic trade on the basis that ballast voyages could be
avoided by alternating dry cargo and oil products. This concept proved to be too
expensive to built in relation to the general low freight rate level of both these
commodities and has therefore not been successful.

Figure 29
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Maximizing revenues as mentioned above is a strong trigger for innovation.

The other side of the coin is costminimisation. In general four costcategories are
distinguished for a ship: capital cost, running cost, voyage cost and cargo
handling costs.

The reduction of capital costs can be looked at from the pure shipbuilders per-
spective, e.g. making a cheap ship by reducing steelweight and/or reducing the
number of construction elements.

It should be kept in mind that different shiptypes, like containerships and oiltan-
kers have completely different cost pictures because of the difference in
lightship weight per ton deadweight.

Figure 30, shows the average sale and purchase prices paid during 1992 in
dollars per ton deadweight for the major shiptypes.

The traditional way for shipowners to reduce the capital cost per unit dead-
weight within a certain shipscategory (which represents the earning capacity) is
to increase the size of the ship. The drive for economies of scale is clearly
visible in all shipping sectors.

LSS/ wWT

Vessel Type

Figure 30

Figure 31, illustrates the relationship between capital cost and daily time charter
hire per TEU for containerships in the range from 200-1800 TEU.

It is clear that the present generation of 4000-plus TEU ships create even larger
economies., The only condition for the successful increase in size is that the
market demand is there to fill the ships.

The reduction of the running costs or operational cost of the ship is achieved
through process innovation in the machineroom and at the bridge, but also in
the maintenance system. The use of cheap foreign seamen is not an innovation,
but a simple operational solution,

30 Innovation in Shortsea Shipping



Part |: Innovation in Shipping

CAPTITAL COST CONTAINERSHTF
$/TEU SIZE

200 TEU

[~ 40.000

— 30.000

- 20.000

1600 TEU

800 TEU
&

- 10.000

'
CHARTERHIRE
1 S/TEU/DAY

1 2 3 4 5 6 7 B 9 10 11 12 13 14 I? 16 17 18 \:9 20
N L i " . L I . Iy z i s . i 7
1

Figure 31

Many improvement innovations have led over the years to a minimal crew and
an integration of functions on board.

Further major improvements will probably not lead to major changes in the cost
structure.

Voyage costs consist of bunkers and port/canal dues. Improvement innovations
in hull form, fuel efficient machinery, self polishing paints, efficient engines and
auxilliary equipment, etc. have significantly lowered the voyage costs. Major
innovations on conventional ships are not to be expected.

Cargo handling cost is a very important area for innovation and the last major
frontier for shipowners and shipbuilders, especially in shortsea shipping of unitlo-
ads.

The discharge of conventional general cargo will cost a minimum of $ 30/ton in
European ports; if shipped in a unitload, these costs are reduced to say $ 8/ton.
The ultimate example of an efficient, low cost bulk handling system, can be
found on board the increasing number of selfunloading bulk carriers. The basic
concept of this innovation goes back to 1911 (Figure 32).

The automation of cargo handling on board unitload ships is still in its infancy. In
shortsea trades, various studies have shown the need for advanced, automated
handling systems in order to make the ship-route competitive with the other
modes.
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Figure 32: M.s. Herman Sauber 1911

This book contains a case-study from Sweden, where a coastal shipping system
is being developed which can provide a serious alternative for road and rail
transport.

REGULATIONS-TRIGGERS

The design and operation of ships is regulated by international and national
regulations. The IMO is responsible for most of the maritime regulations in the
world, but also unilateral action as for example taken by the USA with the QOil
Pollution Act 1990 after the Exxon Valdez accident, can heavily influence the
design and innovation in ships. World regulation of shipping started by Lloyd's in
the previous century, when it introduced the maximum draught mark from
Plimsoll on ships. The international community started to create regulations after
the dramatic disaster of the Titanic in 1912. The Solas convention (Safety of
Life at Sea) defined rules for the damage stability calculations of ships, in parti-
cular passenger ships.

Of more recent times is the Marine Pollution (Marpol) convention which defines
rules and regulations for the carriage of chemicals and other dangerous goods.
These regulations form important triggers for changes.

In this context it is noteworthy that the requirements on the maritime sector are
often much more strict than on other sectors such as road transport.

