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Introduction 
This report is prepared by a Consortium consisting of Maritime & Transport Business Solutions B.V. (“MTBS”) as Lead Partner, 

together with Dynamar B.V. as sub-consultant. The project was carried out on behalf of the European Transport Workers’ 

Federation (ETF), the Federation of European Private Port Operators (Feport), the International Dock Workers Council (IDC) and 

the European Sea Ports Organisation (ESPO) and co-financed by the EU. 

 

Objective of the Assignment 
The objective of the Assignment ‘The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological 

Developments on EU Ports’ is specifically aimed at providing social partners in the European port sector with specific expertise, 

as it is important to thoroughly explore developments in the industry. Mainly to assess whether these developments have 

implications for employment continuity, for investment decisions, for the socio-economic performance of the sector at large and 

for the contribution that the sector brings to the port areas in terms of employment creation, tax income etc. 
 

In order to obtain the objective, the following three tasks and the conclusion are discussed below: 

• Literature Review;  
• General Overview of Main Trends and Developments; 
• Empirical Research on EU Terminals; and, 

• Forecasts and Future Needs 

 

Literature Review 
This section discusses the main findings of Task 1. The summary is organised similarly to the reporting structure. Therefore, the 

summary of the literature assessment on market-based developments are presented first, followed by the technological 

developments. 

 
Market-based Developments 

Existing literature with respect to market-based developments is studied and the developments are divided into the following 

subsections: 

• Increase in vessel sizes; 

• Continuous Alliance formation and carrier consolidation;  

• Social aspects of terminal operations; and, 

• Sustainability-based market changes. 

 

With respect to the market developments in the marine shipping sector, the following up-to-date theoretical conclusions can be 

made. First, it can be stated that the reviewed literature showed that if ports (or terminals) are aiming to maintain an attractive 

position in a competitive environment, a certain level of adaptiveness is required to facilitate for the increasing vessel sizes calling 

at these ports.  

 

The second subsection concerns the continuous Alliance formation and carrier consolidation development. In the last couple of 

years, the transformation of strong Alliance formation and carrier consolidation has taken a sprint. Recently, academics have 

indicated that the preferred port of calling is increasingly influenced by Alliance members’ vessel calling scheme. Consequently, 

terminals in which multiple Alliance members have stakes have increased chances to be chosen as preferred terminal of calling. 

Hence, the transformation of shipping lines impacts the terminal operations strongly.  

 

The third subsection focuses on the social dimension. Studies on social aspects of terminal operations mention that a shift of 

standardisation of human tasks to work practices and work processes based on exceptions is occurring on terminals. Moreover, 
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from a theoretical perspective, it was stressed that different capabilities and motivational tools are suggested for terminal 

employees to optimise their operations.  

 

Finally, sustainability trends and developments are covered in academic studies with respect to terminal operations. In general, 

the topic can be considered as new in the academic world. Until now, research indicates that stakeholder and staff involvement 

help optimising sustainability practices at terminals. 

 
Technological developments 

Existing literature with respect to technological developments is studied and the developments are divided into the following 

subsections: 

• Automation; 

• Innovation of terminal processes; and, 

• ICT applications. 

 

Regarding technological developments in the marine shipping sector, the following contemporary theoretical conclusion can be 

made. First, across European terminals operational enhancements are observed. According to previous studies, the operational 

transformation to more automated processes has, on the one hand, strategic advantages for terminal operators. On the other 

hand, working conditions of terminal employees are affected as well. More specifically, the number of skills and required type of 

skills and capabilities of employees at (semi-) automated terminals change with respect to more conventional working situations.  

 

The second subsection concerns various innovations identified by academics with respect to technological developments at 

container terminals. It is observed that new technologies and techniques as well as additional processes are implemented to 

optimise terminal operations. Furthermore, literature recognises a trend of process integration among external parties of 

terminals, e.g., hinterland operators. 

 

Third, a close link to innovation at terminals is the use of ICT applications in the marine shipping sector. Current theoretical 

outcomes mention that the sector is relatively slow in implementing ICT applications in port operations. Further research is 

required to understand this trend, especially as studies identify that the use of terminal and port information, communication 

systems and other ICT applications support and improve port operations. 
 

Main Trends and Developments 
This section discusses the main findings of Task 2. The summary is organised similarly to the reporting structure. Therefore, the 

key findings of the assessment of trends in cargo handling are discussed, followed by the key findings of the assessment of trends 

in maritime transport. 

 

Assessment of Trends in Cargo Handling  

The assessment of cargo handling trends and developments in this report is focused on the following topics: 

• Technology and digitalisation; 

• Policy and regulation; 

• Energy and environment; and, 

• Maritime economics and finance. 

 

Technology and Digitalisation 

The European terminal operational processes have been thoroughly assessed to identify what operational changes have occurred 

over the last years. First of all, it is noted that a trend towards more automated operations has occurred at European terminals 

over the last couple of years. Moreover, the transformation from manually operated to semi- or fully automated terminals does 

imply that there is a need for different skills and type of employees within a more technology-driven port. 

 

In general, the cargo handling processes that have first been automated at European container terminals are related to the 

container stacking yards. Next to that, it is noted that horizontal transport between the quay and the stacking yard becomes 

automated. A later step in terminal automation is the process of quay crane automation by means of remote control. The 
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movement from operating container handling equipment at the terminal area towards work stations - to operate the remote-

controlled cranes - further away from the terminal does have an impact on the operations in various ways. In addition, the 

movement provides opportunities to work in different team compositions. For example, more youngsters, male and female 

would be become qualified for the work.  

 

More importantly, other advantages of technology in ports regard the fact that terminals become a safer environment, as well as 

that the operations are organised in a quieter and cleaner manner in comparison to conventional, manual operations. From the 

clients’ perspective, the shipping lines require the need to handle cargo from a certain vessel size at an appropriate speed within 

a limited usable space and time. Therefore, terminal operators consider automating their operations to maintain a competitive 

position by means of stabilising their operational practices. 

 

Furthermore, terminal information systems or other forms of digital innovations are increasingly implemented at container 

terminals or, more generally, on a port level. Examples of such developments are terminal operating systems and port community 

systems. These systems optimise the ability to share information as well as to continuously updating the corresponding 

information flows real-time. Consequently, the decision-making process enhances among various players within the logistics 

chain. In addition, it is expected that the implementation of information platforms and wider information sharing results in 

existing tasks related to communication to become superfluous whereas responsibilities and tasks related to service provision 

for the platforms are created. 

 

Besides, new technologies impact the working conditions of the existing operational employees. As discussed further in the 

report, the training and schooling options for dock labour are changing due to new technologies that provide for new teaching 

methods offering more hands-on experience to the employees. More importantly, these new methods create safer practices 

with respect to cargo handling, both during the training period and thereafter.  

 

Policy and Regulation 

Policies and regulations with respect to cargo and container handling are implemented by various national, European and 

international bodies. Initiatives that have been identified influence the management of EU port stakeholders. In general, the 

objectives of these initiatives regard the following topics: 

• Modern rules for maritime safety and security; 

• High environmental standards; 

• Increase attractiveness and global competitiveness; and, 

• Greater efficiency through digitalisation.  
 

Noticeable from the list is the acknowledgement towards trends and developments within the maritime sector and its potential 

of affecting the current working conditions on labour in the sector.  
 

Energy and Environment 

As mentioned in the section on policy and regulation, regulation covers topics concerning energy and environment. The main 

trend identified regarding energy and environment is the adaption of green policies, whereas generally a lack of self-suggested 

environmental-friendly initiatives among container terminal operators exists. Nevertheless, the reduction of greenhouse gas 

emissions in ports – and in a broader sense, in the transport sector – has become a key priority as new regulation is being drafted 

at EU and IMO levels. 

 

Concrete initiatives discussed in the report concern OPS, the relatively slow implementation of this technique at European ports 

as well as the legislative initiative by the EU. Furthermore, the operational processes on container terminals have been assessed 

to identify the energy consumption of terminal equipment. It can be concluded that a transition is taking place towards more 

sustainable alternatives, such as the consumption of (green) electricity instead of diesel. Obviously, certain terminal processes 

are further developed than other processes. For example, quay cranes have been operating on electricity for a longer period of 

time compared to the more recent transforming of horizontal transportation on the terminals. Besides, alternative energy 

sources, such as solar and wind power are debated. Another green trend covered, nevertheless more on port level, is the concept 

of the modal split which has been encouraged by several European port authorities.  
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Overall, the movement towards more sustainable business practices on container terminals creates the need for differently 

skilled employees. It is expected that the specific need for maintenance employees will increase to preserve the more sustainable 

equipment, such as the electric driven equipment, installation and maintenance of solar panels and wind turbines. 

 

Maritime Economics and Finance 

The following list of trends and developments with respect to maritime economics is presented in the report: 

• Globalisation; 

• China’s Maritime Silk Route, part of the One Belt-One Road initiative (OBOR); 

• North European production moving South or East; 

• A changing society: industrial to services; 

• Cascading; and, 

• Overcapacity and lower freight rates. 
 

The impact of these high-level trends is indirectly influencing cargo handling and therefore, the assessment of working conditions 

at container terminals is rather limited. Nevertheless, the presented list maps a clear understanding of the challenges and changes 

within the maritime transport sector. 

 

Assessment of Trends in Maritime Transport 

Trends in maritime transport are mainly focused on Ultra Large Container Ships (ULCS) which, since their inception in 2006, have 

turned the container liner trades upside down, while requiring the maximum of the port and container terminal industry, 

including their workforces. Without the emergence of the ULCS, ports and terminals today – probably – would have a much 

different look.  

 

Aside from the focus on ULCS, two sections are somewhat deviating from this focus: 

• The technological impact on container shipping; and, 

• Upcoming regulations facing container shipping companies. 

 

Ultra Large Container Ships 

Malcom McLean is generally considered the father of containerisation. This may be contested, but it is a fact that in April/May 

1966 he started the first Transatlantic service using converted C2-ships provided with cells and two ship’s gantries. 

Transcontinental deep-sea containerisation had become a fact. 

 

Initially, the maximum size of container ships was set by the dimensions of the Panama Canal locks: 294.3 x 32.29 x 13 meters 

(length x beam x draft). The ultimate capacities of (old) Panamax ships were between 1,700 TEU and 5,300 TEU. Long and 

relatively small, the (old) Panamax was not a very stable ship and required the most of water-ballasting, which could easily 

comprise of 11,000 tons. After the launch of the first (five) Post-Panamax ships, container vessels could now gradually or 

progressively grow in size. Terminals (and inland transport) just had to follow, time and again, especially impacting the basic 

dimensions of the quay cranes. 

 

A new, enlarged Panama Canal was commissioned in June 2016. A much larger set of locks (366 x 49 x 15.2 meters) could now 

accommodate vessels of up to around 14,000 TEU. In terms of ULCS, there are more than 300 ULCS ships that can pass through 

the new Panama Canal. However, an almost equal number of ships is not able to use the new locks, they are already too large to 

pass through the enlarged manmade waterway. Further assessments of ULCS from various angles, including the number of ULCS 

operated by individual carriers and by the East-West Alliances, are provided in the chapter on Trends in maritime transport.  

 

Many carriers lost realities out of sight in their urge to build larger ULCSs. In combination with a lacklustre container trade, this 

unavoidably resulted in a hefty overcapacity. As of April 2018, the ULCS orderbook made up for a share of 33.0% of the existing 

ULCS fleet, which was just 3.0% for the remainder of the container fleet. Altogether, carriers became forced to increase the scale 

of their operations through consolidation. No less than thirteen carriers, of which just five as “takers” were involved in mergers, 

takeovers and bankruptcies in the period 2016-2018 so far. At present, seven container shipping companies operate a fleet of 
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more than 1 million TEU, dwarfing any operator which comes behind them. It is expected that consolidation has not yet come to 

an end, and the number of East-West carriers may reduce to around five players. These companies may develop into integrators, 

taking care of the whole supply chain on behalf of their customers. Actually, Maersk Line and CMA-CGM have already embarked 

on this path. At some point, it is expected that the current East-West Alliances become superfluous. 

 

Many of the market changes and issues directly or indirectly related to ULCS have impacted ports and terminals as well as their 

workforces. Requirements of the following aspects have been impacted: 

• Heavier and taller quay cranes; 

• Strengthening of the quay wall (or a re-built quay wall altogether); 

• Dredging alongside and/or the fairway; 

• Lengthening of the quay; and, 

• Handling more containers per vessel call in a shorter timeframe available for operations. 

 

When the number of East-West Alliances reduced from four to three in April 2017, and every time a carrier switches Alliance 

because of a consolidation effect, a carrier may change terminal resulting in terminal operators losing or winning business. 

Consolidation, as it has occurred, has reduced the number of carrier members to just three per Alliance. This has obviously 

negatively affected the negotiation position of terminal operators.  

 

The much bigger ships than before also spark the requirement for automation. To fulfil the carriers’ wishes for a required and 

stable production of 6,000 moves per 24 hours, the need for automation or robotisation arises. An extensive problem for the 

terminal operator and its staff is that they are not rewarded for their efforts to get it all done at the required production rate. The 

bigger than before ULCS may increase call sizes but this change does not increase the market. Altogether, the larger vessels do 

not bring in more business, thus at an equal trade volume, the number of calls simply reduces.  
 

Technological Impact on Container Shipping 

A number of new network-based technologies are being looked at for their application on shipping in general and container 

shipping in particular. The following technological impacts are discussed: 

 

• Internet of Things  

Meaning where objects are connected to the internet from which Big Data is received. The question currently being faced is how 

to make the Internet of Things and Big Data work best for shipping; examples are numerous, but the implementation is yet to be 

widespread, or indeed, standardised. 

• Cryptocurrencies 

The first transactions and even IPO-like exercises in shipping are being completed. 

Blockchain technology: this technology is underpinning the cryptocurrencies. Many companies involved in shipping and logistics 

consider this technology to provide secure, transparent and auditable transactions involving multiple parties. There are many 

examples, and the potential appears to be great for the application of this technology. However, there is no standard format and 

possible negative implications regarding processing and electrical power have been identified too. 

• Autonomous Shipping 

Vessels can sail without a crew either automatically or be remotely controlled from land. There are only a few trials and concepts 

at this stage, and only on local levels. Full automation is yet to become operational. In all, this has to be further developed and 

still many questions have to be answered especially at the autonomous shipping and regulation interface, moreover, as to 

whether fully crew-less ships are feasible or desirable. Through all mentioned above, there are still concerns over network 

resilience and security. 

• Additive Manufacturing 

An example of additive manufacturing is 3D-printing. Potentially, this is the most disruptive technology to container shipping by 

enabling a (perhaps quite massive) shift from overseas mass-manufacturing centres to production centres local to the end 

consumers. 3D-printing is the most developed and applied technology discussed in this report. Some carriers have provided for 

a printer on board to be able to quickly print spare parts. This development was the next big thing five years ago like blockchain 

is now. However, the impact upon container shipping is still debatable at the time of writing. 
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Upcoming Regulations facing Container Shipping Companies 

A selection of the assessed upcoming regulations applicable to shipping at large, i.e., not just container ships, are as follows: 

 

• Vessel Emissions 

The sulphur emissions limit of 0.5% will come into force in 2020. Limits of 0.1% are already in place in North America and specified 

areas in northern Europe. Ship owners and operators will have to choose between burning cleaner but more expensive fuel, 

(retro-) fitting scrubbers or adapting to a new fuel entirely of which LNG is the most advanced in terms of development. The latter 

two “engineering solutions” have not attracted widespread take-up, moreover, have side-effects resulting from their use and 

availability. Burning more expensive fuel is the “do nothing” option (aside from non-compliance) but has also engineering issues 

and question marks over its (costly) supply capacity. 

 

• Greenhouse Gas Emissions (GHG) 

The present IMO sitting in early April 2018 discussed the industry-wide initial strategy to reduce GHG. The shipping sector needs 

this strategy to be able to meet its obligations under the Paris Agreement of 2015, set to come into force in 2020. However, a 

long-term strategy is only programmed in by IMO for 2023. There are concerns as to what the strategies will be and whether 

shipping will meet its goals, which in the short-term requires drastic action and will lead to further costs. Note that, the EU will 

have mandatory and verifiable reporting of CO2 emissions as from 2019. This is an extra consideration – and bureaucracy and, 

therefore, cost – for all ships sailing to, from and within EU waters.  

 

• Ballast Water Treatment  

IMO standards for treating ballast water, to avoid the spread of invasive organisms, is now in place, albeit with a grace period for 

ships built before September 2019. Various treatment systems are available, but all come at an extra consideration. Separate and 

stricter US requirements are in place but, in lieu of approved treatment systems, ship owners and operators are allowed to utilise 

IMO approved systems. There are very few US approved systems, which nonetheless still come at an extra level of complexity for 

ship owner and operator alike. 

 

• Business Interaction 

• EU block exemption and liner consortia: the current exemption runs to late April 2020 whereupon EU can extend, 
amend or drop. There is no indication yet as to which way it will go although the liner trade has changed substantially 
(consolidation; larger Alliances as well) since the last extension made in 2015. The EU already abolished the liner 
conference system in October 2008 and might be less inclined to extend consortia given the emergence of much larger 
carriers. 

• The electronic exchange of required information between ships and ports is an IMO requirement as from April 2019. 
However, there is, so far, no standardisation of formats or information. In all, it is unlikely to save much administrative 
time as a result. 

• Regulation (EU) 2017/352 establishes a framework for the provision of ports services and common rules on the financal 
transparancy of ports. In some cases local practices still seem to prevail over Regulation 2017/352, which appears not 
always to be known by relevant parties. Note that this regulation will be effective as of 24 March 2019, the effectiveness 
and should be reviewed thereafter.  
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Empirical Research on EU Terminals 
This section discusses the main findings of Task 3, hence the 

empirical research on 18 EU terminals as well as the forecast and 

future needs. Figure E-1-2 presents the scope of the EU 

terminals included in the study.  

 

In the appendices, more detailed information on the empirical 

research, such as the questionnaires, response rates and 

participants, can be found.  

 

Altogether, an effect of the market- and technological-based 

developments (e.g., the impact of ULCS and Alliances) is 

identified in the empirical study among the various EU ports. The 

increases in vessel and call sizes are confirmed from different 

perspectives as well as their impacts on terminal operations and 

hinterland transportation which are mainly caused by the 

shipping side of the logistics chain.  

 

These changes and developments result in the need of larger terminal resources, supporting infrastructure, operational 

improvements as well as mastering different equipment and adhering to changing operational schedules. Specifically, the latter 

two effects further impact labour flexibility as well as brings along increased pressure on dock workers’ knowledge and salaries. 

 

Based on the outcomes of the empirical study, the following strategic implementations have been identified: 

• Organisational Strategies 

Most of the organisational strategies focus on infrastructural aspects including more efficient use of land as well as necessary 

investments, like investments which lead to better service quality and lead to environmental improvements. 

• Operational Strategies 

The operational strategies focus on automation projects as well as investments in larger terminal resources, like the 
deployment of larger cranes as well as on adjustments to the existing labour’s working environment which are necessary to 
host the increasing vessel sizes. Also, in order to accommodate the big ships, additional investments in terms of 
improvements of quay walls, bollards, fenders, etc. are required. 

• Commercial Strategies 

It has been impossible to identify changes in the commercial strategies of terminal operators. The main reason for this is the 

lack of data in the empirical study.  

 

Forecast and Future Needs  
This section discusses the conclusions on the forecasts and future needs identified from the study on the socio-economic impact 

of market-based and technological developments on EU Ports. This Final Report is based on the conducted interviews and 

questionnaires among selected EU terminals as well as background information from academic studies and earlier identified 

trends and developments in the port and shipping sector.  

 

In general, the EU container terminal industry is confronted with the following identified main trends: 

• Shipping dynamics; 

• Market-based developments; and, 

• Advancements in technologies. 

 

The impact of these developments results in a competitive environment for services and facilities at EU container terminals. 

Terminal operators are pressured into adjusting their terminals to the ever-growing vessels and its accompanied cascading effect, 

whereas maintaining their service level of handling containers at the same rate or even increasing these rates while sustaining a 

competitive pricing level.  

 

Figure E-1-1: Scope of Study - Coastal EU Member States 

Source: MTBS 
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The dynamics in the shipping industry are initially driven by the principle of economies of scale. Container shipping is essentially 

a service-oriented industry. Operators are acting in a competitive market, continuously adapting to customers’ demands. The 

shipping lines are deploying ever larger ships operating in Alliances through which they often combine their routes and stops. 

Capacity management (supply and demand) is therefore becoming a key challenge for terminal operators, especially as in current 

operations the flexible labour pools are not always able to handle the operational peaks in ports.  

 

All parties consulted in the empirical study as well as the academic literature and market studies have agreed upon the substantial 

impact of shipping Alliances on the terminal operations, that is to say on those ports and terminals handling such ships and 

Alliances, as well as the related hinterland operations. Nevertheless, the smaller terminals are impacted too as a result of 

cascading effect of vessels. The arrival of an increasing number of containers by one vessel requires efficient and sophisticated, 

risk-based customs procedures, good hinterland connections and efficient use of all modes of transport based on timely access 

to relevant information as well as the flexibility to cope with these peaks and troughs, putting substantial stress on the logistics 

partners. Consequently, these impacts are large on existing terminal operations.  

 

Further, the scope of developments in the industry are of a wider nature, for example, consider a new era with automated 

shipping. When asking the participating in the empirical study what changes should be imposed in the EU framework of the 

current shipping industry, the answers mainly reflect individual and local concerns related to the need for automation and the 

need for shared benefits from the economies of scale savings from ULCSs which should be felt by multiple stakeholders (not just 

the carriers). Therefore, the current EU legal framework relevant for the port sector could be improved or should be further 

researched as at this moment, the study does not present a coherent understanding and acceptance of the existing legislation.  

 

The EU is advised to take a closer look at regulations from a terminal operator’s perspective. Moreover, further analyses on this 

topic should also include the perspectives of shipping lines in order to gain an appropriate and comprehensive view of the market 

dynamics on container handling.  

Market-based changes are mainly driven by impacts of developments in the container shipping industry, specifically the 

continuously increasing capacities of ULCS require adjustments in the operating assets and processes on container terminals. The 

terminal market in Europe is expected to remain very competitive, considering the continuous gained overcapacity, which further 

drives the need to invest in and remain state-of-art terminal processes. Specific processes on all types of terminals are expected 

to focus on optimisation. The processes related to gate operations, the stacking yard and hinterland connections are projected 

to develop automated features first, whereas the automation of STS gantry cranes and horizontal transportation on the terminal 

might need more evidence for being financially beneficial investments.  

 

Aside from the terminal operations, the hinterland connections are strongly impacted by the capacity peaks on the terminal as 

well as inland transport restrictions (e.g., gate opening hours) and vertical integration of terminals and logistics. The operational 

peaks and the construction of modern integrated supply-chains place great demands upon the flexibility of ports and terminals 

by cargo interests and shipping lines to handle cargo flows. Consequently, the development of terminal, ship and labour planning 

systems have emerged and are expected to encounter further challenges as a result of continuous market changes.  

 

Technological advancements are expected to further impact the container terminal landscapes. Existing terminal processes and 

assets are already being adjusted with automatic features. Specifically, the empirical study pointed out that these developments 

take mainly place at the stacking yard and the gate operations. Further, the terminal operators stressed the fact that the higher 

the terminal’s dependency on IT systems is, the higher the accompanied safety risk regarding Information Technology is. 

 

The main driver for implementing automated features on a container terminal is the reduction of cost per container handled. 

These costs include the cost of labour. Other important factors include the aim for improved reliability, predictability and safety 

of operations. It is the development of sensor and navigation technology that has enabled the crane driver of container terminal 

equipment to be removed from its cabin high in the crane. Concerned are such devices as Automated Stacking Cranes (ASCs), 

Rail Mounted Gantry Cranes (RMGs), Rubbed Tyre Gantry Cranes (RTGs) and other moveable assets. 

 

This equipment has then become either completely computer-controlled, or through a combination of robotic and remotely 

operated work phases in sequence. The efficiency and economics of this development are the financial drivers. The work of a 
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robot is predictable, whilst human being unavoidably makes mistakes. However, humans are able to handle exceptions while 

robots find this more difficult (at the moment). A crucial issue for successful operation of (semi-)automated container terminals 

is to have robust procedures and systems in place for managing exceptions. The ultimate goal is to have as few exceptions as 

possible. Today’s container terminals face many potential disturbances and disruptive factors lying outside the direct control of 

the terminal operator. The key to exception handling is fast detection and understanding of the situation, and a swift intervention 

to get the process moving again. 

 

In comparison with other industries, the port sector has adopted automation slowly. Advantages of automated operations in 

ports is the increased safety that is accompanied with automated or unmanned processes. Nevertheless, the costs of automation 

are relatively high and operational challenges still exists. Moreover, at the moment, automation has not reduced the operating 

expenses or increased the productivity as much as it was expected. The impact of automation on labour is significant as in the 

conventional setting the port sector involves a workforce with a considerable share of field labour. 

 

Further automation of processes is expected in container handling, hence on the one hand reducing the need of the number of 

employees, while on the other hand requiring more training. Terminal operators are expected to continue investing in employee 

training especially as the operators expressed their concern with respect to difficulties in finding qualified staff. Therefore, the 

identified developments in the market are putting pressure on the labour environment at the terminals. The terminal operators 

did clearly state that technological innovations (i.e., new and more advanced equipment) require more training for the dock 

workers as different skills are required. More precisely, all terminal operators stated that employee training continues to be a 

source of competitive advantage for the terminal operators.  

 

Aside from changing working requirements and conditions, the job profiles are moving towards profiles which require IT, digital 

and automation-related skills as well as process managers and maintenance / engineering skills. Terminal operators are strong 

supporters of developing these new skills, however, no mechanisms to identify new profiles / trainings necessary for the work is 

identified in the empirical research.  
 

As stated in Appendix IX, during the study trip of this assignment to Hamburg, a training centre was visited. Specifically, the Ma-

Co (maritimes competenzcentrum) was visited which provides custom-fitted trainings to their client’s employees based on eight 

competence fields (e.g., safety & security, communication & leadership and logistic). Ma-Co is considered among the progressive 

employee training institutes within the Port of Hamburg. However, the management confirmed that none of the trainings 

currently address aspects with respect to automation and digitalisation, whereas automated processes occur within the 

respective port. The management stated that this topic is not relevant at the moment, however, in the future, it is expected that 

(slowly) different trainings and competences will be identified to facilitate for automated processes in the port. 

 

According to the empirical study, the need of training for employees to use newer equipment as a result of the earlier mentioned 

developments in the market are as follows: 

• Automation reduces the number of jobs for dock workers as the terminal staff is not always able to do other work on the 
terminal. Hence, not every docker may be able to fulfil a job on the terminal; and, 

• An increase in remotely controlled equipment with office operators, which are able to control more than one device, create 
superfluous staff. 

 

Nevertheless, based on other market studies conducted, the current organisation of dock labour on conventional terminals is 

expected to be impacted by changing requirements of dock worker’s skills and competences, which are focused on the following 

needs:  

• Need for multi-functionality; 

• Need for training, skills and career path; and, 

• Need for low-cost, productivity and flexibility. 

 

Whereas all container terminals are impacted by the identified developments and changes in a certain extent. As a result of the 

cascading effect in the shipping sector, all ports, specifically container terminals, will likely have to cope with increasing vessels 

sizes and call sizes impacting their terminal operations, assets and hinterland connections. The developments will have different 
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impacts on smaller terminals compared to larger terminals. In addition, almost all participants of the empirical study confirmed 

that there were impacts from the calls of the ULCSs, with the main impact being upon the provision or allocation of labour. 

Specific remarks of the respondents regarded the peaks in handling cargo caused by the large call sizes of these vessels. 

 

However, the impact of automation and its investments will differentiate among the different terminals. While all terminals will 

act in a competitive environment with high standards for service levels, productivity and quality, the interest in investing in 

automated features varies among the different type of terminals. 
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1.1 General Introduction 

This report: “The Changing Face of Ports: the Socio-economic Impact of Market-based and Technological Developments on EU 

Ports” is prepared by a Consortium consisting of Maritime & Transport Business Solutions B.V. (“MTBS”) as Lead Partner, together 

with Dynamar B.V. as sub-consultant. The project was carried out on behalf of the European Transport Workers’ Federation (ETF), 

the Federation of European Private Port Operators (Feport), the International Dock Workers Council (IDC) and the European Sea 

Ports Organisation (ESPO) and co-financed by the EU. 

 

On 27th of October 2017, the first Steering Group meeting took place in Brussels, where the project and its three methodological 

phases were presented to the multiple members of the Steering Group. Then, on 22nd of January 2018, the second Steering 

Group meeting was held in Brussels. The focus of this meeting was on the outcomes of the Task 1 of the study, namely the review 

of existing (academic) literature. Later, the outcomes of the general overview of trends in maritime transport and the cargo 

handling sector were discussed during the third steering group meeting held on 20th of April 2018. During the fourth Steering 

Group meeting on 5th of October 2018, the results of the empirical research among eighteen selected European Union (EU) 

terminals were presented. 

 

Figure 1-1 indicates the three methodological phases or tasks for the project. The earlier submitted reports (i.e., Inception Report, 

Interim Report and Draft Final Report) cover Task 1, 2 and 3 respectively. This Final Report provides a comprehensive overview of 

the project, hence the main trends and developments in the maritime shipping sector will be presented based on theoretical 

literature, experience and knowledge of the Consortium as well as supported by empirical evidence gained at a selection of 

European terminals. 

 
Figure 1-1: Methodological Phases 

 
Source: MTBS 

 

  

1 Introduction 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 15 

 

 

1.2 Objective of the Assignment 

The objective of the Assignment is aimed at providing social partners (i.e. ETF, Feport, IDC and ESPO) in the European port sector 

with specific expertise on developments in the martime and transport industry. This report presents the developments and its 

implications for employment continuity, for investment decisions, for the socio-economic performance of the sector at large and 

for the contribution that the sector brings to the port areas in terms of employment creation, tax income etc. 
 

This reports is structured into three tasks: 

• Section 1 presents Task 1 which consists of the review of academic literature; 

• Section 2 entails Task 2, hence the general overview of trends and developments in the port sector; and, 

• Section 3 shows the outcomes of Task 3: the empirical research among EU terminals.  
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This section of the Final Report comprises the Literature Review, which was earlier submitted in the Inception Report of this 

Assignment. The Inception Report was the first report in a series of four reports which are submitted to the Steering Group during 

the course of the Assignment. The review of existing literature has the following objective: 

 

To prepare a list of relevant available literature; the list is included in the Appendix. The academic articles and publications 

are assessed, and summaries are prepared including key findings which are relevant to the Assignment. 

 

In this way, a first assessment to the identification of trends and developments in the maritime shipping sector is made from an 

academic perspective. In later stages of this Final Report, empirical insights will be gained and combined with the theoretical and 

expert perspectives to generate a comprehensive overview of the latest trends and developments in the maritime shipping 

sector.  

 
In the assessment of literature, a division of the existing literature is made based on the nature of the studies, either related to 

market-based developments or technological developments of container terminals. Subsequently, lists of relevant literature have 

been developed. The review of existing literature includes the following subjects: 

• Socio-economic impact;  

• Impact of growing ship sizes on container terminal operations; 

• Need for technological innovation at container terminals; 

• Economic sustainability of container operations, job creation, added value; 

• Terminal operating models; 

• Consolidation in the liner industry; 

• Formation of (new) container shipping Alliances; 

• Impact trends of social partners in the EU port sector; 

• Logistic chain impact assessment; and, 

• Other subjects may be added if deemed of interest for the Assignment. 

 

Altogether, this section on Literature Review comprises of the following two Chapters: 

• Market-based developments; and, 

• Technological developments. 

 

  

2 Introduction of the Literature Review 
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3.1 Introduction 

Over the last fifteen years, container ship sizes have tripled, as this list of ships being the world’s largest upon their delivery shows: 

• P&O Nedlloyd Stuyvesant 6,800 TEU - February 2001 

• OOCL Shenzhen 8,100 TEU - April 2003 

• Gudrun Maersk 9,100 TEU - May 2005 

• Emma Maersk 15,600 TEU - August 2008 

• Maersk McKinney Møller 18,300 TEU - June 2013 

• Barzan 19,900 TEU - April 2015 

• MOL Triumph 20,200 TEU - March 2017 

• OOCL Hong Kong 21,400 TEU - May 2017 

 

Meanwhile, 23,000 TEU vessels have been ordered. All these ever-larger ships invariably will operate in the Europe-Far East trade. 

This is a high-density long-haul trade with the best relationship between time spent at sea (long) versus time in port (short), 

therewith reaping the maximum of the leviathans’ economies of scale. Without any exception, all 18,000+ TEU units are 

operating in this trade.  

 

The impact on ports and container terminals of the ULCS, Ultra Large Container Ship of over 10,000 TEU, has been substantial. 

Higher and heavier Ship-to-Shore gantry cranes are required. Consequently, in many cases the quay wall had to be reinforced, or 

to be completely re-built all together. Often, with the ships measuring 300 to 400 meters, quays also had to be lengthened, 

generating huge capital investments without even mentioning the costs of the cranes themselves. At the same time, because of 

their larger capacities, the number of ships calling at the port and thus the number of services reduced significantly. In 2007, the 

North Europe-Far East trade counted 32 weekly services offering a total capacity of 1.9 M TEU. Ten years later, this has been 

reduced to only eighteen weekly services offering 3.0 M TEU. 

 

Container shipping joint services, vessel sharing agreements, consortia and Alliances are as old as container shipping itself, as is 

consolidation. However, what has happened in 2016 and 2017 in this respect, is unprecedented and again of quite an impact on 

port and terminal operators. Last two years, multiple traditional liner shipping brands have ceased operations. The year 2017 also 

saw the transformation of four existing East-West Alliances comprising sixteen carriers into three new groupings, factually 

comprising three shipping lines each, nine in total upon all consolidation completed late 2017. Note, in 2007 – only ten years ago 

– 21 different carriers were active in the North Europe-Far East trade. The subsequent overhaul of services impacted the terminal 

operators, one terminal losing business and another terminal gaining volumes. The major deep-sea terminals will soon have to 

do with just nine or ten principals, many of them owning a share in container terminals.  

 
 

  

3 Literature Review – Market-based Developments 
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3.2 Assessment of Existing Literature 

This section provides a selection of academic articles, white papers and publications on market-based developments in the 

shipping industry and their socio-economic impact to provide a theoretical perspective on the current shipping market.  

 

The following literature is suggested as a basis for further assessment:  

 

• Jacobs, W., & Notteboom, T. (2009). A theory on the co-evolution of seaports with application to container terminal 

development in the Rhine-Scheldt Delta. Proceedings if the 2009 International Association of Maritime Economists 

(IAME) Conference, June, Copenhagen, Denmark.  

How do seaports evolve in relation to each other? Recent studies in port economics and port management focused on 

how supply chain integration has structurally changed the competitive landscape in which individual ports and port 

actors operate. Port regionalisation has been addressed as the corresponding new phase in the spatial and functional 

evolution of port systems. Existing models on port system development portray a standard evolutionary development 

path. However, these studies lack theoretical foundations that allow us to empirically assess both the role of the 

institutional context and of strategic agency in the competitive (spatial and functional) evolution of regional (integrated) 

port systems. By making use of insights from evolutionary and institutional approaches in economic geography, the 

paper presents a theoretical framework to analyse and understand the co-evolution of seaports in a regional context. In 

such a way this paper responds to recent calls for the conceptual integration between transport and economic 

geography. The theoretical framework will be illustrated by analysing the evolutionary and institutional dynamics guiding 

container terminal planning and development processes in the Rhine-Scheldt Delta, one of the most prominent 

container handling regions in the world. The empirical part will unravel the role of seaport-based co-evolution in the 

processes aimed at positioning market players and ports on the container scene in the Rhine-Scheldt Delta. 

 

• Jensen, L. (2017). Liner Shipping in 2025. How to survive and thrive. Port Technology, 66-67.  

This paper considers the (possible) future of container liner shipping, contemplating how the industry might look by 

2025, amongst others referring to several driving forces. These drivers obviously include full automation through 

digitisation. Particular emphasis is put on the importance of exception handling which, by extension, also applies to ports 

and terminals, the paper claims. The author maintains that a transformation will occur. More precisely, the elimination 

of standardised jobs will be replaced by highly skilled customer services representatives managing exceptions.  

 

 

• Kaliszewski, A. (2017). Fifth and sixth generation ports (5GP, 6GP) – Evolution of economic and social roles of ports, 

translated from Polish: “Porty piątej oraz szóstej generacji (5GP, 6GP)-ewolucja ekonomicznej i społecznej roli 

portów”, „Studia i Materiały Instytutu Transportu i Handlu Morskiego” (ISSN 2080-6302), no. 14. 

Fifth generation ports created in result of a dynamic development of containerisation are characterised by a different 

approach to the transport, environmental, and cityforming function. The article presents the concepts of seaport 

development and defining their generation with the use of detailed criteria and meters. It also showcases the proposals 

for a prospective sixth generation port handling ships of 50,000 TEU capacity. 

 

• Lu, C. S., & Kuo, S. Y. (2016). The effect of job stress on self-reported safety behaviour in container terminal operations: 

The moderating role of emotional intelligence. Transportation research part F: traffic psychology and behaviour, 37, 

10-26. 

This study empirically examined the moderating effects of emotional intelligence on job stress and self-reported safety 

behaviour in the context of container terminal operations using survey data collected from 430 respondents who 

worked at various container terminals in Taiwan. A hierarchical regression analysis was used for data analysis. The 

research findings indicate that job stress negatively affects safety behaviour in terms of safety compliance. Besides, 

emotional intelligence positively affects safety behaviour in terms of safety participation and safety compliance. The 

results of this study also indicated that emotional intelligence plays a moderating role on the relationships between job 

stress and safety compliance. The theoretical and practical implications from the research findings are discussed. 
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• Lu, C., Lai, P., & Chiang, Y. (2016). Container terminal employees’ perceptions of the effects of sustainable supply chain 
management on sustainability performance. Maritime Policy & Management, 43(5), 597-613. 

Sustainability has become an important issue in container terminal operations. However, relatively little research has 

been conducted to assess its association with sustainable supply chain management (SSCM). In this study, SSCM consists 

of internal sustainability practices and external sustainability collaboration. The study empirically examined the effects 

of internal sustainability practices and external sustainability collaboration on sustainability performance in container 

terminal operations at the Port of Kaohsiung in Taiwan. The study also developed a model adopting the SSCM construct, 

which consisted of two dimensions: internal sustainability practices and external sustainability collaboration. Several 

research hypotheses were formulated from the theory and the hypotheses were tested using survey data collected from 

141 employees who worked at container terminals. It was found that internal sustainability practices and external 

sustainability collaboration positively affected sustainability performance, whereas external sustainability collaboration 

had a positive influence on internal sustainability practices. There is a discussion of the implications of these findings for 

developing sustainability and improving sustainability performance in container terminals and ports. 

 

• Mitroussi, K., & Notteboom, T. (2015). Getting the work done: motivation needs and processes for seafarers and dock 

workers. WMU Journal of Maritime Affairs, 14(2), 247-265. 

