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ABSTRACT

Economy of scale has driven the development of container shipping right from its beginning. The trend towards larger ships has accelerated in recent years and can be observed with the increasing size of long haul ships as well as feeder vessels. Container ships have been developed close to the limits of the technically possible right from their beginning in the 1960ies. The largest Post-Panamax container ships today have a carrying capacity of over 7,500 TEU and ships with 9,000 and 10,000 TEU are on the drawing board. The present slow-down in the growth of the world economy has delayed the realisation of such very large ships. The expected return to healthy growth rates for the major economies in the world will, however, lead to a resumption of the significant growth in container volume to be transported by sea. This will be connected with orders for even larger vessels than are in operation today. 

Technical aspects and implications of the very large ships are discussed in the paper. The limits on ship size have more to do with the ports and with constraints of their infrastructure rather than with the ships themselves. The technological challenges of large Post-Panamaxes need detailed attention, but can be coped with by designers and engineers. After an overview of possible future developments and limitations, economic aspects are briefly addressed. The implications of a possible widening of the Panama-Canal for the layout and design of containerships in the future are discussed.
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1. Introduction

Our good planet Earth is getting more crowded: the population continues to increase, the average living standards are rising, world trade is growing. The ecological equilibrium is getting more fragile every year. We will not be able to stop this continuous expansion, but everyone of us has to do his part in a way to contribute to a better world.

With internationalisation and globalisation shipping has obtained a central role in world trade. More than 90 % of the world transport volume is being transported by ship. Ships are basically compatible with the environment. Fuel-consumption per ton and mile is about one fifth for a ship as compared to a truck, or about one twentieth of that of airfreight. Traffic on land is getting more crowded and the oceans are wide. Despite the present difficulties in the world economy, predictions are generally positive for the future. There are strong indications that world trade – if somewhat slower than in the recent past - will continue to grow. Every percentage point growth of world sea trade calls on the average for about 7 additional dead-weight tons of the world merchant fleet.

The increase in the volume of cargo carried in containers is continuing from the last decades into the beginning of this new century. Container transport has obtained such a central role in world trade, that the significant growth continues even through economic crises, as we have seen with the Asian crisis towards the end of the nineties. It can be expected that also the present slow-down in the economies of the major trade partners of the world will only have a limited effect on the growth of container-transport. Most predictions regard this slow-down as only temporary. After a growth of the world gross domestic product (GDP) of only slightly more than 2.5% in 2001, a return to 3.5% or more is predicted already for 2003. World trade and world transport with it generally grows about twice that rate. World trade is predicted to grow by about 6.5% in 2003.

The container volume has had such a pronounced growth during the past twenty years that on most major routes we have experienced a doubling of volume in less than ten years. Experience shows that - contrary for instance to the bulker trade - with falling transport rates more cargo will turn up in container shipping. Thus also the shipping crisis of 1998/99, when container rates on most routes dropped to less than 50% of what they were only two years earlier, but still had the beneficial effect of drawing more cargoes and new kinds of cargo to be shipped in containers.

Container transportation - efficient, secure, clean and economical - is so convincing that almost any cargo will stay with the container concept, once shippers have seen the benefits and become used to them. This, together with the growth of world trade has been the basis for a continuous growth of container shipping with annual growth rates between 6 and 9%.

The developments of container ships are continuing, whether we have a crisis in shipping or not. And these developments will be assisted by the relevant technical know-how and extensive feed-back from ship operations, particularly collected by Classification Societies.
2.
The Containership as one link in the container transportation system

The major portion of semi-products and finished goods today is shipped in containers, which are carried on most major routes by container ships. Predictions are that by the year 2010 the container traffic in European ports will be twice that of the year 2000. This growth will probably be even faster for some regions, where local awakening of the economies will stimulate accelerating trade. The positive predictions for the transcontinental trade and transport are also not significantly revised today. Also here the container volume is expected to double within the next ten years. Today containers reach the most remote corners of the world.