If for example, the road transport of dangerous cargoes is in the future restricted
to certain routes and times of the day (not through cities, only at night, nor in
weekends), the competitive position of shortsea shipping will improve.
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OTHER-TRIGGERS

Innovations in other areas, such as computers and datacommunication, in parti-
cular electronic data interchange (EDI) can impact the competitive position of
shortsea shipping in a positive way.

Low cost networks between the shippers, receivers, forwarders, truckers,
stevedores, customs and shipowners, can create a virtual integration and control
of the broken transport chain, and compete therefore with simple point-to-point
road/rail transport. Good examples of these EDI networks can be found in the
U.K. and other Northwestern European countries. Also Italy's Viamare sea-road
intermodal system proves that modern EDI technology can cement all the parts
in the communications chain together.

A completely different trigger for innovation comes from the need to reduce the
pollution in the world and save scarce resources, while increasing the world
standard of living and doubling the world population.

This requires a new design and engineering philosophy, which is based on
durability. A longer lifespan of ships, extensive re-use of shipsparts, emission
reduction, improved fuel efficiency, reducing road haulage, improving handling
efficiency, etc. are all necessary to achieve this.

Technological innovation is more and more directed towards these macro-eco-
nomic, or better, world-environmental objectives.

This new thinking is already visible within some sectors of IMO (Marpol) and is
likely to become the leading design principle of the next decades.
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CHAPTER 4: S-CURVE AND SHORTSEA SHIPPING

SEA-RIVER LANES INFRASTRUCTURE

The maritime equivalent of a road or rail, is the sealane. A part of the European
sealanes are formed by the seas that surround the countries; another part is
formed by the connecting navigable rivers and canals. Figure 33, shows the sea-
river lanes infrastructure in Europe. Seagoing vessels are in general not designed
for the navigation on rivers, because of air (bridges) and water draught restric-
tions. The old small coastal ships of 500 gross tons were able to navigate the

Figure 33
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sea as well as on most of the rivers. However, the dis-economy of scale eroded
their competitive advantage overtime. For this reason a new class of sea-river
vessels was developed around 1970, characterized by a larger carrying capacity
(deadweight-dwt) and a very shallow water and air draught.

These vessels are able to transport cargo via the sealanes into the river/canals
system, without additional transhipment, which reduces costs substantially and
improves the competitive position vis-a-vis other modes, such as road and rail.
The development of this shiptype is briefly discussed in the next paragraph.

Within Western Europe, the major sea-river routes are related to the River Rhine
system; in Eastern Europe, the Russian riversystem, connecting the Baltic, via
the Volga to the Black Sea and Caspian Sea is an even more important domain
of sea-river ships and a potential new corridor between the Baltic Sea and the
Mediterranean.

The limits posed on the design of sea-river-vessels in Western Europe are deter-
mined by the limitations of the major rivers and canals, such as the river Seine
(air draught 8.7m), the Albert Canal in Belgium (air draught 6.4m, waterdraught
3.40m), the rives Rhine and Elbe, etcetera.

The sea-river ships concept grew out of the traditional European coastal ships.
Figure 34, shows in brief the change in design of the coastal ships from 1880-

1960.
The 70's and 80's saw a rapid growth in the size of these vessels as Figure 35

illustrates.

The growth of the sea-river fleet is clearly demonstrated by Figure 36 and 37.
The fleet consists of an impressive 1100 ships, half owned by West European
owners and half owned by former Sowjet Union owners.
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oy

A typical coastal vessel of 1880 - 1900

A coastal tramper built in the early fifties

Figure 34

A modern 4000 GT multi-purpose vessel

Figure 35
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INNOVATION TRIGGERS

The development of the purpose-built shallow draught vessels since the early
seventies, illustrates the search for innovation in the sector. This innovation was
triggered by geographial constraints, e.g. shallow water and air draught of

rivers.

Within the dry cargo segment of the shortsea shipping sector, various other
triggers for innovation can be distinguished, A systematic overview of these
triggers is presented below.

*

Physical laws trigger

Speed: Shortsea ships are in general small ships, which speed depends
on their length. Surpassing the natural limit of nature has been a trigger
for innovation.