Most of current literature on motivation at work is a contextual neglecting the role of contextual layers found in distinct 

industries or professional environments. The aim of the present paper is to extend traditional notions of work motivation 

by considering more explicitly the importance and impact of professional/industry contexts and extant processes in 

them on work motivation. The focus of the paper is on two maritime-related professional environments: seafarers 

working on board merchant vessels and dock workers performing cargo handling operations in seaports. The paper 

critically reviews the context and constituents of the two professions in view of adding a dimension/layer of industry 

context and environment to mainstream literature on motivation. 

 

 

• Monios, J. (2017). Cascading feeder vessels and the rationalisation of small container ports. Journal of Transport 

Geography, 59, 88-99. 

Small container ports rely on feeder services from hub ports to provide access to unitised trade flows for their 

hinterlands. They generally possess limited water depth and handling facilities, as investments required to handle larger 

vessels are not justified by their low container throughput. This paper questions the future of small ports due to larger 

vessels cascading down as a result of ever-larger vessels on the major trade lanes. The paper uses vessel call data to 

identify all world ports currently served by sub-1,000 TEU vessels. Data on the dimensions of the vessel fleet and order 

book are analysed in conjunction with accessibility constraints at these small ports. Results show that with 15% of the 

sub-1,000 TEU fleet currently laid up and very few on order, larger feeders with deeper drafts seem certain to serve at 

least some of these routes. But with 90 container ports (21%) having berth depth of less than 9.1 m and the need to 

accommodate design drafts of at least 8.7 m, larger vessels will threaten the viability of these ports unless they commit 

significant investment. A geographical analysis is also conducted, mapping the distribution of small ports across the globe 

and classifying coastal, estuary, river and island locations, as well as identifying clusters of small ports that could in future 

be served by second-tier hubs, such as Southeast Asia and the Baltic Sea. Findings suggest that, just as container ports 

at the larger end of the scale were rationalised as flows concentrated at major hubs, several drivers exist for the same 

process to occur at small ports. Consequently, the paper asks how small ports and local shippers will cope, whether such 

ports lose their connections entirely, if local shippers must pay for an additional handling cost to tranship a second time 

from large feeder to small feeder, or whether they rely on overland transport links. 
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• Notteboom, T. (2016). The adaptive capacity of container ports in an era of mega vessels: The case of upstream 

seaports Antwerp and Hamburg. Journal of Transport Geography, 54, 295-309. 

Port system development is a key theme in port geography literature. Recent decades have brought a rise in container 

terminal development at estuarine, coastal and offshore port locations, partly driven by scale increases in vessel size. 

This paper examines how container ports located upstream on rivers use processes of adaptive capacity building in an 

attempt to remain competitive in port systems. The study links the development path of upstream seaports to a range 

of economic, technological, social and political factors. When combined, these factors shape the willingness and capacity 

of an upstream seaport to adapt to changing conditions such as an increasing demand for nautical accessibility. The case 

study results of Antwerp and Hamburg show that the discussion on the future of these upstream seaports cannot be 

detached from broader public policy and stakeholder management concerns and the influences of retention 

mechanisms, power, politics and collective action by the port community. 

 

• Notteboom, T. E. (2018). The impact of changing market requirements on dock labour employment systems in 
northwest European seaports. International Journal of Shipping and Transport Logistics, 10(4), 429-454. 

This paper contributes to existing dock labour literature by presenting a market-driven perspective on the organisation 

of dock work in light of changing market requirements. We conceptualise how changing market requirements affect the 

characteristics and the design of dock labour employment systems in seaports. The demand for a high dock labour 

performance is decomposed into three underlying dimensions: labour productivity, cost efficiency and more qualitative 

factors such as labour flexibility and service delivery. The internal organisation of dock labour takes place within a wider 

setting of legal and social conditions and the state of technology. Using the conceptual framework, we analyse how 

terminal operators try to meet changing market requirements through the deployment of new technology and advances 

in dock labour organisation. We provide empirical evidence by zooming in on the evolution of dock labour arrangements 

and employment systems in a number of northwest European ports. 

 

• Notteboom, T.E., Parola, F., Satta, G., & Pallis, A.A. (2017). The relationship between port choice and terminal 
involvement of Alliance members in container shipping. Journal of Transport Geography, 64, 158-173. 

This paper examines in which ways the changing organisational routines of shipping (i.e. Alliance formation and vertical 

integration in container terminal operations) are affecting the selection of ports of call in intercontinental liner service 

networks. It first provides a conceptual analysis of the interplay between changes (a) in the organisational routines of 

shipping lines as part of Alliances, (b) the organisational routines at the level of terminal operations (i.e. direct carrier 

equity involvement in terminal operations) and (c) in port calling patterns. The empirical part examines the relationship 

between port choice of Alliance members and the direct involvement of shipping lines in container terminals in North-

West European ports. It does so using binary and non-binary data on the evolution of calling patterns on the North 

Europe-Far East trade from 2006 to 2017. Both the changes in Alliance formation and the involvement of carriers in 

terminal operations in North West European ports are addressed. By examining the relationship between port calling 

patterns of Alliances and the terminal interests of Alliance members, the paper addresses an under-researched theme 

in the extant literature on port choice or port selection by carriers. The paper is also of value to port managers and 

shipping professionals in view of port strategy and planning decisions, as well as shipping strategy formulation. 

 

• Prokopowicz, A. K., & Berg-Andreassen, J. (2016). An evaluation of current trends in container shipping industry, very 

large container ships (VLCSs), and port capacities to accommodate TTIP increased trade. Transportation Research 

Procedia, 14, 2910-2919.  

The Transatlantic Trade and Investment Partnership (TTIP) will increase containerised cargo flows on the Atlantic route. 

This increase will have to be accommodated by ports, terminals and ships. The introduction of Very Large Container 

Ships (VLCS) and Ultra Large Container Ships (ULCS) changes shipping patterns and requires port expansions. Mutual 

relations among trade, shipping patterns, larger vessels, and port capacities are addressed. This paper makes a 

judgement if port and shipping capacities are sufficient to accommodate TTIP stimulated growth of maritime container 

shipments between the U.S and European ports. 
 
  

https://authors.elsevier.com/c/1Vm5m3RpEOBWhv
https://authors.elsevier.com/c/1Vm5m3RpEOBWhv
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• Saxon, S. (2017). The Alliance shuffle and consolidation: Implications for shippers. McKinsey & Company, 1-8.  

Four East-West Alliances were replaced by three such groupings effective April 2017. Upon the completion of current 

consolidation activities, each Alliance will have just three member carriers. As of January 2017, the combined East-West 

capacity share of these Alliances is calculated at nearly 93%. In a paper reflecting the text of a keynote speech at the 

October TPM Asia Conference, Saxon discusses problems involved in the reshuffling of Alliances affecting shippers’ 

supply changes. In part, these problems should do with the operational complexity of the various terminals in the same 

port at which ships of the same Alliance are being worked. Such problems basically apply to all large ports served by all 

three Alliances and where various carriers may have a financial and/or operational interest in one of the terminals 

served. As such, this paper is of relevance for this literature overview. The paper also deals with the effects of carrier 

consolidation, which may also bring about the reshuffling of terminals used, and therewith have socio-economic effects.  
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3.3 Summary of Key Findings 

This section covers the key findings of recent academic studies which have been shortly summarised in the previous section. All 

articles in the literature review discuss market changes, e.g., the continuous creation of Alliances (Notteboom, 2016) in the 

shipping industry and its socio-economic impact. Through the summary of key findings, an up-to-date theoretical perspective is 

provided on market-based developments within the maritime shipping sector. 

 

The developments are subdivided into the following topics: 

• Increase in vessel sizes; 

• Continuous Alliance formation and carrier consolidation; 

• Social aspects of terminal operations; and, 

• Sustainability-based market changes. 
 

3.3.1 Increase in Vessel Sizes 

This topic, increase in vessel sizes, covers the influence on port systems and terminal operations driven by the supply side. The 

definition of port system in this review of existing literature is as follows: “a system of two or more ports, located in proximity 

within a given area” (Ducruet, 2016, p. 43).  

 

The continuous trend of increasing vessel sizes is caused by the fact that economies of scales are aimed to be achieved by shipping 

lines, hence significant cost savings can be made. Nevertheless, ports and terminals are required to transform operations 

regarding the accommodation of the larger vessels and the corresponding increase in call size, i.e., the number of containers 

loaded and discharged during a visit at the port. A recent study by Notteboom (2016) covers the topic of the adaptiveness of 

ports due to market changes with respect to the increase of vessel sizes. Nowadays, ship sizes reach about 21,000 TEU compared 

to twenty years back when Maersk Line introduced the largest vessel at that time with a carrying capacity of 7,500 TEU. The 

author states that the level of adaptiveness of ports could facilitate for creating a competitive position for ports. The focus of the 

study is on upstream seaports, specifically empirical evidence is collected from the ports of Antwerp and Hamburg. In addition, 

a range of economic, technological, social and political factors are considered to identify the adaptiveness of the ports. As the 

focus of the study is on upstream seaports, one would expect that the aspect of nautical accessibility is crucial to maintain a 

competitive position. 

 

The outcomes of the study by Notteboom (2016) indicate that the upstream ports are able to remain a competitive position 

while various factors as technological evolution, financial criteria, management and organisation of the available human 

resources as well as strong political and institutional aspects are in place. Nonetheless, multiple challenges have been identified 

regarding the implementation of these aspects: 

• First, an upper limit with respect to financial, physical and social perspectives must be reached at some moment in time. 

• Second, shipping lines currently have a lot of market power as container handling is done according to the ‘ships follow 
cargo’ principle. This principle indicates that through the market position of the shipping lines, the carriers are able to ‘just’ 
follow the cargo, even in upstream situations as studied in this article. However, shipping lines are developing extensive 
hinterland networks related to as the ‘cargo follows ship’ principle which might influence the current dynamics of the 
position of the ports. 

• Third, a long-term challenge would be the impact of port cooperation on the traffic distribution between upstream ports 
and other domestic ports.  

 

Further, Kaliszewski (2017) identified that between the 1960s and the early 2000s, seaports developed through four ‘generations’ 

of ports, according to the UNCTAD model. Various aspects as technological, organisational and IT innovations increased or 

widened the scope of services offered by the ports in their various stages as well as increased or widened the cooperation among 

ports and their stakeholders. Other insights related to port development, as a reaction to increasing vessels sizes and other 

market developments, are covered by Jacobs and Notteboom (2009). Specifically, the authors studied the role of territorial 

institutions and strategic action in opening windows of opportunity at different competing locations for investment and growth 

within the port sector. The port sector has many international operators that have strategic stakes at several locations in a region, 

but where alternative locations seek to enter the regional market; often in alignment with competitor forms and local authorities. 
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It is expected that a process of co-evolution takes place, whereby a window of opportunity at one location triggers a response at 

another location.  

 

Another study by Prokopowicz and Andreassen (2016) evaluates the effect of growing vessel sizes and the level of port, terminal 

and shipping capacities to accommodate for growing container shipments, more precisely between the United States and the 

European Union (EU). Of course, the cascading effect is known and caused by the introduction of very large container ships (VLCS) 

and ultra large container ships (ULCS) which require certain ports – provided they are aiming to stay competitive – to expand in 

order to accommodate for the larger vessels. Through the assessment of the current and expected capacities of EU ports, it is 

noted that the capacity of the European ports will increase. This conclusion is in line with the previously discussed study of 

Notteboom (2016). More specifically, the authors state that within ten years, European ports are able to handle 143 M TEU 

annually in comparison to the total of 86 M TEU in the United States.  

 

With respect to the earlier mentioned cascading effect, Monios (2017) focuses on the effect for feeder vessels and the 

rationalisation of small container ports. The future of smaller ports, defined by the author as ports which are served by sub-1,000 

TEU vessels, is also influenced by the increase of vessel sizes. In the study, 44.3% of the ports in the analysis were in Europe, 

consequently covering the European ports. It is concluded that a similar process of concentrating flows at major hubs is occurring 

for smaller ports as well. Nevertheless, the driver to choose the port of calling for feeder services is often not the location, but 

the attractiveness of these ports is based on (relatively small) investments made to accommodate for larger feeder vessels and 

other factors to improve their status compared to other ports. 

 

Conclusion 

To conclude, the outcomes of the reviewed articles indicate that ports require adaptions to their capacity to host larger vessels 

in ports. In this way, ports maintain an attractive position in a competitive environment.  

 

3.3.2 Continuous Alliance Formation and Carrier Consolidation  

A recent study by Notteboom et al. (2017) focuses on the relationship between port choice and terminal involvement of Alliance 

members in container shipping. The study addresses the changing organisational routines of shipping as Alliance formation and 

vertical integration in container terminal operations, another market change with significant impact on the maritime industry. 

More specifically, the authors studied how the changing organisational routines of container shipping are affecting the selection 

of ports to call in intercontinental liner service networks. To our knowledge, this is the first study which empirically examines the 

complex link between the involvement of carriers in container terminals. 

 

The conclusions of the publication were limited to the container ports in North-western Europe and the Europe-Far East services 

connected to this port system. Thus, partly focusing on the 23 European Union countries with seaports. Content wise, the study 

concluded that opportunities for carrier-based terminal operators, such as APM Terminals (global terminal operator belonging to 

the Maersk Group), Terminal Investment Ltd (TIL, terminal holding of MSC) and Terminal Link (one of the terminal holdings of 

CMA CGM), to enter the terminal business differs among ports, even within the Northwest European range. 

 

Another finding discovered in the analyses, is the fact that terminal ownership of Alliance members does not guarantee vessel 

calls at these terminals. Important for ports to consider is the observation of the authors that in the case of at least two Alliance 

members having a stake in a terminal at the same port, chances of receiving many vessel calls of Alliance members increases 

compared to the situation when only one Alliance member is involved at a container terminal in the port. 

 

McKinsey’s Saxon (2017) reports that following the reshuffling of Alliances – but also as the result of consolidation – shippers 

experience a widening gap between the service they expect and the service they actually get. Their supply chain is affected by 

inefficient coordination among parties (e.g., shippers, terminal operators, carriers, inland transport providers) if it comes to the 

movement of containers in and out of the ports. The need of shippers for reliable transit times, accurate and timely information 

on arrival times, the actual terminal to be served and visibility into the status of containers grows. McKinsey considers complexity 

as a disadvantage of the Alliances system, in particular when the individual members are using different terminals in the same 

port. In such a case, shippers may have to collect their boxes from a terminal owned by a carrier of which they are not a customer.  
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With respect to consolidation, it is often argued that Alliances are bad for the industry as Alliances help smaller lines stay in 

business. Without Alliances, companies might have consolidated or exited shipping, for that matter, earlier. Whatever, it can be 

argued that the industry has continuously been concentrating for many years, however, has spurted within the last two years 

because of particular massive losses. Looking at returns on capital, Saxon (2017) has calculated that the industry destroyed an 84 

billion in value over the period 2012 - 2016.  

 

Within the current economic and financial environment, it has become extremely difficult for shipping lines to continue loss 

making activities while at the same time receiving funding and cash. As said, upon the completion of current consolidation 

activities, each of the three East-West Alliances will have just three member carriers. Seven of these nine shipping lines currently 

operate a container vessel fleet with a capacity of over 1 M TEU (ranging between 1.06 and 4.22 M TEU). Considering the 

enormous differences in scale, it will become hardly impossible to compete for the remaining five East-West carriers whose fleets 

measure between 600,000 and 230,000 TEU. Hence, increased consolidation is inevitable. Consolidation creates a steadier 

industry with stable rates.  

The risk of exerting market power will be prevented by the regulators, even when an individual carrier becomes large enough to 

act independently. Some of them may become large enough to develop as a standalone integrator, controlling all hardware and 

software to operate the full house-house supply chain: ships, terminals, barges, trucks, trains, forwarding/logistics. 

 

Conclusion 

All in all, the changing dynamics of shipping lines into Alliances affect terminal operations. On top of the conventional factors, 

the selection of the preferred port of choice is becoming more and more dependent on the Alliance members’ vessel calling 

scheme. From a terminal operator perspective, the chances that the terminals will be called will increase when multiple Alliance 

members have stakes in the port or the terminal. 

 

3.3.3 Social Aspects of Terminal Operations 

The need for appropriate human resource management was mentioned as one of the factors for ports to maintain a competitive 

position (Notteboom, 2016). A more in-depth review on social aspects of terminal operations is covered in this section. The 

review of existing literature covers four recent studies on social aspects of port labour to indicate the latest trends in this field. 

More specifically, topics concerning safety and motivation are covered in this section. 

 

First, Lu and Kuo (2016) studied the effect of job stress on self-reported safety behaviour in container terminal operations. It is 

known that container terminal operations are hazardous due to the work environment and corresponding activities that include 

operating cranes, mobile container handling equipment, truck traffic flows, electrical and mechanical repairs, and more (Lu & 

Kuo, 2016; Mitroussi & Notteboom, 2015). Earlier studies indicate that job stress – defined as nervousness or anxiety related to 

the job that impacts on a worker’s emotional and physical health and influence their personal working behaviour (Hoggan & 

Dollard, 2007; Netemeyer et al., 2005) – negatively influences human safety (Chen & Cunradi, 2008).  

 

The recently published article by Lu and Kuo (2016) exclusively focused on container terminal employees. The authors concluded 

that emotional intelligence is an important variable to consider when hiring dock labour. Consequently, terminal management is 

encouraged to increase employees’ capabilities in managing their emotional states by offering training programmes to increase 

employees’ intelligence. These initiatives could improve safety behaviour, hence reduce accidents at container terminals.  

 

The second study on social aspects included in the review of existing literature covers motivation needs and processes for 

employees at terminals (Mitroussi & Notteboom, 2015). The publication is a literature review from a human resource perspective 

on seafarers and dock workers. The authors analysed whether motivational tools used for seafarer and dock work professions 

are atypical in comparison to other industries as the sector, thus the working environment, is highly specific. In general, academics 

lack behind with studies in the port and shipping industry with respect to motivational aspects (Mitroussi & Chang, 2008). 

 

According to Mitroussi and Notteboom (2015) motivation relates to job satisfaction. Moreover, motivation impacts performance 

and labour productivity. Therefore, the relevance of motivating employees in manual and semi-automated terminals is 

important. The outcome of the analysis is as follows: the distinctive nature of working environment on ships and at cargo handling 

facilities in seaports requires specific job characteristics, such as emotional intelligence mentioned before by Lu and Kuo (2016). 
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More importantly, customisation of motivational tools is required in the approach to motivate seafarers and dock workers. Key 

or common motivation principles as pay rewards are applicable to the industry. However, the following categories specifically 

require customisation of motivational tools: 

• The relationship between employee and employer; 

• Remuneration; 

• Societal status of the profession; 

• Working conditions; and, 

• Work/life balance. 

 

Thirdly, Jensen (2017) acknowledges the need of increasing exception handling because of weather-induced delays, port strikes, 

congestion, equipment malfunction and errors at digitalised or automated terminals and other automated supply chain 

processes. The handling and management of such exceptions requires highly skilled customer services representatives, while 

consequently automated standardised jobs will be eliminated. It should be considered that people fulfilling a standardised job 

will not necessarily be able to obtain a function at customers services instead.  

 

Fourth, a recent study by Notteboom (2018), specifically covers a market-driven perspective on the organisation of dock work in 

light of changing market requirements. The focus of the study entails empirical evidence of a number of northwest European 

ports. Notteboom (2018) concludes that the changing market requirements affect the characteristics and the design of dock 

labour employment systems in multiple ways. Overall, a general tendency or push from the employers’ side towards continuous 

working, flexible start times and variable shift lengths is noted. Terminal operators must widen their perspective when improving 

labour performance; solely focusing on economic issues is not sufficient, softer social aspects must be included as well.  

 

Conclusion 

To summarise, literature on social aspects of terminal operations identifies the uniqueness of the sector. Hence, up-to-date 

research indicates that different capabilities and motivational tools are necessary for the employees to work most optimal, and 

therefore could optimise operations. Moreover, developments at terminal operations influence the current work practices to 

work processes based on exceptions instead of standardisation of human tasks. 

 

3.3.4 Sustainability-based Market Changes 

A relatively young topic in the academic world is the important issue of sustainability in container terminal operations. To clarify, 

the following definition for sustainable development is used in this literature review: “a development that meets the needs of 

the present without compromising the ability of future generations to meet their own needs” (Seuring & Müller, 2008, p. 

1700). Nonetheless, recent studies (Lu et al., 2010; Lu et al., 2016) have started investigating the topic. Especially as the market 

trend within the shipping and ports sectors resulting in growing numbers of container volumes to be handled during one vessel 

call at the port over time has a serious impact on the environment. 

 

Prior studies suggest that supply chain management has a positive influence on the performance of the supply processes 

(Christopher & Ryals, 1999; Wolf, 2011). However, the effects of sustainable supply chain studies have barely been covered in 

literature until now. Lu et al. (2016) discusses the effects of internal sustainability practices (e.g., the publication of a sustainable 

development policy) and external sustainability collaboration (e.g., establishing a set of reliable sustainability indicators with 

suppliers) on sustainability performance of container terminal operations. The specific combination of the topics sustainability 

and terminal operations is to our knowledge not been combined in academic studies before. 

 

The outcomes of the study mainly address social aspects of terminal operations as the results state the importance of stakeholder 

and staff involvement. First, it is important for terminal operators to clearly communicate the (internal) sustainability practices to 

staff as well as to allow staff members to design sustainability goals and regulations. Furthermore, the study indicates that 

collaboration regarding sustainability has a positive association with sustainability performance of terminals, including 

environmental, social and economic performance. Lastly, terminal operators should be aware of the fact that sustainable 

performance could be improved when the internal sustainability practices are integrated with external partners in the supply 

chain.  
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Conclusion 

Overall, the following practical suggestions were given regarding sustainability practices: 

• Terminal operators should be encouraged to develop sustainability management strategies which incorporate internal 
resources, competences, and capabilities; 

• Moreover, the effectiveness of the implementation of the sustainability practices could be improved when collaboration 
of external stakeholders like carriers, shippers and service suppliers occurs;  

• Lastly, the most successful development of sustainability in container operations requires a combination of both internal 
sustainability practices as well as external sustainability collaboration with supply chain members. 
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4.1 Introduction 

Innovation and technological development enable efficiency gains and environmental improvements in ports and shipping. IT-

systems and software applications also have a high potential to contribute to trade facilitation through more efficient custom 

procedures. These gains are obtained as cargo information becomes more standardised and exchangeable. Furthermore, 

improvements in materials, equipment control systems and more environmentally friendly engines are possible with the 

expected benefits on shipping and terminals, namely in terms of performance.  

 

Today, automation is a hot topic in the field of container terminal operations. It is noted that terminals that handle large cargo 

volumes are searching for automated solutions to meet the challenges of larger vessels, larger call sizes and the required 

equipment and productivity for this. All by means of optimising operations at the terminals. The following processes can be partly 

or fully automated at a container terminal: 

• Container loading and discharging with ship-to-shore cranes; 

• Horizontal transport of containers between quay side and terminal yard; 

• Stacking and sorting of containers at the container yard; 

• Receiving and delivery of containers to/from trucks or trains; and, 

• Gate processes. 

 

Currently, automation and follow-up of container traffic flows has come to a new era of development with the introduction of 

SMART applications mobile apps and the use of GPS data. The latter can bring advantages for various players in the market 

through for example: 

• Tracking and tracing; 

• Truck routing and avoidance of congestion; 

• Truck on-demand (reduce waiting times at gate); and, 

• Railcar logistics software. 

 

Information technologies also drive the modern information flows. Therefore, port authorities and terminals focus on digital 

information platforms such as port community systems to inform the port users. 

 

Four main systems are mainly implemented: 

• Port community systems; 

• Paperless customs; 

• Digital Bills of Lading (not only in container shipping but also in bulk shipping or other commodities); and, 

• Digital orders in the transport chain (container release orders, pick up orders, etc.). 

 

 

  

4 Literature Review – Technological Developments 
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4.2 Assessment of Existing Literature 

This section provides a selection of academic articles, white papers and publications on technological developments in the 

shipping industry and their socio-economic impact to provide a theoretical perspective on the current shipping market.  

 

The following literature is suggested as a basis for further assessment:  

 

• Bechtsis, D., Tsolakis, N., Vlachos, D., & Iakovou, E. (2017). Sustainable supply chain management in the digitalisation 

era: The impact of Automated Guided Vehicles. Journal of Cleaner Production, 142, 3970-3984. 

Internationalisation of markets and climate change introduce multifaceted challenges for modern supply chain (SC) 

management in the today's digitalisation era. On the other hand, Automated Guided Vehicle (AGV) systems have 

reached an age of maturity that allows for their utilisation towards tackling dynamic market conditions and aligning SC 

management focus with sustainability considerations. However, extant research only myopically tackles the 

sustainability potential of AGVs, focusing more on addressing network optimisation problems and less on developing 

integrated and systematic methodological approaches for promoting economic, environmental and social sustainability. 

To that end, the present study provides a critical taxonomy of key decisions for facilitating the adoption of AGV systems 

into supply chain design and planning, as these are mapped on the relevant strategic, tactical and operational levels of 

the natural hierarchy. Subsequently, the Sustainable Supply Chain Cube (S2C2) is proposed, i.e. a conceptual tool that 

integrates sustainable supply chain management with the proposed hierarchical decision-making framework for AGVs. 

Market opportunities and the potential of integrating AGVs into a SC context with the use of the S2C2 tool are further 

discussed. 

 

• Carlo, H. J., Vis, I. F., & Roodbergen, K. J. (2014). Transport operations in container terminals: Literature overview, 

trends, research directions and classification scheme. European Journal of Operational Research, 236(1), 1-13. 

Internal transport operations connect the seaside, yard side, and landside processes at container terminals. This paper 

presents an in-depth overview of transport operations and the material handling equipment used, highlights current 

industry trends and developments, and proposes a new classification scheme for transport operations and scientific 

journal papers published up to 2012. The paper also discusses and challenges current operational paradigms of transport 

operations. Lastly, the paper identifies new avenues for academic research based on current trends and developments 

in the container terminal industry. 

 

• Gharehgozli, A. H., Roy, D., & de Koster, R. (2016). Sea container terminals: New technologies and OR 

models. Maritime Economics & Logistics, 18(2), 103-140. 

Owing to a rapid growth in world trade and a large increase in the flow of containerised goods, deep-sea container 

terminals play a vital role in globe-spanning supply chains. Container terminals should be able to handle large ships, with 

large call sizes within the shortest time possible, and at competitive rates. In response, terminal operators, shipping lines 

and port authorities are investing in new technologies to improve container handling and operational efficiency. 

Container terminals face challenging research problems that have received much attention from the academic 

community. The focus of this article is on highlighting recent developments in container terminals, which can be 

categorised into two areas: (i) innovative container terminal technologies and (ii) new Operations Research (OR) 

directions and models for existing research areas. By choosing this focus, we complement existing reviews on container 

terminal operations. 
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• Harris, I., Wang, Y., & Wang, H. (2015). ICT in multimodal transport and technological trends: Unleashing potential for 

the future. International Journal of Production Economics, 159, 88-103. 

The role of information and communication technologies (ICTs) in freight transport as key enabler is well recognised. 

However, the uptake of recent ICT advances for multimodal freight transport provisions in the UK and mainland Europe 

has been slow. The aim of this paper is to explore the potential reasons for such a slow adoption and assess how recent 

technological advances such as cloud computing and Internet of Things might have changed the landscape and thus 

help to overcome these barriers. Via an extensive review of 33 EU framework programme projects, this study is able to 

consolidate and present current major efforts in ICT developments in the freight multimodal transport setting at 

European level. The report further discusses barriers inhibiting quick take-up of ICT applications in multimodal transport. 

Resolutions were then explored by reviewing four key ICT development trends recently emerging and evaluating their 

potential impact in reducing such barriers for deployment. The contribution is two-fold: it advances current knowledge 

by presenting an up-to-date overview of existing and emerging ICT applications in the field of multimodal transport and 

barriers to e-enabled multimodal transport. It also captures some of the best practices in industry and aims to provoke 

a debate among practitioners and academics via the analysis of how innovative use of recent technological 

developments could potentially lower the barriers to multimodal ICT adoption and lead to a more integrated freight 

transport network. Therefore, it lays the foundation for further research. 

 

• Martín-Soberón, A. M., Monfort, A., Sapiña, R., Monterde, N., & Calduch, D. (2014). Automation in port container 

terminals. Procedia-Social and Behavioral Sciences, 160, 195-204. 

This paper introduces the concept of automation at port container terminals and addresses some general considerations 

vis-à-vis automation in this type of port facilities. It further advances current knowledge on this topic by introducing an 

automation philosophy that adapts the implementation of automation technologies currently available on the market 

to the particular needs of each container terminal. Finally, it concludes by summarising the main advantages and 

challenges regarding the automation of port container terminals. 

 

• Okorie, I. (2016). Are current port liability provisions in international maritime law adequate in an era of 

automation? Australian Journal of Maritime & Ocean Affairs, 8(2), 147-160. 

Automation is changing the traditional ports as we currently know. The introduction of podded drive propulsion systems, 

self-unloading bulk carriers and increasing use of automation in port operations are indicative of a technological 

paradigm shift in which the human element becomes increasing devalued, potentially creating legal conundrums in 

traditional notions of obligations and liabilities. Many ‘relational’ difficulties attend the interaction between law and 

technology. This is often exacerbated when laws obstinately remain stationary and fail to anticipate potential legal 

quagmires. The nature of current and emergent technology in ports may distort extant international maritime law 

notions of obligations and liabilities diminishing their utility or – even worse – rendering them otiose. Giving the status 

of ports as enablers of global economic growth, the rapid growth of automation in ports and the utility of international 

maritime law in prescribing consensus-driven international legal norms and rules for ports, it is important to examine 

how extant international maritime law rules on port operations hold up in automated ports. Thus, this paper employs a 

legal doctrinal approach to critically evaluate major obligations and liability provisions on international maritime law and 

suggest ways in which these provisions can flow with the ‘technological tide’ of increasing automation. 
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4.3 Summary of Key Findings 

This section covers the key findings of recent academic studies which have been briefly summarised in the previous section. All 

articles in the literature review discuss technological developments at container terminals.  

 

As a result of the earlier discussed market changes, it is noted that new technologies are theoretically investigated in order to 

improve container handling and operational efficiency at container terminals (Bechtsis et al., 2017; Gharehgozli et al., 2016; 

Martin-Soberon et al., 2014). More specifically, container terminals are increasingly automated, increasing their level of 

responsiveness to the market, operate more cost-effective, and become more energy-efficient and more secure. 

 

Through the summary of key findings, an up-to-date theoretical perspective is provided on technological developments within 

the maritime shipping sector. The developments are divided into and discussed in three subsequent sections: 

• Automation; 

• Innovation of terminal processes; and, 

• ICT applications. 

 

4.3.1 Automation 

As in other industries, the marine terminal industry also participates in automating container handling to achieve improved 

performance in comparison with conventional operations (Martin-Soberon et al., 2014). According to Carlo et al. (2014), who 

identified industry trends and developments in their literature review, the introduction of automation to transfer equipment at 

terminals is the most important trend and so is the focus on more environmentally friendly equipment at container terminals. 

 

Among other aspects, automated systems may enable remote operations, e.g., remote control of the quay and stacking cranes 

as well as remote monitoring of automatic gates. The efficiency, thus productivity, of terminal operations can be further increased 

through the integration of automated control systems and partly or fully automated equipment. The employees supporting these 

remote operations are located in control rooms, away from the actual operations at the terminal.  

 

In this review of existing literature, we refer to a fully automated terminal when the terminal operations are supported by the 

presence of automated horizontal transportation (i.e., transport of containers between quay side and container stacking yard) as 

well as vertical transportation on the terminal (i.e., vertical stacking of containers at the container stacking yards) and the 

automation of gates processes. On semi-automated terminals, only the container stacking at the yard is automated while the 

horizontal transport is still manually operated (e.g., with straddle carriers, shuttle carriers or tractor-trailers). Note, on some of 

the most recent developed fully automated terminals, the quay cranes (Ship-to-Shore container gantries) also have transformed 

to remote controlled equipment, operated by a crane operator located in a control room office. The number of such facilities 

worldwide is so far restricted to five or six terminals.  

 

According to Martin-Soberon et al. (2014), the decision to automate terminals is partly based on the fact whether the terminal is 

newly developed (greenfield) or already operating (brownfield) as the transformation of a brownfield terminal is much more 

complicated compared to the development of a greenfield project. Nevertheless, in practice, brownfield terminals have been 

transformed from a manually operated terminal into a partly or semi-automated facility. An example would be the Antwerp 

Gateway Terminal, a project that is being executed in phases to be able to continue operations at the terminal. 

 

Furthermore, the decision on the level of automation to be implemented at terminals is depending on multiple other factors 

than the status of development, including the current Terminal Operating System (TOS) used to manage and organise all 

container handling processes at the terminal. Altogether, a wide range of (semi-) automated solutions are implemented 

worldwide. An overview of (semi-) automated European terminals is given in Table. Noticeably, only two terminals – APM 

Terminals Rotterdam MVII and Rotterdam World Gateway – are considered as the most advanced European automated 

terminals.  
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Table 4-1: Overview of Automation at European Terminals 

Terminal  Port  Country Quay cranes Horizontal 

transportation 

Stacking yard 

   Remote 

controlled? 

Type: Automated? Type: Automated? Type: 

TTI Algeciras Algeciras Spain No 8x 24-wide No Shuttle 

car. 

Yes ASC* 

Antwerp Gateway Antwerp Belgium No 3x 23-wide No Straddle 

car. 

Partly ASC/straddle 

car. 

BEST Barcelona Spain No 11x 24-wide No Shuttle 

car. 

Yes ASC 

HHLA CTA Hamburg Germany No 14x 22-wide; 

landside trolleys 

Yes AGV Yes ASC 

HHLA CTB Hamburg Germany No 5x 24-wide; 

landside trolleys 

No Straddle 

car. 

Yes ASC 

London Gateway London UK No 12x 24-wide; 

landside trolleys 

No Straddle 

car. 

Yes ASC 

LIVERPOOL2 Liverpool UK No 8x 24-wide; 

remote ready 

No Chassis Yes ASC 

APM Terminals 

Rotterdam II 

Rotterdam Netherlands Yes 8x 25-wide, 

landside trolley 

Yes AGV (lift) Yes ARMG 

Delta MSC 

Terminal DMT 

Rotterdam Netherlands No 2x 22-wide Yes AGV Yes ASC 

ECT Delta Rotterdam Netherlands No 8x 24-wide; 

remote ready 

Yes AGV Yes ASC 

Euromax Rotterdam Netherlands No 12x 23-wide, 

landside trolley 

Yes AGV Yes ARMG 

Rotterdam World 

Gateway 

Rotterdam Netherlands Yes 11x 24-wide; 

double trolley 

Yes AGV Yes ASC 

PSA Sines Sines Portugal No 3x 24-wide No Chassis No RTG (remote 

control) 

APM Terminals 

Vado Ligure 

Vado 

Ligure 

Italy Yes 6x 24-wide No Shuttle 

car. 

Yes ASC 

Source: Dynamar; MTBS 
* ARMG and ASC are considered as similar equipment 
** Under construction 

 

Martin-Soberon et al. (2014) state in their publication that the automation of container terminals in ports strategically contributes 

to the following aspects: 

• Improvement in operational performance; 

• Increase of safety and security; and, 

• Contribution to environmental sustainability. 
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The implementation of automation at terminals comes with challenges. An overview of these challenges is shown in Table 4-2. 

The table shows that the number of challenges is larger in the operational stage than in the planning stage of terminal operations.  

  

Table 4-2: Challenges of automated port container terminals 

 Challenges 

Planning stage  • The port sector is very traditional and reluctant to risk, which translates into resistance when facing investments in 

innovation and new technology 

• Trade unions are especially powerful in ports, meaning that automation can only be introduced after reaching 

agreement with them or when job opportunities are not at risk 

Operational stage • Lack of information and incorrect or untimely information 

• Loss of flexibility in operational planning 

• Exceptions management 

• High maintenance requirements of equipment 

• Interaction of many systems, increasing the probability of making errors 

• Possibility of experiencing demand peaks  

Source: Martin-Soberon et al. (2014) 

 

Table 4-3 presents the identified advantages and disadvantages of terminal automation by Martin-Soberon et al. (2014). In 

general, the number of advantages is larger in comparison to the downsides of automation.  

 

Table 4-3: Advantages and disadvantages of automated port container terminals 

 Advantages Disadvantages 

Operational 

performance 

• Increased operational productivity 

• Operating with allocations and high yard density: offering 

more capacity with the same space 

• Increased flexibility to adapt to demand peaks 

• More organised and methodical operations, reducing 

uncertainty in response time 

• Higher capacity to prioritise operational changes 

• Less affected by external factors and lack of stevedores 

• More efficient use of resources 

• More control of operations given the existence of 

continuous communication between control systems and 

the fleet of equipment, easing thereby the decision-making 

process in real time 

• Less volume of shuffling operations required which can be 

planned to be carried out without interfering with loading 

and unloading operations (housekeeping) 

• Less flexibility for operational planning 

• New scenarios should be planned 

• More difficulty management of exceptions 

 

Safety and security • Increase in safety at container terminals given the reduction 

of risks to human resources 

• Incorporation of security systems 

 

Environmental 

sustainability 

• Operating with electric equipment (less consumption, less 

emissions and less noise) 

• Better use of available land 

• May generate labour conflicts (loss of job 

positions) 

Economic and 

financial profitability 

• Less variable operational costs 

• Less maintenance 

• Require a (higher) capital out lay 

Source: Martin-Soberon et al. (2014) 
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Socio-economic Impact of Automation 

The transformation to more automated processes brings a social-economic impact along. Figure 4-1, under disadvantages, 

stresses the downside of labour conflicts because of automation. More thoroughly, a study by Okorie (2016) tests whether 

current port liability provisions in international maritime law are adequate in an era of automation. Specifically, the author 

addresses the implications of automation on cargo and container handling, storage and warehousing as well as port labour. 

 

To clarify the processes at container terminals, the unloading and storage of containers at the Delta terminal in the Port of 

Rotterdam, a semi-automated terminal, is visually presented in Figure 4-1. Logically, the implementation of technologies in the 

operations influence the prospect of stevedores and other port labour. The example of the semi-automated Delta terminal 

presents the latest norm to largely eliminate the human element which used to be the core of traditional terminal operations.  

 

Most importantly, automation raises labour redundancy issues and consequently, stakeholder relationships are strongly tested 

and affected (Okorie, 2016). As a result of rapid market changes, technological developments result in an increasing trend of 

automation at terminals. Hence, the issues with regards to labour redundancy at terminals rise over the last years. Additionally, 

the shift of control from the terminal site to an external control room in part requires different skills. In the automated situation, 

employees need to possess qualities such as good judgement, the ability to communicate well with other decision-makers, a cool 

head in emergencies, as well as the required technical knowledge of the equipment and IT (Van Hooydonk, 2014). 