The world container fleet shows the fastest growth of any ship type, Fig. 1. Today the fleet of about 2800 fully cellular container ships with a total of 68 million GT accounts for about 12% of the world merchant fleet tonnage. In 1995 this share was at a mere 5%. There has been no comparable development with any other ship type in the history of shipping. Some of the growth is at the expense of the traditional general cargo ship. This ship type is being replaced today by multi-purpose vessels or by pure containerships. The containership has become the dry cargo carrier of the future.
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The development of container ships has been characterised from the very beginning by efforts towards the optimisation of the ship design with respect to the possible number of containers to be carried, the efficiency of loading and unloading of containers and by a steady increase in the size of the ships. Because of the special strength and stiffness requirements of container ships all developments are being done in close co-operation with the designers and the classification society.

While the so called container ships of the first generation constructed more than thirty years ago in the late 1960ies were still confined to the carriage of approximately 700 TEU (Twenty Feet Equivalent Unit), the first container ships of the third generation carrying up to 3000 TEU were delivered already in 1972. These ships had Panamax dimensions (length 285 m, breadth 32.2 m) and are only now beginning to be phased out.

Today Panmax ships can carry approximately 4,700 to 4,900 TEU, an increase in transport volume of 50 % as against that of the third generation designs, practically with the same overall dimensions. The number of crew members at the same time has been reduced by about 40%.

Economy of scale effects in container shipping have led to a rapid increase in ship size for all types of vessel, from feeders to the large transcontinental carriers.

The containership, transcontinental carrier as well as feeder vessel, is only a link in the overall container transportation system. Contrary to most other ship types, the container transportation concept has included both land and sea transport aspects from the beginning. The basic idea by Malcolm McLean from SeaLand in the sixties, of loading the cargo-container from trucks directly onto the ship without touching the contents, reflects this concern.

It is therefore not surprising that the partners involved with the transport of containers have worked more or less together during the development of the container transportation system and network. As container transportation matures and ships become ever larger the transportation system becomes more complex and the co-operation of partners and the alignment of logistics becomes more and more important.

When expanding their loading and unloading facilities, the main ports of transhipment are currently gearing up already for ships with a beam of more than 50m, which will enable them to handle ships such as 8,000 TEU carriers and beyond.

Together with the upgrading of container bridge capacities the increasing size of container ships requires an improvement of the ground handling and distribution systems. An increase of the efficiency of those systems is mandatory to achieve further reduction of terminal operating costs on the one hand and to ensure sufficiently short in-port time for the ships on the other.

Research and development are focusing on the aspects of efficient container stacking, terminal transportation and control technology. Automated transportation systems have already been introduced successfully in several of the more progressive ports, such as Singapore, Rotterdam or Hamburg.

Within the scope of a development project involving 8000 TEU carriers, concepts for driver-less ground motion systems have been developed. A pilot system had been tested for instance in the port of Hamburg. The system is being installed in the new container terminal now under construction in that port.

For an 8000 TEU container ship a port has to be capable of an effective handling speed of about 330 moves per hour. The performance of an average terminal presently is 120 to 150 moves per hour per ship. New ideas and concepts are needed here to keep pace with the developments of the large container vessels.

Unloading simultaneously with a number of gantry cranes is common practice today. The practical limit for a ship of more than 300m in length is about 5 to 6 gantry cranes simultaneously.

A further increase in handling capability requires increased speed for the crane movements, double trolley cranes and possible servicing the biggest ships from both sides in a berth.

All these possibilities are useful only if the port side facilities can accommodate the rapid movement of such large volumes of containers. A proposal for the layout of a double trolley crane is shown in Fig. 2, where the space for the movements of the two trolleys is indicated with the aim of avoiding interference. Triple trolley systems have so far been considered in futuristic development studies only, but may become reality if combined with sophisticated automation systems.

[image: image2.png]Fig. 2 Gantry Crane for Mega Carriers

Germanischer Loyd





Structural strength and stiffness of large container cranes are important aspects when further increasing their efficiency on the one hand and sophisticated control systems on the other. The control systems decrease cycle time by actively minimising sway, skew and pending. A high degree of automation for the handling cycle of the spreader assures the accuracy of the movements.

Proposals for further improvements of productivity, include servicing from both sides with the ship moored in a berth, Fig. 3. With six double trolley cranes per side, each dual hoist crane producing 55 moves per hour, the total possible productivity could be 660 moves per hour. This may be the necessary way to make full use of the pronounced economic advantages of a mega container ship of more than 10.000 TEU. There are proposals for servicing from both sides, either with gantry cranes arranged on both sides of the berth or bridge cranes spanning across.
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An alternative to present quay design could be a high quay solution, where quay cranes are placed at jumbo vessels' decks' height some 20 meters above sea level. Apart from reduced building height for the cranes, the handling cycle would be considerably shortened. Additionally, positioning and handling of containers will be easier.