Stability: Small ships often have intact and damage stability limitations,
which reduce the effective deadweight capacity. Solving the conflict
between stability and measurement still is a major trigger for innovation.

Geographical conditions trigger

Shallow waters in ports and on rivers, as well as the limitations of locks
have been and still are major triggers for innovations. The development of
the sea-river ships is an example. Improving the manouvrability by, for
example, using waterjet propulsion in shallow waters, as on the Sea Orade
Ultra (Figure 38 ).

Economic triggers

Maximization of revenues can be achieved by design of a flexible, multi-
purpose ship, which can carry for example dry bulk and containers. The
Dutch in particular have developed these box-shaped ships. But also
sto-ro or ro-ro vessels create flexibility. The container-oil-bulk ship,
discussed before is yet another example, of ballast voyage minimization,
or revenue maximization.

Economy of scale is a major trigger for innovation. Large ships have
significant lower investments per ton, as well as lower running and
voyage costs. So indirectly, the search for economy of scale is trigger
by cost-reduction objectives.

The increase in the average size of the shortsea fleet shows the im-
portance of this trigger

38
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- Cost reduction
Capital investment: The reduction of capital cost can be achieved,
not only through economy of scale, but also through standardiza-
tion. This is for example achieved by several shipyards, which have
developed a standard design. They can realize important cost sa-
vings through smart engineering and production, as well as the
experience gained on the learning curve.

Running costs: The major item is the crew cost, which is deter-
mined by manning regulations. These are in turn related to the
training level of the crew, the complexity of the machine room and
the size of the ship (measurement), besides, the flag of registration
and the nationality of the crew.

Important efficiency improvements have been achieved in order to
reduce the running cost. The scope for major improvements on
shortsea ships seems limited.

Voyage costs: Two major items make up this category: bunkers and
port costs. Bunker costs depend on many factors, such as the
deadweight of the vessel, blockcoéfficient, speed and type of fuel.
Major improvements have been achieved to improve the fuel-eco-
nomy.

Port costs: are not uniformly calculated in ports around the word.
Most of the ports relate these costs to the measurement of the
vessel (gross tonnage).

Shortsea ships call very frequenly in ports and the reduction of port
costs through creatively lowering the measurement of shortsea
ships has been, and still is, an important trigger for innovation. This
has also led to a situation whereby most of the cargo is carried on
deck, and to a very low freeboard. A major change in port cost
calculation principles would become an important trigger for inno-
vation.

Cargo handling: Stevedoring cost are a major cost item in shortsea
trades, as the sealeg is usually limited in length.

There are two aspects which form triggers for innovaiton: the in-
crease in labour productivity (tons/man/hour) and making the ships
independent from the availability of terminal labour. The "goal-func-
tion" of any innovation in cargo-handling is to reduce these costs to
zero, as "the best port is no port at all".

The first objective, improving labour productivity, is achieved
through more efficient cranes, on shore and on the ship, the use of
cargo units such as the container, bulk bags and cassettes.

The second objective, making the ship independent of terminal
labour, is achieved by equipping the ship with self-loading and self-
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unloading equipment. This technique is mostly developed on bulk
carriers (self-unloaders, see figure 39) and on cement carriers (loa-
ding and unloading, closed system).

The advantage of such a system is that the ship can enter the
port/terminal any time of the day or week, without being penalized
by extremely high stevedoring labour costs during the nightshifts, or
weekendshifts. This is especially important for small, coastal ports.
The selfloading and unloading of unitload ships is still in its enfancy.
It is the subject matter of this book, and the last frontier of major
innovation.

Requlations-trigger
The abolishement of cabotage-regulations has been an important trigger for

change, not so much in ship innovation, but rather market innovation.

The wish to reduce the environmental pollution of transport results in an
ever growing list of standards and regulations for emisson, etcetera. This
leads to innovations which are much easier to implement on ships than for
example on trucks, due to its large size.

Besides administrative, political and environmental regulations, there are
labour/manning regulations, each with its impact, such as noise level reduc-
tion onboard. Although very important, they do not fundamentally affect
the competitive position of shortsea ships in the near future, and the modal
split, unless the other modes are charged with their real social costs.

Other triggers

EDI has already been mentioned as major trigger for market innovation.
Also vessel traffic systems, intermodal units and transfer equipment, such
as the stackable swap body or the pallet friendly container (2.5 wide).