 

 

 

Figure 4-1: Unloading and storage of containers in semi-automated port operations 

 
Source: Okorie (2016) 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 37 

 

 

Conclusion 

Overall, a shift of increasing automated operations is occurring at (European) terminals. Literature indicates that this has 

strategic advantages for terminal operators. Nevertheless, the transformation impacts the current working condition of 

employees by reducing the number of required employees as well as the preferred skills and capabilities of the employees. 

Further, the level of implementing automation at container terminals is expected to be influenced by both the up- and 

downsides of the transformation.  

 

4.3.2 Innovation of Terminal Processes 

On a more operational level, the latest technological trends at terminals are provided by Carlo et al. (2014) and Gharehgozli et al. 

(2016) in their literature review on current industry trends, innovative container terminal technologies and new operational 

research directions and models. In particular concerning equipment used at terminals, the latest trends are as follows and cover 

most terminal operations: 

• Seaside operations (covering the berth and quay areas); 

• Internal transport operations; 

• Stacking area operations; and, 

• Hinterland operations. 

 

Recently, a new generation of almost automated, nevertheless remotely controlled, quay cranes has been developed. These quay 

cranes are able to ultimately operate more flexibly and serve a higher capacity compared to earlier types of quay cranes. 

Consequently, the terminal operations followed by the quay crane must adapt to the increased productivity of these cranes. For 

example, Xing et al. (2012) researched that the development of quay cranes with tandem lift spreaders – i.e. hoisting two 40’ or 

four 20’ containers in one cycle – needed to double the number of required AGVs to unload containers.  

 

A second operational trend academically identified is related to automated transfer vehicles of which the straddle carrier and 

AGVs are the most known. When looking at the implementation of AGVs at terminals, we can conclude that this aspect of 

terminal operations is popular regarding automation. This trend of increased use of AGV is expected to continue as internal 

transportation at non-automated terminals is one of the least efficient and most costly processes (Vis, 2006). Moreover, 

concerning AGV development, Bechtsis et al. (2017) state that the impact of AGVs on the environment is significant, due to the 

efficient and effective automated operations the machines promote sustainability.  

 

Over the years, AGVs have become more intelligent. Characteristics of more intelligent AGVs would be that the vehicles travel 

according to the free-travel principle indicating that the machines do not follow a fixed path, enabled by the fact that the vehicles 

can be monitored by GPS (Carlo et al., 2014). Further development regarding AGVs and RFID technology for tracking purposes as 

well as optimisation of operational gate processes is covered by Ting et al. (2012) and Hu et al. (2011). Overall, these 

improvements allow the AGVs to operate more freely while becoming part of a more complicated traffic management system.  

 

The latest trend concerning AGVs would be the introduction of L-AGVs (lift AGVs). These vehicles with the newest innovations 

are AGVs with electrically operating lifting platforms, enabling the vehicles to automatically and independently load and unload 

containers. L-AGVs operate at the Port of Rotterdam, specifically at the APM Terminal MVII and Rotterdam Gateway Terminal, 

both at Maasvlakte II. According to Gottwald Port Technology GmbH (2012), the introduction of L-AGVs at terminals results in a 

reduction of the total number of vehicles in the fleet, as a decrease in vehicles can occur by up to 50% in comparison with 

conventional AGVs. Other types of automated self-lifting equipment have been introduced as well, namely automated shuttle 

carriers (Carlo et al., 2014). 

 

Thirdly, new technologies in the stacking area operations are identified at yard cranes. The newest innovation in yard cranes is 

the introduction of twin lifting. Twin-load technology allows the crane to simultaneously carry two containers, reducing the 

number of trips required between the quay and yard side. This technique has been applied to quay cranes for a longer period of 

time but is rather new for yard cranes (Carlo et al., 2014; Gharehgozli et al., 2016). This development is accompanied with new 

container terminal layouts and stacking systems. For automated terminals, both parallel and perpendicular stacking blocks are 

possible.  
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Lastly, hinterland operations have also experienced innovations in its processes. A development is observed through close 

cooperation of deep-sea and inland terminals as a result of the extensive increase of the number of containers handled at 

terminals (Roso et al., 2009). An example would be the application of extended gates, inland intermodal terminals directly 

connected to seaport terminal(s) with high capacity transport means, where customers can leave or pick up their containers as 

if directly at a seaport (including customs and security inspections), and where the seaport terminal operator can choose to 

control the flow of containers between the terminals (Gharehgozli et al., 2016). 

 

The literature review of Carlo et al. (2014) proposes innovative ideas which challenge the current transport operations. These 

ideas are as following: 

• Transport operations are necessary to connect the seaside and landside; 

• Transport operations are performed by internal transport vehicles; 

• The quayside and yard side are located at the same height; and, 

• All storage yards are accessible from each berth, and vice versa.  

 

Conclusion 

Altogether, innovations are taking place at different processes of terminal operations. New technologies are implemented, but 

techniques or other processes are also used for optimising further terminal processes. We observe that the terminal operations 

become more integrated, moreover, ‘external’ operations, such as hinterland operations, are becoming part of the terminal 

operations system as well, hence integrating of processes are observed. 

 

4.3.3 ICT Applications 

One of the publications included in the review of existing literature is a European-focused study by Harris et al. (2015). The authors 

present an up-to-date overview of existing and emerging ICT applications in the field of multimodal transportation and barriers 

to e-enabled multimodal transport. As the topic is not directly linked to terminal operations, the article’s key findings are shorty 

summarised in this section on ICT applications.  

 

This study addresses the fact that information and communication technologies are relatively slowly adopted by multi-modal 

transportation providers. Whereas multi-modal transportation aims to transfer goods in a continuous flow through the entire 

transport chain to make a transportation journey more efficient from a financial, environmental and time perspective (Chao, 

2011). This flow involves different players such as freight forwarders, carriers, port and intermodal terminal operators and more. 

On top of that, this flow also consists of a wide range of activities, e.g., port operations, traffic flow management and human 

resource management. Nevertheless, this flow could be optimised by ICT applications.  

 

Conclusion 

Overall, the authors state that the use of terminal and port information and communication systems and applications support 

intermodal terminal and port operations (Harris et al., 2015). From an academic perspective, it could be concluded that further 

research, both theoretical as well as more practically orientated, should be conducted on the relative slow implementation of 

ICT applications at logistic, or even port operations. 
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This section of the Final Report comprises the General Overview of Main Trends and Developments, which was earlier submitted 

in the Interim Report of this Assignment. The Interim Report was the second report in a series of four reports which are submitted 

to the Steering Group during the course of the Assignment. The general overview of main trends and developments has the 

following objective: 

 

To present an overview of key trends and developments in the maritime transport and cargo handling sector, focusing 

on the 23 European Member States (with a coastline). 

 

In this way, an assessment of the trends and developments in the maritime shipping sector is made from an expert point of view 

by the Consortium. In combination with the other tasks of the Assignment, a comprehensive overview of the latest trends and 

developments in the maritime shipping sector is provided to the Client.  

 
In this overview of general trends, a division is made in the cargo handling and the maritime transport sector. The overview of 

trends includes the following subjects: 

• Socio-economic impact;  

• Impact of growing ship sizes on container terminal operations; 

• Need for technological innovation at container terminals; 

• Economic sustainability of container operations, job creation, added value; 

• Terminal operating models; 

• Consolidation in the liner industry; 

• Formation of (new) container shipping Alliances; 

• Impact trends of social partners in the EU port sector; 

• Logistic chain impact assessment; and, 

• Other subjects may be added if deemed of interest for the Assignment. 

 
Overall, this section on the main trends and developments comprises of the following three Chapters: 

• Drivers of maritime transport; 

• Assessment of trends in cargo handling; and, 

• Assessment of trends in maritime transport.  

 

 

 
  

5 Introduction of General Overview of Main Trends 
and Developments 
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Maritime transport (within the European Union) is like any transportation system linked with many drivers which impact the way 

how transport is arranged. Most of these drivers have a large impact on maritime transport but differ from other transportation 

systems due to the global size of the maritime sector. These drivers have different impacts for different regions and can change 

over time. Figure 6-1 shows a summary of the drivers in maritime transport of which some trends related to these drivers are 

elaborated in this report on trends and developments in the maritime transport sectors and cargo handling sector.  

 

Figure 6-1: Drivers in maritime transport 

 
Source: ICF International 

 

In this Report, a division is made between trends in cargo handling at container terminals in ports and trends with respect to 

maritime transport, hence the shipping industry. The drivers in maritime transport as shown in Figure 6-1 are included in the 

trends and developments discussed in the assessment of either category.  

 

Table 6-1, on the next page, presents a summary of the drivers for ports (and terminals) and shipping and is therefore more 

detailed than the figure above.  

 

 

 

 

6 Drivers in Maritime Transport 
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Table 6-1: Summary of drivers in maritime transport 

Driver Ports Shipping 

Policy 
• Ports form the gateway to world trade; 

therefore, policies often conflict between 
countries or regions 

• Regulatory policies on multiple levels because of 
the cross-border nature of the sector 

Demography and Society 

• Population growth and economic development 
affect the growth of ports 

• Ports function as important import and export 
nodes for their hinterland 

• Port – City articulation; as land integration of 
port areas with urban and natural spaces 
becomes more important  

• Derived demand related to urbanisation, 
growing population in certain regions 

Energy and Environment 
• Strategic storages of energy resources 

• Emission regulations drive cleaner port 
operations 

• Environmental regulations drive ship-owners to 
search for alternative fuels 

Technology 

• Integrating information technologies optimising 
transport chain 

• Terminal automation; more efficient handling of 
cargo 

• Economies of scale; larger vessels can ship cargo 
cheaper 

• More efficient engines lower fuel consumption 

• Containerisation: a standard that makes 
handling of cargo easier 

Economics 

• Competition between countries and regions to 
be involved in international trade 

• Transhipment; ports focusing to be a node in 
container trade which is not the end of the 
chain 

• Growth drives trade hence the demand for 
ships 

• Economies of scale; larger vessels can ship cargo 
cheaper 

Finance 

• Capital intensive industry 

• Public-Private Partnerships to reduce financial 
responsibility of the public authority (PPP) 

 

• Capital intensive industry 

• Return on investment is lower than other 
industries 

• Overcapacity exists and therefore financing is 
difficult 

Source: MTBS 
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7.1  Introduction 

The emergence of the Ultra Large Container Ship (ULCS) has brought about a near revolution in containerised cargo handling, 

and therewith a major industry trend. The stevedoring of these ships has increasingly become subject to automation: in the first-

place automation of the stack, followed by automated horizontal transport. Within the EU, there is a select group of terminals 

having automated their (now remotely controlled) quay cranes. Two of these terminals are situated in Rotterdam, where a third 

terminal has eight (of total some thirty) remote-ready Ship-to-Shore cranes. Rotterdam has traditionally been a forerunner in 

technological developments. However, throughout the Chapter, multiple cases and best practices are considered from the 23 

European Member States (with a coastline). 

 

Because of the simple rectangular box in which container cargo is moving, this shipping segment, more than any other, lends 

itself perfectly for automation, computerisation and robotics. Not only at the container terminal, but also in the overall logistics 

chain connecting with the terminal. The ultimate impact of the ULCS and the associated cargo handling automation has a socio-

economic effect on ports, specifically on container terminals. However, there are more trends and developments, ranging from 

policy to economic issues from technology to environmental topics, affecting cargo handling at marine terminals, directly or 

indirectly, more or less severely. 

 

This Chapter aims to assess the latest trends and developments, or industry best practices, of cargo handling at container 

terminals. Main perspectives assessed in this Chapter are as follows: 

• Section 2 covers the trends and developments related to technology and digitalisation; 

• Section 3 presents the trends and developments within the regulatory framework; 

• Section 4 shows the trends and developments of energy and environment; and, 

• Section 5 indicates the trends and development regarding maritime economics and finance. 

 

In practice, the perspectives of these subsections are integrated within terminal operations. 

 

 

 

 

 

 

 

7 Assessment of Trends in Cargo Handling  
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7.2 Technology and Digitalisation 

Technology and digitalisation increasingly drive today's transportation flows. The shipping and terminal handling industries are 

highly capital intensive whereas (logistics and other) service providers are often asset-light companies. Efficiency gains come from 

major technological improvements, expensive if it comes to hardware such as terminal equipment. Yet, for an average shipper, 

the invention of a container tracking and tracing application has meant more for the perceived reliability of its supply chain than 

the lower fuel consumption of the more advanced technological engines of the modern big ships or container gantries. 

Nowadays, with sensors all around the place, technological and efficiency improvements are predominantly, and seemingly daily, 

reached through SMART technology, available through IT systems or even the smartphone. Information exchange and 

digitalisation are key to improve the efficiencies between transport modalities and to ensure fast handling of goods. 

 

In general, a trend of automation of container handling is noted at container terminals globally as operators aim for more efficient, 

stable and reliable operations. The adoption of automated equipment and the integration of information systems enable 

terminal operators to be competitive while considering the challenge of larger vessels, taller cranes and larger call sizes. Three 

major requirements for shipping lines calling a container terminal are:  

• All-time and all-weather accessibility; 

• Productivity; and, 

• Reliability. 

 

Increased levels of automated equipment and integrated (information) systems respond to all three of these requirements and 

enable the terminal operators to operate a state-of-the-art container terminal offering efficient and high-quality services to their 

clients. Table 7-1 presents an overview of fully and semi-automated terminals in Europe. The definition of fully and semi-

automated terminal follows in the next paragraph. This list is not exhaustive as certain terminals are under development. 

However, it is noticeable that the number of terminals that have automated their operations has significantly increased over the 

recent years. This indicates that as in other industries, the marine terminal industry also participates in automating operational 

processes to achieve improved performance in comparison with conventional operations.  

 

Table 7-1: Overview of European (semi-) automated terminals 

Terminal Level of automation Country Operator Year of opening 

Delta Dedicated North Terminal (DDN) Semi-automated Netherlands ECT/TIL (MSC) 1993 

Delta Terminal Semi-automated Netherlands ECT (HPH) 1993 

London Thamesport Semi-automated UK HPH 2000 

Container Terminal Altenwerder (CTA) Semi-automated Germany HHLA 2002 

Antwerp Gateway Terminal Semi-automated Belgium DP World 2005 

Euromax Terminal  Semi-automated Netherlands HPH/COSCO 2008 

Container Terminal Burchardkai (CTB) Semi-automated Germany HHLA 2010 

TTI Algeciras Semi-automated Spain Hyundai 2010 

BEST, Barcelona Semi-automated Spain HPH 2012 

London Gateway Semi-automated UK DP World 2013 

APM Terminals Maasvlakte 2 Fully Automated Netherlands APM Terminals 2014 

Rotterdam World Gateway Fully Automated Netherlands DP World 2014 

LIVERPOOL2 Semi-automated UK Peel Ports 2016 

APM Terminals Vado Ligure Semi-automated Italy APM Terminals, COSCO Planned 

Source: MTBS; TRANSPORTE XXI 
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Before continuing, it should be noted that, due to the high costs involved, the implementation of terminal automation will often 

not be feasible for smaller ports or terminal facilities. Hence, the relevant information in this section applies in particular to 

terminals handling ULCS (Ultra Large Container Ships with a capacity of 10,000 TEU minimum) operating in the Europe-Far East 

container trade. 

 

Automated systems enable remote operations, for example, remote control of the ship-to-shore (STS) cranes and stacking cranes 

as well as remote monitoring of automatic gates. The efficiency, thus productivity, of terminal operations can be further increased 

through the horizontal integration of these systems and equipment. The selection for a terminal to be defined as a fully automatic 

terminal is based on the level of automation of operational processes at container terminals. In this study, there are two main 

types of automation concepts applicable to container terminals: 

• Semi-automated: unmanned stacking/yard operations, mainly through Automatic Stacking Cranes (ASCs) or Automated 
Rail Mounted Gantries (ARMGs) and/or unmanned horizontal transport from the quay to stack, using Automated Guided 
Vehicles (AGVs), automated shuttle carriers or automated straddle carriers.  

• Fully automated: terminals with the highest level of automation currently possible. Besides the unmanned stacking/yard 
operations and unmanned horizontal transport from the quay to stack, StS gantry cranes are remotely controlled and gate 
operations are unmanned (see Figure 7-1).  

 

 

Semi-automated  Fully automated 

 

All in all, the same terminology for (semi-) automated terminals is applied as in the Literature Review (Task 1) of this Assignment.  

 

The recent technology and market changes and their impact on cargo handling at EU container terminals are presented in this 

report. Further assessment of the social impact of these changes, such as the terminals’ working force is measured in Task 3 of 

this Assignment. In Task 3 as well, an empirical research on a selection of EU terminals will be conducted. 

 

Certain studies by other organisations on relevant topics to this Assignment are quoted in this report. For example, according to 

a study by Deloitte Port Services (2017), the impact of digitalisation on workforce and knowledge requirements is expected to be 

extensive. Within the port sector, the evolution of staff characteristics is already happening. Specifically, the port sector expects 

a decrease of 8.2% in employment through the impact of digital disruptions. Note that this study is for the port sector in general, 

therefore not completely representative for container terminals within the 23 European Member States (with a coastline).  

 
Appendix II further elaborates on terminal operations processes and terminal information systems.   

Figure 7-1: Semi-automated and Automated Terminal Processes 
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7.3 Policy and Regulation 

National and international laws and regulations influence the daily management of EU port stakeholders. The most important 

regulations affecting cargo handling are set by the IMO and the EU. For further elaboration on certain regulations (i.e., Regulation 

(EU) 2017/352, Sustainable Terminals and the FEPORT - White Paper, “2017, 2018 and beyond”) see Appendix II. Most directives 

implemented regard safety and environmental issues (e.g., EcoPorts – the main environmental initiative of the European port 

sector). Moreover, international bodies, such as the EU, identify the importance of the European maritime transport as it enables 

trade and contacts between the European nations as well as ensures the security of supply of energy, food and commodities. 

Specifically, almost 90% of the EU’s external freight trade is seaborne.  
 
In addition, the objective of the European Commission is to protect Europe, among other aspects, on the following high-level 
aspects: 

• Modern rules for maritime safety and security; 

• High environmental standards; 

• Increase attractiveness and global competitiveness; and, 

• Greater efficiency through digitalisation.  
 

The latter aspect on digitalisation has to do with the fact the EU maritime single window environment simplifies administrative 

formalities in shipping operations in the EU for efficiency and less red-tape. At the moment, in more than half of the EU ports 

paper reporting is still used. Moreover, ships calling several ports within the EU may have to provide the exact same information 

multiple times because of a lack of coordination. Hence, the need for full harmonisation of reporting requirements and wider 

reporting formalities can be facilitated by digitalisation resulting in simplifying operations, increasing efficiency and boosting the 

attractiveness of the EU maritime sector. Note that many of the policies and regulations are overlapping with other sections 

addressed in this report, i.e., the next Chapter on maritime transport covers related topics as SECA, global sulphur control and 

Ballast Water Management, consequently more relevant to maritime transport than container handling.  

 

Landlord Port Authorities in Europe have become stand-alone entities through a process of commercialisation, corporatisation 

and privatisation. Emphasis is on the commercialisation aspect of commerce and marketing and a client account approach in 

order to become fully customer oriented and financially self-sustainable. Nevertheless, EU ports, specifically terminal 

management, must comply with EU laws and regulations. A practical example regards the cargo handling operations on container 

terminals would be the content of container weight mandate, which is further elaborated in Figure 7-2. This regulation is effective 

for shippers and directly influencing cargo handling at container terminals. Thus, it requires adjustment of operational processes 

on container terminals. Obviously, EU port organisations should put emphasis on safety, health and environmental issues, next 

to quality assurance through ISO certification.  

 

In 2014 the International Maritime Organisation (IMO) adopted the prior weight verification requirement for containers, also 

known as VGM or verified gross mass. It was incorporated as an amendment to the International Convention for Safety of Life at 

Sea (SOLAS) 1974 by the IMO’s Maritime Safety Committee on 21 November 2014 under Chapter VI - Carriage of cargoes and oil 

fuels, Part A - General Provisions, Regulation 2 - Cargo Information, paragraphs 4-6 inclusive.  

 

In essence, the VGM amendment required, from 1 July 2016, that the weight of a container had to be confirmed before being 

loaded on board ship. This could and can be achieved through either weighing the full box or the individual cargoes to which the 

tare weight of the container is added. Each country has jurisdiction over how these weights are calculated. Whilst the 

methodologies were clear, there was debate about the practicalities of this requirement, and which are still relevant to be 

remarked upon today (2018).  

 

Ports and terminals prefer the weights to be advised prior to arrival on site, but not all shippers have the capability to physically 

weigh containers and/or contents. Further, the availability of weighbridges or alternatives either at port or in the hinterland varies 

from country to country, and those that are available will surely not have the time, let alone the strength, to be able to cope with 

having to weigh every single container to be loaded whilst not disrupting (promised) transit times. However, overriding all 

concerns, ship operators are (were) adamant they need(ed) weights to ensure safe stowage on board ship, and if they are not 

(were not) received, containers will not be loaded. 
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Clearly, the new regulations added an extra layer of administration, cost and surcharges (for tardy or non-provision of data). And 

yet, for all the concerns, aside from isolated examples, the 1 July 2016 implementation of the VGM requirement seemed to have 

gone off without too much disruption. Utilising weight data provided by terminal or port operators seems to have been a 

significant factor behind this. That is not to say that there were no problems in certain localities, but nothing widespread and 

nothing that caused chronic (or even acute) disruption to supply-chains at large. 

 

Figure 7-2: The Content of Container Weight Mandate - SOLAS 

 
Source: JOC.com 

 

Besides, another regulation relevant for container handling dates back to 2012; a specific Declaration of the European Ministers 

responsible for the Integrated Maritime Policy and the European Commission, on a Marine and Maritime Agenda for growth and 

jobs “The Limassol Declaration” is established. This declaration considers the fact that the present economic context calls for the 

EU to find a fast and effective road to recovery based on smart, sustainable and inclusive growth; recognising that the EU Member 

States need to approach the Europe 2020 goals from innovative perspectives that can unlock new sources of growth and jobs. 

Hence, the focus of the declaration is to consider the inter-connectedness of industries and human activities centred on the sea. 

Moreover, this declaration stresses the potential of new sources for growth and jobs through the innovative developments in the 

marine and maritime sector. 
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Multiple policies implemented by different (inter)national bodies have an influence on container handling in EU ports. 

Moreover, it is noted that these bodies recognise the various trends and developments within the maritime sector and 

its potential of affecting the current working conditions on labour in the sector. Nevertheless, concrete approaches to 

address the shift as well as the size of the shift have not yet been identified. Note that the next Chapter further elaborates 

on regulations, hence from a shipping perspective.  

 

7.4 Energy and Environment 

The cargo handling facilities at container terminals in the EU are influenced by policies and regulations, as stated in the previous 

section. Specifically, the regulations cover topics concerning energy and environment; the main trend identified is the adaptation 

of green policies. And whereas there is the impression of a lack of self-suggested environmental-friendly initiatives among 

container terminal operators, a number of these, being (part of) intercontinental organisations, will have global Corporate Social 

Responsibility (CSR) strategies which will include environmental strategies. The reduction of greenhouse gas emissions is now a 

priority in the port and transport sectors as new regulations are being drafted at EU and IMO levels; indeed, container terminals 

now have an agreed methodology for calculating carbon dioxide emissions. 

 

Figure 7-3 provides an overview of the breakdown of emission per source at a container terminal. Obviously, a terminal has a 

direct influence on the yard equipment which accounts on average for 24% of emissions at a container terminal. Nevertheless, 

the road and rail transportation and vessels, which are responsible for the largest share of emissions (38% of all emissions from 

a container terminal), fall to a certain extent indirectly under the responsibility of a container terminal. The concepts of shifting 

modal split towards more environmentally friendly modes of transportation and onshore power supply are examples of 

measures taken by terminal operators and port authorities to reduce emissions by road transportation and shipping. 

 
Figure 7-3: Breakdown of emission sources at a container terminal 

 
Source: Kalmar; MTBS 
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Awareness of sustainable practices is not sufficient anymore, the key is to “measure, control and act” to reduce greenhouse gas 

emissions. Proactive steps, as discussed in the section on Policy and Regulation (e.g., EcoPorts), should be considered to become 

a “green port” and to reduce emissions in shipping, road and rail transportation. The final subsection addresses proactive civil 

initiatives specifically by terminal operators to become such a green port.  
 

The introduction of a PERS system (Port Environmental Review System) focuses on environmental management in the port sector, 

for example by facilitating the measurement of the carbon footprint of the ports and terminals. The measurement of the ports’ 

and terminals’ footprint is important when they would like the adhere to be a green port. The following trends can be noted in 

the maritime sector, more specifically for terminal operators, shipping lines and port authorities: 

• Promote the use of clean ships through tariff incentives; 

• The development of alternative fuels infrastructure in ports (e.g., LNG - certain EU ports are required to have relevant 
infrastructure in place by 2025); 

• Implementation and certification of the Port Environmental Review System (PERS); 

• Ships must reduce emissions and use clean fuels or scrubbers (the latter has gained increasing concern about the discharge 
of washwater); 

• Reduce CO2, NOx, SOx, introduce Sulphur Controlled Areas; 

• Clear EIAs (Environmental Impact Assessment); 

• Clean air and pollution measurements; 

• Focus on clean energy in road & rail transport; 

• Ports to become a supplier of green fuels; 

• Ports to introduce/facilitate onshore power supply; 

• Reduction of dust and noise at ports and terminals; 

• Focus on health, safety and social environment (city-port relationship); and, 

• Energy transition, move away from traditional energy, utilisation and promotion of renewable energy supplies. 

 

Importantly, most of the measures taken are on the decision-making level of ports, not so much decided by terminal operators. 

As the ports are often responsible for providing the necessary facilities to execute the initiatives such as the appropriate terminal 

infrastructure. An example would be the offering of Liquefied Natural Gas (LNG) bunkering. Ports are considered a common place 

for renewable energy projects due to their gateway status, their area size and their location. Due to shipping emission regulations, 

a trend that shifts ships from running on Intermediate Fuel Oils (IFO) to ships running on LNG is expected. However, the LNG 

bunkering facility would be offered to vessels from a port perspective, nonetheless making terminals potentially more attractive 

to shipping lines. 

 

Another example of a higher level decision-making initiative would be the Sulphur Emission Control Areas (SECA: the Baltic Sea, 

the North Sea and the English Channel) that are implemented. Since October 2016, the International Maritime Organisation 

(IMO) has decided that all vessels sailing in a SECA must reduce sulphur level in fuel oil to 0.1% or clean the exhaust gas to an 

equivalent level. The current global limit of 3.5% will be reduced to 0.5% as of 1 January 2020. In addition, it has been decided by 

the EU that by 2020 a standard of 0.1% sulphur emission will be implemented for ships at berth and 0.5% within all EU waters at 

a distance of 200 nautical miles from the coast. Figure 7-4 shows the implementation dates of the sulphur regulation for the 

SECA. 
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Figure 7-4: The SECA regulations and implementation- enforcement

 

Source: AEC Maritime, SECA Legislation 
 

The higher-level initiative of port authorities or other governing bodies is a common matter with respect to sustainable practices 

and terminal operations. Concerning cargo handling operations, the facilitation of OPS, the aim of a certain modal split and 

terminal equipment are directly influencing the container terminal operations and therefore, further discussed in this section. 

 

7.5 Maritime Economics and Finance 

In addition to the trends and developments combined in the above sections, the following topics with respect to economics and 

finance could influence the cargo operations. Trends regarding maritime transport, such as larger vessels, economies of scale, 

consolidation through Alliances and design of vessels are excluded from the list below as these are discussed in the next Chapter 

on trends in maritime transport. This section aims to focus on the more general trends in the maritime sector and therefore, the 

high-level trends and their link to cargo handling and working conditions are rather limited compared to earlier sections.  

 

7.5.1 Maritime Economics 

Economics drive as any other industry also the maritime and transport chain. Commodities (transported by ships) will always 

flow along the solution with the low-costs where service and efficiencies are at acceptable levels. Current global economic trends 

influencing the maritime sector are shown below.  
 

• Globalisation 

Globalisation has created international manufacturing and assembly networks linked with efficient transportation services. 

This trend has generated global players in the manufacturing and the transportation industry, but in the ports and terminals 

sector also. Any changes in these networks today may have an unexpected global impact. 
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• China’s Maritime Silk Route, part of the One Belt-One 
Road initiative (OBOR) 

Chinese entrepreneurs are guided by a revival of the 

ancient silk route in a new concept promoted by the 

Chinese president himself. In Europe, specifically, Piraeus 

and Venice are part of plans to supply Central Europe, 

amongst others. This also provides opportunities for other 

Adriatic ports such as Rijeka (Croatia) which may attract 

additional calls from shipping lines as well as foreign 

investment for distribution strategies towards East 

Europe. 

 
 

• North European production moving South or East 

Among other industrial countries, the German industry has shifted, in part, from West and Central to Southern Germany. 

Induced by low labour costs, the centre of gravity of European production of toys and cars has, again in part, moved to Eastern 

Europe. New automotive plants in the Czech Republic, Slovakia and Hungary are examples of this trend.  

 

• A changing society: industrial to services 

An ongoing demographic trend is a gradual change from industrial production to a services industry. In many ports, heavy 

industries previously situated there have over time become obsolete, forcing ports to focus more on light industries and 

services, including tourism.  
 

Moreover, regarding demography and society trends, it 

can be noted that industrial ports have been moved out of 

the cities. For the remaining port activities near the city, 

the city-port relation has become a prime theme. City 

ports nowadays are integrated into daily life. This means 

that they are a place to work, to live and to relax. The port 

authority role is not only to facilitate trade but also to be 

active in getting the society involved in the port with 

festivals, education, sport (sailing) and games events, 

recreation. “the waterfront is part of the city”. 

 

• Cascading 

Cascading means that new and larger ships replace smaller vessels in a trade with the latter transferred to another route 

where at their turn they substitute smaller vessels which again have to be shifted to elsewhere, and so on, with scrapping at 

the end of the line. Often, vessels in the North Europe-Far East trade have been cascaded to the Mediterranean-Asia route 

with the smaller units replaced there now operating in the Transpacific. Early dredging and container crane upgrades are 

among the effects of the cascading of ships.  

 

• Overcapacity and lower freight rates 

Despite the economies of scale offered by larger ships, at the same time, too many of them have been built or ordered by 

carriers losing realities out of sight. Hence the resulting overcapacity is keeping freight rates low. This trend has motivated 

shipping lines to reduce costs through consolidation. An effect of this is that the least economic ships of the merged/new 

entity may become idle.  
 

7.5.2 Financing & Pricing 

A trend identified in Europe is that ports use landlord systems, where the ports must become self-sustainable. This should 

become a prime objective for their commercial activities. Throughout Europe, more and more landlord port authorities have 

become commercialised port authorities. A commercialised port authority is a landlord port authority that acts as a private 
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company. In this sense, it is financially independent of government participation and has a strong focus on marketing, commercial 

relationships and market research. Furthermore, the company’s workforce is rationalised to only include essential functions. A 

commercialised port authority remains a public organisation, which results in a hybrid role, where the port authority operates 

according economic principles and at the same time fulfils public functions. The process of commercialisation could prepare a 

port authority for a step towards corporatisation, in which the public organisation is transformed into a public share company.  

 

The port authority shares will remain to be owned by public authorities (national or city governments), but the port authority 

company will act as a private company. This step towards corporatisation could form the basis for full privatisation, in which the 

shares of the port authority are sold to private shareholders. However, this last step is not often seen in Europe. As part of this 

objective transparent financial reporting is essential. To understand the competitiveness of ports, frequent competitive tariff 

benchmarking as well as productivity comparison should take place in order for the port to continuously update its competitive 

field. Moreover, in order for the ports to maintain a competitive position, aspects related to, among others, automation and 

digitalisation become more important.  

 

In the financing sector, there is a trend towards more private funding rather than public funding. Moreover, the appliance of 

Public-Private Partnerships is often used in areas where the government still wants some control but also desires to benefit from 

the private funding and knowledge in the particular segment. These constructions also open the possibility for private capital to 

be used in project funding. 
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8.1 Introduction 

Containerisation is characterised by a continuous increase of scale. The first full container ship crossing the North Atlantic was 

the Sea-Land-operated “Fairland”. She left Port Elizabeth (New Jersey) on 23 April 1966, to arrive at Rotterdam on 3 May 1966. It 

marked the start of transcontinental deep-sea containerisation. The C2-type cellular containership “Fairland” was 140 meters 

long, nineteen meters wide and twelve meters deep. She had a carrying capacity of 226 x 35-foot containers, equal to 395 TEU, 

of which 105 on deck. The ship was equipped with two gantry cranes, enabling the loading or discharge directly from/onto chassis 

alongside, independently from the quay cranes. Fifty years later, the largest container ship calling Rotterdam has a capacity of 

21,400 TEU, which is 54 times larger than the “Fairland”. Generally, on deck capacity is more than half of the total TEU capacity 

of the vessel. The largest geared containership nowadays measures 4,500 TEU. 

 

Sea-Land’s initial ships were converted tankers or general cargo ships. In 1972, the company received its first purpose-built 

container ships, the somewhat famous 27,400-dwt/1,968 TEU SL-7 class. They had a length of 284 meters, a (Panamax) width of 

32.26 meters and 9.9 meters draft. The SL-7 class units were initially powered by General Electric 45 MW steam turbines providing 

a very high speed of 33 knots (later on reduced to 23 knots). The present largest ships have a length-over-all (LOA) of up to 400 

meters, a beam of up to 59 meters (with a beam of 61.3 meters are meanwhile being built) and a draft of up to 16.5 meters. 

Maximum design speed may be 21 knots, in practice, slow-steaming cruising speeds are between 12 and 17 knots.  

 

The impact of the Ultra Large Container Ship of over 10,000 TEU (ULCS) on ports and container terminals is substantial. Terminals 

are required to adjust their equipment and superstructure to accommodate the vessels. At the same time, because of their larger 

capacities, the number of ships and thus the number services continuously reduce. In 2007, the North Europe-Far East trade 

counted 32 weekly services offering a total capacity of 1.9 M TEU. Ten years later, only seventeen weekly services are offered with 

a corresponding capacity of 2.9 M TEU. 

 

Container shipping joint services, vessel sharing agreements, consortia, Alliances are as old as container shipping itself, as is 

consolidation. Yet, it is unprecedented what happened in this respect in 2016/2017. Huge losses forced carriers to increase the 

scale of their operations and, including one failure, no less than eight traditional liner shipping brands were conveyed to history. 

The April 2017 transformation of East-West Alliances reduced the number of such groupings to three, each factually comprising 

of three (consolidated) operators. The subsequent overhaul of services has seen one terminal losing business and the other 

gaining business. Terminal operators now have to do with (maximum) nine principals in the Europe-Far East trade, various ones 

of them owning shares in container terminals, an expression of vertical integration. Again, back in 2007, the number of carriers 

was up to 21 shipping companies. 

 

However, this might not yet be the end game of container liner shipping as we know it. As recently as March 2018, A.P. Møller 

Maersk unveiled its challenging investment plan to become a full logistics door-to-door integrator, comprising the companies of 

its current Transport and Logistics Division: Maersk Line (liner shipping), APM Terminals (stevedoring), Damco 

(forwarding/logistics), Svitzer (marine services) and Maersk Container Industry (container manufacturing). Moreover, China 

Cosco Shipping Corporation Limited (often referred to as China COSCO Shipping Group) may even beat Maersk in a similar role 

as integrator. All in all, it may certainly not be excluded that, ultimately, there will remain just five East-West operating shipping 

companies. 
 

Today, 52 years later, the current largest container ship is 54 times larger than the vessel which marked the start of 

transcontinental deep-sea containerisation in April/May 1966. During this period, container shipping has proven itself as both a 

critical enabler of globalisation and the main carrier of the resulting worldwide merchandise trade. At the same time, the industry 

has gone through a seemingly never-ending technological development.  

 
  

8 Assessment of Trends in Maritime Transport 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 57 

 

 

This Chapter aims to assess the latest trends and developments, or industry best practices, of maritime container transport. Main 

perspectives assessed in this Chapter are as follows: 

• Section 2 covers the trends and developments related to evolution of the vessels; 

• Section 3 indicates the present and future developments regarding carrier consolidation and Alliances; 

• Section 4 presents the trends and developments within a technological framework; and, 

• Section 5 shows the upcoming regulations faced by container-shipping companies. 
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8.2 The Evolution of Container Vessels 

This section on the evolution of container vessels is structured as follows: 

• Subsection 1 entails an overview of the different vessels types provided; 

• Subsection 2 shows the impact of the vessels on ports, terminals and labour; and, 

• Subsection 3 provides further details on the characteristics of the vessels. 
 

8.2.1 Overview of Major Vessel Types 

Panamax Vessels 

The fact that container ships, since their inception, have constantly been growing in size has a few simple and logical reasons:  

• The growth of world trade; 

• Penetration of the container into the general cargo trade; 

• Economy of scale; and, 

• Greed. 

 

It is generally accepted that the invention of the container for the maritime transport of dry/general cargo has enabled 

globalisation as we know it or in other words: container liner shipping is both a critical enabler of globalisation and the main 

carrier of the resulting worldwide merchandise trade. Already in late 1960, IBM shifted its labour-intensive production from the 

USA and Europe to Japan and subsequently to Taiwan. The assembly of electronics grew fast in the “Asian Tiger” countries as 

Taiwan, South Korea, Singapore and Hong Kong, and later also in other newly industrialising countries such as Malaysia, Thailand, 

Indonesia and even largely self-sufficient India. Consumer brands such as Casio, Hitachi, Mitsubishi, Panasonic, Rico, Sanyo, 

Toshiba and others were shipped in large numbers of boxes to the West. Despite their Japanese names, the products were 

predominantly produced in Taiwan. 

 

In the period until 1988, the penetration of the container into the general cargo trades in combination with the growth of world 

trade caused the size of container ships to grow to 294.3 meters long x 32.29 meters wide (13 boxes wide) x 13 meters draft. This 

coincided with the maximum measurements of the Panama Canal locks from which they derived their “Panamax” designation. 

The first five “post-Panamax” box ships ever were built in 1988 for American President Lines. The length of the 4,500 TEU ships 

was 275.2 meters, beam 39.4 meters (15 boxes wide) x 12.5 meters draft. When launched, the so much larger ships caused a 

severe rate war, ultimately leading to the formation of the - very recently abolished - Transpacific Stabilisation Agreement. At that 

time, American President Lines was a pure Transpacific carrier, which had thus no need to transit through the Panama Canal.  

 

Once the first post-Panamax ships had become operational, gradually similar ships were built (see the post-Panamax deployment 

in Table 8-1). As Panamax was no longer considered a limitation for (intra-) Transpacific or (intra-) Transatlantic services, post-

Panamax ships could grow with the world trade or even faster. An important technical consequence was that, henceforth, ship-

to-shore container gantry cranes had to grow with the size of the increasing container ships in order to be able to handle these 

types of vessels. 