The success of container transportation depends on excellent planning and detailed logistics. Route optimisation, reduction of port calls and optimum subdivision of the transportation chain between mega ships and feeder vessels are significant factors of this very competitive trade.

De Monie proposed a scenario in which 15,000 TEU or larger ships are deployed on the main East-West routes. North-South linkages are maintained with feeder ships of anywhere from 250 to 6,000 TEU. This calls for special port facilities. The role of 15,000 TEU ships will be very different to that of the present large containerships. They will exclusively be used for maintaining the East-West/West-East long haul maritime segment, all containers carried will therefore have to be transhipped.

With an expected length overall of 400m, a breadth of 69m and a draft of more than 14m, few ports would be able to accommodate these vessels at their present facilities. Moreover the selected ports have to be located on the main East-West trajectory, on a site that is sufficiently central to serve a large sub-region and allows feeding costs to be minimised.

The most likely locations for the four "mega hubs" in the world are Southeast Asia, the Western exit of the Mediterranean, the Caribbean and the West Coast of Central America. Such "mega hub" facilities could well be 'off shore', as they will exclusively cater for transhipment. A tentative layout of an off-shore "mega hub" offers two berths for 15,000 TEU ships and six berths for large feeders and up to eighteen berths for large and small feeders.

The establishment of a so called necklace of off shore mega hub container ports, underpinned by a multi-layered feeder port network, is also being proposed. An overview of the dimensions of mega container carriers is shown in Fig. 4.

[image: image4.png]Fig. 4 Mega container carriers

TEU
8000
7,500
9250

12,000
18,150

Toa
325,0m
314,0m
346,0m
400,0m
400,0m

Beam  Draft
460m 14.0m
4£2.8m ¥S5m
460m 45m
50.0m 17.0m
€@.0m 21.0m

tdw
93,000
85,000
106,000
158,000
242,000

8000 TEU Proj.
Hlo 7,500 THY
9,000 TEU Proj.
Suezmax

Malacca-Max

Germanischer Loyd





3.
Will the trend towards larger and faster ships continue?

The appealing aspect of making predictions in a rapidly expanding market such as the container shipping world is that most of the possibilities we can think of may become true. Nearly everything is possible in the future. Based on an extensive feasibility study conducted in the mid 1990ies within a joint industry R&D project in Germany it was predicted already in 1997 that container ships carrying 8,000 and more TEU will be ordered by the turn of the century. As we can see today, this prediction was not far off, Fig. 5.
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Limitations to the development of 'ultra large container ships' today come from the following aspects:


-
cargo handling facilities in ports


-
logistics requirements for the container terminals


-
water depth of the port entrance and in port, and finally


-
the maximum available size of the propulsion plants.

The largest slow-speed Diesel engines built at present have a maximum output of about 68,000 kW (95,000 BHP). This provides adequate propulsive power for a Post-Panamax ship of about 8,000 TEU for a speed of up to about 25 knots.

Beyond this, either even larger engines have to be built or two engine plants have to be installed, Fig. 6. Both of the two designers and licensors for large slow speed Diesel engines have recently come up with engines of more than 12 cylinders. Sulzer has a 14 cylinder, 960 mm bore engine in their new catalogue with a power output of 80,000 kW, MAN-B&W have announced a 16 cylinder version of their 980 mm bore engine with about 92,000 kW and 31.5 m length. Such an engine has a mass of about 2650 tons.
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These developments cater for the large container ships. It is clear today that shipowners do not want to deviate yet from the well proven concept of one engine, one propeller. Single screw containerships of more than 10,000 TEU carrying capacity will be possible with these engines. Here we are however reaching new limitations which will make a twin propulsion system a viable alternative.