The opening of new infrastructural links, such as Channel Tunnel also trig-
gers innovative reactions from the ferry-operators.

Each shipowner is keen to exploit each little development to create a pro-
tected niche for himself. It is this continuous search for opportunities which
propulses the innovation system.

POTENTIAL FOR INNOVATION

The triggers mentioned above and their potential for innovation are shown in
Table | Cargo handling is the major trigger for innovation. The means to achieve
this, but foremostly the reasons why this problem has to be solved is discussed
in Part Il.

40
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Innovation trigger Potential for innovation dry
cargo/unitload ships

1 | Physical laws trigger

Economic triggers:

Revenue maximization

[3%]

Economy of scale

Capital cost

Running cost

oo s

Voyage cost (port cost)

Cargo Handling

8 | Regulations trigger

Other triggers

e ——— = = —— e = —__— — —]
Table |

TOTAL LOGISTICAL CHAIN: HOLISTIC VIEW

Shipping, i.e. the sea leg, is often the largest part in the logistical chain measu-
red in distance but certainly not in cost. Traditionally, each part of the chain
tries to improve through innovation of the performance, with only marginal
success.

A good example is the forest products logistical chain. Another publication in
the "Delft Marine Techonology Series", titled "Innovation in Forest Products
Shipping", clearly illustrates the case for a holistic view in which the whole
chain is involved and not only parts.
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CHAPTER 5: _ DIFFUSION OF INNOVATION IN SHIPPING

Many successful innovations have two things in common: a smart innova-
tor/entrepeneur and an innovation diffusion strategy.

Many books on innovations emphasize the diffustion strategy. Especially Roger's
book "Diffusion of Innovation" provides a conceptual framework which is useful.

The diffusion of the innovation can be measured by its rate of adoption. As a
function of time, these rates follow S-shaped curves as shown in Figure 38. The
objective of each innovation is to create an adoption rate which is steep, (fur-
thest to the left).

100% -
90% | i

—
-~

Later Adopters

B0% |-
Innovation 1/ Innovation 11

0% - /

605
Percent
of 50%
Adoption
405

0%
205
0%

Figure 38: S-shaped curve of innovation diffusion process

In order to understand the mechanics behind the rate of adoption of innovation
another model of Roger can be used (Figure 39). He identifies five key-variables.
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Variables Determining Rate Dependent Vairable to Be
of Adoption Explained

. Perceived Attributes of Innovations

I. Relative advantage
2. Compatibility

3. Complexity

4. Trialability

5. Obscrvability

11. Type of Innovation-Decision
RATE OF ADOPTION

1. Optional 5 OF INNOVATIONS
2. Collective
3. Authority
11l. Communication Channels (e.g., mass
media or interpersonal)
IV. Nature of the Social System
{e.g., its norms, degree of inlerconnectedness, elc.)
V. Extent of Change Agents’ Promotion Eiforts

Figure 39

1. Perceived attributes of innovations: relative advantage over alter-
natives, compatibility with values, past experiences and needs,
complexity, triability and observability.

2, Type of innovation. Innovations requiring an individual optional
innovation decision will be adopted more rapidly than when an
innovation has to be adopted by an organisation.

3. Communication channels. If interpersonal channels must be used,
the rate of adoption will be slowedd down provided the innovation
is not perceived as complex. In this case, interpersonal channels
are more effective.

4, Nature of social system. In particular the degree of interconnected-
ness, i.e. how effectively the members of a social system are
linked by communication networks, is positively related to the rate
of adoption.

5. Extent of a change agents's promotion efforts, which is most ef-
fective at the early stages of the diffusion process, when opinions
are forming.

Prof. L.A van Gunsteren adds one important aspect to this list, which is
particularly relevant in shipping: the safety aspect of the innovation. A new
technology can entail a risk of physical danger.
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PART Il: SHORTSEA TRANSPORT SYSTEMS

CHAPTER 6: _ CRITICAL SUCCESS FACTORS FOR SHIPPING

Competition between seabourne and land transport is presently very limited in
volumes and types of commodity. Only high value general or break-bulk cargo
packed in unitoads like the maritime container or the swapbody competes in
shortsea shipping with road and rail transport.