 

Table 8-1: Overview of the Deployment of Post-Panamax Ships 

Built Ships  TEU Deadweight Draft LOA Beam Ct. rows Knots 

2001 Hamburg Express 7,500 100,000 14.5 320 42.8 17 25.0 
2001 P&O Nedlloyd Houtman 6,800 88,700 13.5 299 42.8 17 25.0 
2001 Hyundai Patriot 6,500 80,600 14.0 304 40.0 16 24.4 
2000 MOL Vigilance 4,900 67,300 13.6 294 32.3 12 24.0 
1999 Hanjin Amsterdam 5,600 69,000 14.0 279 40.0 16 26.0 
1998 Svendborg Maersk 8,000 104,700 14.5 347 42.8 17 24.0 
1998 NYK Sirius  6,100 82,300 14.0 300 40.0 16 23.0 
1997 Cosco Qingdao 5,400 69,300 14.0 280 39.8 15 24.5 
1996 Regina Maersk 7,000 82,100 14.0 318 42.8 17 24.5 
1995 OOCL Hongkong 5,300 68,000 14.0 276 40.0 16 25.0 
1988 President Truman 4,500 53,600 12.5 275 39.4 15 24.0 
Deadweight = tonnes; Draft, LOA (Length Over All), and Beam (width) = meters; Ct. rows = boxes across deck; Knots = speed in nautical miles per hour 
Source: Dynamar 
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A somewhat famous ship, shown in Table 8-1, of the post-Panamax ships is the Regina Maersk. She was the first 17-boxes wide 

ship and the industry had not realised that she would have a capacity of 6,000 TEU before she was delivered in early 1996. Later 

on, her actual nominal capacity appeared to have been underrated (a typical Maersk obedience) and was actually 7,000 TEU. 

“Economy of scale” as a term had not yet been invented then, but compared to all Regina Maersk’s predecessors and few 

successors until 2001, she most certainly met this term. 

 

Ultra Large Container Vessels (ULCS) 

When China was, finally, admitted to the World Trade Organisation in December 2001, a massive migration of production from 

the west (and elsewhere) to China took place and production took an enormous boost. Complete factories were shifted from 

Europe, the USA and elsewhere to China which, at least temporarily, disconnected cargo flow developments from economic 

growth and completely overhauled all former forecast techniques: the famous China Factor. China became the factory of the 

world and a period of unbridled growth started, resulting in an explosion of container volumes and introduction of ever-larger 

ships to carry them. 

 

Table 8-2 indicates that within a period of just five years, container vessel sizes increased from 7,500 TEU to 15,600 TEU, meaning 

that the size more than doubled. This growth was in particular caused by the fact that Maersk Line built the first Ultra Large 

Container Ship (ULCS).  

 
Table 8-2: Overview of Vessel Size (2002 - 2006) 

Year Actual ships TEU Deadweight Draft LOA Beam Ct. rows Knots 

2006 Emma Maersk 15,600 158,000 16.0 397 56.4 22 24.0 
2006 CSCL Los Angeles 9,600 112,000 14.5 350 45.6 18 25.0 
2006 Cosco Guangzhou 9,500 108,000 14.5 350 42.8 17 25.4 
2006 CMA CGM Rigoletto 9,400 107,500 14.5 349 42.8 17 24.1 
2006 Hannover Bridge 9,000 99,100 14.0 336 45.8 18 24.5 
2006 CMA CGM Carmen 8,500 101,000 14.5 335 42.8 17 25.0 
2005 MSC Pamela 9,200 110,000 14.5 336 45.6 18 25.0 
2005 Colombo Express 8,800 104,400 14.6 335 42.8 17 25.0 
2004 Adrian Maersk 8,700 109,000 15.0 352 42.8 17 24.0 
2003 OOCL Shenzhen 8,100 99,500 14.5 323 42.8 17 25.0 
2002 Yantian Express 7,500 100,006 14.5 320 42.8 17 25.0 
Deadweight = tonnes; Draft, LOA (Length Over All), and Beam (width) = meters; Ct.rows = boxes across deck; Knots = speed in nautical miles per hour 
Source: Dynamar 

 

In 2002, the year after China had entered the WTO, the top 25 orderbook amounted to 222 newbuilt ships with a cumulative 

capacity of 977,000 TEU or 21% of the existing fleet. The following years, the ongoing trend of fleet expansion continued. In 2003, 

the orderbook of new buildings represented 14% of the current fleet capacity increasing to 31.5% in 2004 and surging to 45% in 

2005, the second highest percentage ever. Many in the container shipping industry thought that this strong growth was here to 

remain forever. The Europe-Far East trade increased by 8% in 2002, 15% in 2003 and 16% in 2004 - for the Transpacific trade, this 

was 16%, 11% and 13% respectively.  

 

As already stated, this strong market induced Maersk Line to build yet another much larger ship than other any vessel operating 

at that time. The Emma Maersk, launched in August 2006, initially stated to have a capacity of 11,000 TEU but was soon rated at 

a more actual 15,600 TEU. Therewith, she was 6,000 TEU or nearly 40% larger than the second biggest vessel, China Shipping’s 

9,600 TEU CSCL Los Angeles. 

 

Worried by the Emma Maersk‘s economy of scale and hence, the corresponding much lower slot costs eroding their market 

share, other carriers followed suit in big numbers, losing realities out of sight. Greed prevailed, and the possibility of a potential 

declining trade was not considered. As expected, the fantastic results did not hold. Not in the last place because of the 2008/2009 

worldwide economic recession. Average growth fell from 11.0% in the period 2000-2005 to only 5.2% in the period 2005-2010, 

which included container shipping’s annus horribilis 2008/2009. For the periods 2010-2015 and 2015-2020, average growth was 

and is estimated at 4.7%. Figure 8-1, on the next page, provides an overview of container growth over the last couple of years.  
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Figure 8-1: Overview of Containerisation (1995 – 2020) 

 
Source: Dynamar  

 

In June 2016, a new set of much larger Panama locks was commissioned which can accommodate ships of 366 x 49 x 15.2 meters 

(length x width x draft). Meanwhile, quite a number of even larger ships has been ordered and built, and as matters are, by late 

2021, 311 ships of between 14,500 TEU and 23,100 TEU will be operating that cannot pass through the enlarged Panama Canal.  

 

Indeed, with Maersk Line’s Emma Maersk as the catalyst for growth, ever more and larger ULCS have been built - no less than 

612 were operating or on order as of late March 2018, with the largest vessel (still under construction) measuring 23,500 TEU. 

 

In September 2018, HMM placed its long awaited -or feared- 20-unit order. Hence, currently 515 ULCS (ships, larger than 10,000 

TEU) are operating, while another 134 vessels, including the HMM ones, are on order. The currently largest existing ship measures 

21,400 TEU, and is operated by Cosco Shipping Line’s subsidiary OOCL. Table 8-3 shows the most recent orderbook as of 

September 2018.  

 

The largest ULCS on order now are the twelve units ordered for HMM, expected to measure 23,400 TEU. They are only 50 TEU 

slightly larger than eleven 23,350 TEU ships under construction for MSC. Unchanged, Evergreen has the largest orderbook: 27 

units, total 381,000 TEU. CMA CGM is, so far, the single company having ordered nine -around 22,500 TEU ships- operating on 

LNG. Whereas the average ULCS measures 14,500 TEU, with 16,600 TEU, all vessels on order are larger than the existing ones, 

measuring 13,900 TEU. 
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Table 8-3: Orderbook – as of September 2018 

Carriers Ships TEU 

sisters/subsidiaries Exist Order Total Average Total 

CMA CGM 84 10 94 13,600 1,281,000 

Cosco Shipping Line 82 13 95 14,900 1,414,000 

Evergreen 25 27 52 14,500 753,000 

Hapag-Lloyd 48 0 48 13,700 655,000 

HMM 9 20 29 17,800 515,000 

Maersk Line 98 4 102 14,600 1,494,000 

MSC 98 18 116 15,200 1,763,000 

ONE 38 7 45 13,800 622,000 

PIL 7 4 11 11,900 131,000 

Reach Shipping 4 0 4 14,500 58,000 

Yang Ming 17 14 31 13,400 417,000 

ZIM 5 0 5 10,300 51,000 

NOO 0 17 17 14,700 250,000 

Grand Total 515 134 649 14,500 9,403,000 

Source: Dynamar 

 

Container Vessel Dimensions 

Table 8-4, and in more detail in Appendix V, gives an overview of the evolution of container ship dimensions from the first post-

Panamax ships onwards, which were launched in 1988. The unbridled growth of post-Panamax ships (old and new) is responsible 

for the fact that terminals have been compelled to follow the ongoing increase of the post-Panamax ship dimensions requiring 

larger quay cranes, deeper water and stronger quays. 

 

Table 8-4: Overview ULCS Container Shipping Dimensions (as of March 2018) 

Number of container rows across deck Total number of ships - average (per unit) Total Capacity (TEU) 

24 and 24+ 20 ships - 23,100 TEU 462,500 

18+ up to 23 105 ships - 19,800 TEU  2,076,700 

NewPostPanamax - 20/21 176 ships - 14,500 TEU 2,552,400 

NewPanamax - 19  250 ships - 12,000 TEU 2,997,000 

SubNewPanamax - 17/18 61 ships - 10,800 TEU 660,700 

Previous PostPanamax - 15/18 Around 1,220 ships - 4,500 TEU to 9,700 TEU  

Source: Dynamar 
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Overall, container ships have continuously been growing in size, initially to accommodate the growth of world trade 

together with the penetration of containers into the general cargo trade. Later on, an enormous decline in freight rates 

and the associated decrease of income caused carriers looking for larger ships because of their economies of scale. 

However, also basic human characteristics, such as greed have always played their part. As the saying goes, many carriers 

just wanted a bigger ship than their competitor. 

 

Initially, the dimensions of the Panama Canal provided for a natural restriction of the size of container ships. After the 

launch of the first post-Panamax ships, this restriction fell away. Maersk Line started building repeatedly vessels much 

larger than anything afloat then, therewith functioning as a tremendous catalyst for container ship growth. Amongst 

others, Maersk Line built, in 2006 already, the first ULCS (Ultra Large Container Ships larger than 10,000 TEU). Since then, 

more than 600 ULCS have been launched or are still in order with the largest units to have an estimated capacity of over 

23,000 TEU. 

 

8.2.2 The impact of ULCS on Ports, Container Terminals and Labour  

Containerships have more than tripled in size in the space of just seventeen years:  

• The largest ship in 2001 operating: P&O Nedlloyd Stuyvesant: 6,800 TEU - February 2001; and, 

• The largest ship in 2018 under construction: MSC Hull 4313: 23,350 TEU - October 2019. 

 

All these ever-larger ships invariably started or will start sailing in the Europe-Far East route. This is a high-density long-haul trade 

with the best relationship between time spent at sea (long) versus time in port (short), therewith reaping the maximum of the 

leviathans’ economies of scale. Without any exception, all 125 units of above 18,000 TEU capacity are even operating in this 

trade.  

 

Container shipping joint services/vessel sharing agreements/consortia/alliances and the like are as old as container shipping itself, 

as is consolidation. However, what has happened with the latter between 2016 and 2018 so far in this respect, is unprecedented 

and again of quite an impact on port and terminal operators.  

 

Overcapacity caused by the ordering of too many large ships and a disappointing trade growth resulted in extremely bad results 

with the subsequent huge losses forcing carriers to increase the scale of their operations: 

• China Shipping was merged into Coscon to form Cosco Shipping Line; 

• APL was acquired by CMA CGM; 

• UASC was merged into Hapag-Lloyd;  

• Hamburg Süd was acquired by Maersk Line;  

• K Line, MOL and NYK decided to merge as ONE;  

• OOCL will be taken over by Cosco Shipping Line; and, 

• Inter alia, Hanjin bankrupted in 2016 and has disappeared.  

 

As a result, no less than nine traditional liner shipping brands will have ceased operations by mid-2018. The year 2017 also saw 

the transformation of four existing East-West Alliances comprising sixteen carriers into three new groupings, factually comprising 

three operators each. Only ten years ago, 21 different carriers were active in the North Europe-Far East trade.  

 

The subsequent overhaul of services saw one terminal losing business and the other one gaining. It is a fact that terminal 

operators in North Europe serving the all-important Far East trade will soon have to do with just nine principals, various of them 

owning a share in container terminals, and all of them a member of one of the three East-West Alliances. It is clear that this has 

weakened the negotiating position of terminals operators.  

 

The impact on ports and container terminals - and therewith on the workforce - of the ULCS has been substantial. Higher and 

heavier ship-to-shore gantry cranes are required, on behalf of which in many cases the quay wall has had to be reinforced or to 

be completely re-built altogether. Often, with the big ships having lengths of 366 meters to 400 meters with draughts of up to 
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16.5 meters, quays or berths had also to be lengthened and dredged, usually the fairway too, this all apart from the costs of the 

new cranes itself. And when ULCSs are delayed, the knock-on effect on the terminal operations is becoming a serious issue.  

 

Despite all this, the above might be worthwhile if the ULCS would bring in new or more business at least. However, apart from 

natural growth, the number of containers loaded and discharged has not increased. On the contrary, because of their larger 

capacities, the number of ships and thus the number of services reduced. In 2007, the North Europe-Far East trade counted 32 

weekly services offering a total capacity of 1.9 M TEU. Ten years later, the number of weekly services was reduced to seventeen, 

representing a total capacity of 2.9 M TEU.  

 

From the above, it is clear that the terminal operators’ investments are not generating sufficient returns. It is understood that, so 

far, no specific efforts have been made to adapt terminal contracts to the changed situation. Terminal operators may well be 

worried of losing ULCS customers, therefore preferring an increase along the ‘old-fashioned’ cost structure: a flat rate per box 

subject to certain variables, rather than looking for new, more innovative pricing ways. As suggested by McKinsey, such manners 

should include variable pricing, hence benefitting both the terminal operator and the container carrier, i.e. a pricing system 

rewarding productivity, including discounts for efficient stowage, charges for delays and inaccuracies of stowage plans and the 

like. In addition to the above: according to IHS Market, there are many inefficiencies in current vessel operations, including: 

• Late arrival of ships; 

• Berth windows not always adjusted for larger vessels; 

• Ships burning fuel to reach unavailable berths;  

• Late notifications of schedule changes; 

• Terminals unable to validate load plans until arrival; and, 

• Poor stowage planning.  

 

The emergence of the ULCS has induced a revolution in containerised cargo handling. Even though the level of automation at 

container terminals is still limited on a global scale, there is an ongoing trend to automate terminal processes and to ‘robotise’ 

the cargo handling equipment. At the moment, APM Terminals expects to make up to 50% moves per hour at its fully automated 

Maasvlakte II facility, while RWG anticipates a crane productivity of 40 moves an hour at its Maasvlakte II automated terminal. 

These statements from the companies themselves cannot be validated elsewhere. But anyway, in both cases, this comes down 

to some 6,000 moves per day working the ULCS with six remotely controlled quay cranes. Obviously, the to-be-strictly-reliable 

stowage plan must allow for a crane intensity of minimum six (or up to nine, if available) quay cranes. As matters are, this is not 

yet the norm.  

 

Irrespective of the number of moves, excluding empties and transhipment cargo, all containers handled at the container terminal 

must be delivered to the consignee or by the shipper. Apart from expanding yard space and equipment, it will increasingly be 

required to start the delivery of inbound containers while the vessel is still discharging. That also has a price: a fast quay crane 

production puts tremendous pressure on the terminal’s storage capacity. Table 8-5 shows how the pressure on the terminal gates 

must have increased over a period of ten years. Overall, many more containers on fewer ships sailing at a substantially lower 

frequency. 

 

Table 8-5: Container ship comparison 2007 to 2017 

Year Ships TEU average Carriers Weekly North Europe - Far East services Full TEU both ways 

2007 267 7,300 21 32 8,900,000 

2017 190 14,900 12 17 15,377,000 

Source: Dynamar 

The impact of the ULCS on ports and container terminals including their workforce has been tremendous: deeper 

draughts, reinforced quays, longer berths, taller and heavier quay cranes were required. At the same time, the number 

of ships to be handled and therewith the frequency of service reduced. As a result, the terminal operator’s investments 

to enjoy the privilege of handling ULCS are not paying off. 
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8.2.3 Further Characteristics of the ULCS  

Ultra Large Container Ship (ULSC) is the generic name for container ships with a nominal container capacity of over 10,000 TEU. 

Because of its sheer size, the ULCS is just a fascinating ship, in particular, 18+ wide vessel types. At the same time, and as debated 

before, but not further discussed here, the ULCS is the vessel that can be held responsible for a substantial impact and forced 

investments on ports and container terminals. 

 

Dynamar is keeping track of all ULCS vessels in operation as well as on order and checks the distribution of the ships over the 

individual operators, both by number, size and type. This, amongst others, reveals a carrier’s flexibility of trading through the new 

Panama Canal with ULCS. If not, such a carrier would basically be condemned to serving the Europe-Far East trade only with such 

large tonnage. It must be said that meanwhile, most carriers deploy SubNewPanamax or NewPanamax vessels in addition to a 

number (or many more) NewPostPanamax units, which cannot pass the new Panama locks. 

 

As of late March 2018, 472 ULCS were operating, while another 140 were on order for delivery into 2021, making up for a total 

of 612 units. After a long, relatively quiet period, fresh orders have picked up of late, starting with CMA CGM and MSC ordering 

ships with a beam of more than 61 meters and a carrying capacity of around 23,000 TEU. Evergreen and Yang Ming placed orders 

in the lower ULCS brackets, in the 11,000 TEU category. Whereas MSC deploys the largest number (92) and at the same time has 

the biggest ULCS fleet on order, namely eleven units of 23,350 TEU each.  

 

Maersk Line, the inventor, initiator and developer of the ULCS with its 2006 launched 15,500 TEU Emma Maersk (meanwhile 

increased to 16,810 TEU) comes second with 92 operating vessels, of which it inherited thirteen from its recent Hamburg Süd 

acquisition. The Danish shipping line still has seven units on order, including the last two of its eleven-strong second-generation 

20,600 TEU triple-E2 class.  

 

Furthermore, Cosco Shipping Line currently uses 69 ULCS, which will be joined by another 25 units of various sizes over the next 

two years. A total of 34 (existing and on order) come from 2016 incorporated China Shipping. Finally, of the biggest ULCS 

operators, CMA CGM presently deploys 27 such ships, including 21 originating from APL. Its sixteen-strong orderbook comprises 

nine 22,850 TEU leviathans, which are bound to become the first ever LNG-powered ULCS. Moreover, thanks to its takeover of 

UASC (22 ULCS), Hapag-Lloyd is leading the next tier with 47 ships (no vessels on order), followed by ONE (the merger (April 1, 

2018) of K Line, MOL and NYK) with total 42 units. Then, including recent orders, staunch loner Evergreen has now 51 ULCS 

operating and in the pipeline and it's equally standalone albeit smaller compatriot Yang Ming has 31 ULSC operating. A relatively 

small number of just six units is being built for the account of non-operating owners. All in all, Table 8-7 and Table 8-8, on the 

following page, provides an overview of all carriers as well as per Alliance, all as of late March 2018. 

 

ULCS can be distinguished in five different types, of which the designations speak for themselves. The large new post-Panamax 

types, the 18k+ ones, in particular, may speak to everybody’s imagination, the two new-Panamax ULCS variations basically are 

the much more flexible vessels, capable as they are of trading worldwide. See Table 8-6 for an overview of the five vessel types. 

 
Table 8-6: Overview Vessel Types 

Vessel type   

SubNewPanamax (SNP) 17 to 18 boxes wide across deck able to cross the Panama Canal 

NewPanamax (NP) 19-boxes wide across deck able to cross the Panama Canal 

NewPostPanamax (NPP) 20 to 21-boxes wide across deck cannot pass through Panama Canal 

18,000 TEU+ 23-boxes wide across deck cannot pass through Panama Canal 

22,000 TEU+ 24-boxes wide across deck cannot pass through Panama Canal 

Source: Dynamar - as of March 2018 
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Effective June 2018, the Panama Canal Authority increased the maximum vessel beam from 49.0 meters to 51.25 meters. 

Maximum length remained unchanged 366.0 meters. As breadths and lengths vary, some ships with a width of 51.25 meters 

may still be too long to pass through and those with a length of 366.0 meters may just be too wide. Anyway, as of June 2018, the 

total number of ULCS, operating and on order, able to cross the Panama Canal (NewPanamax) became 383 and those which 

cannot (NewPostPanamax) 245. This development is of particular interest for the Far East-US East Coast trade.  
 
Table 8-7: Distribution per carrier of the various ULCS types - as of March 2018 

 Carriers Ship types Ships Capacities 
 

SNP NP NPP 18k+ 24k+ Exist Order Total Average TEU Total TEU  

CMA CGM 28 28 25 3 9 77 16 93 13,700 1,270,000 

CoscoSL 9 37 20 28 - 69 25 94 15,000 1,406,000 

Evergreen - 20 20 11 - 20 31 51 14,500 739,000 

Hapag-Lloyd - 30 11 6 - 47 - 47 13,700 645,000 

Hyundai 1 18 - - - 17 2 19 11,800 224,000 

IRISL - 4 - - - 1 3 4 14,500 58,000 

Maersk Line 13 36 19 31 - 92 7 99 14,800 1,456,000 

MSC 4 43 32 20 11 92 18 110 15,400 1,693,000 

ONE - 11 25 6 - 33 9 42 13,800 580,000 

PIL - 12 - - - 4 8 12 11,900 143,000 

Yang Ming 1 10 20 - - 16 15 31 13,900 402,000 

ZIM 3 1 - - - 4 - 4 10,300 41,000 

NOO 2 - 4 - - - 6 6 13,700 82,000 

Grand total 61 250 176 105 20 472 140 612 13,600 8,739,000 

Source: Dynamar 

 
Table 8-8: Distribution per Alliance of the various ULCS types - as of March 2018 

 Carriers Ship types Ships Capacities 
 

SNP NP NPP 18k+ 24k+ Exist Order Total Average TEU Total TEU  

Maersk Line 13 36 19 31 - 92 7 99 14,800 1,456,000 

MSC 4 43 32 20 11 92 18 110 15,400 1,693,000 

Hyundai 1 18 - - - 17 2 19 11,800 224,000 

2M+ 18 97 51 51 11 201 27 228 42,000 3,373,000 

CMA CGM 28 28 25 3 9 77 16 93 13,700 1,270,000 

CoscoSL 9 37 20 28 - 69 25 94 15,000 1,406,000 

Evergreen - 20 20 11 - 20 31 51 14,500 739,000 

Ocean Alliance 37 85 65 42 9 166 72 238 43,200 3,415,000 

Hapag-Lloyd - 30 11 6 - 47 - 47 13,700 645,000 

ONE - 11 25 6 - 33 9 42 13,800 580,000 

Yang Ming 1 10 20 - - 16 15 31 13,900 402,000 

THE Alliance  1 51 56 12 0 96 24 120 41,400 1,627,000 

Three Alliances 56 233 172 105 20 463 123 586 14,400 8,361,000 

Source: Dynamar 
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Note that not all ULCS of the individual Alliance carriers are deployed in services operated in the said Alliance. As the name says, 

the East-West Alliances only cover the three East-West trades (plus sometimes the Middle East). Individual carriers may also use 

ULCS in trades connecting the Far East with destinations such as East and West Coast South America, Middle East and Indian Sub-

Continent, West Africa. Many ULCS, which started to operate in the Europe-Far East trade, have been cascaded to other trades 

after they had been replaced by yet a larger Europe-Far East unit. Table 8-9 shows the total number of ships per ULCS type as 

well as their average and total capacities. 

 
Table 8-9: Number of Ships per ULCS Type  

ULCS Ships Capacities 

All Exist Order Total Average TEU Total TEU  

24k+ 0 20 20 23,100 463,000 

18k+ 75 30 105 19,800 2,077,000 

cc/u 151 25 176 14,500 2,552,000 

cc/v 187 63 250 12,000 2,995,000 

cc/v SP 59 2 61 10,800 661,000 

Grand Total 472 140 612 14,300 8,748,000 

Source: Dynamar - as of March 2018 

 

Since the opening of the enlarged Panama Canal in June 2016, ULCS have become categorised in ships that can pass 

through the enlarged Canal (311 units) and ships that cannot (301 units) - status as of March 2018. In general, this section 

provides tables on various characteristics of the different ULCS per shipping line as well as per vessel type or Alliance. 

Latest newbuilding orders still show an ongoing trend of ever-increasing vessel sizes. 
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8.3 Present and Future Developments in Carrier Consolidation and Alliances 

8.3.1 Recent Development of Alliances and Carrier Consolidation  

May 2016 saw the start of a period of unprecedented consolidation, which has seen nine traditional carrier brands, comprising 

nearly half of the January 2016 Top 20 Container Liner Operators, consigned to history. Too many too big ships and a lacklustre 

trade growth resulted in extremely bad results with the subsequent huge losses forcing carriers to increase the scale of their 

operations: 

• China Shipping merged into Coscon (February 2016); 

• Acquisition of APL by CMA CGM (June 2016); 

• Hanjin’s sad going under (September 2016 - officially declared bankrupt 17 February 2017); 

• Merger of UASC into Hapag-Lloyd (March 2017); 

• ONE, joint-venture between (the container divisions of) K Line, MOL and NYK (April 2018); 

• Maersk Line to acquire Hamburg Süd (late 2017); and, 

• Cosco Shipping Line (CoscoSL) to acquire OOCL (2Q2018). 

 

Upon the effectuated mid-2018 completion of all the above mergers and takeovers, a breed of seven millionaires had emerged, 

dwarfing their fourteen remaining peers in the present Top 20 Container Liner Operators (excluding pure feeder operators and 

domestic carriers.  

 

As can be noticed in Table 8-10 on the following page, the current seven ‘millionaires’ hold a share of 77% of the total liner fleet. 

According to this table, the fleet of Maersk Line is eleven times larger than the operated capacity of carrier number 10, i.e. ZIM. 

The top twelve carriers in Table 8-10 are all operating on the arterial East-West routes (Europe-Far East, Transpacific, 

Transatlantic), although this is currently restricted to the Transpacific-only for nine (PIL) and twelve (Wan Hai). Besides, the top 

eight carriers of Table 8-10 are all a member of one of the three East-West Alliances: 2M, Ocean Alliance and THE Alliance. 

Hyundai (number eleven) is an associated member of 2M. Moreover, ZIM (number ten) is the only standalone East-West 

operator. 

 

It requires little imagination to conceive that the ability for the five East-West “non-millionaires” to successfully compete with the 

millionaires is small. The latter enjoy much larger economies of scale, which will further increase once the consolidation is further 

implemented. Moreover, as consolidation, unavoidably, will go on and it is expected to hit the remaining non-millionaire East-

West carriers in particular. The following assumptions and speculations are made with respect to the carrier landscape: 

• CoscoSL to acquire PIL; 

• Wan Hai to merge with PIL; 

• Yang Ming to merge with Evergreen; 

• Hyundai to merge with SM Line (quasi successor of Hanjin); and, 

• And in the mid-term perhaps even: Maersk Line will take over Hapag-Lloyd. 
 

Two smaller South Korean intra-Asia operators, Heung-A and Sinokor have just decided to merge their 101,000 TEU container 

business (already taken into account in Table 8-10). After completion, they may join Hyundai Merchant Maritime to form a larger 

and stronger entity. In addition, consider the following notes: 

• It is certainly not to be excluded that the smaller millionaires could merge; 

• Generally, Israeli carrier ZIM is considered to represent too much of a political risk; and, 

• Wan Hai may rather decide to fully focus on larger intra-Greater Asia. 
 

With the exception perhaps of SM Line (currently ranking 20), Dynamar does not see a new East-West operator of substance 

emerging on the mid- or even long term. Although smaller niche carriers such as the predominantly intra-Asia operators KMTC, 

SITC, T.S. Lines, Sinotrans and others may incidentally be of interest for main carriers to acquire, their individual sizes will not 

contribute to a fast building up to millionaire status. 

 

Consolidation is the basis for improvement of the container liner industry’s performance. Larger lines can deliver significant 

synergies (2% to 8% according to McKinsey) and therewith earn higher margins. The resulting economies of scale and resulting 
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higher levels of efficiency are generally passed on to shippers in the form of lower rates. Therefore, consolidation has a two-sided 

interest: carriers and shippers alike.  

 

Table 8-10: Top 20 Container Liner Operators  

  Existing Orderbook 

Rank Operator Ships TEU Ships TEU share 

1 Maersk Line 763 4,151,000 15 147,000 4% 

2 MSC 514 3,229,000 18 332,000 10% 

3 CoscoSL/OOCL 452 2,588,000 25 444,000 17% 

4 CMA CGM  498 2,527,000 20 278,000 11% 

5 Hapag-Lloyd 220 1,579,000 - - - 

6 ONE 232 1,499,000 9 126,000 8% 

7 Evergreen  196 1,089,000 45 482,000 44% 

8 Yang Ming  108 646,000 5 70,000 11% 

9 PIL (Pacific International Line) 134 409,000 8 73,000 18% 

10 ZIM 78 373,000 - - - 

11 Hyundai Merchant Marine 63 340,000 2 22,000 7% 

12 Wan Hai  92 242,000 - - - 

13 KMTC 60 127,000 8 16,000 13% 

14 SITC 76 104,000 10 16,000 15% 

15 Sinokor/Heung-A 81 101,000 - - - 

16 IRISL  46 96,000 4 58,000 60% 

17 Arkas Line 42 73,000 4 12,000 17% 

18 T.S. Lines 34 73,000 4 6,000 8% 

19 Sinotrans 39 62,000 - - - 

20 SM Line  14 54,000 - - - 

Top 20 operators 3,742 19,359,000 177 2,081,000 11% 

World fleet 5,233 21,509,000 347 2,652,000 12% 

Share Top 20 operators 72% 90% 51% 78% - 

7 Millionaires 2,875 16,661,000 132 1,808,000 11% 

Share millionaires of the Top 20 77% 86% 75% 87% - 

Share millionaires or the World fleet 55% 77% 38% 68% - 

Source: Dynamar - as of late March 2018 

 

However, shipping lines covering the arterial East-West routes may be expected to come down to four or five (multi-) millionaire 

entities at most. Some of them may become large enough to develop as a standalone integrator, controlling all hardware and 

software to operate the full house-house supply chain: ships, terminals, barges, trucks, trains, forwarding/logistics. The first 

candidate to embark of this path (if not already more than halfway) can only be Maersk Line, heading A.P. Moller-Maersk’s 

Transport and Logistics division, furthermore comprising APM Terminals (terminals), Damco (forwarding/logistics), Svitzer 

(marine services) and Maersk Container Industry (container manufacturing). Cosco Shipping Line including all its associates will 

most probably the first to follow suit.  
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8.3.2 Historical Development of Alliances and Carrier Consolidation  

In January 2015, four East-West Alliances kicked off, replacing various Vessel Sharing Agreements (VSA) and the like, and shipping 

lines operating standalone until then. These four Alliances comprised the following carriers: 
 

- 2M  - Maersk Line, MSC 

- CKYHE Alliance  - Coscon, Evergreen, Hanjin, K Line, Yang Ming 

- G6 Alliance  - APL, Hapag-Lloyd, Hyundai, MOL, NYK, OOCL 

- Ocean Three  - China Shipping, CMA CGM, UASC 

 

Carrier consolidation, as discussed above, and of which the end may not yet be in sight, was an important reason for a reshuffle 

of the January 2015 Alliances, which took effect April 2017 to become as follows: 

 

- 2M+  - Maersk Line, MSC, Hyundai (associated member)  

- Ocean Alliance  - CMA CGM/APL, CoscoSL (including China Shipping), Evergreen, OOCL (to become part of CoscoSL) 

- THE Alliance  - Hapag-Lloyd/UASC, K Line, MOL, NYK (the three Japanese lines to merge as ONE), Yang Ming 

 

With respect to any possible developments in the East-West Alliances composition, this will no doubt become subject to carrier 

consolidation too. 

  
The reshuffle of the January 2015 Alliances into those having become effective 

in April 2017 was indeed (largely) induced by: 

• China Shipping (OCEAN 3) merged into CoscoSL (CKYHE); 

• APL (G6) acquired by CMA CGM (OCEAN 3); 

• Hanjin (CKYHE) going under; 

• UASC (OCEAN 3) merged into Hapag-Lloyd (G6); 

• K Line (CKYHE), MOL (G6) and NYK (G6) to merge as ONE; and, 

• Maersk Line (2M) to acquire Hamburg Süd (not an Alliance carrier). 

 

And after April 2017: 

• OOCL (was G6, became OCEAN ALLIANCE) to be acquired by CoscoSL 
        (was CKYHE, became OCEAN ALLIANCE). 

 

With reference to the rumoured and speculated merger or takeover 

candidates in the previous section. If realising at all, these would have a 

moderate impact on the present Alliances structure, albeit with one huge 

exception:  

• CoscoSL (Ocean Alliance) to acquire PIL (no Alliance); 

• Wan Hai (no Alliance) to merge with PIL (no Alliance); 

• Yang Ming (THE) to merge with Evergreen (Ocean Alliance); and, 

• Hyundai (2M associated) to merge with SM Line (no Alliance). 

 

And in the mid-term perhaps: 

• Maersk Line (2M) to take Hapag-Lloyd (THE). 
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Also, without new mergers and acquisitions, the number of partners per Alliance will reduce to just three upon all current 

consolidations concluded by (probably) mid-2018: 

 

- 2M+  - Maersk Line, MSC, Hyundai (slot partner; renamed HHL)  

- Ocean Alliance  - CMA CGM (incl. APL), CoscoSL (incl. OOCL), Evergreen 

- THE Alliance  - Hapag-Lloyd (incl. UASC), ONE (K Line, MOL, NYK), Yang Ming 

 

According to Federal Maritime Commission filings, the duration and termination of the relevant agreements are as follows: 

2M Minimum ten years from 1 February 2015 onwards, i.e. 31 January 2025; 

 To resign: minimum two years written notice; and, 

 Hyundai: three-year contract from 1 April 2017 involving slot purchases (Europe-Far East, Transatlantic) and 

slot exchanges (Transpacific) on the East-West routes. 

 

OCEAN Alliance Minimum five years from 3 January 2017 onwards, i.e. 2 January 2022; 

 Automatic extension by five years if no partner withdraws; and, 

  To resign: twelve months advance notice, but not prior to 31 March 2021 or 31 March 2026 in case of 

extension.  

 

THE Alliance Until 1 April 2022 from the effective date of 21 September 2017; 

 Automatic extension additional one-year terms; and, 

 To resign: twelve months written notice but not prior to 1 April 2020. 

 

In all, considering the above and subject to cross-Alliance mergers or take-overs occurring, Dynamar does not expect any material 

change in the composition of the current three East-West Alliances over the next five years. 

 

As of early April 2018, weekly nominal capacities by trade lane as operated by the three Alliances was as shown in Table 8-11. As 

it appears, with 330,000 TEU, the Ocean Alliance currently operates the largest capacity in the Transpacific trade (Far East-North 

America West and East Coast). With 324,000 TEU, 2M (including the Transpacific capacity deployed by Hyundai) comes second 

and is also the largest in the North Europe and Mediterranean-Far East trade and the Transatlantic. THE Alliance is the smallest 

of the three: 267,400 TEU total, nonetheless, on the Transpacific trade, it beats 2M. Table 8-11 does not include the increasing 

capacity of Alliance services connecting with the Middle East. 

 
Table 8-11: Alliances, Weekly Distribution of Capacities over the three East-West Trades 

Carrier Europe-Far East Transpacific Transatlantic East-West 

Maersk Line/ 76,200 73,200 21,300 170,700 

MSC 79,100 17,100 40,000 136,200 

Hyundai 0 17,000 0 17,000 

2M+  155,300 107,300 61,400 324,000 

CMA CGM 53,600 64,400 12,700 130,600 

CoscoSL/OOCL 36,200 80,300 8,500 124,900 

Evergreen 33,500 39,200 1,700 74,400 

Ocean Alliance 123,300 183,900 22,800 330,000 

Hapag-Lloyd 41,600 29,100 23,200 93,900 

ONE 40,200 70,100 17,600 127,800 

Yang Ming 21,100 19,900 4,700 45,700 

THE Alliance 102,900 119,100 45,400 267,400 

3 Alliances 381,500 410,300 129,600 921,400 

Source: Dynamar  



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 71 

 

 

 
Assuming a well-functioning market, fewer carriers basically means: 

• Higher freight rates (to be paid by shippers); 

• Lower terminal costs (to be paid by carriers); and, 

• Higher inland transport rates (to be paid by forwarders/shippers).  

 

However, the container shipping market seldom behaves normally or according to expectations. What it will be in practice 

remains to be seen, time and again. 
 

Extremely bad financial results, induced by overcapacity, caused carriers to increase the size of their operations through 

consolidation. Thirteen shipping companies were involved in consolidation in the period of 2016-2018 to date, of which 

nine were consigned to history. Currently, there are seven carriers operating more than 1 M TEU while the fleet of the 

number one is nearly 77 times as large as the fleet of carrier number 20, which is an unsustainable situation. Hence, 

further consolidation, in the East-West container trades, is unavoidable and a maximum number of four to five carriers 

are expected to play a considerable role in the future. It would make Alliances in their present form superfluous.  

 

8.3.3 European Ports Handling ULCS 

First, this section discusses the North Europe-Far East trade, after which a presentation of the Mediterranean-Far East trade is 

given. 

 

The North Europe-Far East Trade 

As of late February 2018, 200 ships of 15,500 TEU average, ranging between 8,800 TEU and 21,400 TEU, operating in eighteen 

weekly North Europe-Far East services were making 80 calls at fifteen different ports during their North Europe rotation in the 

Gdansk – Sines range. Rotterdam accommodated seventeen of these calls, followed by Hamburg with twelve weekly calls. With 

nine calls each, Antwerp and Felixstowe headed the single-digit top league, followed by Le Havre (seven) and Southampton (six), 

while Bremerhaven (five) and Wilhelmshaven/JadeWeserPort (four) being the best of the rest.  

 

Rotterdam, Le Havre and the English ports of Felixstowe and Southampton, in that order, are theoretically best placed to handle 

transhipment boxes, taking into consideration their number of first and last calls. In reality, it is the (three) German ports and the 

so-called Westports (Rotterdam and Antwerp) where feeders pick up the vast majority of boxes ultimately destined for or 

originating from ports in the Baltic/Scandinavia, UK/Eire and Northern Spain/Portugal. Gdansk is handling Baltic transhipment as 

well. 

 

Altogether, Table 8-12, on the next page, provides an overview of the port calls and vessel deployment in the North Europe-Far 

East trade. 
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Table 8-12: Overview of the Port Calls and Vessel Deployment on the North Europe-Far East Trade 

All Ports Total Calls First Port Last Port Largest Ship (TEU) 

Aarhus 1 0 0 20,600 

Antwerp 9 1 1 20,600 

Bremerhaven 5 1 0 20,600 

Dunkirk 1 0 0 20,800 

Felixstowe 9 3 2 21,400 

Gdansk 2 0 0 21,400 

Gothenburg 1 0 0 21,400 

Hamburg  12 0 0 20,600 

Le Havre 7 1 6 20,600 

London 2 0 2 14,200 

Rotterdam 19 8 5 21,400 

Sines 1 1 0 15,300 

Southampton 6 3 2 20,800 

Wilhelmshaven 4 0 0 21,400 

Zeebrugge 1 0 0 13,900 

Totals 80 18 18 - 

Source: Dynamar 

 

The North Europe-Far East trade is where the largest ULCS are being accommodated. If such a ULCS is replaced by yet a bigger 

unit, it will be cascaded to another trade. The North Europe-Far East route it a high-density one, all 125 ships with a capacity of 

18,000+ TEU are -without any exception- operating in this trade.  
 