One of the practical limitations for the largest engines is their overall length. This may cause problems with engine rigidity as well as regarding possible interaction with the hull - an aspect requiring careful examination, particularly in view of its effects on the engine. The propeller is coming close to its limits, Fig. 7.
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Additionally, problems may arise in estuary trading as a result of the rated power range available from these large engines. Engine speeds in some cases can not be reduced sufficiently to ensure compliance with the admissible speeds in pilotage waters. Problems with soot in cylinders and exhaust system may arise in the event of long periods of low-load operation.
Twin-propulsion systems have several advantages such as redundancy and more flexibility regarding partial load. Such a system will however make the newbuilding significantly more expensive and will require more maintenance effort in operation. Once we decide for such a design, the maximum efficiency will be achieved again with two of the largest engines available today. For a design speed of again 25 knots with two of the present largest twelve cylinder engines this leads to a vessel – Mega Container Carrier - of about 15,000 TEU with a total of 190,000 BHP. With the even larger engines mentioned, the 18,000 TEU Malacca-Max Mega carriers of Prof. Wijnholst will also become feasible.

Other alternatives to improve the performance of single screw vessels in pilotage waters and for a further increase in output - for instance in the case of subsequently required speed increases - are possible with an additional diesel-electric drive connected to the main shaft by elastic couplings or directly to a counter-rotating propeller (CRP). Apart from the additional output available, further benefits come from the improved propeller efficiency, which may be significantly increased.

Fast Container Transport

25 to 27 knots is the speed generally expected from large container ships today. There have been times when the design speed of large containerships was higher and other times when it was significantly lower. Some of the containerships of the 3rd generation had a speed of up to 36 kn (SL-7). When bunker rates went up during the oil crisis in the late seventies the US-Lines Eco-Liners were built with a service speed of 16 knots. Unfortunately for US-Lines the bunker rates soon fell again and the ships, meant to have an economic advantage on their competitors, were obsolete. This was the end of US-Lines.

The recent significant increase in oil prices has had very little effect on the speed with which the ships travel. Pressure and consequently premium for fast delivery of containerised goods has apparently been strong enough for shipping companies to maintain the maximum speeds in spite of increased costs. Looking at higher speed for the large ships it may be interesting to note that a 10 % increase in speed results in roughly 30 % increase in fuel consumption. It is a question whether the market is prepared to pay a sufficiently high premium to justify the faster trans-ocean shipment and the higher associated fuel costs. I would expect that the large ships will not travel significantly faster in the future. But there will be need for fast container transport on special routes and for special cargoes.

Fast ships (30 knots and over) are extending their present niche market already today. In the context of container feeder service as well as with 'Short Sea Shipping' the interest in fast ships is growing considerably. Fast monohulls or catamarans so far have been used for passenger and RoRo transport. A number of fast freighters are under development today. It is possible that orders will be placed soon. The high fuel costs have however delayed some of the projects no doubt.

Fast ships have considerable advantages for routes of relatively short hauls on the one hand and continuously sufficient high value cargo on the other. The Baltic Sea is seen as one potential area for Fast Cargo Cats. The dynamic development of the feeder traffic between Asian countries has been well on the way to realise some fast ship container services. These projects have however been slowed down by the Asian crisis and delayed by the high fuel costs.

Feeder ships 

The container feeder ship concept has become very successful in many regions of the world. Particularly in Asia, where the inland infrastructure is not yet as highly developed as for instance in Europe. The co-operation between inter​continental carriers calling only at very few hub ports and the more local ship traffic has proved to be very successful. The continuing increase in container volume on all trade routes brings with it an increase in required transport capacities also for feeder systems. Today even ships with a capacity of more than 2,000 or 3,000TEU are employed as feeder ships.

The subdivision between long haul and feeder ships has not yet been as successful in Europe. The cost of transhipment presently is still so high that it is more economical for the large transcontinental ships to go as closely to the final port of destination as possible. It is expected that with increasing efficiency and automation the transhipment cost will be reduced in the future. In connection with the limitations for land transport we are starting to feel already today that the pressure to transport containers as far as possible on water will increase. This includes transports on inland water ways. Many of the main truck routes particularly in Europe are practically loaded to capacity already. It is very difficult or impossible to significantly increase the train capacity. The only way forward will be via feeder services, if we think of doubling or more of the present transport volume.
Specialised Container Traffic

With the continuation of containerisation of cargoes of all types, new specialised containers are being built and sometimes special ships are developed for their transportation. Introduced in the sixties for the transportation of such goods as beer, which had a tendency to disappear on route when shipped in open pallets, the container has found its way to most finished products. Today this trend is continuing towards semi-products as well as agricultural products and even some commodities. Coffee and Tea, and refrigerated as well as frozen cargoes are transported in containers. Even paper products and logs as well as chemicals and other liquid products are being containerised. Open top containers for bulky cargoes such as scrap metals or open side containers for live stock transport are successful today. The sealed shipper to receiver transport is thoroughly convincing.