In order to understand the reasons why this is the situation, the critical success
factors will be analysed in this chapter.

The following critical success factors will be examined in more detail:

transport (transit) time

transport costs

frequency and flexibility

reliability

customer (shipper, receiver) satisfaction
environmental impact

political acceptability

* ¥ % * * % *

Although most of these factors are related, they willl be discussed separately.
TRANSPORT TIME

Transport time is a crucial element in any discussion about shortsea shipping.
An increase in comparision to landtransport is hard to avoid which is unattrac-
tive to most shippers. On the other hand, if a considerable cost reduction can be
realized in combination with an acceptable and predictable increase in time there
could be an opportunity to attract cargo from the transport market. The increa-
sing value of time makes transport time a dominating critical success factor,

Transport time of shortsea shipping can be reduced by:

minimizing sailing time
minimizing turnaround time in port

i minimizing hinterland lead time
| Minimization of sailing time can be achieved by:
* faster ships (advanced design, unconventional ships and alternative

propulsion systems)

availability under all weather conditions

installation of integrated navigation systems (V.T.S.)
support by a traffic control and management system
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m Reduction of turnaround time in port requires:

standardization of cargo units

advanced ship- or land-based cargo handling systems

time independence of stevedoring companies

automatic stowing and lashing systems

advanced mooring systems

quick supply (water, provision, bunkers, information...), disposal
(waste, waste water, bilge water...) and cleaning, crew changes.

* ¥ ¥ ¥ * *

u Hinterland lead time can be reduced by:
* standardization of cargo units
» 24 hours availability of truck docking facilities operated by driver.
* advanced truck/terminal interfaces
* support by a traffic control and management system
»*

prevent traffic jams by a.o. limiting long distance road
transports

TRANSPORT COSTS

A low freight rate has to counter balance the relative increase in transport time.
In order to reduce unit costs the variable costs have to be controlled and redu-
ced. In general, reducing the variable-cost part of a total cost figure requires
investments which will result in higher fixed costs. An optimal balance between
fixed and variable costs should give a lowest unit cost.

The cost structure of a shipping operation, including hinterland transport, will be
used as a guideline in this paragraph.

Reduction of transport costs can be achieved by:

& minimizing capital costs
ks minimizing running costs
£ minimizing voyage costs
* minimizing cargo handling costs
L Capital costs can be reduced by:
% using the existing maritime infrastructure to its full extend
% avoiding complexity in the design of the system components
¥ using existing and proven technology
| Running cost reduction requires:
*

a minimum crew
* planned maintenance system
2 cost efficient supplying
¥ rationalized shore organization

46 Innovation in Shortsea Shipping



Part 1l: Shortsea Transport Systems

o Voyage costs can minimized by means of:

® automated mooring systems

* good manoeuvering capabilities

¥ good performance in ice

L] low fuel consumption

2 formulating cost saving agreements with port authorities for port

charges

* central booking to avoid brokers commission a.o.
| Cargo handling costs can be minimized by:

= time independent ship/shore transfer of cargo

z reduce number of ship/shore moves

* standardized cargo units

#*

automated cargo handling systems in order to:

- load and discharge the ship

- transfer cargo on the terminal

- load and unload trucks or trains
engaging shore labour from 9h/17h only
making the hinterland transport time independent from the ships
arrival to allow land transporters to work out their own cost-optimal
service schedules

3 formulating cost saving agreements with stevedoring companies for

handling charges

FREQUENCY AND FLEXIBILITY

For a coastal and short sea shipping system it is a major challenge to offer
flexibility at the highest possible level. The flexibility a road hauler can offer is
very hard to match. Frequency of sailings is a major critical success factor.
Offering a weekly sailing only is sure to fail to attract the attention of shippers
and receivers. A dailiy departure is a prerequisite for a competitive shortsea
shipping system. The added advantage is that ships are alowed to call on the
ports in the weekends, while roadtranport is often prohibited to drive during the
weekends.

A high frequency of sailings creates a huge transport capacity. The "catch 22"
of the situation is that shortsea shipping needs a high frequency, consequently a
large volume of cargo to compete with roadtransport. The start-up of a huge
system will be difficult, but not impossible.

Frequency increases the flexcibility of the system, other factors are:
24 hour availability of truck docking facilities on the terminal

* stand