On the next page, Table 8-13 the vessel deployment of the three main Alliances operating on the North Europe-Far East trade. 

 

From this table, it is noted that the 2M Alliance (Maersk Line and MSC) is operating the largest number (74) of large ULCS, 

including 26 units of 18,000 TEU, 24 ships of 19,000 TEU and nine of 20,000 TEU each. Beyond doubt, the smaller units will be 

replaced as soon as the next larger newbuildings become available. 

 

Besides, the Ocean Alliance has a much larger variety of ships (73) operating in the North Europe-Far East trade, including eight 

smaller than ULCS numbers. These eight are all deployed in a recently started smaller scale South East Asia loop, including calls 

at Jakarta, the only service going there. Thirty-three ships (12,000/14,000 TEU) vessels can pass through the Panama Canal. 

 

In addition, THE Alliance operates the smallest number of vessels (53), including one service not using ULCS at all. However, this 

grouping deploys six ULCS in the 19,000 TEU category (Hapag-Lloyd, ex UASC) and another six in the 20,000 TEU bracket (ONE, 

ex MOL). 
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Table 8-13: Number and Size of Ships per Alliance operating in the North Europe-Far East Trade 

Alliance Ship Average TEU Total TEU 

    

2M 74 18,300 1,353,000 

10,000 1 10,800 11,000 

13,000 4 13,100 52,000 

15,000 4 15,500 62,000 

16,000 6 16,800 101,000 

18,000 26 18,300 477,000 

19,000 24 19,400 465,000 

20,000 9 20,600 185,000 

Ocean Alliance 73 14,600 1,066,000 

5,000 6 5,200 31,000 

6,000 1 6,600 7,000 

9,000 1 9,400 9,000 

12,000 2 12,600 25,000 

13,000 26 13,700 357,000 

14,000 14 14,200 199,000 

16,000 3 16,000 48,000 

17,000 6 17,800 107,000 

18,000 5 18,900 95,000 

19,000 1 19,300 19,000 

20,000 8 21,200 169,000 

THE Alliance 53 13,900 738,000 

8,000 2 8,800 18,000 

9,000 12 9,200 111,000 

10,000 5 10,000 50,000 

13,000 2 13,900 28,000 

14,000 20 14,500 291,000 

19,000 6 19,900 119,000 

20,000 6 20,200 121,000 

Total ships 200 15,800 3,157,000 

Source: Dynamar 
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The Mediterranean-Far East Trade 

As of late February 2018, 139 ships of 11,200 TEU average, ranging between 4,600 TEU and 16,800 TEU, operating in thirteen 

weekly Mediterranean-Far East services were making 82 calls at no less than 28 different ports during their Mediterranean 

rotation (West Mediterranean, Adriatic, Black Sea, Greece/Turkey, Levant and North Africa). 

 

Istanbul/Ambarli, Malta, Piraeus and Valencia are handling the largest number of calls, i.e. six weekly calls each. Barcelona and 

Genoa come second with five calls each, followed by four ports, each with four calls: Haifa, La Spezia, Marseilles/Fos and Port 

Said East. Finally, three calls per week are handled by Ashdod, Beirut, Gioia Tauro and Koper. Lastly, six ports get two calls per 

week and eight have to satisfy themselves with just a single call. 

 

Piraeus, Port Said East, Malta and Damietta, in that order, are the most important transhipment ports, which also appears from 

their first or last port position. Interestingly, the important Gibraltar Strait hubs of Tangier-Med and Algeciras are not served by 

Mediterranean-Far East services, but North Europe-Far East operations instead. Four of the latter also have Piraeus on the 

schedule. Table 8-14, on the coming page, provides a comprehensive overview of the port calls and vessel deployment on the 

Mediterranean-Far East trade. 

 

Table 8-14: Overview of the Port Calls and Vessel Deployment on the Mediterranean-Far East Trade 

All ports Total calls First port Last port Largest ship (TEU) 

Alexandria 1 0 0 8,500 

Ashdod 3 3 0 10,600 

Asyaport 1 0 0 15,300 

Barcelona 5 1 0 16,800 

Beirut 3 0 1 16,700 

Constanta 1 0 0 10,600 

Damietta 2 0 2 8,800 

Genoa 5 1 0 16,700 

Gioia Tauro 3 0 0 16,800 

Haifa 4 0 1 13,600 

Istanbul/Ambarli 6 0 0 15,300 

Izmit/Evyap 1 0 0 10,600 

Izmit/Yarimca 1 1 0 15,300 

Izmir 1 0 0 14,200 

Koper 3 0 0 13,600 

La Spezia 4 0 0 16,800 

Malta 6 3 1 16,800 

Marseilles/Fos 4 0 0 16,700 

Mersin 2 0 1 14,200 

Novorossisk 1 0 0 5,600 

Odessa 2 0 0 5,600 

Piraeus 6 1 3 15,300 

Port Said East 4 2 2 16,500 
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All ports Total calls First port Last port Largest ship (TEU) 

Port Said West 2 1 1 10,600 

Rijeka 2 0 0 13,600 

Trieste 2 0 0 13,600 

Valencia 6 0 1 16,800 

Venice 1 0 0 7,000 

Totals 82 13 13 - 

Source: Dynamar 

 

The Mediterranean-Far East trade is the second largest (after North Europe-Far East) if it comes to the deployment of ULCS. Many 

of these vessels may have been cascaded from the North Europe route indeed. Currently, the largest ULCS trading in the 

Mediterranean are 16,000 TEU - the largest number of ULCS used are in the 14,000 and 13,000 TEU categories, fourteen and 

thirteen units, respectively. 

 

As can be seen in Table 8-15 which indicates the vessel deployment per Alliance, the 2M Alliance (Maersk Line and MSC) operates 

the largest ULCS (47 in total in four services), ranging between 10,000 TEU and 16,000 TEU, including 3 x 15,000 TEU and 5 x 

16,000 TEU. The switch to a full ULCS fleet here too was factually enabled upon the commissioning of MSC’s Asyaport (Turkey), 

which allowed it to put a stop to its previous direct Black Sea services using smaller vessels, now served with transhipment at the 

Turkish port.  

 

Furthermore, the 48 ships operated by the Ocean Alliance’s five Mediterranean-Far East services have a large variety here too, 

ranging between the 5,000 TEU and 14,000 TEU categories. Also, the three services operated by THE Alliance (29 ships) range 

between 7,500 and 14,000 TEU, the latter representing the largest number (13 ships with 14,100 TEU average vessel capacity). 

Then, ZIM is the single standalone carrier operating East-West services (not from North Europe), for which it uses relatively small 

ships: fifteen vessels of 4,000/5,000 TEU category. These focus on serving Marmara and Black Sea destinations.  
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Table 8-15: Number and Size of Ships per Alliance - Mediterranean-Far East Trade 

Alliance Ships Average TEU Total TEU 

2M 47 13,900 652,000 

10,000 2 10,900 22,000 

11,000 1 11,000 11,000 

13,000 21 13,300 280,000 

14,000 15 14,000 210,000 

15,000 3 15,300 46,000 

16,000 5 16,700 83,000 

Ocean Alliance 48 10,000 479,000 

5,000 2 5,600 11,000 

6,000 6 6,400 38,000 

7,000 3 7,000 21,000 

8,000 6 8,400 50,000 

9,000 7 9,200 65,000 

10,000 4 10,300 41,000 

11,000 8 11,300 91,000 

13,000 8 13,200 106,000 

14,000 4 14,000 56,000 

THE Alliance 29 12,200 355,000 

7,000 1 7,500 8,000 

8,000 8 8,500 68,000 

13,000 7 13,700 96,000 

14,000 13 14,100 183,000 

ZIM 15 4,600 69,000 

4,000 11 4,400 48,000 

5,000 4 5,200 21,000 

Grand Total 139 11,200 1,555,000 

Source: Dynamar 

 
 
 

The North Europe-Far East trade followed by the Mediterranean-Far East trade is where the highest amount of the largest 

ULCS are operating in the world. In North Europe, fifteen ports are served by such large ships, whereas in the 

Mediterranean area no less than 28 ports are called by ULCS. 
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8.4 The Technological Impact on Container Shipping 

There is a variety of technological advances, all at different stages of development and exposure, that is gradually implemented 

in the shipping sector. For the most part, these involve the potential application of advanced technology to the benefit of shipping 

in terms of efficiency. However, one technology could represent a potential threat to the types of cargoes that containers have 

been carrying.  

 

Unavoidably, some of the findings discussed in this section may also be part of the previous Chapter on trends in cargo handling. 
In this Chapter, they should be seen in the perspective of trends in maritime transport. 

 

Until now, new technologies and corresponding applications did not always deliver the expected cost savings. As a result, some 

of the projects or applications currently being trialled could be very different to the concept(s) that eventually achieve widespread 

acceptance. 

 

Much, if not all of the below aspects belong to what some have called the Fourth Industrial Revolution (4IR), which is based 

around computerised networks. Earlier technical and economic revolutionary developments were based on steam (1st Industrial 

Revolution), oil (2nd) and digital/satellite (3rd). The following technology-driven areas have been identified as hosting potential 

disruptors to the currently accepted ways of working within the supply-chain: 

• Platforms and experience: multi-connected technologies as the internet and internet of things; 

• Visibility and transparency: administration through blockchain and similar technologies;  

• Advanced manufacturing: additive manufacturing and industrial internet of things; 

• E-commerce and omni-channel: the variety of ways consumers are served (internet or bricks and mortar retailing); 

• Automation: including robotics and artificial intelligence; 

• New modes of transport: for example, hyperloop and drone-delivery. 
 

8.4.1 Digital Currencies 

Digital currencies are, as their name implies, currencies that 

are only available in digital form; they have no paper notes 

or coins. They take various forms as decentralised and 

unregulated “virtual currencies” or “cryptocurrencies” 

(which are a form of virtual currencies), or “central bank 

digital currency”, although the latter is still theoretical as no 

central bank has yet issued such. As a result, most of the 

world’s attention has been upon virtual and 

cryptocurrencies, of which there are said to be more than 

one thousand different types. The most well-known is 

Bitcoin, the original form of which dates to 2009. 

 

Throughout the business world, Bitcoin has been gaining acceptance as a form of payment. Although, Bitcoin is a form of 

currency, it behaves more like a commodity. One of the characteristics of virtual currencies is that there is a finite supply, much 

like commodities, with bitcoin circulation limited to 21 M. Users now also see it as a form of investment or perhaps a form of 

payment. Yet, for all this, it is actually the blockchain technology underpinning Bitcoin and its peers that are considered to have 

the greatest potential impact on shipping. 

 

8.4.2 Blockchain 

The blockchain technology, earlier addressed in the previous Chapter on cargo handling, is the cornerstone of the 

cryptocurrency’s success and reputation as a secure trading platform. It was originally used to ensure (trusted) financial 

transactions between two parties without the need to involve intermediaries like banks. The blockchain is currently “a la mode”, 

like autonomous shipping was in 2017 and 3D-printing was five-years ago. Unlike 3D-printing, blockchain technology is attracting 

serious interest from the shipping industry with many engaging in studies and trials to ascertain its usefulness. This contrasts with 

the much slower move towards autonomous shipping, for example, which is punctuated with a few examples only.  

Virtual Currency 
A virtual currency has been defined by the European Central Bank 
as “a type of unregulated, digital money, which is issued and 
usually controlled by its developers, and used and accepted 
among the members of a specific virtual community” and by the 
USA Department of Treasury “a medium of exchange that 
operates like a currency in some environments, but does not have 
all the attributes of real currency”. 
 
The etymology of the word “crypto” can be found in the Greek 
word “kryptós” which means “hidden”. For cryptocurrencies, 
they use cryptography to secure transactions, create additional 
units and confirm asset transfers.  
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A blockchain is based on records of information (blocks) linked to each other and secured using cryptography. Each block contains 

a pointer to a previous block known as a hash – a mathematical algorithm – plus transaction data and a timestamp. The 

blockchain grows continuously, but due to the design, data cannot be changed retroactively unless all subsequent blocks are 

amended, something which would require the agreement of many more network participants (actually, the network majority). 

The process is often described as a public ledger and many are enthusiastic as to the potential benefits and changes it could bring 

across the entire contractual process. Proponents point to the following advantages that blockchain could bring: 

• Security: Information is encrypted and cannot be altered retroactively by any individual, protecting against fraud and other 
generally corrupt activities; 

• Quick and cheap: Blockchain can save massive amounts of time and costs due to the ease of completing the procedures. 
Exchanging information can be done in a matter of minutes, which can save companies considerable costs related to 
paperless administration, documentation, delays in procedures and discrepancies. Examples of the inefficiencies that 
could be reduced using blockchain include: 

• A single consignment can involve as many as 30 individuals or entities with more than 200 different communications. 
The associated administration could account for as much as 20% of the transport cost; 

• A shipment could need more than 20 different documents but up to 70% of the data is duplicated; and, 

• Transparency: Information is stored in such a way that anyone with an access key can access it, giving full transparency to 
market (network) participants. Parties can also have access to transactions previously performed by the counter-party, 
thus allowing them to make a more informed decision on who they wish to trade with. 

 

Considering the number of parties involved in a single consignment, with perhaps up to 50 points where critical information is 

handed over, for example, the attractiveness and potential benefits to be gained from utilising this technology are clear. 

Unsurprisingly various players in the container shipping market are currently looking at blockchain’s potential, with some of these 

organisations competing to develop the technology that the shipping industry could adopt universally. 

 

Below a sum-up of recent blockchain initiatives, specifically for maritime shipping, is given:  

• Aug-Sep 2017: Hyundai Merchant Marine conducts a pilot voyage for reefer containers from South Korea to China using 
blockchain technology; 

• Sep 2017: Maersk, EY, Microsoft and Guardtime announce their intention to launch the world’s first blockchain platform for 
marine insurance with a target launch of start-2018; 

• Late-2017: ZIM, working together with technology company Wave and supply-chain company Sparx Logistics, moved a 
number of containers from China to Canada where all documentation was processed and exchanged via blockchain 
technology; 

• End-2017: a consignment of 3,000 tons of wheat from Rostov-on-Don (Russia) to Samsun (Turkey, Black Sea) was settled by 
using a cryptocurrency (Bitcoin) as a trial run for a blockchain payment system for bulk commodities being developed by 
Prime Shipping Foundation; 

• End-2017: Louis Dreyfus foodstuff traders used blockchain technology to sell USA soybeans to China; 

• End-2017: Banco Bilbao Vizcaya Argentaria (BBVA) and blockchain company Wave partnered to create a distributed ledger 
technology platform to handle and process shipping documentation; 

• Start-2018: Maersk and IBM established a joint venture to focus on the use of blockchain technology in shipping. The aim is 
to offer a jointly developed global trade digitisation platform that builds on open standards and designed for use by the 
entire shipping sector; 

• Start-2018: IBM, Pacific International Lines and PSA International completed a trial using blockchain technology for a 
consignment from Chongqing to Singapore. This followed a MoU the three parties signed in August 2017; 

• 2018 (first quarter): AB InBev (shipper), APL (container liner carrier), Kuehne+Nagel (logistics provider) and a number of 
European customs authorities tested twelve different shipments using blockchain technology;  

• To happen-2018: ETH Smart contract Tech of Hong Kong is handing out a total of 20 M “TEU tokens” to shippers, forwarders 
and logistics companies under its 300cubits project, with another 18 M to be issued via an Initial Coin Offering. A total of 
100 M will be issued. The aim of this project is to reduce wastage arising from container no-shows as the TEU tokens will be 
used to place a deposit down on a booking using blockchain technology; 

• To happen-2018: A Danish start-up company, Block shipping, is also undertaking a so-called initial coin offering (ICO), this to 
finance its Global Shared Container Platform project, GSCP. The ICO plans to see the sale of 40 M “Container Crypto Coins”. 
The ultimate aim of the GSCP project is to create a central register of all the world’s container boxes using a combination of 
blockchain and sensor technologies allowing all in the supply-chain to view a box’s location and status and, hopefully, reduce 
the number of empty box movements through the sharing of containers in a sort of “grey box” concept. Transactions 
between members of the platform will be settled through another digital currency, Container Platform Token; and, 
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• To happen-2018: Prime Shipping Foundation – who were involved with the shipment of 3,000 tons of wheat – will launch 
an ICO in mid-2018 for its token (cryptocurrency), PRIME, which it hopes will, together with a blockchain platform, be used 
by all in the shipping process (shippers, shipowners, charterers, brokers, agents, and bunker suppliers) for their transactions. 
 

In the Louis Dreyfus example (end-2017), it claimed that document and 

data processing had reduced fivefold as a result of using the blockchain 

platform. Alongside, benefits included real-time shipment progress 

updates, data verification, digital security and a shorter cash cycle. The 

number of shipping related ICOs has reportedly doubled already, with 

one, for a company called CargoX for USD 7 M said to have fully 

subscribed in seven minutes. 

 

Maersk is arguably the most advanced of the liner companies having trialled the use of blockchain in mid-2016 with a container 

of flowers from Kenya to Rotterdam. Its logistics arm, Damco, has also been involved in several trial shipments from other parts 

of the world. Subsequently, other parties have been involved in trials, including Agility, DuPont, Dow Chemical, the Port of 

Rotterdam and USA and Dutch customs authorities.  

 

All this being said, there are still some potential issues with blockchain, namely: 

• Still in development: one source has described blockchain as currently being a “beta” stage technology with development 
still to come which will, obviously, impact how the end-product emerges when comparing it with today’s trials 

• Flexibility: In shipping, contractual terms can be very specific and detailed, with all sorts of unique terms and conditions. A 
system would thus need to be flexible enough to allow users to create all sorts of special terms and conditions. Developing 
such a system for shipping may prove difficult; 

• Common platform: With various companies and institutions trying to develop their own blockchain technology, it will be 
interesting to see whether parties in the industry can universally agree on a single platform. If there is no universal 
agreement, the interaction between platforms may prove difficult; 

• Regulatory oversight or similar: work is needed to bring the new technology under existing governance and regulatory 
frameworks, or vice versa; 

• Sustainability: Bitcoin transactions require an enormous amount of electricity. The electricity required for a single bitcoin 
transaction is said to be able to power a (generic) house for a month; the power used in mining bitcoin at the moment would 
be sufficient to meet Denmark’s electricity requirements. At the current rate of growth, come 2019 bitcoin mining will 
consume the same amount of energy as the United States. In 2020, it will match that of the worldi; 

• Not unrelated, blockchain requires an enormous amount of processing power to create the encryptions. The question 
is whether this requirement would change or whether companies would possess sufficient capacity to be able to 
process the enormous number of transactions that could be routed through their systems. 

 

In addition, ultimately, there is the chance that someone somewhere will be able to crack the encryption. 

 

8.4.3 Internet of Things 

The term has been introduced in the previous Chapter, nevertheless, the impact specifically on shipping is discussed in this 

Chapter. Note that, the Internet of Things (IoT) has been around since the late 1990s. It is where physical items, including vehicles, 

vessels, white and other consumer goods, are connected to the internet – and are not traditional computers – and form a 

network enabling each item to be able to connect with each other and exchange data. It has been estimated that there are 

anywhere between 8 billion and 15 billion internet capable devices and that by 2020, this figure will rise to anywhere between 

30 billion and 50 billion. 

 

For the wider logistics and specific ocean shipping sectors, the greatest potential benefit from the IoT arises from (real-time) 

tracking, monitoring and possible (remote) control of assets as machine to machine connections allow the various devices and 

items to communicate with each other. For example, sensors placed in containers could advise if the container is full, empty, has 

been opened, loaded on board (and its location in the ship) and so on. In the case of refrigerated containers, the sensors could 

inform about the condition of the cargo. The principle can be applied all the way through the container shipping chain to terminal 

cranes, storage facilities and, of course, ships. 

 

Bitcoin 
Given its encryption, decentralised and unregulated 
characteristics, one attraction of Bitcoin in the 
international commerce sphere, alongside the 
reduction in (banking) administration, is that it 
makes transactions easier with companies located in 
countries impacted by sanctions regimes. Extending 
further, it could be an ideal method of payment for 
those involved in any criminality.  
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Examples of IoT in shipping include the Port of Rotterdam which announced early 2018 their partnership with IBM whereby 

sensors will be placed along the ports quay walls, mooring posts and roads. These will provide data on tides, currents, 

temperature, wind speed and direction, berth availability and visibility. This will all be analysed by IBM technology to allow 

decisions to be made that will help reduce waiting times and to predict optimal times (based upon water level for example) for 

cargo operations and ultimately work more vessels in less time.  

 

As can be easily seen from even the brief introduction to the Internet of Things above, given the numbers of devices that can be 

connected, there will be an awful lot of data generated and communicated. Whilst this telemetry is important, even greater value 

can be derived from analysing this data correctly. This is where Big Data comes in. 

 

8.4.4 Big Data 

Initially, big data referred to data sets that are so large and complicated that traditional data processing systems were unable to 

deal with them. However, more recently, the term has expanded to encompass predictive and behaviour analytics to address 

specific issues, problems or questions. This analysis identifies correlations between different parameters, whether measurable 

or not, to find hidden patterns and trends.  

 

It is not just a matter of collecting, collating and processing data into data warehouses or repositories in order to analyse the data 

and find an answer. First, it is important that the question and/or problem is identified before proceeding to the analyses. In this 

way, the value of mass data is realised, and a basis is formed for an organisation to know, or what it does not (in the form of a 

question), rather than what it thinks it does. 

 

Moreover, the collected data comes from different sources, hence provide different information in various forms and speeds. 

Within the information management scholars, this is referred to as the three pillars Big Data, i.e. volume, velocity and variety of 

data. Recently, the two pillars veracity and value have been added. The pillars differentiate Big Data from earlier analytics. Figure 

8-2 and Figure 8-3 present the two groups of information, namely traditional and non-traditional data, that are used in Big Data 

analyses. More specifically, traditional data is retrospective and comes from existing business (IT) systems. Non-traditional data 

is time-sensitive and generated by incidents (see estimations of delay), or from the technology itself, which is where the IoT would 

play a, if not the, major role.  

 
Figure 8-2: Big Data – Traditional Sources of Data 

 

 

Port operations, 
congestion

Transit times

Fuel costs and 
consumption

Cargo 
availability

Trade flow

Freight Rates 
(per TEU)

Revenue (per 
TEU)

Wages

Vessel 
turnaround

Database



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 81 

 

 

Figure 8-3: Big Data – Non-traditional Sources of Data 

 

 

In a shipping context, Big Data analytics could be utilised, “leveraged”, for a variety of reasons (see Figure 8-4). For example, 

through a combination of (remote) sensor technology and predictive analytics, maintenance can be planned for specific parts or 

areas of the ship before they fail, avoiding unexpected downtime and therefore delays. And big data is not just for ships either. 

The principles can be applied to terminals right down to individual pieces of equipment. Afloat it would be applied to individual 

vessels down to individual containers. Throughout, Big Data Can be used by shipowners, operators, managers, charterers, 

brokers, terminal operators, financial institutions. 

 
Figure 8-4: Big Data – Analytics & Applications 
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Furthermore, it will also require cultural changes within any organisation wishing to be data-driven, including honesty about 

whether the organisation is actually data-driven, and trust in the analytics rather than the previous reliance upon instinct and 

intuition. 

 

The benefits from Big Data in general industry were identified back in 2012 (if not earlier). According to the Massachusetts 

Institute of Technology (MIT), data-driven organisations were 5% more productive and 6% more profitable than competitorsii. In 

shipping, Big Data has the potential to replace existing planning tools which could even be as rudimentary as a spreadsheet and 

human intuition. Rolls Royce, who is investing heavily in new technology applications for the marine sector, believes that 

ultimately the bridge of a ship will be focussed upon processing and analysing data to operate on-board systems managing 

propulsion and navigation. 

 

However, there would appear to be a consensus that shipping has been slower than other industries in adopting Big Data 

analyticsiii. A survey undertaken by the South China Morning Post in early 2017 found that 63% of (local) shipping industry leaders 

felt that lack of access to Big Data meant they were unable to gain any benefit from it. Half of the respondents also pointed to a 

need for more professionals experienced in Big Data to be able to make use of it. Only 12% of respondents admitted to taking 

advantage of Big Dataiv. 

 

There are examples of Big Data companies in the shipping sphere. Technology company TIBCO processes complex data sets and 

provides Big Data analytics to optimise shipping routes. ClearMetal concentrates upon container boxes. It uses data science 

techniques and machine learning to forecast container (box) demand down the individual unit level and in trials claims forecasts 

30%-60% more accurate than previous methodsv. Other companies involved in Big Data for the shipping industry include Big 

Data Value Associations, Windward, Inmarsat and Ericsson. As with other developments, Big Data offers potentially great savings 

from the application of the new technology. Nevertheless, as of today, Big Data is practically unable to widely implement its 

technology. For example, the cost of installing sensors on a fleet of 1 M containers does not allow the technology to yet become 

feasible. 

 

8.4.5 Additive Manufacturing 

In its broadest form, Additive Manufacturing (AM) is where solid three-dimensional shapes are constructed out of a digital model 

or design, via a printer like device, through building up layers of particular material. Analogies have been drawn with the inkjet 

printer, but now adding layer after layer of material to arrive at the 3D shape. There are various forms of AM such as 

stereolithography, laser sintering and 3D-printing itself which is often used as a catchall term for AM. Most common materials 

used to construct the printed articles are thermoplastics, titanium alloys, metal powders and alloys, plaster, paper, metal foil and 

photopolymer. Some AM printers have also been developed to enable different materials to be used at the same time. 

 

The term AM highlights the contrast with the traditional “Subtractive Manufacturing” whereby to make object A, something has 

to be taken out of material or piece B. The potential implications of AM upon traditional manufacturing for the supply-chain and 

shipping could be far reaching.  

 

Having developed from being purely part of the design and prototype process whereby working models gave a physical feel to 

the computer-aided design, AM now gives the ability to be the manufacturing process as well. Further, and in contrast to mass 

production lines, it has the added ability to make complex forms that previously required parts made from elsewhere to be 

brought in and assembled. These can now be made all in one location, then be individually tailored and take place at a local, 

perhaps even a household, level. Compare this with the current route from design to consumption: the manufacturing of various 

parts, the transportation of the parts, the assembly of the parts, the transportation of the finished article, the final delivery of the 

parts to the door, not forgetting the various storage and warehousing points in between. In theory, most, if not all, these 

intermediate points can be dispensed of by the widespread application of AM. Disintermediated is a term that has been used for 

this concept. 

 

Items in which AM has already been successfully applied, on scale, are not restricted to the higher value, low-levels of (mass) 

production articles that still require a certain amount of individualisation. For the most part, these are medically related items as 

hip joints, hearing aid shells and orthodontic applications (braces) although (customised) jewellery is also well suited, and 
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produced through AM. Other products include car components, cutlery, furniture, garden equipment, lighting, machine tools, 

sunglasses, spare parts for Formula 1 race car engines and even for naval and merchant vessels whilst at sea. The list will grow as 

the techniques and applications of AM become more refined and advanced. 

 

Given the possibilities offered by AM, it could facilitate a decentralisation of manufacturing with the accompanying (drastic) 

reduction of the supply chain. It is under this hypothesis that (container) shipping would be affected. Proximity to the consumer 

may become the increasingly important factor rather than the scales of economy offered by mass manufacture catering for all 

and enabled by complex but cost-effective supply chains. 

 

Even so, the end of remote location outsourced mass manufacturing will not happen overnight. At the moment, the AM sector 

is still relatively small in terms of global revenue and is still limited by its production capacity and volume. In addition, several 

materials do not have the inherent strength provided by parts built by subtractive methods. It has taken the technology around 

40 years to reach where it is today, and only in the last decade, AM has come to wider attention. As the technology continues to 

develop and broaden its applications – and lower its unit costs – it could, gradually, facilitate an increasingly decentralised and 

disintermediated supply chain, reducing the growth of or need for it. 

 

8.4.6 Automation, Autonomous Operation and Artificial Intelligence 

Containerisation has already seen its fair share of automatic and autonomous processes shoreside in the port and terminals 

sector where computers now choreograph the movement of boxes between ship and stack with barely a human hand touching 

the containers. With automation also established in distribution centres and warehouses (automatic order picking), the 

technology is now moving away from the terminal towards transport, including shipping. The table below presents an overview 

of certain definitions related to automation within shipping. 

 

Levels of Automation   

Automation Where human labour is replaced by machines; vessels could still be controlled remotely by shore-based “captains” 

Augmentation  Where people and machines work together to provide a better service or operation 

Autonomous ships Vessels able to act independently once given the command to sail 

Source: Dynamar 

 

On the water, the concept stage is moving towards the gradual introduction of (semi-) autonomous shipping. Rolls-Royce has 

been the main driver behind this evolution and related systems. It foresees a shipping world populated with continuous data 

links, artificial intelligence and shore-based control centres, amongst others, and has already sold its automatic crossing system 

to two Norwegian ferry companies: Fjord1 and FosenNamsos Sjø. Whilst the ferries will still have a crew on board, other than 

supervisory duties, the master only carries out final berthing manually. All other navigational operations are fully automatic.  

 

Norway is also taking a lead on another level. In 2017, Yara and Kongsberg announced plans to commission a fully electric and 

autonomous container feeder ship to carry cargoes from its production plant in Porsgrunn, Norway, to nearby Brevik and Larvik. 

The distance to Brevik is around thirteen kilometres by road and sixteen by water. The ship is planned to cut out around 40,000 

local truck trips per year. Starting in the second half of 2018 as a manned vessel, it is planned that in the following year the 

operations will be remote-controlled with the ship going to fully autonomous mode by 2020. Despite being three-times more 

expensive to construct than a similarly sized non-autonomous ship, the vessel could save up to 90% of its annual operating costs 

because there will be no crew required anymore. 

 

First Tests   

Remote control Early in 2017, Rolls-Royce and Svitzer tested a remotely controlled tug (28 meters long) in Copenhagen 

harbour. Controlled by the ship’s captain from a remote location, the boat completed docking, undocking 

and sailing manoeuvres. 
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First Tests   

Autonomous operation In April 2016, the United States Navy commissioned the "Sea Hunter”, a 40 meters long, fully unmanned 

surface vessel (USV) designed to search for submarines and mines and patrol for 60-90 days. The software 

and sensors were tested earlier on another vessel to fulfil collision regulations. Initial performance trials of 

the "Sea Hunter" were completed in 2016 and it will continue to be tested well into 2018. The vessel 

navigates by a combination of the current tools available to any crewed ship, namely GPS, radar, sonar and 

cameras. 

 

Elsewhere, shipping major MOL, together with a variety of Japanese partners, is conducting research into autonomous shipping. 

Moreover, the world’s largest miner, BHP Billiton, is casting an eye towards the autonomous concept. Autonomous shipping, in 

whatever form, even if only semi-autonomous, will clearly have a major impact upon crew numbers. Initial estimates indicate a 

potential reduction of crew of about 50% because of the new technology.  

 

However, another major concern in today’s increasingly wireless and remotely controlled world surrounds the resilience of the 

information technology systems backing this all up. (The same could be said for all of the technological advances reviewed in this 

report). These fears were brought to the fore in May 2017 when two IT-related events headlined domestic, business and 

international news. They were the 75,000 Ransomware cyber-attacks that afflicted some 100 countries, and the catastrophic IT 

failure suffered by British Airways. 

 

Although this latter, it was emphasised, was not an attack by outside malignant forces, it still had extensive operational 

consequences. What would happen if one (semi-) autonomous ship were subject to one of those events? What would happen 

to a fleet? Reservations that are more prosaic concern the navigation of autonomous vessels within a port, especially a large and 

complex environment as Antwerp, Rotterdam or Shanghai. Quite simply, VHF communication with an autonomous vessel within 

a port area will not be sufficient. 

 

Estimates vary as to the depth and speed of the penetration of automation onboard vessels. DNV believes fully unmanned vessels 

are still at least a decade away. If any, small boats will most likely be fully automated first as the local Norwegian examples show. 

For larger and true ocean-going vessels, there will more likely be a gradual increase in automation especially as regulations and 

solutions to issues as architecture, minimum crewing, collision avoidance, route-planning and so have to be developed. Unless 

somebody can develop a self-repairing or self-major-incident-managing vessel, there will surely be a (regulatory) requirement for 

some form of engineering presence at least. 

 

The increasing application of (semi-) autonomous technology to ocean-going vessels, will have regulatory impacts. The 

accommodation and bridge superstructure would, at the least, be much reduced. How will the flag state system be affected is 

another question? In many jurisdictions, one of the requirements is that a certain proportion, and positions, within the crew are 

filled by the nationality of the Flag issuing state. Regulations also state how these crews should perform their duties. How to 

regulate or set flag state requirements if no crew is present? How will the new technology dovetail with port requirements 

regarding pilotage for example? Will regulators have to evolve to include minimum standards of systems resilience? There are 

(and will be) many other questions requiring study and decision. 
 

There are various advanced technologies, potentially disruptive, being considered for application to shipping. These have 

garnered varying amounts of attention, enthusiasm and investment. For the most part, they are products of the so-called 

Fourth Industrial Revolution, which is centred upon networks. With multiple applications of such technologies still in the 

design or trial phase in many cases, there is much talk about potential, however, little concrete in the benefits that the 

technologies can bring. A major concern in today’s wireless and remotely controlled world, which goes for all 

technological advances, surrounds the resilience of the information systems backing it all up.  
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8.5 Upcoming Regulations facing Container-shipping Companies 

This section follows up on the legal perspective on container shipping which was briefly discussed in section 7.3 of the previous 

Chapter. The following subsections are defined: 

• MARPOL Annex V1; 

• SECAs; 

• EU Consortia Block Exemption Regulation 906/2009; 

• Reducing greenhouse gas emissions; 

• Ballast Water Management Convention; and, 

• IMO Convention.  
 

8.5.1 MARPOL Annex VI 

The International Maritime Organisation’s (IMO) MARPOL regulations, as a whole, are designed to prevent pollution from ships 

in whatever form. Annex I, for example, covers prevention of pollution from oil, and Annex V prevention of pollution by garbage 

from ships. More recently, attention has been drawn to the prevention of air pollution from ships. These are covered by Annex 

VI and which, although adopted in 1997, only came into force in May 2005 before being tightened in mid-2010.  

 

Principally these Annex VI regulations cover the main pollutants caused by emissions from burning fuel. The main targets of these 

regulations, from a container liner perspective, are sulphur oxides (SOX), nitrous oxides (NOX), particulate matter and ozone-

depleting substances. In the past few years, the relevant IMO committee has also been looking at greenhouse gas (GHG) 

emissions. On 22 October 2018, the IMO’s Environment Protection Committee approved the follow-up program for IMO’s 

strategy on reducing GHG from ships. According to the IMO, the follow-up program is intended to be used as a planning tool in 

meeting the timelines identified in the initial IMO strategy, which includes a range of candidate short-, mid- and long term 

measures yet to be considered. 

 

The first moves in limiting SOX and particulate matter have already been undertaken with the imposition of Emission Control 

Areas (ECAs) at regional levels. These have been through a combination of both IMO (North Europe and North America) and 

unilateral local regulations (Hong Kong and China). The next step will come in 2020 when new global limits will be applied to all 

areas outside of the Sulphur Emission Control Areas (SECAs). Whilst less stringent than the limits within the SECAs, they are much 

stricter than the existing limits.  

 

For the moment, the situation regarding NOX is settled. Limits on NOX emissions from marine diesel engines have been set 

through three Tiers (I, II and III). Tier III took effect for ships constructed on or after 1 January 2016 operating in the North America 

ECAs (and designated for the control of NOX emissions) and superseded – and was more stringent than – Tier II, which covered 

ships built on or after 1 January 2011. It has been posited that the implementation of the Tier III requirements may have 

contributed to a surge in orders placed for vessels to be constructed before that 1 January 2016 deadline. Should a Tier IV emerge, 

then ordering behaviour should be watched with interest. 

 

Further, as of 1 June 2019, a special Baltic Sea area will take effect. The Baltic Sea area focuses on discharging untreated sewage 

of new passenger ships and will be applicable for existing passenger ships as of 1 June 2021.   

 

8.5.2 SECAs, Sulphur Caps and Scrubbers (or LNG) 

At the start of 2015, the 0.1% maximum sulphur (SOx) content in marine fuel came into effect within North America and North 

Europe Emissions Control Areas (ECAs or SECAs). Later that year, Hong Kong followed suit albeit with a limit of 0.5% and then 

only applied to vessels at berth in the port. A similar scheme was then applied to the Chinese ports of Shanghai, Nantong, Ningbo 

and Suzhou in April 2016 with another six added as of January 2017. By 1 January 2019, all these ports will have the 0.5% limit 

on all ships within their control areas, whether berthed or sailing. By the end of that year, the limits may even be lowered further 

to the Europe/North America 0.1% levels. 

 

Outside of the various SECAs, the global limit for sulphur in marine fuel is 3.5%. However, for a number of years, the IMO has 

been looking at a global standard of 0.5%, and late in 2016 decided to implement this with effect from 2020. Whilst the 
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implications and arguments have already been played out at local North European and North American levels, the options open 

to owners and operators are, broadly: 

• Move to a new fuel type (LNG or other) for newbuild vessels or retrofit existing ships; 

• Continue to burn Heavy Fuel Oil but use scrubbers, newbuild or retrofit; and, 

• Burn higher grade marine diesel oil or similar that complies with the emissions regulations. 

 

Each option will ultimately have a cost implication with one estimate placing this at USD 35-40 B for the global shipping industry, 

all sectors, all trades. There is no consensus within the industry either as to which route to take, with CMA CGM, for example, 

opting for LNG fuel in its latest series of newbuilding orders. In contrast, MSC, in contemporaneous orders, has avoided LNG fuel 

and will burn higher-grade fuel instead. Maersk Line had already indicated that it would adopt its approach. There is also a range 

of issues when looking at the two main engineering methods currently being pursued to comply with the new regulations: 

 

• Scrubbers: 

• Corroded scrubber pipework and discharge outlets have been highlighted as a (growing) problem; 

• Installation lengthy (months) and costly, estimated variously to be around USD 2-5 M per ship; 

• Scrubbers themselves use up a lot of energy; 

• Could also cause complications in helping to comply with CO2 regulations; and, 

• What to do with sulphurous fluid that results from cleaning exhaust with scrubbers? 
 

• LNG: 

• LNG tanks require a lot of space, taking up 400 TEU in container slots on CMA CGM’s 22,000 TEU newbuild orders; 

• Lack of supporting infrastructure: although CMA CGM’s 22,000 TEU newbuilds are designed to undertake an entire 
Europe-Far East round trip on just one tank; and, 

• Issue of methane-slip whilst the LNG is transforming from a liquid to a gas will lead to complications in trying to meet 
greenhouse gas emissions regulations (methane is thirty times stronger than CO2). 