Fully containerised Reefer vessels or container ships equipped for 100% reefer containers are another interesting example in this trend towards specialisation. One of a series of these ships - the largest reefer container ships in the world to date - is shown in Fig.8. A major share of the reefer containers is equipped for controlled atmosphere. These ships, powered by a slow speed engine of 24 Mega Watts have auxiliary power of 16 MW to supply the 1000 40’ reefer containers with sufficient juice.
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4.
Main problems with the expected technological developments

Where do we expect the main problems with the future technological developments? Regarding the structural design of very large containerships the maximum plate thickness for the deck and coaming structure has to be addressed. Today a plate thickness of up to 70 or 80 millimetres is seen as the limit. This material has to be cut, prepared and welded to reliably withstand high dynamic stresses. We can not exclude that further progress will be made both with the material and the welding techniques, but today this is a limiting factor.

We have already addressed some aspects of the propulsion of the very large ships. Problems are not only connected with the large engines, their deformations and their limited capabilities for partial load operation. As the power continues to grow we are also faced with problems regarding the propeller. With the draft of the container vessels limited to about 14 or 14.5 meters the propeller diameter is reaching practical limits already with the present designs of 8,000 or 9,000 TEU vessels. These powerful propellers are also beginning to cause cavitation problems with the rudder: there have been cases with severe erosion of the front structure of the rudder and rudder horn. On some ships this has been detected after not more than the shipyard trials. We must expect increasing pressure for a larger draft for these ships also from this side. Ship owners will just have to accept that some of the ships of the near future will be limited to operate only between ports which do not have the 14 m draft limitation. We can compare this step with the step from Panamax to Post-Panamax vessels: a barrier broken down by one progressive operator with the courage to give up the possibility for his ship to pass through the Panama canal.

There are many problems also on the side of the ports. They will not be addressed here. It is however a fact that shipping companies interested in breaking barriers and going beyond the present established limits and ship designers will have to co-operate with the other members in the transport chain to further optimise the transportation system.

5.
Weak points and risks in container shipping

Compared for instance to bulk carriers or general cargo ships, container ships so far have a very good safety record. Apart from collisions or grounding caused by operational errors, very few container ships have suffered serious damage or were lost at sea. Particularly for the big vessels very few cases of major damage have been observed so far.

MS Carla in fact was the first container vessel to break in two in the winter storms of 1997/98. This accident in fact demonstrated that container ships with high freeboard and closely spaced water tight transverse bulkheads are intrinsically very safe: both parts of the ship remained afloat and were salvaged after the storm.

The strength and stiffness of container ships need very detailed attention as they get larger and closer packed with containers. Any new design is being analysed by modern computer methods for strength, deformations and fatigue life in the expected operating conditions. As the structures of container ships are highly stressed in service, the design of details is of utmost importance. Feed back from ships in service has shown that due to the high stresses the structure of container ships is particularly unforgiving regarding design or fabrication errors.
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There are however other risks for container ships such as excessive wave loads, loss of containers at sea, a lack of dynamic stability and the danger of fire in containers, Fig. 9.

Excessive wave loads

Containerships are often built with considerable bow-flare to accommodate as many containers on deck as possible. Some of the smaller and medium sized containerships have a bow form comparable to that of a sleek cruise liner. These ships are on the other hand usually equipped with significant reserve power in order to compensate for extra resistance in heavy seas and remain within the generally tight schedule.

There have been many cases where the bow structure was overloaded and could not withstand the heavy impact loads from the waves and suffered considerable damage. For the officers it is often difficult to recognise that the ship is being overloaded, as the view to the bow is blocked by containers on deck and no green water comes on board. The damage usually is not dangerous to the overall safety of the ship but this certainly needs attention in the container transportation at sea. Germanischer Lloyd has significantly increased the design loads for ships with large bow flare and has made ship owners and operators aware of this danger and to advised them to instruct the officers to reduce speed and avoid heavy bow flare impacts in operation.