 

For whatever option is chosen, suppliers, refiners and manufacturers 

will now have to respond globally. Opinion is divided on whether there 

will be enough refining capacity to produce the required volumes of 

higher-grade fuel come 2020. It is also open to question if scrubber and 

LNG engine manufacturers (and LNG fuel suppliers) can meet a 

dramatic surge in demand if one or both become more popular.  

 

Such moves are few and far between. Examples as Unifeeder operating 

the Wes Amelie, a 1,000 TEU containership retrofitted to run on LNG in 

late 2017, and Grimaldi’s late-2017 order for six ferries that will be fitted 

with scrubbers, are notable for their rarity. As such, in the immediate 

post-2020 period, switching to low sulphur distillate fuel will be the 

most common method taken to comply with the new regulations. 

 

How this will affect the price of marine fuel is difficult to say, even when referring to the experiences of North America and North 

Europe Sulphur Emissions Control Areas (SECAs). The circumstantial evidence shows that after imposition of the new regulations 

in January 2015, the already more expensive distillate Marine Diesel Oil (MDO) became even more expensive, relatively speaking, 

when compared with Heavy Fuel oil. However, it is not possible to draw a direct cause and effect link between the two events. 

For example, the low base price of oil over the 2015-2016 period played a role too. A review of oil price changes in Singapore, 

which would not have any possible SECA influence, also showed underlying changes in the differentials between the two fuel 

types (albeit not as pronounced, for whatever reason, as those seen at Rotterdam and Long Beach). Table 8-16 gives an overview 

of the price difference between distillates (MDO) and residuals (HFO 380 cst).  

 
  

 
Conventional Marine Fuel Types 
There are two principal conventional marine fuel types: 
residuals and distillates. Distillates as marine diesel or 
marine gasoil (MDO or MGO) are produced earlier in the 
crude oil refining process than residual fuels that are 
closer to the end (just before asphalt or tar). Residuals are 
commonly known as Heavy Fuel Oil (HFO) and are graded 
in terms of viscosity as 380 centistokes (380cst) or 180cst. 
They are not SECA compliant without their exhaust 
emissions being scrubbed. Distillates are higher quality 
than HFO and have the benefit of being SECA compliant. 
Hence, they are more expensive 
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Table 8-16: Average relative difference, MDO against 380 cst HFO and Average absolute USD difference, MDO against 380 cst HFO 

Port 2016 2015 2014 2013  2016 2015 2014 2013 

Rotterdam +81% +81% +53% +51%  +170 +212 +281 +306 

Long Beach +116% +113% +72% +69%  +248 +299 +388 +420 

Singapore +72% +72% +55% +52%  +165 +216 +308 +322 

Based upon prices in USD per ton measured at approximate mid-point of each month as published in DynaLiners Weekly and then averaged out across the 
year. 
Source: Dynamar 

 

8.5.3 EU Consortia Block Exemption Regulation 906/2009 

European Commission Regulation (EC) 906/2009 is the latest implementation of Regulation (EC) 870/95 and which has been 

renewed or modified into a new regulation. The current regulation, 906/2009, will run until 25 April 2020 having been extended, 

unchanged, for a period of five years. It is a so-called “Block Exemption Regulation” that applies to liner shipping consortia, 

defined by the European Commission (EC) as: 

 
“…an agreement or a set of interrelated agreements between two or more vessel-operating carriers which 
provide international liner shipping services exclusively for the carriage of cargo relating to one or more 
trades, the object of which is to bring about cooperation in the joint operation of a maritime transport 
service, and which improves the service that would be offered individually by each of its members in the 
absence of the consortium, in order to rationalise their operations by means of technical, operational and/or 
commercial arrangements” 
(Commission Regulation (EC) No 906/2009, 28 September 2009) 

 

The block exemption that this regulation extends relates to: 

 

“1. the joint operation of liner shipping services including any of the following activities:  

(a) the coordination and/or joint fixing of sailing timetables and the determination of ports of call;  

(b) the exchange, sale or cross-chartering of space or slots on vessels;  

(c) the pooling of vessels and/or port installations;  

(d) the use of one or more joint operations offices;  

(e) the provision of containers, chassis and other equipment and/or the rental, leasing or purchase 
contracts for such equipment;  

2. capacity adjustments in response to fluctuations in supply and demand;  

3. the joint operation or use of port terminals and related services (such as lighterage or stevedoring 
services);  

4. any other activity ancillary to those referred to in points 1, 2 and 3 which is necessary for their 
implementation, such as:  

(a) the use of a computerised data exchange system;  

(b) an obligation on members of a consortium to use in the relevant market or markets vessels allocated 
to the consortium and to refrain from chartering space on vessels belonging to third parties;  

(c) an obligation on members of a consortium not to assign or charter space to other vessel-operating 
carriers in the relevant market or markets except with the prior consent of the other members of the 
consortium.” 
(Commission Regulation (EC) No 906/2009, 28 September 2009) 

 

Essentially, the above means that liner carriers can co-operate on joint services to and from Europe (Economic Area). One 

condition of the exemption is that individual consortia do not carry more than 30% of the trade lane volumes by freight tons or 

TEU, although some might be allowed to exist all the same as long as they do not inhabit a so-called dominant position. 

 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 88 

 

 

In the year leading up to the end of the current regulation term, if following the previous practice, the EC will ask for comments 

from interested parties alongside making its own deliberations and interim opinions known. After deliberating further, including 

receiving further public comments, the EC will make one of three decisions: 

• Non-renewal of the regulation; 

• Renewal without modification; and, 

• Renewal with modification. 
 

The decision renewal without modification was the decision made in 2015. Before that, in 2010, it was renewal with modification. 

Regulatory, this change saw the introduction of Regulation (EC) 906/2009, which superseded 823/2000. 

 

It is always difficult to second-guess regulatory authorities and in the short time since 906/2009 was extended in 2015, the liner 

shipping market has experienced rapid change with a combination of rapidly increasing vessel sizes and market consolidation 

increasing the capacity share of the largest players. At the start of 2015, the world’s ten largest container liner carriers operated 

65% of the world’s container carrying capacity. Three years later, that share had risen to 77%, and if all known and planned 

consolidation for 2018 had already taken place, then it would rise again to 84% of global capacity.  

 

Given, then, the presence of so many mega-carriers, it is not inconceivable for the commission to consider these carriers now 

large enough to be able to operate without the need of consortia. Similarly, along with certain trades, the 30% market share 

threshold may have been passed, and to the extent, that dominant positions are now occupied. 

 

Whilst removing this block exemption could be seen as a drastic move, the European Commission has already taken a similarly 

drastic step. In October 2008, it banned the operation of liner conferences. 

 

8.5.4 Reducing Greenhouse Gas Emissions (GHG) 

The environmental background is that maritime greenhouse gas emissions have risen by 2.4% over 2013-2015 and will perhaps 

increase anywhere between 20% and 120% from 2012 up to 2050. Further, the maritime greenhouse gases could be responsible 

for as much as 17% of all emissions by then if left unregulatedvi. In helping combat these effects, there are currently two regulatory 

regimes that are being developed to report, the levels of greenhouse gases (GHGs) and the levels of carbon dioxide (CO2) emitted 

by the shipping industry.  

 

These new regimes are initiated by the International Maritime Organisation (IMO) and the European Union (EU). Whilst there 

are understandable similarities between the two, the schemes are being developed independently of each other with all the 

administrative implications that these will bring to those active in vessel operations. 

 

International Maritime Organisation (IMO) 

The IMO has been looking at GHG reduction measures for around a decade having finalised a package of technical and 

operational reduction measures in mid-2011. These were ultimately adopted and entered into MARPOL Annex VI under a new 

Chapter 4, “Regulations on energy efficiency for ships”. This made the Energy Efficiency Design Index for new ships and Ship 

Energy Efficiency Plan for all ships mandatory. These regulations came into force at the start of 2013 and applied to all vessels of 

400 gross tons and above. 

 

The section within the IMO responsible for looking at GHG issues is the Marine Environment Protection Committee (MEPC). 

Subsequent to the adoption of the Chapter 4 regulations in 2013, it has been overseeing further work including the adoption of 

a roadmap towards a comprehensive strategy towards GHG reduction. An initial strategy will be adopted in 2018 with a revised 

strategy to follow in 2023. This revised strategy will include short-, medium- and long-term measures. The final draft of the initial 

strategy is expected to emerge from the next meeting of the MEPC, MEPC 72, which will take place in April 2018. It is hoped that 

this draft/initial strategy will align with Paris Agreement of 2015. 

 

One of the short-term measures being pushed by environmental non-governmental organisations is the reduction of sailing 

speed. According to research undertaken by Dutch think tank CEDelft, baseline CO2 emissions could be reduced by 13% if ships 

sailed 10% slower. If the vessels sailed 20% slower, GHG emissions could drop by 24%, and by 33% when sailing 30% slower. 
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However, only the latter two would result in a net decrease of CO2 (and with no further measures taken). Environmental groups 

are very much in favour of reduced sailing speeds. They claim it is the only short-term measure that will deliver the quick and 

substantial reductions needed for shipping to meet its obligations under the Paris Agreement, which is set to come into force in 

2020. 

 

As a reaction on the suggestion for slower shipping, it is stated that in the situation when vessels worldwide would sail 10% slower 

than their present sailing speed, more vessels than currently included in the idle fleet would be necessary in order to maintain 

the existing standard of sailing frequencies. Obviously, the situation would be acuter with even higher speed reductions. New 

ships would have to be built, resulting in more capital required and increasing operational costs across the board. Moreover, it is 

suggested that freight rates could rise by as much as 30%. 

 

European Union (EU) 

In April 2015, Regulation (EU) 2015/757 was adopted by the European Parliament and Council of the European Union regarding 

the monitoring, reporting and verification of CO2 emissions from vessels over 5,000 gross tons (often abbreviated to EU MRV or 

MRV). This regulation covers vessel voyages to, from or within the European Economic Area, which in this context is the EU plus 

Norway and Iceland. Whilst vessels of 5,000 GT or more only account for 55% of all ships afloat, they are believed to contribute 

90% of shipping’s greenhouse gas emissions. The aim of the MRV is to bring shipping into an emissions trading scheme. 

 

There are various waypoints whilst the regulation is being introduced: 

• Having submitted monitoring plans for independent accreditation over 2017, as from January 2018 ship owners and 
operators have needed to monitor CO2 on a per voyage and annual basis; 

• From 2019, a verified emissions report has to be submitted to the European Commission by the end of April (for the previous 
year); and, 

• From June 2019, each vessel must carry a statement of compliance relating to the relevant reporting period and ships 
emissions reports will be made publicly available by the EC. If any ship fails to comply with EU MRV regulations, they run the 
risk of being banned from operating within the European Economic Area. 

 

The cornerstone of this MRV regime is the monitoring plan that needs to describe the vessel, its machinery, the kind of fuel used 

and the methodology behind fuel consumption and therefore CO2 emissions. The two different reports to be produced need to 

present the following information: 

 

Voyage reports Annual reports 

Port of departure/arrival Amount and emissions factor for each fuel type consumed 

Date/times of departure/arrival Total annual CO2 emitted within the scope of the regulation 

Time spent at sea Annual CO2 emissions resulting from: 

Amount and emissions factor for each fuel type consumed • Voyages between EEA ports; 

CO2 emitted • Voyages to EEA ports; 

Transport work (distance sailed x cargo carried) • Voyaged from EEA ports. 

 Annual CO2 emissions within EEA ports 

 Total distance travelled 

 Total time spent at sea 

 Total transport work 

 Average energy efficiency 

Source: Dynamar 

 

Verifiers not only consider monitoring plans, they also look into the emissions reports. For both, verifiers have the responsibility 

to confirm that all are correct and comply with the regulatory requirements. Having verified the monitoring plan and reports, the 

verifier will issue the document(s) of compliance. Verifiers are confirmed within national jurisdictions. Thus, DNV GL has been 

accredited by the German accreditation organisation DAkkS to verify compliance of the EU MRV. 
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8.5.5 Ballast Water Management Convention (BWMC) 

Water has been used as ballast since the introduction of steel hulls to ships with an estimated three billion to five billion tons of 

ballast water being carried by ships today. Ballast is necessary to reduce stress on the hull, provide transverse stability and improve 

manoeuvrability and propulsion. It also helps compensate for weight changes as a result of the consumption of fuel and water. 

However, the water contains a variety of organisms and when ballast water is taken up in one part of the world and discharged 

in another can lead to foreign organisms gaining a foothold to the detriment of local eco-system. 

 

Although the presence of foreign (or alien, or invasive) species was scientifically noted in a marine environment, the North Sea, 

back in the very early Twentieth Century, it was not until the 1970s that the problem was investigated on a wider scale. Countries 

began to express their concern too and this led to the issue of the transfer of organisms arising from ballast water being discussed 

at the IMO since the late 1980s. 

 

At first, the IMO’s Marine Environment Protection Committee (MEPC) developed guidelines, which were adopted in 1991, and 

then framed into a new convention. This resulted in the Ballast Water Management Convention (BWMC), which was adopted in 

February 2004. However, before BWMC to come into force, the convention first needed to be ratified by at least 30 states 

representing at least 35% of the global shipping fleet by tonnage. The BWMC would then come into force one year later. 

 

Progress towards the tonnage-based threshold was very slow. Whilst Japan was the 42nd country to ratify in 2014, these 42 

countries only represented 32% of the global fleet. It was not until 8 September 2016 with the ratification of Finland, the 52nd 

country to do so, that the BWMC could come into force as it brought the tonnage represented up to 35.1%. Since then, many 

more countries have ratified the BWMC, bringing the numbers up to 69 countries representing more than three-quarters of the 

world’s merchant vessel tonnagevii. The actual coming into force date of the BWMC was one year after Finland’s ratification, thus 

8 September 2017. 

 

BWMC summary 

The convention applies to all ships and offshore structures. Essentially though, it applies to all vessels over 400 tons (gross) as 

they are subject to International Oil Pollution Prevention (IOPP) surveys, these being an important element in deciding when 

vessels have to comply with the convention. Even vessels under this limit will still need to adhere to the regulations although 

many may receive exemptions because they do not trade internationally. There are other exemptions and exceptions including 

“exceptional circumstances” like emergencies at sea.  

 

In general, vessels to whom the convention applies will have to: 

• Manage ballast water and sediment; 

• Have an approved ballast water management plan (BWMP); 

• Carry ballast water record book (BWRB); and, 

• Possess an international ballast water management certificate (IBWMC). 
 

In effect, with respect to the first of those two points, newbuild vessels completed after 8 September 2017 need to be fitted with 

an approved ballast water management system. At the time of Finland’s ratification, some 60 systems were already approved. 

For vessels already delivered before that date, and following an amendment to the timeline, these vessels will have to install a 

ballast water management by the time of their first International Oil Pollution Prevention (IOPP) renewal survey after 8 

September 2019. As these surveys take place every five years, this could see some ships stretching out adherence to the 

convention well in 2024. 

 

In managing their ballast water, vessels have to adhere to one of two specific standards: 

• D-1: ballast water exchange. This is, essentially, an interim measure that can be used up to that first IOPP survey post-8 
September 2019, the ideal being that ballast water is exchanged at least 200 nautical miles from land in water at least 200 
meters deep. Such conditions should reduce the number of invasive organisms surviving; and, 

• D-2: which specifies the maximum number of viable organisms allowed to be discharged and will most commonly be met 
by fitting a ballast water management system. 
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Currently, D-2 is the standard that all newbuild vessels need to meet upon delivery after 8 September 2017 and is the standard 

all vessels built before that will eventually have to reach. 

 

The United States 

The United States has not ratified the convention and has, since January 2014, had its own and more stringent ballast water 

management programme. This programme requires vessels discharging ballast water in USA waters to have a USA Coast Guard 

(USCG) approved treatment system installed.  

 

However, the USA requirements are stricter than those of the IMO and the number of such approved systems is lower and slower 

in receiving approval. At the time Finland ratified the BWMC, there were no USCG approved systems. As such, vessels were 

allowed to install a so-called Alternate Management System (which was essentially approved in accordance with the IMO’s 

BWMC). The implication is that even if vessels are fitted with a system compliant with the IMO convention, it might not comply 

with the USCG requirements. At the end of 2017, there were just six USCG approved systems with another two-undergoing 

evaluation. 

 

8.5.6 IMO Convention on Facilitation of International Maritime Traffic (FAL) 

The FAL Convention was adopted by the IMO in 1965 and came into force in 1967. Since then, the convention has had several 

updates with the latest coming into force as of 1 January 2018. It has 118 contracting states signed up to it, these representing 

more than 93% of the world’s shipping fleet by tonnage. The aim of the FAL is to “…prevent unnecessary delays in maritime traffic, 

to aid co-operation between Governments, and to secure the highest practicable degree of uniformity in formalities and other 

procedures” [IMO]. 

 

Amongst several requirements from the January 2018 amendments were that “electronic exchange of information will be 

mandatory from 9 April 2019 with a transition period of no less than 12 months”. In practice, within three years of this date, 

systems will need to have been established for the electronic exchange of information between vessels and the relevant 

authorities ashore regarding vessel arrival, stay and departure. The information to be passed electronically includes cargo 

declarations, general declarations, ship’s stores declarations, crew effects, crew and passenger lists. For at least one year – but 

not exceeding three – there can be parallel systems of paper and electronic documents. 

 

Whilst this is simply an attempt at digitising, pretty much, what was going on previously, the success and savings will only come 

from standardised procedures around the world. For example, sending documentation by a pdf over e-mail would qualify as 

electronic exchange. However, a document that is acceptable in one particular jurisdiction is unlikely to be accepted by others. 

The result would be repeated typing or formulation of the same (similar) information per jurisdiction resulting in not much of a 

removal of the administrative burden. As yet there has been no discussion as to whether blockchain could have an application 

here, as, to date, that discussion has concentrated upon contractual rather than regulatory purposes, although that too also 

comes up against the fundamental standardisation issue. 

 

Shipping is highly regulated at both global (IMO) and individual jurisdiction level (EU or nation-states) and covers shipping 

in general, not purely container shipping. Most regulations coming up are centred around emissions from shipping, be 

this from burning fuel or other discharge (ballast water), but other do include ways of working at micro level (carrier and 

port interaction) or macro level (between carriers). These regulations are coming, and shipping has had plenty of 

warning, but with a few notable examples aside, no lead has been taken and no standards (other than the emissions 

limits) have been set. 
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This section of the Final Report comprises the Empirical Research on 18 EU terminals, which was earlier submitted in the Draft 

Final Report of this Assignment. The Draft Final Report was the third report in a series of four reports which are submitted to the 

Steering Group during the course of the Assignment. The report on the empirical research has the following objective: 

 

To carry out an empirical research on a selection of EU terminals, which will have to be representative of the variety of 

EU ports (e.g., size, throughput, type/function). 

 

Specifically, in Task 3 of the Assignment, the Consortium investigates the different EU ports on the following key aspects: 

• Recent technological and market-based changes that have occurred over the last few years, and an assessment is made 
regarding their impact on socio-economic aspects (required investments and economic sustainability of the terminals, 
organisational model, number and quality of jobs ashore, etc.) and related challenges;  

• An assessment is made of key strategies that have been deployed by terminal operator and other key stakeholders, in order 
to deal with these changes. We will directly approach terminal operators to get a solid understanding how these companies 
have reacted (or will react) to ongoing and future challenges; and, 

• We will develop a forecast and future needs assessment, to provide guidance to the ongoing stakeholder dialogue with 
social partners involved in this topic. 

 
Overall, this section on the main trends and developments comprises of the following two Chapters: 

• Recent developments; and 

• Strategic implementations. 

 

 

 

 

 

 

 

 

 

 

Disclaimer 

1. This section is based on the outcomes of the conducted interviews and questionnaires for this study, see Appendix 

VII for the content of the different questionnaires. Moreover, Appendix VI presents the results of the questionnaires, 

including the participation rate of the selected participants. 

2. The previous section, which covers Task 2 of the study, focuses for a significant share on automation, whereas this 

empirical study among the selected EU terminals covers mostly manual (non-automated) terminal operations.  

  

9 Introduction of the Empirical Research 
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10.1 Introduction 

This Chapter discusses the recent developments identified in the empirical study. The empirical study is conducted among a 

selection of eighteen terminals. In accordance with the project’s Steering Group, the Consultants have selected these eighteen 

terminals as representative for the variety of EU ports (e.g., location and capacity). For each selected terminal, the related port 

authority and labour union(s) have been incorporated in the study as well. Therewith, the identification of the developments 

within the European port sector has taken place from a broad perspective. 

 

Figure 10-1 visually presents the scope of the empirical study. A wide variety of terminals has been designated in terms of 

geographical spread across Europe as well as regarding the terminal’s annual container throughput. Two different methods have 

been applied to collect the information from the different locations: 

• Port visits: interviews, and, 

• Online or Word-format questionnaires. 

 

Figure 10-1: Overview – Scope of EU Terminals – Coastal EU Member States 

 
Source: MTBS 

 

Note that the interviews and the questionnaires were initially developed in the English language. At a later stage, translated 

versions of the questionnaire in other languages were shared among the relevant port stakeholders. Further, for each of the 

10 Recent Developments 
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different ‘perspectives’ (i.e., port authority (PA), terminal operator (TO) and labour union (LU)), specific questionnaires were 

developed which are shown in Appendix VII. 

 

The first questionnaires were sent to the selected participants by e-mail at the end of May 2018. These questionnaires were 

accompanied with a supporting letter from overarching organisations as presented below. Over the following months, several 

reminders have been sent via e-mail, by phone and through the respective overarching organisations: 

• European Sea Ports Organisation (ESPO); 

• European Transport Workers’ Federation (ETF); 

• Federation of European Private Port Operators and Terminals (Feport); and, 

• International Dock workers’ Council (IDC). 

 

The questionnaires included in this report have been collected until 1 October 2018, which has later on been extended until 19 

October. In addition, visits to the five terminals including the port authority and the labour union representative(s) took place in 

the period June through August 2018. 

 

In general, the responses of the questionnaire, see Figure 10-2, range between 61% for the port authorities and labour union 

representatives to 72% for the terminal operators. Hence, eleven out of the eighteen port authorities have participated in the 

study, out of these eleven responses, five port authorities have been visited by the Consortium members. Noticeable is that 

among the terminal operators, the operators which are aligned with Shipping Lines (e.g., APM Terminals with Maersk Line), thus 

vertically integrated terminal operators, did not participate in the study. Appendix VI further elaborates on the collected 

information as a result of the interviews and the questionnaires.  

 

Figure 10-2: Overview - Share of Received Responses* 

 
*The share of responses includes both conducted interviews and collected (online) questionnaires. 

 
 

  



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 98 

 

 

10.2 Market-based Changes 

“The economies of scale carriers aim to achieve by operating increasingly larger ships, mean that mainline terminals have no 

choice but to invest substantial sums in their facilities. This may increase stevedoring and other terminal charges, but it is unlikely 

that they will slow down trends towards large vessels” (Prokopowicz & Berg-Andreassen, 2016). 

 

The outcomes of the empirical research are in general consistent with the literature review related to this study (Task 1) and the 

second part of this study on developments and changes identified by the Consortium (Task 2). Specifically, the identified 

developments in the shipping sector (the evolution of the container vessels and the recent developments in carrier consolidation 

and alliances) and its impacts provide a foundation for the market-based changes in the maritime and transport sector.  

 

The empirical research provides case-based outcomes to the discussed topics, whereas in academic literature most studies are 

of a more generalistic nature. For example, the outcomes of the study by Notteboom (2016) indicate that the upstream ports are 

able to remain a competitive position while various factors as technological evolution, financial criteria, management and 

organisation of the available human resources as well as strong political and institutional aspects are in place. The latter aspect is 

thoroughly discussed in Task 2 under regulations and policy from both the container handling and the maritime transport 

perspectives. The participants of the empirical study mention that this is an aspect which is generally not considered to be 

adequately tacked by the EU at the moment. 

 

In all three Tasks, the dynamics within the shipping market on (container) terminal operations is discussed. Theoretically, it is 

known that the changing dynamics of shipping lines into Alliances affect terminal operations. On top of the conventional factors, 

the selection of the preferred port of choice is becoming more and more dependent on the Alliance members’ vessel calling 

scheme. From a (practical) terminal operator perspective, the chances that the terminals will be called will increase when multiple 

Alliance members have stakes in the port or the terminal. These effects are in line with the (practical) outcomes of the empirical 

research among the EU terminals.  

 

Regarding ULCSs, the outcomes of the reviewed academic articles indicate that ports require adaptions to their capacity to host 

larger vessels in ports. In this way, ports maintain an attractive position in a competitive environment. The general trends and 

developments stated that the impact of the ULCS’ call size is considered to be the largest driver of change for the terminals 

operations. The respondents of the survey, with the exception of one small terminal, confirmed that there were impacts from 

the calls of the ULCSs, with the main impact being upon the provision or allocation of labour. Specific remarks of the respondents 

regarded the peaks in handling cargo caused by the large call sizes of these vessels. 

 

Indeed, the allocation of labour which is mentioned by the participants of the study as being impacted by changing market 

developments. Academic literature indicated that different capabilities and motivational tools are necessary for terminal 

employees to work most optimal in the changing working environment, and therefore, could optimise operations. Moreover, 

developments at terminal operations influence the current work practices to work processes based on exceptions instead of 

standardisation of human tasks.

 

This Chapter further presents the market-based changes identified from the empirical research and is structured according to the 

following topics: 

• Impact of Shipping Lines; 

• Operational Changes; 

• Hosting ULCSs; and, 

• Legal Framework. 
 

10.2.1 Impact of Shipping Lines 

Generally, the labour unions (LU) indicated in the study that the traffic at the terminals has increased over the last ten years, 

considering that the terminal exists for quite some years. Specifically, the traffic has changed in terms of number of calls, call sizes 

and the number of required dock workers. Further, the LU suggested that volumes were volatile due to changes in the shipping 

sector and in general, all LU stated that the traffic changed over the last ten years. 
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Concerning the consolidation of shipping Alliances and the mergers between shipping companies, the majority of the labour 

unions indicated that consolidation has had an impact on the operations on a terminal. Whereas, the minority of labour unions 

do not experience an impact from consolidation of shipping lines. For example, the following anonymous quote shows that the 

impact of consolidation is not expected on terminal-level: 

Of the five feeder services calling the port, one is operated by Maersk Line’s intra-Europe carrier Seago 

Line, and a second one by MSC. These two carriers form the 2M alliance, which do not have the policy 

of involving themselves in feeder ports. That said, MSC operates a terminal in Klaipeda, which it uses as 

an intra (eastern) Baltic hub. Basically, it makes no difference whether feeder cargo comes to us from a 

North European port or from a Baltic port… 

Follow up answers to the terminals which do experience impact of the consolidation, again confirmed the occurrence of fewer 

vessels calls, (but) greater volumes per call, more of an impact upon the hinterland, carriers/Alliances changing terminals within 

the port rather than the port losing a service. Such impacts are not always negative with one response implying that without 

Alliances, it might not have any deep-sea service calls at all. The latter statement is referring to the question how these market-

based changes are impacting the economic sustainability of the terminal. The answers to this question varied, although cost 

being the “ultimate factor” as was increased complexity of terminal logistics (also with reference to hinterland connections).  

 

The impact of shipping lines on terminal operations is confirmed from a terminal operators’ perspective too. Moreover, it should 

be considered that relatively new terminals have experienced less changes over their shorter operational timespan, whereas all 

other terminal operators stated to experience substantial changes in the number of shipping lines handled. Again, the reduction 

in number of calls, the larger call sizes as well as the high number of moves per call are all mentioned as challenges for the 

terminal, caused by the formation of Alliances. The following is an example of the impact which Alliance formation may have on 

a terminal operator: 

Over a period of some years, one container terminal operator in North Europe lost three of its 

customers (i.e., shipping companies) representing a handling volume of more than 600,000 TEU. One 

of the carriers bankrupted, but two others changed Alliance. 

That other Alliance was handled by another stevedore in that port.  

 

This has had a significant impact on the workforce as well, as the losing terminal operator could no 

longer deploy around 300 employees from the port’s labour pool. Some of the terminal operator’s 

own workers could temporarily be located at other of the company’s facilities, while other of the pool 

workers may now be hired by terminals elsewhere in the port.  

 

All in all, and among other effects such as peaks caused by the Alliance-carrier’s big ships’ call sizes, 

which have to be absorbed, time and again, shows the effect of Alliances (and consolidation) 

reshuffles. 

Furthermore, the increasing size of the vessels hosted at the terminal was confirmed by all operators. For example, at a medium 

sized terminal, the increase was as follows: in 2011 vessels of 8,500 TEU called the terminal, whereas 21,400 TEU ships are 

presently serving the facility. Moreover, at a smaller terminal, the (albeit much smaller) vessel sizes have doubled over the last 

couple of years.  

 

Another issue raised by the terminal operators is the oligopoly structure of the market with the major Europe-Far East trade being 

in the hands of just three Alliances, in particular in North Europe and the Mediterranean. The Far East and North America are the 

two most important deep-sea container trade areas connecting with Europe. The North Europe-Far East trade is accommodating 

the largest container ships, followed by the Mediterranean-Far East container trade.  

 

Effective since January 2015, 75 container terminals in North Europe (Gdansk-Sines range), handling North Europe-Far East or 

Transatlantic services, boasted a total quay-length of 66 kilometres, equipped with 475 Ship-to-Shore (STS) gantry cranes of all 

sizes, and having a total handling capacity of 86 M TEU. On the basis of then known projects all kinds, this was to grow to 96 

terminals, 103 kilometres of quay wall, 836 STS gantry cranes and 143 M TEU respectively by 2024. Over the same period, the 
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number of NewPostPanamax STS gantry cranes (minimum outreach of 20 rows wide) was estimated to increase from 279 to 601 

units. Included in these are 104 and 377 STS gantry cranes, respectively, of 23 and more rows wide, required to handle 18,000+ 

TEU ships. This latter size of ship exclusively operates in the North Europe-Far East trade.  

 

For the Mediterranean, similar data for the years 2011 and 2021 were reading: 70 terminals, 72 kilometres quay length, 440 STS 

gantry cranes, 70 M TEU capacity - to expand to 84 terminals, 105 kilometres, 744 STS gantry cranes and 114 M TEU by 2021. A 

specification of STS gantry cranes with an outreach of more than 18-boxes wide is not available; the total number of 19/25-wide 

STS gantry cranes was to grow from 140 to 436 units over the 10-year period.  

 

Carrier patronage following the abovementioned investments is not necessarily guaranteed, not even in case of carrier ownership 

because of the Alliances in which they are organised. Shipping Line involvement (partly or complete ownership) in terminals is a 

fact for around 36 terminals in North Europe and 38 in the Mediterranean. There is neither a guarantee for higher returns, let be 

for the number of dockers and other terminal staff to be deployed. As such, the whole is responsible for a substantial socio-

economic impact. 

 

Moreover, this oligopoly market structure affects the terminal operator’s ability to compete. Hence, capacity management has 

become an important challenge for operators; efficiency is key. The following section elaborates on the operational changes, 

which also aim to increase the efficiency at terminals. 
 

10.2.2 Operational Changes 

The terminal operators  in the survey reported the following drivers of change, in alphabetical order: 

• Automation, environmental issues, efficient and profitable operations; 

• Changing organisation of work; 

• Efficiency automatic operations; 

• Implement new communications with stakeholders with high level of digitalisation; 

• Increase electronic processes as EDI and VBS (Vehicle Booking System); 

• Increase green electricity power; 

• Less manpower needed with more technicians trained; 

• Minimise use of petrol; 

• More safety at work, increase of productivity and reduction of costs; 

• New and more equipment; 

• Preparing for (near) future automation; 

• Remote control of equipment terminal activities; will become more diffuse; and, 

• Update data processes.  

 

Even though the list presents a diverse number of drivers for change, an overall driver of change for the terminal operators is 

identified. From the terminal operators’ perspective, the impact of the ULCS’ call size is considered to be the largest driver of 

change for the terminals’ operations. Hence, the Shipping Lines with their ULCSs, vessels larger than 10,000 TEU and currently 

up to 22,400 TEU, are clearly among the main operational challenges and therewith major drivers of change. Most large and 

medium terminals host these ULCS, which are operated by carriers of the three Alliances, and indicated to have similar 

operational issues related to facilitating the large vessels. Generally, smaller terminals do not always receive these vessel types.  

 

Specifically, the large call sizes of over 10,000 TEU are causing problems for the existing terminal operations. The large call sizes 

of the large vessels result in related peaks on the quay, yard area and through the gates. These peak loads are harming logistic 

partners’ operations, leading to congestion, in particular inland and hinterland congestion. The terminal operators noted a wide 

range of changes in patronage from carriers, vessels and cargo. Not all of these changes are negative from the point of view of 

the terminal.  

 

The main challenge at the moment is to handle mainline ships and its implications. Another challenges idenfied are the impact 

upon terminal logistics as a whole, especially relating to the peaks generated by receiving larger vessels. Also, the impact on the 

terminal’s capability (in terms of equipment or physical infrastructure) and the difficulty in adapting to fewer calls but larger call 

sizes. 
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On the terminal, capacity has to be increased with larger resources in order to host the increasing vessels sizes of the operators. 

This equipment is felt to be mobilised within a relatively short timeframe to match the carriers’ (continuous) larger ship 

requirements. Requirements include extension of the terminal area and installation of new container cranes (up to 24-rows wide) 

as well as further automation of the yard (e.g., Automated Stacking Cranes (ASC) or Rail Mounted Gantries (RMG)) and horizontal 

transport between the quay and the yard (e.g., Automated Guided Vehicles). Most terminal operators indicated that their 

container capacity had increased over the last years. This is in line with the earlier identified (academic) trends in the European 

port sector; as in the previous Tasks, it was shown that the overall capacity for container handling within Europe is increasing 

significantly.  

 

Further, the terminal operators confirmed that the terminal gates are frequently automated using OCR techniques This 

technology is addressed in the section 2 of the Final Report, where Task 2 - General Overview of Main Trends and Developments 

were presented. 

 

A previously shown overview of automation at a selection of European ports in the sections on Task 1 and 2, specifically Table 

4-1 and Table A-2, indicates, amongst others, that big ships put pressure on the logistics chain, affecting many aspects of the 

operations. In order for terminals to handle the available vessels in the market at the required productivity levels, terminals feel 

that they have no choice but to automate operations. In this respect, terminal operators are worried about the ability of the 

average dock worker to be trained for automation. This appears to be often, albeit not exclusively, the effect with union dock 

workers in some ports. Terminal operators in various countries have expressed their concern finding suitable staff. 

 

Moreover, supporting infrastructure, including the best possible road, rail and deep-water access for vessels should also belong 

to the terminal’s capacity in order to operate successfully. All containers calling the terminals require efficient, hence 

sophisticated, risk-based customs procedures, good hinterland connections, efficient use of all modes of transport and flexibility 

to cope with peaks and troughs. 

 

Aside from the terminal equipment and supporting infrastructure (for hinterland connections), identified operational issues 

associated with the terminal handling of large ships include the following: 

• Late notice of arrival; 

• Lacking schedule reliability; and, 

• Leaving empties behind, which causes higher operational costs. 
 

The following sections will present the dock workers’ perspective on the operational changes on the terminals. Note that the 

dock workers are generally represented by labour unions of which some also represent administrative or support staff within 

their constituency. Within Europe, the structure of dockworkers consists of directly employed dockers and labour pools. 

Considering the impact of the shipping industry, the pressure on labour pools have increased as the peaks and lows in labour 

demand are growing.  

 

In the dock workers’ perspective, the main drivers of change are related to various aspects as changing working hours/shifts, 

higher competition among the terminals both as a result of the changes in the shipping industry (e.g., larger cargo volumes) 

which require higher productivity/efficiency as well as flexibility of dock workers which need more training to control the 

equipment. Hence, a change towards different equipment and changing operational schedules are identified. 
 

The majority of the labour unions stated that there were variations in the number of jobs over the last ten years. Specifically, they 

indicated that the number of dock workers has reduced as well as that the variation in work has reduced. Less corresponding 

answers were given to the question how working conditions have changed over the last ten years. Some labour union 

representatives stressed the increased job security, whilst on the other hand, a safety risk arising from irregular (unstable) working 

hours was stressed. Other changing working conditions cover different contracts, improved safety by the introduction or greater 

use of third parties and importantly, under a broader heading of “nature of the work being undertaken”, the labour unions 

mentioned that larger vessels and more services result in less variation in job tasks. 
Overall, the unions’ main challenges covered the following aspects:  

• A reduction in dock workers’ jobs; 
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• Need for increased training and insurance for dock workers; 

• Changing working times and shifts; 

• Increasing call sizes of ULCS resulting in a need for increased efficiency and budget restrictions; 

• Negotiations with the national government and European Union; and, 

• Difficult communication with terminal management. 
 

The latter aspect of the list: difficult communication with management and/or operating companies, was the most common 

answer to the question what have been the main challenges that labour unions had to face to defend and improve the working 

conditions of its members. Specific outcomes of all questions per participant category can be found in Appendix VI. 

 

10.2.3 Hosting ULCS 

Like the quote by Prokopowicz and Berg-Andreassen (2016) in the beginning of this Chapter as well as identified in the section 

on General Trends and Developments (Task 2), the terminal operators’ response was unanimous amongst all terminals 

participating in this survey: the size of ships has increased over the last years.  

 

As mentioned in the previous section on operational changes, the impact of the ULCS’ call size is considered to be the largest 

driver of change for the terminals operations. This section further elaborates on ULCSs at terminals. With the exception of a small 

terminal, all terminals included in the study host ULCSs. The majority of the terminals confirmed that there were impacts from 

the calls of the ULCSs, with the main impact being upon the provision or allocation of labour. Specific remarks regarded the peaks 

in handling cargo caused by the large call sizes of these vessels, reference to the peak concentration of dock labour for a short 

period of time was made as “run hard or stand still”.  

 
Table 10-1 and   
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Table 10-2 gives an overview of all ULCS currently operating and on order. They are categorized into three categories: ULCS larger 

than 18,000 TEU (also referred to Megamax, not able to pass through the new Panama Canal); NewPostPanamax (ships that 

cannot pass through the Panama Canal either), and NewPanamax (ships that can pass through the enlarged Panama Canal).  
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Table 10-2 show detailed information on large vessels operating in relevant trade lanes for this Assignment. Table 10-1 shows a 

split of four vessel categories and their composition of the container fleets serving the North Europe-Far East and the 

Mediterranean-Far East trades as of early August 2017.  

 

Table 10-1: Overview – Vessel Categories in North Europe – Far East and Mediterranean – Far East Trade trades 

  North Europe - Far East Mediterranean - Far East 

Vessel categories Ships Total TEU Average TEU Ships Total TEU Average TEU 

Up to 9,999 TEU 23 164,000 7,200 50 333,000 6,700 

ULCS up to NewPanamax 60 811,000 13,500 53 762,000 14,400 

ULCS NewPostPanamax 22 372,000 16,900 36 449,000 12,500 

ULCS over 18,000 TEU 91 1,788,000 19,700 0 0 0 

Grand Total 196 3,135,000 16,000 139 1,544,000 11,200 

Source: Dynamar 

 

Table 10-1 includes container ships smaller than ULCS (North Europe 23; Mediterranean 50), many of which will be cascaded to 

other trade areas by the time that all ULCS currently on order (134) will have been delivered. 
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Table 10-2 gives an overview of all ULCS currently operating and on order. They are categorized into three categories: ULCS larger 

than 18,000 TEU (also referred to Megamax, not able to pass through the new Panama Canal); NewPostPanamax (ships that 

cannot pass through the Panama Canal either), and NewPanamax (ships that can pass through the enlarged Panama Canal).  
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Table 10-2: Overview – Total ULCS Fleet Currently Operating and On Order 

ULCS Categories Existing On order Total ships Total TEU Average TEU 

ULCS over 18,000 TEU 88 49 137 2,818,000 20,600 

ULCS NewPostPanamax 161 30 191 2,779,000 14,500 

ULCS NewPanamax 266 55 321 3,811,000 11,900 

Grand Totals 515 134 649 9,408,000 14,500 

Source: Dynamar 

 

Figure 10-3 presents the actual trade lanes served by the terminals in the empirical research. Overall, the responses of the 

terminal operators stated a wide variety of trades. Note that seven of the thirteen trade lanes are indeed serving the Far East 

trade lane. Nevertheless, shortsea shipping is the largest trade. Shortsea covers intra-North Europe, intra-Mediterranean and 

North Europe-Mediterranean trade lanes.  

 

According to all LU respondents handling 14,000+ TEU vessels on their terminals, the impact on their member’s work is 

confirmed. The direct impact experienced by the LU members are increased pressure as well as lower salaries. More than half of 

the responded terminal operators agreed with the labour unions on this topic. The respondents mentioned the operational 

challenges of larger ships and volumes, although it should be stressed that vertical integration of shipping lines might not be the 

sole responsibility for these trends.  

 

Figure 10-3: Trade Lanes Served by the Terminals – Terminal Operator’s Perspective 
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Figure 10-4 presents the responses of the LU participants to the question: “Do ULCSs have an impact on the economic profitability 

of the terminal?” The majority of the respondents felt that ULCSs have an effect upon the profitability of their terminal but 

without giving explanations to whether these impacts were positive or negative. However, the outcomes also suggested that the 

negotiating strength of the terminals have weakened as a result of these ULCSs.  

 

The opinion on whether the impact of ULCSs on the environmental 

sustainability of terminals and/or port areas was about equal. A 

supplementary remark was raised mentioning that an increased number 

of trucks are required (to serve cargoes from these vessels). To the question 

whether ULCSs are having a direct or indirect impact on the port as a whole 

(beyond your terminal) and/or on the regional economy, the majority of 

the respondents believed that there was a wider impact. Specific reference 

was made to the impacts upon connecting hinterland infrastructure. These 

responses are similar to previous outcomes discussed.  

 

The need for adaptations required in order to accommodate ULCSs is 

confirmed by most of the LU representatives. These adaptations do not 

necessarily imply negative changes. Examples of these adaptations include 

more staff being required, reduced waiting time for (pre-booked/planned) 

trucks, safety improvements and new equipment leading to new skills 

being required. In line with these adaptations, the respondents indicated 

that additional costs have been made to accommendate the changes.  

 

According to the majority of labour representative respondents, the arrival of the ULCSs did force terminal operators into new 

investments such as new cranes (wider and higher), new quays and different lay-out of the terminal. Figure 10-5 presents the 

identified terminal adaptations to facilitate ULCSs. Clearly, the need for new equipment, and the corresponding skills of dock 

workers are the most important adaptions. Overall, the labour representatives were not able to indicate whether the investments 

made were profitable.  

 

Figure 10-5: Type of Terminal Adaptations for ULCSs - Labour Union's Perspective 

 
*Civil engineering covers quayside/berth improvements, dredging and landside terminal expansion. 

  

Figure 10-4: Impact of ULCS upon Terminal Profitability 
- Labour Union's Perspective 
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10.2.4 Legal Framework 

This section presents the input delivered on the legal framework of both national or EU policies and/or legislation. Based on the 

contents of the questionnaire (see Appendix VII), the input is collected among terminal operators and labour unions. Therefore, 

this section is structured accordingly. Note that certain regulations have been discussed in section 2 of the Final Report, where 

Task 2 - General Overview of Main Trends and Developments were presented. 

 

Terminal Operators 

The attitude of the terminal operators on the current EU legal framework is equally divided into positive, negative and undecided 

impact on the port operations. Feedback on the current EU legal framework is given by, among others, the following two 

operators: 

The current framework has focused essentially  on supporting the seaside rather than providing 

support to terminal operators. We believe that in recent years legislative proposals on concessions or 

the ports services regulation have brought uncertainty and have provided little added value. 

 

Our opinion that it is the need of more clear rules and, furthermore, that EU rules have to be fully 

applied in the same way in all the ports pertaining to EU. 

A selection of positive impacts identified in the questionnaires are listed, in alphabetic order, below:  

• Efforts in TEN-T network; 

• Efforts related to safety measures; 

• EU 2017/352 Regulation1; 

• Freedom of movement and free trade;  

• Harmonious customs inspection rules; 

• Legislation which ensures there is healthy competition; 

• Level playing field is really important; 

• Pushing digitalisation; and, 

• Providing framework to advance ports social dialogue. 

 
A selection of negative impacts identified in the questionnaires are listed, in alphabetic order, below:  

• Attempt to liberate the ports sector is a disaster: a watchdog is lacking as the EU Sentence of 11/12/2014 has no impact; 

• Attempt to include terminal operations in concessions; 

• Lack of level playing field and consistent communication; 

• Lashing safety regulation leads to loss of production; 

• Regulation EU 2017/3522, after new issues raised; and, 

• To (price) regulate competitive port services.  

 

Overall, it can be noted that certain similar aspects are mentioned for both the positive and negative impacts, hence the opinion 

of terminal operators on the legal framework is not consistent.  

 

A more consistent response is given on the question whether the port industry is getting sufficient support from EU policy makers. 

None of the terminal operators responded that the EU support is sufficient, most of the operators stated that support was lacking. 

Specifically, comments referred to too many single actor approaches, hence no combined port framework exists, lacking support 

for small terminals and private entities (instead of public authorities) as well as the focus on the shipping industry whereas the 

ports are missing support. The following quote supports the latter argument:  

Carriers have more freedom, terminals experience more restrictions. 

 
1 Regulation (EU) 2017/352 of the European Parliament and of the Council of 15 February 2017 establishing a framework for the provision of port services 

and common rules on the financial transparency of ports. The regulation will be effective as of 24 March 2019. 
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Further elaboration on the balance between the port industry and other port users have led to the following discussion points: 

• The existence of a balance between terminals and shipping (carriers) is questioned by the respondents; 

• The increasing power of the shipping Alliances is suggested to be monitored from a competition perspective; and, 

• Rail users in ports are felt to gain more attention than the terminal operations get. 

 

The suggested type of public measures necessary to improve the competitiveness of terminals is of a wide nature. However, the 

need for adequate public measures to ensure hinterland connections throughout the EU as well as the organisational aspects 

like appropriate customs and administrative procedures to ensure the EU terminals and ports remain competitive were identified 

by a couple of terminal operators. Again, a more detailed overview of the responses to this question can be found, among other 

question responses, in Appendix VI. 

 

Labour Unions 

Three questions from the questionnaire have been asked to the labour 

union representatives with respect to policy / legislative frameworks. 

Specifically, the questions relate to the impact of the shipping industry 

(i.e., Alliance formation) which in the earlier section of this Chapter on 

the Impact of Shipping Lines was confirmed to impact the working 

conditions of dock workers.  

 

Figure 10-6 presents the answers to the question whether the impact 

of the shipping industry is adequately tackled by national or EU policies. 

The majority of the respondents stated that the impacts were not being 

adequately tackled by policies / legislation. A follow-up question asked 

if there are talks at port, regional or national level on how to tackle 

these changes (regarding the shipping industry). According to 

approximately half of the LU survey group talks are taking place, the 

other respondents state that it did not take place or where unfamiliar 

with the topic. As shown in Appendix VI, there was no consensus 

among the terminal operators’ responses regarding the identification 

of policitcal / legislative measures to be taken to mitigate the impact of  

these changes on port work. 
 
 

  

Figure 10-6: Impact of Shipping Industry is adequately 
tackled by National or EU Policies / Legislation - Labour 
Union's Perspective

 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 110 

 

 

10.3 Technological-based Changes 

“The use of advanced terminal equipment and planning technology is one way for terminal operators to increase terminal 

performance and meet market requirements” (Notteboom, 2018).  

 

The outcomes of the empirical research are in general consistent with the literature review related to this study (Task 1) and the 

second part of this study on developments and changes identified by the Consortium (Task 2). 

 

From the literature review, it was concluded that a shift of increasing automated operations is occurring at (European) terminals. 

Literature indicates that this has strategic advantages for terminal operators. Nevertheless, the transformation to automated 

processes impacts the current working condition of employees by reducing the number of required employees as well as the 

preferred skills and capabilities of the employees. It is noted that among the representative selection of EU terminals, the 

automation of operations at terminals is in practice more limited than literature might suggest. However, the terminal operators 

stated that they are planning to further invest in technology in the future. Information on these technologies are thoroughly 

discussed in the previous section regarding Task 2 of the Assignment.  

 

Further, these investments in technology which the terminal operators expect to be making, according to both literature and 

empirically, take place at different processes of terminal operations. The different sources, so to say, indicate that the terminal 

operations become more integrated, moreover, ‘external’ operations, such as hinterland operations, are becoming part of the 

terminal operations system as well, hence integrating of processes are observed. An example of vertical integration by container 

terminals would be the use of inland container depots. 

 

An example of earlier investments in technological developments would be the Port Community System (PCS). Also in line with 

the following regulation: on 20 October 2010, the European Parliament and the Council adopted Directive 2010/65/EU on 

reporting formalities for ships arriving in and/or departing from ports of the Member States. This directive is more commonly 

known as the Reporting Formalities Directive (RFD) and currently under revision by the European Commission. In order to ensure 

competitiveness and efficiency of European maritime transport sector, it is necessary to reduce the administrative burden on 

ships and to facilitate the use of digital information with the aim of improving the efficiency, attractiveness and environmental 

sustainability of the maritime transport and contribute to the integration of the sector to the digital multimodal logistic chain. 

 

The PCS has been part of a survey among the eighteen port authorities and of which eleven have participated. Of these eleven, 

almost all port authorities confirmed to have a PCS in place, whereas for the remaining port authorities the tasks of a PCS are 

currently part of their Terminal Operating System. Among the port authorities without a PCS, suggestions on working on 

developing a PCS together with other ports in the same country are taking place; to create a uniform PCS in line with EU Single 

Window to be fully compatible with worldwide systems.   

 

In addition, the PCS are (said to be) interoperable almost all ports, i.e., able to exchange data with other PCS. The scope differs 

among the different systems:  

• It is interoperatable with other companies within the same port alone; 

• It is interoperatable with ports within the same country only; and, 

• It is interoperatable Europe-wide through European Maritime Single Window environment. 

 

Noticeable, compared to the impact of market-based developments, the technological developments are in both the academic 

and actual world rather limited or unknown to the participants of the study. Therefore, it could be concluded that further 

research, both theoretical as well as more practically orientated, should be conducted on the relative slow implementation of ICT 

applications at logistic, or even port operations.  

 

This Chapter presents the technological-based changes and is structured into the following subsections: 

• Investments in technology; and, 

• Technological innovations. 
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10.3.1 Investments in Technology 

According to most of the labour union representatives the increased vessel size was not a driver for increased automation. This 

statement is contradicting with the presented quote by Notteboom (2018) as well as the earlier perspectives in Task 1 and 2. It 

should be noted that only a minority of the labour respondents of the survey represent a semi-automated terminal. 

 

The other parties studied (i.e., port authorities and terminal operators) present a different view regarding the driver of 

automation or the motivation to invest in technology. For example, the port authority’s view on this is to facilitate for investments 

in automation concerning, among others, stakeholder management and knowledge sharing. Note that among the eighteen port 

authorities2 selected for the empirical research, eleven responses have been collected. Half of these eleven responses came from 

the included port authorities with large terminals. 

 

Various of the port authorities reported their willingness to promote (for instance through a reduction of port dues) specific 

investments such as:  

• Leading to better service quality; 

• Leading to environmental improvement; 

• Supporting RTD (Research and Technological Development); 

• ICT projects; 

• Pilot projects in solar and wind energy; and, 

• SMART port solutions (for which one of the ports referred to solutions in combination with a social program to involve the 
workforce). 
 

In case port investments involve automation of superstructure, including ICT projects, port authorities commonly coordinate 

these investment projects through public tenders. Nevertheless, most of the interviewed ports are so-called landlord ports, few 

of them belong to the category of integrated ports. Typically, the port authority of a landlord port takes care of the infrastructure 

(i.e., land, quay, water, connecting road and railways) while the (concessionaire) terminal operator is responsible for the terminal 

superstructure (cranes, storage, intra-terminal transport, including rail). Therefore, the actual investments are made by the 

relevant terminal operators and not so much by the landlord port authorities. 

 

Then, all terminal operators stated to have plans to digitalise in the coming years, hence to invest in new technologies. Specifically, 

investments in optical character readers (OCR) wherever at the terminal and vehicle booking systems (VBS) were both mentioned 

as potential investments. Considering more recent or emerging technologies, the use of an “app”, “Big Data” or Blockchain was 

mentioned on a lower frequency. Moreover, regarding investments in ICT, again, a near universal response of terminal operators 

confirmed the need of more investments. One small terminal (<1 M TEU p/a) stated not to invest much in ICT as they consider 

the port’s size to be too small for large-scale ICT projects.  

 

Figure 10-7 presents the terminal areas where automation projects on terminals have taken place over the last ten years. Note 

that operators were able to provide multiple answers, yet automation projects have mostly taken place at the stacking yard of 

the terminal. Interestingly, a minor share of terminal operators of large terminals indicated that no automation projects have 

taken place over the last ten years.  

 

 
2 The Port Authority group has the smallest representation considering the questionnaire’s responses compared to the terminal operators and labour 

unions. 
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Figure 10-7: Automation Project Location on the Terminal – Terminal Operator’s Perspective 

 
 

Furthermore, about a quarter of the terminal operators are involved in automation projects on the terminal. These operators 

indicate the following purpose for executing automation projects: 

• To ‘greenen’ the terminal operations by using electric equipment to reduce energy consumption; 

• To upgrade conventional port operations; and, 

• To improve the security of systems and automated operations. 
 

The latter purpose is further explained in the following quote. Noticeable is the underlined sentence which stresses the 

importance of IT in terminal organisations.  

Investment are made to tackle the vulnerability of ICT systems as daily up to 60 cyber-attacks occur at 

the terminal. IT is becoming an in-house organised core activity with hardware and security 

representing highest cost within IT budget.  

IT development plans focus on 1) automation, 2) connectivity and 3) security. 

The reference to more environmental and sustainable plans was repeated when answering the question if there are plans to 

improve the environmental and social sustainability of terminal operations. Virtually all terminals responded positively, however, 

concrete plans were often lacking. Nonetheless, the plans focused on a high-level, mostly on reduced energy consumption, a 

reduction in pollution or emissions and a reduction in noise pollution. 

 

The incentive of terminal operators to replace existing equipment with ‘greener’ equipment was generally supported, more 

specifically, three operators stressed that electrification or a switch to alternative power for equipment would be interesting. The 

barriers to replace the existing equipment with more environmental-friendly equipment, obviously, are the high costs of 

investments and questioning the robustness and reliability of the new equipment. Altogether, almost all port authorities believe 

that new equipment solutions contribute to lower emissions.  

 

10.3.2 Technological Innovations 

Not so much of an innovation is the presence of Port Community System (PCS) as existing port information systems. According 

to the port authorities, most of them use a Port Community System. Most of the PCSs are interoperable with similar other 

systems. Note that in most cases, the local users are the main stakeholders of the PCS.  

 

As mentioned in the section on Operational Changes, terminal operators look into new technologies related to automation of 

terminal processes in order to, among others, increase the terminal’s resources. The following textbox further elaborate on plans 

of terminal operators to invest in new technologies and the effect of automated equipment, like discussed in earlier sections of 
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this Assignment. It should be stressed that within the empirical research among the selected EU terminals, solely one fully 

automated terminal is included. 

 

Container Terminal Automation 

An interview in World Cargo News with Jan Cuppens, 

Director Global Engineering at DP World3 stated that 

terminals are not implementing automation and remote 

control with the initial goal of increasing peak moves per 

hour. The main aims of automation are stable and 

predictable production. When it is observed that the same 

operator working a similar vessel from the cabin and in the 

office via remote control station, the operator has reached 

the same performance with both operation modes. What 

the productivity gap comes down to, it appears, is the 

complete system performance at an automated terminal 

over time, not the speed of the actual crane cycle. 

 

In addition, Jan Cuppens stated that the causes of the 

productivity gap between terminals with cabin-operated and 

automated/remote STS cranes] are identified and being 

solved. Therefore, it could be implied that the productivity 

level of the remoted controlled STS cranes can be improved. 

Figure 10-8 supports this argument as the orange line 

(representing remote-control cranes) has grown over the last 

21 months to a gross crane moves per hour (GMPH) of 

almost 30. 

 

In comparison with other industries, the port sector has adopted automated processes slowly. Advantages of automated 

operations in ports is the increased safety that is accompanied with automated or unmanned processes. Nevertheless, the costs 

of automation are high and operational challenges still exists (e.g., difficulties with handling exceptions). Moreover, at the 

moment, automation has not reduced the operating expenses or increased the productivity as much as it was expected. A recent 

study by McKinsey on the future of automated ports stated the following main reasons for the underperformance of automated 

features in ports globally: 

• The shortage of capabilities currently present in the port sector, specifically, the need for technical positions; 

• The poor quality of data used in port operations; 

• The presence of siloed operations, whereas in automation requires integrated processes; and, 

• The need for handling of exceptions at ports.  

 

The underperformance is often linked to the productivity of the terminals. Table 10-3, on the next page, presents the terminal 

productivity of the responding terminal operators. The number of n/a often refers to the confidentiality of this measurement. 

Noticeable are the results of the first terminal, which states to perform 35 moves per hour on average, while reaching up to 40 

moves per hour during peak hours. In general, the average moves per hour varies between 25 to 30 in Europe. This trend is 

confirmed for most of the terminals in the study. During the interviews, it was justly stressed that the production (moves per 

hour) of the Ship-to-Shore container cranes (peak and average) is not a strong measurement for comparison. More factors 

influence the level of production, for example the number of cranes or employees available, in order to obtain optimum 

operational conditions. 

 
 
  

 
3 DP World’s terminals in this empirical study are located in London and Rotterdam. 

Figure 10-8: Comparison Manual and Automated STS Cranes 

Source: Jan Cuppens, DP World  
Ramp-up periods comparing gross crane moves per hour (GMPH) for a 
new terminal with manual cranes (blue) and automated and remote-
control cranes (orange), showing moves per hour on the vertical axis and 
months on the horizontal axis. 
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Table 10-3: Overview - Terminal Production Rates 

Moves per hour (average) Moves per hour (peak) 

35 40 

29 n/a 

28 n/a 

24/25 n/a 

24 30 

n/a n/a 

28 28 

23/24 n/a 

n/a n/a 

30 n/a 

n/a n/a 

23 n/a 

29 35 
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10.4 Impact of the Changes on Socio-Economic Aspects 

This section elaborates on the impact of the earlier identified changes on socio-economic aspects. So far, this impact is not 

identified in academic literature, whereas market studies hardly address these aspects for the port sector in specific.  

 

First, from the perspective of the labour unions, it is concluded that 64% of the labour representatives stated that the discussed 

market-based changes are ‘felt’ by the dock workers. When directly asking if shipping Alliances and mergers in the industry are 

having a direct or indirect impact on the port as a whole (beyond the terminal) and / or on the regional economy, the majority of 

the labour union representatives considered that there was a port wide effect noted from Alliances and mergers in the shipping 

sector.  

 

An earlier study on the topic of dock labour and port-related employment by Notteboom (2010) stated that the effect of market 

development, as identified in the sections of the Final Report regarding Task 2, such the application of technology on terminals, 

inland transport restrictions (e.g., gate opening hours), terminals networks and vertical integration of terminals and logistics has 

implications for dock labour. In the past, European terminals have already experienced the impact of containerisation. This 

phenomenon brought extra training requirements for what would become skilled dock workers, there were impacts upon the 

employment dynamics within ports as the skilled workers command higher wages. The current implications for dock workers are 

as follows:  

• Need for multi-functionality; 

• Need for training, skills and career path; and,  

• Need for low-cost, productivity and flexibility. 

The market developments of continuous implementation of technology has resulted in changes in the conventional container 

operations. For example, the turnaround time for vessels has decreased and consequently fewer workers are required. Moreover, 

the application of technologies leads to a higher need of employees with a wider variety of skills as the unskilled labour tasks (or 

tasks with the least exceptions) are to be automated first as well as more specialised equipment is introduced in the terminal 

operations, which requires a specific set of skills.  

 

The impact of larger vessel sizes on all terminals, through the cascading effect in the shipping market, is significant as larger ships 

result in (fewer) peaks of intense activity and longer downtime, thus under-utilised equipment. Whereas the terminal’s clients 

demand higher productivity rates or timelier services which often result in looking into new innovations and technologies. All 

leading to improving the transition between shift going-off and the shift coming on as well as reducing delay between ships being 

moored and working on the shift commencing. 

 

The rise of terminal networks and dedicated terminals is a result of the trend towards shipping line staking equity interests in 

container terminals. Moreover, it is a result of the growth of international terminal handling groups. According to Notteboom 

(2010), the arrival of these “newcomers” placed the existing (“decades old”) relationship between existing operators and 

employees under scrutiny as those coming in wanted to “implement their best practices regarding port labour… making changes 

in the employee-employer [relationships] and the port labour system unavoidable.” 

 

The construction of modern integrated supply-chains means that great demands are placed upon the flexibility of 

ports/terminals by cargo interests and shipping lines to handle cargo flows. Consequently, the development of terminal, ship and 

labour planning systems have emerged. Further, it should be noted that a competitive port labour force constitutes a key factor 

in view of attracting more added-value activities for cargo passing through the port.  

 

Labour productivity 

In the current port environment, continuous improvement of labour productivity is expected to remain a competitive port 

position. The productivity of dock workers is dependent on a number of factors, according to Notteboom: 

• Technology: if a new innovation allows for a reduction in labour costs (i.e., manpower, especially if handling the same volume 
of cargo) then this needs to happen, to realise the gains, otherwise the port/terminal operator will be discouraged to make 
further investment and ultimately be placed at a competitive disadvantage compared to other ports; 

• Training, experience and career opportunities; 
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• Quality of new entrants; 

• Motivation and morale: 

• Professional pride and job status (within the local/wider port city community); 

• Wages and bonus system; 

• Industrial relations between labour and management; 

• Gang system that is in place: 

• Competitive spirit between gangs; 

• Strong atmosphere of coherence and teamwork within teams; 

• Smooth/seamless transition at handover between gangs; 

• Flexibility in gang deployment: 
̶ Consider here recruitment and despatching systems; and, 

• Work smarter as well as harder. 

 

A report of the World Economic Forum on the future jobs (2018) presents the outlook for jobs in general, which expects significant 

disruptions in jobs. Figure 10-9 presents that the division between labour between humans and machines is shifting fast. In 2018, 

71% of labour is done manually, whereas in 2025 this share is expected to decrease to 48%. As a result, new tasks at the work 

floor are required which drives the need for new skills and competences of employees.  

 

According to the report, the proportion of core skills required to perform a job – that mostly remains the same – is expected to 

be approximately 58%. Hence, about 42% of the skills required by 2022 differentiates from the current skills. The new skills mainly 

cover analytical thinking, active learning, competences relevant for cooperating with technologies as well as “human” skills like 

negotiation and creativity. Figure 10-10 presents a more detailed overview of the 2022 skills outlook.  

 

Figure 10-9: Rate of Automation - Division of labour as share of hours spent (%) 

 
Source: Future of Jobs Report 2018, World Economic Forum  
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Figure 10-10: 2022 Skills Outlook 

 
Source: Future of Jobs Report 2018, World Economic Forum  

 

The labour productivity should always be analysed in relation to the costs of labour in order to obtain a correct comparison, and 

therefore, the costs of labour are briefly discussed below:  

• Direct costs of dock labour: 

• Around 40% to 75% of total terminal operating costs for general cargo facilities come from dock workers, although 

this can depend upon the terminal type. In dry bulk facilities, for example, the share is perhaps as low as 15-20%; 

• Increased productivity, meaning the same or more work with fewer people, and labour flexibility also come at higher 

costs. Ideally there needs to be an “optimal balance” between performance and direct costs (i.e., wages and 

bonuses); 

• Indirect costs of dock labour, these are often unseen costs that can impact a port’s competitiveness. These costs can arise 

from: 

• Shortage of labour leading to delays in working vessels; 

• Damage to cargo (and the reputation related to this); 

• Industrial action, impacting all along the supply-chain, from delays, including if vessels are re-routed to alternative 

ports; 

• Accident rates; 

• Worker absenteeism; and, 

• Equipment and other operational breakdowns (communications and planning).  

 

Labour flexibility 

The need for flexibility of dock workers increases in the current port environment due to the market changes. A higher degree of 

labour flexibility can be achieved in terms of:  

• Working hours: 

• Passive flexibility – employer sets the roster and schedules breaks etc.; 

• Active flexibility – left to the initiative of the employee(s); 

• A port with a high level of casual labour generally exhibits similarly high levels of flexibility; 

• Labour quantity, adjusting the size of the workforce to demand peaks and troughs, however this is considered to be 

increasingly challenging with larger ships and fewer port calls; 

• Operational deployment of dock workers, in other words, multi-skilled/functional dock workers who are able to be 

redeployed where necessary. This can be achieved through training and certification; and, 

• Gang composition (adjusted as necessary) and assignment. 

From a regulatory perspective, the need for flexible dock workers touches upon the requirement regarding working days and rest 

hours. This is a common topic in negotiations between employees and employers. Often, it can be encouraged through wage 

rises or bonus packages related to flexibility. 
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According to the labour unions included in the empirical study, the operators only or together with the unions did not concretely 

implement strategies or policies to address the impacts of the developments (both as a result of market- and technology-based 

changes). Specifically, one respondent pointed out that controls upon working hours / overtime and the introduction 

(requirement) for new shift patterns were implemented.  

 

Furthermore, the labour unions did not provide a uniform answer to the question whether the technological changes, for 

example new equipment on the terminal, affected the dock workers. Specific examples stated the consequences of different 

labour contracts, uneven work flows as a result of peaks and troughs, more work (from larger ships) and a lack of variety in the 

nature of the work. Remarkably, the need for additional training was barelt mentioned as a challenge by the labour union 

representatives. The terminal operators, on the other hand, did clearly state that technological innovations (i.e., new and more 

advanced equipment) require more training for the dock workers. More precisely, all terminal operators stated that employee 

training continues to be a source of competitive advantage for the terminal operators. Concrete examples of what kind of training 

should be provided was limited. However, it is known that European training centres for dockworks have started offering training 

in operating automated equipment and digitalised tools, e.g. by means of simulators.   

 

According to the terminal operators, aside from the need of training to use newer equipment as a result of the earlier mentioned 

operational changes, the outcomes of the questionnaires indicate the following aspects affecting the dock workers: 

• Automation reduces the number of jobs for dock workers as the terminal staff is not always able to do other work on the 
terminal. Hence, not every docker may be able to fulfil a job on the terminal; and, 

• An increase in remotely controlled equipment with office operators, which are able to control more than one device, create 
superfluous staff. 

 

The impact identified on the workforce presents a wider perspective on the future of jobs, whereas players in the port sector do 

not state specific requirements or skills sets, aside from the fact that training is important. The training would allow the workforce 

to continuously be lifelong learners and continuously develop skills to enable adaptions and proactive management styles. At 

current training centres in the maritime sector, specific skill and competence sets are identified (and thus offered) for dockers 

working with automated and digitalised features. The training centre did indicate that it expects to further develop the required 

skills and competence sets relevant for the future container handling operations. Further, it should be stressed that these training 

centers are complementary to trainings offered directly by the operators themselves.  
 

This implies that the employees at the currently (semi-)automated terminals are mainly trained by the operator themselves or 

re-training of employees is not applied. Since the increase of on-the-job training as of the 1990s, there has been greater emphasis 

placed upon private training providers and company training schemes. In general, earlier studies stated that within the maritime 

sector, training topics as technical skills, teamwork, problem solving and social dialogue should always be advanced.  

 

In all cases, training on safety aspects remain highly important considering the changes in the sector. An earlier statement by 

Notteboom (2010) remains relevant: “training is essential in achieving a high labour productivity and safety record. [It] is also 

considered a key element in achieving better social conditions for dock workers.” 

 

In practice, there is one example of an initiative between labour unions and terminal operators in the field of digitalisation and 

automation. In 2015, the labour union in Hamburg confronted Eurogate with the request to negotiate an agreement to manage 

the introduction of new technologies. Three years later, a Collective Agreement of the “Future” is established which covers the 

following topics: 

• Structure of the agreement and relation to the existing representative participation; 

• Qualification; 

• Framework for future working hours;  

• Mobility; and, 

• Employment protection and vested rights. 
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Altogether, an effect of the market- and technological-based developments is identified in the empirical study among the 

various EU ports and terminals. The impact of increases in vessel sizes and call sizes are confirmed from different perspectives 

in the port sector as well as their impacts on terminal operations and hinterland transportation. The main causes for these 

effects lie by the shipping side of the logistics chain.  

 

These changes and developments result in the need of larger terminal resources, supporting infrastructure, operational 

improvements as well as mastering different equipment and adhering to changing operational schedules. Specifically, the 

latter two effects further impact labour flexibility as well as brings along increased pressure on dock workers’ knowledge, skills 

and competences as well as salary levels. 
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This Chapter discusses the strategic implementations identified in the empirical study. The strategic implementations are divided 

into the following three types: 

• Organisational Strategies; 

• Operational Strategies; and, 

• Commercial Strategies. 

 

11.1 Organisational Strategies 

This section discusses the organisational strategies identified from the responses of the questionnaires among the port 

authorities, terminal operators and labour unions.  

 

First of all, it is positive to know that all landlord port authorities stated to have a Masterplan, also referred to as a Strategic Plan 

which usually covers a time span between five to ten years. In addition to infrastructural issues including more efficient use of 

land, the strategic plans include the necessary investments as discussed earlier in the report, like investments which lead to better 

service quality and lead to environmental improvements. Most of the strategic plans also cover SMART technologies, such as: 

• Development of truck platooning;  

• Electronic sensors measuring air and noise pollution levels; 

• Intelligent cameras; 

• Sensorisation, Artificial Intelligence, Industry 4.0, Blockchain (pilots); 

• Smart control of electric supply (lighting, airco); and, 

• Other items which may be part of the Masterplan include information through a shared database (earlier referred to as 
digitalisation). 

 
The investments mentioned in the empirical study with respect to environmental improvements are in line with the earlier 
identified trends. These trends were related to energy and environment for cargo handling as well as the environmental 
legislation regarding the maritime transport (see previous Task 2). From the Masterplans, it can be concluded that the port 
authorities have substantial plans regarding sustainability. The following list presents, in alphabetical order, the suggested 
strategic plans: 

• Adoption of disruptive technologies: AI, Automation, Blockchain, Drones, IoT; 

• Alternative fuels (LNG or Hydrogen fuel cells), renewable energy; 

• Onshore Power Supply (OPS); 

• Electrification of cranes, promoting energy efficiency and the use of bio fuels; 

• Environmental bonuses for the cleanest vessels; 

• Environmental practices in general and reduction of environmental impact; 

• Focus on digitisation and cyber security; 

• Greater use of rail services and shortsea shipping: intermodality;  

• Making port processes and systems more reliable, predictable, efficient and sustainable; 

• Reduce emissions, waste and CO2; 

• Sewage system for ships to dispose waste; 

• Smart program to reduce empty containers through ICT solutions to reduce emissions; and, 

• Use of windmill and solar panels. 

 

For the terminal operators, various topics regarding organisational strategies have been noted throughout the study. First, as 

discussed in the report, the role of IT increases significantly. The quote on this topic even stressed the need for Information 

Technology to become an in-house core activity of terminal organisations.  
  

11 Strategic Implementations 
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Second, with changing equipment and operational processes, terminal operators expressed their concern about the quality and 

skills of the average dock worker considering that the need of highly skilled labour is becoming more important. Recent trends of 

remote operations in the container terminals in Rotterdam has demonstrated a need of different skills for crane operators. In line 

with this development and the fact that all terminal operators unanimously stated that employee training remains a source of 

competitive advantage for terminals operations, it can be implied that this focus will continue to play an important role. 

Moreover, the changing operations by means of unmanned processes and / or different equipment also require education on 

maintaining a certain level of safety.  

 

Another trend impacting the organisation of terminal operators has to do with the increasing vessel sizes and call sizes, which 

require flexible labour conditions. However, these labour conditions are bound by Collective Bargaining Agreements with labour 

unions. The increase of vessel sizes has an impact on the peak operational requirements of the terminal, thus resulting in a higher 

required labour force during these peaks. In order to cope with these peaks, among other aspects, labour needs to be multi 

skilled (allowing for operations on various types of equipment like canes, reach stackers, straddle carriers and RTGs) as well as 

flexible (allowing for overtime etc.). 

 

The current type of labour agreements of the terminals covered in the study are divided between mainly collective bargaining 

agreements, but also contracts based on national and local laws as well as specific union agreements. Changes are occurring in 

this field, it is experienced that the influence from the EU is increasing. However, on the contrary, an example presented earlier 

on a Collective Agreement of the Future was initiated bottom-up.  

 

A third organisational aspect identified among terminal operators happened when they answered the following question: which 

type of public measures would be needed to improve the competitiveness of your terminal? In general, the answers are of a 

broad nature. Still, improvements with respect to bureaucratic processes, like appropriate customs and administrative 

procedures, were mentioned as necessary to ensure that the EU terminals and ports remain competitive. It can be expected that 

follow-up on these processes will continue.  

 

Among the responses of labour unions representatives, no specific organisational strategy has been identified. According to the 

labour unions, the terminal operators only or together with the unions did not concretely implement strategies or policies to 

address the identified impacts of the developments (both as a result of market- and technology-based changes). From this 

statement, it can be concluded that labour unions will continue to stress the need for addressing these changes to the terminal 

operators.  
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11.2 Operational Strategies 

Aside from organisational strategies, the following operational strategies specifically for terminal operators are addressed in this 

section: 

• Operational aspects of terminal operations; 

• Srategies concerning hinterland connections; and, 

• Containership sizes and port relocations. 

 

11.2.1 Terminal Operations 

Without repeating the section on Operational Changes of Chapter 10, it should be noted that operational strategies are important 

to coordinate the necessary changes regarding the operational processes on terminals, including equipment and labour 

management. A combination of Figure 10-7 (see the previous Chapter) which presents the areas where automation projects 

have taken place over the last ten years with earlier identified trends with respect to operational stages of automated container 

terminals. It results in the expectation that after the automation of the stacking yard (where quite some automation projects are 

taking place), horizontal transportation will be automated, followed by remote-controlled STS gantry cranes.  

 

In addition to the automated operational adjustments, investments in larger terminal resources, like the deployment of larger 

cranes, and adjustments to the existing labour’s working environment are necessary to host the increasing vessel sizes. All to 

remain competitive within the European port sector. However, at this moment, profitability of terminals with such investments 

have not yet been successfully proved by the study’s participants.  

 

Furthermore, to accommodate the big ships, additional investments also require improvements of quay walls, bollards, fenders 

etc. This indirectly places pressure on port authorities by the shipping lines, whereas overall the terminal operators are feeling 

these pressures. These pressures result in operational plans which vary from a few STS gantry cranes or other terminal equipment 

or a completely new port to be built on reclaimed land. Usually, the relevant new equipment is of a technological high 

development, triggering (more) automation. However, it should not be forgotten that also one of the smaller ports has a EUR 20 

M investment budget. 

 

On a practical note, all larger ports, or rather the terminal operators actually deciding upon it, claim to be operating 24/7 on the 

waterside. However, in various cases, facilities are still closed on the landside for part of the evening and / or night, while smaller 

ports may be closed for the weekend. However, it could be expected that, ultimately, operations will move towards actual 24/7 

operations.  

 

The operational strategies should also entail a social perspective. The principal challenges concerning staffing varied considerably 

and has been a reflection of location and national (local) context. Generally, a shortage of qualified dock workers is experienced 

while the ability to meet the supply / demand balance for cargo handling is a major challenge. Nevertheless, the operational plan 

is expected to focus on training the port worker on the required different skills, for example technology-based skills as these relate 

to automation/remote operations. By training these additional skills, terminal operators will achieve that their employees 

become multi-skilled, whereas labour unions expect the work of their members to become of a more homogeneous nature.  
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11.2.2 Hinterland Connections 

Under the positive impacts experienced by terminal operators addressed in the Legal Framework section of Chapter 10, the 

efforts in TEN-T network were raised. However, terminal operators suggested among the public measures that hinterland 

connections throughout the EU should be improved in order to advance the competitiveness of terminals. Intermodality and the 

use of inland terminals is becoming more important in the competition between terminal operators. 

 

Some operators already have a network of inland terminals in Europe and / or are involved in multimodal hinterland 

transportation networks (e.g., ECT’s European Gateway Services (EGS)). Overall, terminal operators are getting increasingly 

involved in hinterland connections, which is impacting the market conditions. Figure 11-1 shows the core TEN-T network which 

presents a ‘comprehensive network’ of regional and national routes to be developed by national and regional authorities. 

 
Figure 11-1: Overview – TEN-T Network: Core  

 
Source: European Commission 

 

An earlier study The Balance of Container Traffic amongst European Ports (2011) by NEA focused on the optimisation of 

hinterland connections. The study concluded that whilst, theoretically, it would be possible to develop an inland transport system 

based upon distance to the nearest port, practically speaking not all ports offer the same connections for all cargo types. 

Alongside, transport operators would optimise their network based upon internal cost and “transport externalities” arising from 

public policy (e.g., environmental regulations). However, even if, for example, southern Europe ports were to expand their 

hinterland, it does not automatically mean that inland distances will fall and externalities (e.g., greenhouse gases) will decline. 

There are other factors at play, such as: 

• Different inland modal split; 

• Different road conditions; 

• Different rail operations; and, 

• Environmental sensitivity. 
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The study by NEA (2011) concluded that “if all continental maritime containers were transported via the optimal port of loading 

or unloading, the distribution of cargo amongst the Northern and Southern European ports would remain broadly similar to the 

existing pattern”. Hence, the decisive factor in this contested hinterland is maritime cost as carriers will send shipments from this 

contested core north due to scale effects. The European container traffic forecast for 2030 of the study presents that ports within 

the “north core” will have a 78% share of the “core area” volumes from all trades, with the “south core” having the rest (22%). 

Expressed in TEU, these come out at 64.5 M and 18.2 M respectively.  