Safety of Containers on Deck

The safety of large containerships has recently been called into question in connection with the large volume of containers carried on deck. It is true that present freeboard regulations, going way back in history, do not help the safety of modern containerships. Ships with excess freeboard, such as the hatch-cover-less open top containership design, are actually being penalised. It is necessary, that this is being reanalysed and corrected.

It is however not true that present large container ships are basically unsafe. Each ship is carefully checked for its stability and the limitations - both for weight and number - for containers loaded on deck are clearly defined. The accident of the APL China, a Post-Panamax container ship which survived a 24 hour hurricane, for one hour even with a total black out on board, is often cited as an indication that we are going too far with the design of these ships. Analysed unemotionally however this case, which must be considered one of the extreme cases going beyond the ordinary design conditions for ships, can also be seen as a proof of the basic safety of these ships. Some other ships may not have survived.

Some believe that the APL China experienced a condition of resonance between the ships rolling frequency and the wave frequency of encounter. It is well known that containerships, with their usually fine lines, can experience heavy rolling in following seas, depending on the wave conditions in relation to the dimensions of the ship. This phenomenon, referred to as parametric rolling, may in rare cases even lead to the capsizing of the vessel, if no appropriate actions are taken by the crew. Up to now the usual remedy was for the master to turn the ship into the seas. Theoretical as well as experimental investigations indicate that, as the containerships get larger, parametric rolling may in fact develop when the ship is heading into the seas. This means that the crew will need more specific instructions for their vessel on how to respond in heavy weather, depending on the sea and wave conditions. Some more research is necessary, studies are going on both in Europe as well as in the USA.

Container stowage on deck has come into focus of world wide concern regarding two aspects. One is the fact that a number of ships have got into trouble in heavy weather with extensive and costly damage to containers carried on deck. An increasing number of containers are lost and, apart from the associated material loss, floating containers are posing a risk to small and medium sized vessels.

The other aspect is the risk associated with container securing in port. Containers are stacked on top of each-other, up to 7 high on deck, connected by twist-locks. Securing and releasing particularly the upper layers requires dock workers to climb about at heights up to 15 meters above deck. As loading and unloading takes place around the clock in efficient ports this so-called coning and deconing has to be done under all circumstances.

No reliable statistics on accidents connected with coning and deconing of containers in port are available to date. Although the number of such accidents appears to be relatively small, the consequences of a fall of a dock worker can be very serious. There is no doubt that ‘container top safety’ must be considered a very important issue. The other aspect is that wherever there is a greater risk of an accident and particular care and preventive measures are taken, the speed of the process will be decreased.

6.
Conclusion
We are living in a time of dynamic global growth and development. No branch is so closely connected with the liberalisation and globalisation of world trade as the shipping industry and container shipping within it. The container shipping industry has had a significant effect on world trade ever since they were introduced in the mid sixties. With the growth in ship size and TEU capacity shipping has been made more efficient and reliable in big steps. The contribution to the changes in the global economy is sometimes compared to that of the microchip.

Further progress will be made in the development of container ships in the future, beyond 8,000 TEU. The 9,000TEU vessel is practically here. With the continuation of the strong growth in container volume to be transported we can safely assume that the development of the container ships will not stop here. Naval architects and marine engineers will no doubt be in the position to meet the requirements of the market for even larger units. Container ships have always been developed close to the limits of what was considered to be technically feasible.

Port operators are also facing up to the requirements imposed by larger ships. Taking into account future ship size developments, they have started providing container bridges with a working radius of well beyond 50 m.

Even the Panama Canal Authority is thinking about adjusting the canal to the larger present day - Post-Panamaxes. Should the project be realized a new Panamax scale will be introduced. This will have a significant influence on the developments of ships and ports worldwide, Fig. 10.
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It appears, however, doubtful that the "economy of scale" aspect can be carried on indefinitely. Other aspects regarding the transportation chain, such as the feeder system, cargo handling in port and land transportation may well set practical limits to the development. 

Breaking limits and expanding today’s transportation possibilities will continue. These may not only be personal targets for individuals interested in going down in history for their courageous steps. Container shipping has been one of the prerequisites – probably even driving forces - for the dynamic development of global trade. Continuing this development will be a prerequisite also for the future. As the population of the world continues to grow and living standards are rising on average, world trade will continue to expand. World transportation will have to hold pace. This requires the continuation of improvements in efficiency and reliability, particularly from container shipping.
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