 

From the empirical study, five of the ten port authorities declared that their ports have truck traffic limitations, usually limited to 

occasional peak hours when there may be long queues. Note the there was no geographical (north/south) difference identified 

among the port. However, the effect of ULCSs is also felt, creating peak hours for a number of consecutive days when ULCSs are 

calling. Various approaches are being made to reduce the traffic congestion in port areas. An interesting approach is an effort to 

make the connecting highway jam free through data analysis, whereas another initiative focused on the vehicle booking systems 

to regulate the traffic flow. 

 

Another possibility to reduce traffic congestion is to implement a modal split policy. An example where the port authority has 

influenced modal split shares is in the Port of Rotterdam, where the concession agreements included specific modal split shares 

for the terminal operators. Consequently, traffic congestion can be reduced while at the same time environmental improvements 

are achieved.  

 

According to the terminal operators, improving railway connections is, in nearly all cases, the means to reach the desired modal 

split. However, only three ports in the survey group have well-defined modal split goals or similar such as expanding rail at the 

expense of trucks.       

 

11.2.3 Containership Sizes and Port Relocations 

That containerships are growing in capacity is well-known. At the end of 2013, the average capacity of the global containership 

fleet amounted to less than 3,000 TEU. Five years later it was approaching 3,700 TEU. This is being driven by the largest vessels 

coming in at the top of the capacity scale, and the removal of vessels at the smaller end of the scale once they have run their 

economic lifecycles. In 2021, there will be approaching 140 vessels of 18,000 TEU capacity or more, the largest of these being 

vessels of 23,400 TEU (ordered by HMM). Just five years before that, the figure was just forty-six ships, with the largest being 

19,400 TEU. 

 

In between these two figures were incremental step ups, these achieved by increasing the length, breadth or depth of a vessel, 

although this is slowing down somewhat. Come end-2021, the longest containership will be 400 m, the widest 61.3 m and the 

deepest will have a draught of 16.5 m. Five years earlier, the figures were 400 m long, 58.6 m wide and 16.0 m draught 

respectively [and not necessarily all referring to one specific vessel]. Other capacity increases therefore have come from 

applications of new lashing methods, for example, or tweaking of the broad-based design of a containership, such as raising the 

height of the bridge superstructure, this latter also being a popular method of increasing the capacity of existing containerships.  

 

These trends of expanding containerships able to carry increasing numbers of boxes have had impacts upon the long-term 

(investment) future of new and existing ports. This goes not just for those ports handling the very longest, widest, deepest or 

largest ports, but those throughout the ports network as the arrival of the newest and largest pushes the predecessors, who 

were once the newest and largest, onto other routes where the exercise is repeated right down to the smallest of services; the 

cascade effect. 

 

Socio-economic trends have contributed to a general, gradual, trend in the ports sector to (partially) move port facilities away 

from the metropolitan centres they once inhabited to new infrastructure located out of town, sometimes many kilometres away. 

In mature industrialised economies, the ports of Rotterdam and London are prime examples. In other parts of the world, there 

has been, or will be, wholesale relocation. Saigon/Ho Chi Minh City and the opening of brand new container terminals some 40 

to 50 kilometres closer to the coast, and the wholesale relocation of Singapore’s handling facilities to the (reclaimed) Tuas 

development on the main island’s southwest corner are more recent (and quicker) examples. Put simply, as economies develop, 

metropolitan centres grow, become busier and demand more space. Land becomes more expensive; ports have land but, to 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 126 

 

 

meet the demands of increased trade and prosperity, need more space which is a) scarce, b) now more expensive and will most 

likely generate higher returns from consumer or residential rather than industrial activity. 

 

As a result of these trends, ports have moved. However, even then, especially given the long lead time required in developing or 

improving new infrastructure, they are being pressured by the increase in containership size and capacity and related 

developments. Newer and larger ships require that ports are more capable: 

• Ports must be able to accommodate the greater dimensions ships now possess: 

• This is a port’s issue and covers access channels, turning basins, quayline construction, depths/draughts and so on; 

• Ports must be able to handle the increase cargo volumes now contained within one vessel: 

• This is a more a terminal’s issue, and includes depths/draughts alongside, equipment capability, internal terminal 
logistics and so on; and, 

• Ports need to be connected to sufficient hinterland capacity: 

• This is a wider issue than just ports alone, but in essence hinterland infrastructure must be able to cope with 
increasing cargo loads that arrive en bloc. 

 

Thus, to still be relevant, especially on the strategic trades, ports (and the surrounding areas) need to invest in capacity and the 

capability to handle the largest ships, even when the last round of infrastructure investment has not necessarily reached the end 

of its lifecycle. Again, it is worth repeating that the principles here apply to all ports involved in the container shipping network, 

not just those at the top (mainline) end. It would appear to be very strange for a port to deliberately choose not to follow the 

vessel developments. 

 

Liner carriers, on the other hand, do and have made such a decision. Increasing vessel seizes are one of the main factors driving 

consolidation, be it operational in the form of alliances or joint services, or corporate through takeover or merger. APL, CSAV and 

UASC are all examples of corporate takeovers where they tried to play the capacity game, but the investments required – 

especially in the context of a weak market – led them to essentially withdraw. Elsewhere, even previously independent carriers 

such as MSC and Evergreen have entered into Alliance arrangements in facing the market pressures. 

 

Further, the effect of continues growing cities which move closer to ports (again), stresses the relevance of port-city relations, 

which thus become more important.  

 

Operationally, consolidation has resulted in fewer services, therefore fewer calls being made to ports (and fewer worldwide 

connections too). However, with larger vessels, those calls are now much more intense. Terminal activity is now characterised by 

periods of intense activity but longer period of relative downtime. For the ports, they may receive fewer calls overall, but might 

actually be seeing more containers handled. For the terminal operators though, the situation is exacerbated by consolidation. 

Individual vessel operators usually decide which terminal within a port will serve their ship. They will often have some form of 

(ownership) interest or affiliation to a particular terminal in port. Whereas previously a terminal could count on weekly calls from 

a particular service operated by a single carrier, increased consolidation in whatever form means that if the carrier moves into a 

new joint service, say, that terminal would have to share port calls with the facility chosen by the other party. The situation is 

exacerbated in the case of a five-carrier service, for example. Thus, with increased consolidation, be it operational or, especially, 

corporate, the carriers, by dint of their reduced number (but greater volumes) have increasing purchasing power, which in turn, 

places greater cost and performance pressure on terminals already having to cope with “lumpy” cargo deliveries and receipts to 

match the ever larger ships who call less often. 
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11.3 Commercial Strategies 

This section focuses solely on the commercial strategies of terminal operators. However, it has been impossible to identify 

changes in the commercial strategies of terminal operators. The main reason for this is the lack of data4 provided by the terminal 

operators. The selected EU terminal operators have barely shared information relevant for the identification of commercial 

strategies due to the confidential nature of the content.  

 

Further, it could be stated that the study which focused on the perspectives of terminal operators, port authorities and labour 

unions, might need a shipping line / Alliance perspective as well in order to gain a comprehensive overview of the commercial 

dynamics in the market. It should be noted that the role of labour unions and port authorities is rather limited in this discussion. 

Indirectly, both parties have influence on the position of the terminal operators. For example, the responsibility of dredging to 

host certain type of vessels belongs often to the landlord port authority and is of importance to the terminal operator.  

 

Throughout the analyses of the outcomes, it was confirmed that the terminal operators adhere to the demands of the shipping 

lines. For example, the physical demands such as the capacity of gantry cranes, productivity levels and costs. In Chapter 2, the 

balance between the terminal operators and the shipping lines was questioned by the operators. Hence, it would be 

recommended to include dialogue with the shipping industry to obtain a more objective view on the topic. Perhaps, the earlier 

discussed legal and policy framework of the EU could further respond to this. 

 

As said and what should indeed not be ignored is the fact that commercial strategies are generally kept confidential for any other 

party than relevant. There are quite a number of official and commercial parties in each port, which have an interest in a carrier 

coming to their port. A few notes in this respect:  

• In addition to various official discounts, the Port Authority may be willing to offer additional rebates on the port dues; 

• Towage operators may be willing to offer a special price; 

• Even lashing companies could be interested in a deal with a carrier; 

• Terminal operators may have an official tariff, but this is rather used as a guideline for discounts; and, 

• Silimar to the above note, the tariffs for labour are not carved in stone either.  

 

In short and apart from nautical issues and hinterland transport, there are many parties formally and informally impacting the 

decision of a carrier to call port a) or b).  

 

 

 

 

 
  

 
4 The data was demanded in a separate Excel document. 
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This Chapter discusses the forecasts and future needs identified from the study on the socio-economic impact of market-based 

and technological developments on EU Ports. As mentioned earlier in the disclaimer, this Final Report is based on the conducted 

interviews and questionnaires among selected EU terminals as well as background information from academic studies and earlier 

identified trends and developments in the port and shipping sector.  

 

In general, the container terminal industry is confronted with the following identified main trends, which are further elaborated 

in this Chapter: 

• Shipping dynamics; 

• Market-based developments; and, 

• Advancements in technologies. 

 

The impact of these developments result in a competitive environment for services and facilities at EU container terminals. 

Terminal operators are pressured into adjusting their terminals to the ever-growing vessels and its accompanied cascading effect, 

whereas maintaining their service level of handling containers at the same rate or even increasing these rates while sustaining a 

competitive pricing level.  

 

The dynamics in the shipping industry are initially driven by the principle of economies of scale. Container shipping is essentially 

a service-oriented industry. Operators are acting in a competitive market, continuously adapting to customers’ demands. The 

shipping lines are deploying ever larger ships operating in Alliances through which they often combine their routes and stops. 

Capacity management (supply and demand) is therefore becoming a key challenge for terminal operators, especially as in current 

operations the flexible labour pools are not always able to handle the operational peaks in ports.  

 

Moreover, over the course of time, quite some carriers changed terminals due to consolidation and shifting of Alliances. Almost 

all terminals, specifically the larger and medium terminals in the EU, indicated that they were facing a reduced frequency of calls 

at their terminals due to more cargo per vessel call and fewer but bigger ships in the service schedules. These high and low peaks 

have an adverse effect on the labour organisation and the terminal efficiency.  

 

The consolidation of liner shipping, technological advances in shipping and policies regarding climate change are key drivers of 

global shipping, which has resulted in the restructuring of global Alliances through consolidation as well as mergers and 

acquisitions. Note that as of January 2018, the top 15 shipping lines accounted for 70.3% of all global capacity, whereas in June 

2018, the top 10 shipping lines accounted for 70.0% of the global fleet capacity. 

 

All parties consulted in the empirical study as well as the academic literature and market studies have agreed upon the substantial 

impact of shipping Alliances on the terminal operations, that is to say on those ports and terminals handling such ships and 

Alliances, as well as the related hinterland operations. Nevertheless, the smaller terminals are impacted too as a result of 

cascading effect of vessels. The arrival of an increasing number of containers by one vessel requires efficient and sophisticated, 

risk-based customs procedures, good hinterland connections and efficient use of all modes of transport based on timely access 

to relevant information as well as the flexibility to cope with these peaks and troughs, putting substantial stress on the logistics 

partners. Consequently, these impacts are large on existing terminal operations.  

 

Further, the scope of developments in the industry are of a wider nature, for example, consider a new era with automated 

shipping. When asking the participating in the empirical study what changes should be imposed in the EU framework of the 

current shipping industry, the answers mainly reflect individual and local concerns related to the need for automation and the 

need for shared benefits from the economies of scale savings from ULCSs which should be felt by multiple stakeholders (not just 

the carriers). Therefore, the current EU legal framework relevant for the port sector could be improved or should be further 

researched as at this moment, the study does not present a coherent understanding and acceptance of the existing legislation.  

12 Conclusions 
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The EU is advised to take a closer look at regulations from a terminal operator’s perspective. Moreover, further analyses on this 

topic should also include the perspectives of shipping lines in order to gain an appropriate and comprehensive view of the market 

dynamics on container handling.  

 

Market-based changes are mainly driven by impacts of developments in the container shipping industry, specifically the 

continuously increasing capacities of ULCS require adjustments in the operating assets and processes on container terminals. The 

terminal market in Europe is expected to remain very competitive, considering the continuous gained overcapacity, which further 

drives the need to invest in and remain state-of-art terminal processes. Specific processes on all types of terminals are expected 

to focus on optimisation. The processes related to gate operations, the stacking yard and hinterland connections are projected 

to develop automated features first, whereas the automation of STS gantry cranes and horizontal transportation on the terminal 

might need more evidence for being financially beneficial investments.  

 

Aside from the terminal operations, the hinterland connections are strongly impacted by the capacity peaks on the terminal as 

well as inland transport restrictions (e.g., gate opening hours) and vertical integration of terminals and logistics. The operational 

peaks and the construction of modern integrated supply-chains place great demands upon the flexibility of ports and terminals 

by cargo interests and shipping lines to handle cargo flows. Consequently, the development of terminal, ship and labour planning 

systems have emerged and are expected to encounter further challenges as a result of continuous market changes.  

 

The empirical research provides case-based outcomes to the discussed topics, whereas in academic literature most studies are 

of a more generalistic nature. For example, the outcomes of the study by Notteboom (2016) indicate that the upstream ports are 

able to remain a competitive position while various factors as technological evolution, financial criteria, management and 

organisation of the available human resources as well as strong political and institutional aspects are in place. The latter aspect is 

thoroughly discussed in Task 2 under regulations and policy from both the container handling and the maritime transport 

perspectives. The participants of the empirical study mention that this is an aspect which is generally not considered to be 

adequately tacked by the EU at the moment. 

 

An example from a practical initiative in the market is the Collective Agreement of the “Future” between a German operator and 

the labour union on container handling activities with advanced technologies (automation and digitalisation). Under the labour 

union’s motto: We are not unable to stop it, but we can manage it. The two parties started a dialogue about the future of 

container terminal operations. The overarching five topics of the negotiations were as follows: 

• Structure of the agreement and relation to the existing representative participation; 

• Qualification; 

• Framework for future working hours;  

• Mobility; and, 

• Employment protection and vested rights. 

 

Technological advancements are expected to further impact the container terminal landscapes. Existing terminal processes and 

assets are already being adjusted with automatic features. Specifically, the empirical study pointed out that these developments 

take mainly place at the stacking yard and the gate operations. Further, the terminal operators stressed the fact that the higher 

the terminal’s dependency on IT systems is, the higher the accompanied safety risk regarding Information Technology is. 

 

The main driver for implementing automated features on a container terminal is the reduction of cost per container handled. 

These costs include the cost of labour. Other important factors include the aim for improved reliability, predictability and safety 

of operations. It is the development of sensor and navigation technology that has enabled the crane driver of container terminal 

equipment to be removed from its cabin high in the crane. Concerned are such devices as Automated Stacking Cranes (ASCs), 

Rail Mounted Gantry Cranes (RMGs), Rubbed Tyre Gantry Cranes (RTGs) and other moveable assets. 

 

This equipment has then become either completely computer-controlled, or through a combination of robotic and remotely 

operated work phases in sequence. The efficiency and economics of this development are the financial drivers. The work of a 

robot is predictable, whilst human being unavoidably make mistakes. However, humans are able to handle exceptions while 

robots find this more difficult (at the moment). A crucial issue for successful operation of (semi-)automated container terminals 
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is to have robust procedures and systems in place for managing exceptions. The ultimate goal is to have as few exceptions as 

possible. Today’s container terminals face many potential disturbances and disruptive factors lying outside the direct control of 

the terminal operator. The key to exception handling is fast detection and understanding of the situation, and a swift intervention 

to get the process moving again. 

 

In comparison with other industries, the port sector has adopted automation slowly. Advantages of automated operations in 

ports is the increased safety that is accompanied with automated or unmanned processes. Nevertheless, the costs of automation 

are relatively high and operational challenges still exists. Moreover, at the moment, automation has not reduced the operating 

expenses or increased the productivity as much as it was expected. The impact of automation on labour is significant as in the 

conventional setting the port sector involves a workforce with a considerable share of field labour. 

 

Further automation of processes is expected in container handling, hence on the one hand reducing the need of the number of 

employees, while on the other hand requiring more training. Terminal operators are expected to continue investing in employee 

training especially as the operators expressed their concern with respect to difficulties in finding qualified staff. Therefore, the 

identified developments in the market are putting pressure on the labour environment at the terminals. The terminal operators 

did clearly state that technological innovations (i.e., new and more advanced equipment) require more training for the dock 

workers as different skills are required. More precisely, all terminal operators stated that employee training continues to be a 

source of competitive advantage for the terminal operators.  

 

Aside from changing working requirements and conditions, the job profiles are moving towards profiles which require IT, digital 

and automation-related skills as well as process managers and maintenance / engineering skills. Terminal operators are strong 

supporters of developing these new skills, however, no mechanisms to identify new profiles / trainings necessary for the work is 

identified in the empirical research.  
 

As stated in Appendix IX, during the study trip of this assignment to Hamburg, a training centre was visited. Specifically, the Ma-

Co (maritimes competenzcentrum) was visited which provides custom-fitted trainings to their client’s employees based on eight 

competence fields (e.g., safety & security, communication & leadership and logistic). Ma-Co is considered among the progressive 

employee training institutes within the Port of Hamburg. However, the management confirmed that none of the trainings 

currently address aspects with respect to automation and digitalisation, whereas automated processes occur within the 

respective port. The management stated that this topic is not relevant at the moment, however, in the future, it is expected that 

(slowly) different trainings and competences will be identified to facilitate for automated processes in the port. 

 

According to the empirical study, the need of training for employees to use newer equipment as a result of the earlier mentioned 

developments in the market are as follows: 

• Automation reduces the number of jobs for dock workers as the terminal staff is not always able to do other work on the 
terminal. Hence, not every docker may be able to fulfil a job on the terminal; and, 

• An increase in remotely controlled equipment with office operators, which are able to control more than one device, create 
superfluous staff. 

 

Nevertheless, based on other market studies conducted, the current organisation of dock labour on conventional terminals is 

expected to be impacted by changing requirements of dock worker’s skills and competences, which are focused on the following 

needs:  

• Need for multi-functionality; 

• Need for training, skills and career path; and, 

• Need for low-cost, productivity and flexibility. 

 

Whereas all container terminals are impacted by the identified developments and changes in a certain extent, the socio-

economic impacts on EU container terminals in general are unable to identify. The developments will have different impacts on 

smaller terminals compared to larger terminals. As a result of the cascading effect in the shipping sector, all ports, specifically 

container terminals, will likely have to cope with increasing vessels sizes and call sizes impacting their terminal operations, assets 

and hinterland connections. In addition, almost all participants of the empirical study confirmed that there were impacts from 
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the calls of the ULCSs, with the main impact being upon the provision or allocation of labour. Specific remarks of the respondents 

regarded the peaks in handling cargo caused by the large call sizes of these vessels. 

 

However, the impact of automation and its investments will differentiate among the different terminals. While all terminals will 

act in a competitive environment with high standards for service levels, productivity and quality, the interest in investing in 

automated features varies among the different type of terminals. The following section elaborates on development of container 

terminals in Europe, based on a selection of current terminals in the EU. The container terminals are selected depending on the 

size, geographical position and level of implemented automatic features, as well as their expectations for the future.  

 

12.1 Development of Container Terminals 

Preceded by more extensive EU terminal reference data (see Appendix VIII), this section presents simplified data of five sample 

container terminals based on the empirical research conducted for this study. Apart from the information on the main assets and 

equipment used and whether automated features are present or not, for each terminal the following data on staff, training and 

job profiles is provided subject to availability. This section specifically aims to stress the different outlook for different European 

container terminals.  

 

The following five sample container terminals are considered: 

• Large Terminal 1; 

• Large Terminal 2; 

• Medium Terminal: 

• Small Terminal 1; and, 

• Small Terminal 2.  

 

Table 12-1 presents more detailed information on the sample terminals, including the number of containers (TEU) handled by 

terminal staff to achieve the listed annual throughput indicated. 

 

Table 12-1: Overview Sample Container Terminals – Summer 2018 

 
Level of Automation Capacity (TEU) Throughput (TEU) Staff (Detailed) Staff (total)  Throughput (TEU/pp) 

Large Terminal 1 Fully automated  2,350,000 2,000,000 250 fixed/150 hired 400 5,000 

Large Terminal 2  None 3,000,000 1,594,000 920 fixed/120 hired 1,040 1,533 

Medium Terminal Semi-automated 2,000,000 963,000 approx. 500 500 1,926 

Small Terminal 1  None, but intended 800,000 541,000 270 fixed/hired 270 2,004 

Small Terminal 2 None 300,000 132,000 17 fixed* 17* 7,765 

* This number of employees is based on interviews during the empirical study, but as this is a manually operated terminal it is expected that this number 
might be higher for containerised cargo handling (which is executed by integrated dock workers).  

 

There is no need saying indeed that the outcome per staff member (throughput – TEU/pp) can barely be compared by terminal. 

Apart from the fact that, the higher the level of automation, e.g., large terminal 1, the higher the turnover (throughput per head) 

per staff member. Also, it can be noted that, indeed, the automated and semi-automated facilities realise the largest highest 

throughput per head, which includes a smaller terminal with the intention to automate. Small terminal 2 realises a very high 

throughput in terms of TEU per person, this will be the effect of being an integrated port which handles non-container cargoes. 
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12.1.1 Sample of Large Terminal 1  

This terminal presents a large fully automated terminal within the EU. In line with earlier conclusions, the training for employees 

on automated terminals is offered in-house and indeed requires different skills and competences, thus other job profiles, 

compared to conventional container terminal operations. It is expected that within the EU, greenfield projects with similar 

characteristics in size (capacity and throughput) will have automated features like this sample terminal.  

 

Large Terminal 1 – Fully Automated 

Container ships Deepsea: 10,000-21,000 TEU; Shortsea ships and feeders 

Gate (in and 

out) 

• Optical Character Recognition (OCR) 

• Automated, unmanned Gate; the truck driver handles all 

Stack • Automated Stacking Cranes (ASC) and ARMGs (handling on-dock rail) 

• Remote operators in a control room, each of them steering three stacking cranes 

Horizontal 

transport 

• Automatic Guided Vehicles (AGV) or Lift-AGVs 

• AGVs are guided by transponders; no operational staff on the terminal surface 

Quay cranes • Remotely controlled Ship-to-Shore gantry cranes, 24-boxes wide 

• Remotely controlled Ship-to-Shore barge/feeder cranes, 13-boxes wide 

• Crane drivers (remote operators) in a control room, monitoring and adjusting the crane (one operator per one crane) 

• Indicated production: thirty moves per hour average/24 hours per day 

Number of staff • 250 fixed staff (individual labour contracts and collective labour contracts) 

• 150 on average hired operational staff (subject to FNV/CNV CAO’s via companies from who operational staff is hired). 
Hired staff include remote operators and twist lock handlers 

• Other operational staff is mainly responsible for maintenance of equipment 

• Note: the terminal management reports a general shortage of staff 

Training All existing and new staff are exclusively and continuously trained in-house 

Job profiles Different skills and competences; ability to concentrate, also in the case of monotonous work. IT employees, remote 

operators, process managers (male and female). Process managers and control operators for monitoring and ability to 

interfere if required 

Total 

throughput 

2018 

2,000,000 TEU - total staff 400 - handlings per staff in 2018: 5,000 TEU (indicative) 
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12.1.2 Sample of Large Terminal 2 

This terminal presents a large conventional terminal within the EU. It is expected that EU brownfield terminals with similar 

characteristics will adhere to this terminal profile. At the moment, no automated features exist in the existing terminal operations, 

however terminal management has indicated to have intentions to optimise operations by means of introducing automated 

processes in gate processes and in the stacking yard (and perhaps also in horizontal transport operations).  

 

The need for training employees to the changing operations would become a requirement, especially as the current employees 

are trained in working on a conventional terminal. Whereas, there is a need for knowledge and experience in technological 

operations, maintenance and engineering as well as IT skills.  

 

Large Terminal 2 – No Automated Features 

Container ships Deepsea: 8,000-21,000 TEU. Shortsea ships and feeders 

Gate (in and out) Manned gate. Intention to fully automate with OCR techniques  

 

Stack • Stack not automated (intention to do so)  

• Currently served with RTGs (of which an increasing number electrified) 

Horizontal transport Mainly RTGs (in part electrified); terminal tractors (not automated) 

Quay cranes • Ship-to-Shore gantry cranes; 18-boxes wide and 25-boxes wide 

• Including a number that are remote ready and have an outreach of 25 boxes wide  

Number of staff • 920 fixed; 120 contract workers (working in 12-hour shifts, 3 or 4 breaks of 15 minutes max., three drivers for two 
StS cranes)  

• Currently, low unemployment pressures; weighing on salaries  

• Last July, the existing collective agreement was extended for two years 

• Significant salary increases for operational and technical employees 

Training • Training in automation will become a requirement  

• In-house trading centre 

• Proper training results in less accidents 

Job profiles • Increasing technological operations, maintenance and engineering changes 

• Will require IT employees and remote operators/process managers  

Total throughput 

2018 

514,000 TEU - total staff 270 - handlings per staff in 2018: 2,004 TEU (indicative) 
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12.1.3 Sample of Medium Terminal 

This terminal presents a medium terminal in terms of capacity with semi-automated features in the gate and stacking processes 

at the terminal. It is expected that the level of automation at this terminal will increase considering ongoing tests on remotely 

controlling the quay cranes. The changes at the terminal aim to increase efficiency in order for brownfield terminals to remain 

competitive and viable. This also requires training for the employees whom have to adhere to different job profiles, similar to 

other terminals which invest in automated processes.  

   

Medium Terminal – Semi-automated (gate and stack) 

Container ships Deepsea: 2,500-19,000 TEU; Shortsea ships and feeders 

Gate (in and out) Gate automated to a high level 

Stack Automated Stacking Cranes (ASCs) 

Horizontal transport Straddle Carriers (not automated) 

Quay cranes Ship-to-Shore gantry cranes, 25-wide (remote controlled quay cranes are being tested) 

Number of staff Around 500 employees, including third party labour (for the required flexibility as well as to cut costs) 

Training • Training in automation will become a requirement  

• In-house trading centre    

• Proper training results in less accidents 

Job profiles • Job profiles are continuingly being reviewed as and when needed 

• Will include increased technological operations, maintenance, engineering 

Total throughput 2018 963,000 TEU - total staff 500 - handlings per staff in 2018: 1,926 TEU (indicative) 

 
 
 
 
 
 
 
 
 
  



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 138 

 

 

12.1.4 Sample of Small Terminal 1 

This terminal presents a small terminal within the EU, which at the moment does not have any automation processes on the 

terminal. However, the terminal management has plans to automate the gate operations and stacking yard, and therefore, the 

terminal operator is also aware of the need for different skills and competences among its employees (i.e., IT employees, 

technological operations and process managers). 

 

All in all, it is noted that the impact of cascading of vessels is felt at smaller terminals, however, the implementation of automation 

at this terminal might occur on a slower pace compared to the larger terminals. The main focus is still on the conventional 

container processes and its training for employees accordingly.   

 

Small Terminal 1 – No Automated Features (Intentions) 

Container ships Deepsea: 4,500 - 13,000 TEU. Shortsea ships and feeders 

Gate (in and out) • Manned gate 

• Intention to fully automate the gate in/out with OCR techniques 

Stack • Stack not automated: sing RMGs and Reach Stackers  

• Working on a project of semi-automating the stack with RMGs 

Horizontal transport Terminal chassis 

Quay cranes Ship-to-Shore gantry cranes of which four 21 and 20-wide 

 

Number of staff • 270 direct personnel plus 80 equivalent local longshoremen to cope with peaks  

• Regularly a new and young fresh workforce 

Training • Providing continuous training with skilled instructors of all terminal activities and equipment  

• Also covering IT practices and tools to prepare for the intended automation of the gate and the stack 

Job profiles IT employees, technological operations and process managers 

Total throughput 2018 1,595,000 TEU - total staff 1,040 - handlings per staff in 2018: 1,533 TEU (indicative) 
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12.1.5 Sample of Small Terminal 2 

This terminal presents a small conventional terminal within the EU which does not facilitate deep-sea vessels. At the moment, 

the terminal does not have any automated processes on the terminal nor has the terminal any interest in implementing 

automated features on the terminal. It should be stressed that the number of terminals within the EU similar to this terminal in 

terms of size and function represent a relative share.   

 

The main impact noticed in the terminal operations is the fact that more containerised cargo is handled on the terminal. Again, 

the impact of cascading of vessels is felt by means of cargo (and type of) throughput at the terminal. In terms of training and job 

profiles, the terminal has established a relationship with academics in order to improve operations in line with the demand of 

the terminal operations.  

 

Small Terminal 2 – No Automated Features 

Container ships • Deepsea: none. Shortsea ships including feeders 

• Ranging between 650 and 2,500 TEU, 1,300 TEU average 

Gate (in and out) Manned gate 

 

Stack • Stack not automated; currently stacking three containers high, using reach stackers 

• Considering to switch to straddle carriers, enabling to stack 5 high  

• Port too small to invest into large scale IT investment 

Horizontal transport Tug-masters, in future straddle carriers or shuttle carriers (not automated) 

Quay cranes Ship-to-Shore gantry cranes, 13-wide (Panamax) 

Number of staff • Pure container operations only: 5 white collar, 12 blue collar  

• Total integrated port staff: 154 fte of which 108 blue collar union workers 

• There is a general shortage of staff 

Training Growth of the number of containers to be handled induces IT skills 

Job profiles • One terminal operator is working with a University for guidance:  

• Port machines becoming more complex while the requirement for IT skills will grow 

• Part of an integrated port 

Total throughput 2018 132,000 TEU - total staff 17 - handlings per staff in 2018: 7,765 TEU (indicative) 
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This appendix consists of the following subsections on technology and digitalisation are structured as follows: 

• Terminal operational processes: 

• Ship-to-shore gantry cranes; 

• Horizontal transport at the quay to/from the stack; 

• Yard operations; 

• Horizontal transport at the yard to/from road/rail; and, 

• Gate operations. 

• Terminal information systems: 

• Port community system; 

• Terminal operating system; 

• Employee training; 

• Cybersecurity; and, 

• SMART technologies. 
 

A.2.1 Terminal Operational Processes 

In this subsection, we discuss all different terminal operational processes separately to present all trends and developments 

within the operations thoroughly. The five terminal operational processes have been presented on the previous page. 

 

To begin with, Table A-2 (earlier presented in Chapter 4) provides a detailed overview of automation and the operational 

processes at European container terminals. The table is more comprehensive in comparison to the earlier Table 7-1, as the 

different terminal operational processes or equipment used as quay cranes, horizontal transportation and stacking yard are 

separately presented. In this way, a clear overview of the level and type of automation is provided for each particular terminal. 
 
  

 Detailed Terminal Operations Assessment  
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Table A-2: Overview Automation at the Selected European Terminals 

Terminal Port Country Quay cranes 
Horizontal 

transportation 
Stacking yard 

   Remote 

controlled? 
Type: Automated? Type: Automated? Type: 

TTI Algeciras Algeciras Spain No 8x 24-wide No Shuttle 

car. 

Yes ASC* 

Antwerp Gateway Antwerp Belgium No 3x 23-wide No Straddle 

car. 

Partly ASC/straddle 

car. 

BEST Barcelona Spain No 11x 24-wide No Shuttle 

car. 

Yes ASC 

HHLA CTA Hamburg Germany No 14x 22-wide; 

landside trolleys 

Yes AGV Yes ASC 

HHLA CTB Hamburg Germany No 5x 24-wide; 

landside trolleys 

No Straddle 

car. 

Yes ASC 

London Gateway London UK No 12x 24-wide; 

landside trolleys 

No Straddle 

car. 

Yes ASC 

LIVERPOOL2 Liverpool UK No 8x 24-wide; 

remote ready 

No Chassis Yes ASC 

APM Terminals 

Rotterdam II 

Rotterdam Netherlands Yes 10x 25-wide, 

landside trolley 

Yes AGV (lift) Yes ARMG 

Delta MSC Terminal 

DMT 

Rotterdam Netherlands No 2x 22-wide Yes AGV Yes ASC 

ECT Delta Rotterdam Netherlands No 8x 24-wide; 

remote ready 

Yes AGV Yes ASC 

Euromax Rotterdam Netherlands No 12x 23-wide, 

landside trolley 

Yes AGV Yes ARMG 

Rotterdam World 

Gateway*** 

Rotterdam Netherlands Yes 11x 24-wide; 

double trolley 

Yes AGV Yes ASC 

PSA Sines Sines Portugal No 3x 24-wide No Chassis No RTG (remote 

control) 

APM Terminals 

Vado Ligure** 

Vado 

Ligure 

Italy Yes 6x 24-wide No Shuttle 

car. 

Yes ASC 

Source: Dynamar; MTBS 
* ARMG and ASC are considered as similar equipment 
** Under construction 
*** Plus three remote controlled barge/feeder StS cranes 

 

From the table, it appears that the stacking yard is the process which is the most automated at European automated terminals, 

whereas remote-controlled cranes are rarely implemented in Europe, yet. However, the number of remote-control STS-cranes 

on terminals around the world is growing fast, e.g., Hutchison Port Holdings has eighteen automated cranes and 36 cranes on 

order.  
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Ship-to-shore Gantry Cranes 

The next text box shortly introduces the developments with respect to STS gantry crane operations.  

 

Waterside Container Operations 

Waterside operations at a container terminal start when a 

vessel arrives at the quay and is ready to discharge/load. These 

operations consist of the following two equipment/handlings – 

gantry cranes and equipment for the horizontal transport of the 

quay to/from the stack. The STS cranes set the pace of the 

operations for the entire terminal. This means that the 

productivity of the STS cranes is important for the productivity 

levels of a container terminal. A trend that reshapes crane 

operations is STS crane automation by means of remote-

control. 

 

The main driver behind these trends is the need for cranes that 

have a lifting height of 50 meters or more. The need for such 

lifting heights is due to the larger ships such as the ULCS ships 

being put into service, which stow their boxes up to 11 tiers high 

on deck. With ships of this size, the travel distance of the trolley 

also increases, and this requires the cranes to run faster to 

maintain the productivity level. Moving human operators from 

the crane cabin and having them operate cranes by remote 

control and automation allows the full capacity of the cranes to 

be continuously utilised. Productivity can further be improved 

through second or double trolley systems in the crane, and 

through twin-lift (2x20’ containers) or tandem spreaders (2x 40’ 

or 4x 20’), as shown in the right-hand figure.  

Source: ABB, Port Strategy; Wei Hua Crane 

 

As stated in the previous text box, the major trends with respect to 

crane operations is the transition from manual crane operations to 

remote-controlled operations in order to serve the increasing 

vessel sizes. Automation is the basis for efficient remote-controlled 

crane operations. With most of the crane cycle handled 

automatically, the crane operator’s main task is to lower the 

spreader and to supervise the process and act only when required. 

Operators located in a control room supervise the crane moves via 

onboard cameras. This is very functional, especially in case of taller 

STS cranes where the abilities of human eyes become a limitation 

due to the physical distance between the cabin and the container 

or in case of bad weather conditions. Complaints about back- or 

neck stress, fatigue or fading concentration can also be prevented 

this way. The (robot) crane itself can easily withstand the required 

faster acceleration and braking. 

  

Altogether, remote-controlled STS cranes allow crane operators to be separated from the big machines and move from a 

relatively dangerous and harsh working environment to a safer and more comfortable control room. For the production of the 

terminal, the results show that the crane can run faster as well as the ramp and cycle times become shorter, especially taking the 

STS crane’s 24/7 ability into account.  

Figure A-1: Double trolley 

 

Figure A-2: Tandem spreader 

 

Source: Marine Insights 
 

Figure A-3: Remote-controlled STS-crane operations 
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In general, the time needed for discharging and loading the ships reduces. More importantly, the effects of the employment are 

clearly visible as the crane operators are being replaced from the actual crane cabin to a control room often not located on the 

quay side itself. The skills for operating the STS crane from a distance are different than from the crane itself. The main difference 

is the operational nature of the job task, which just to be manually in the crane and is automated, and therefore more IT related 

than before. Moreover, the working environment is more ergonomic and therefore, contributes to preventing operator’s health 

problems caused by the less ergonomic working conditions within the crane. Figure A-3, on the previous page, shows the control 

room of Jebel Ali Terminal 3. Noticeable is the fact that a woman is operating the crane, a phenomenon which does not occur a 

lot in manually operated terminals. Hence, the impact of remote-control on the working conditions can be considered positive 

as the working environment becomes safer and ergonomically more comfortable. Furthermore, the gang composition changes 

towards a more diverse team composition with respect to the different genders.  

 

Horizontal Transport at the Quay to/from the Stack 

Once the quay productivity increases through better performing STS gantry cranes, the need for higher productivity at other 

operational processes is necessary to continue supporting the increased quay operations as well as properly serve the landside 

transportation. The process directly following the quay cranes is called the horizontal transport at the quay to/from the stack. 

Latest trends have shown the movements from manual equipment towards the usage of automated equipment, such as: 

• Automated shuttle carriers; 

• Automated straddle carriers; 

• Automated terminal tractors; and, 

• (Lift-) Automated Guided Vehicles (AGV). 

 

The latter type of equipment is used, among other terminals, at the 

Euromax terminal in Rotterdam. The unmanned AGVs used at the Euromax 

terminal are of a new generation AGVs, meaning that the speed of the 

vehicles is six meters per second instead of the earlier speed of three 

meters per second. Moreover, the AGVs can carry two 20-foot containers 

at the same time. Another improvement of the AGVs at the Euromax 

terminal, in comparison with the earlier versions of the vehicles, is that the 

vehicles drive behind the quay cranes, with the result that the vehicles take 

the shortest route possible. Also, this terminal has four lanes dedicated to 

AGVs compared to the one lane available at the earlier developed ECT 

Delta Terminal in Rotterdam. In this case, the possibility that the crane 

would have to wait for an AGV to arrive to (un)load a container is limited. 

Lastly, a practical improvement is the automatic refuelling of the vehicles 

which the terminal operating system organises when a vehicle’s tank level 

has dropped below a certain level by automatically directing the AGVs to 

an automated filling station.  

 

A new type of unmanned AGVs used in Rotterdam, at the APM Terminals Maasvlakte 2, is the lift-AGV. Lift-AGVs are a further 

development of the proven AGV technology. Unlike conventional AGVs, the lift-AGV has two active lifting platforms. These enable 

the vehicle to lift and place containers independently on transfer racks in the interchange zone in front of the stacking cranes. 

Two 20-foot containers can be handled independently of each other or one container of any size. The result is shorter downtimes 

and increased working frequency due to uncoupling the horizontal transportation cycle from the yard stacking crane cycle. 

 

At the APM Terminals at Maasvlakte 2, the lift-AGVs operate on batteries, therefore the vehicles also contribute to minimising 

the environmental impact. Currently, the batteries can provide power for eight hours of operation. When the battery pack needs 

to be changed the Lift-AGVs drive to a Battery Exchange Station and undergo a fully automated battery-changing process. 
 

Source: APM Terminals 
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Yard Operations 

As observed in Table A-2 as well as at other global terminals, 
the stacking yard at a container terminal is usually the first 
process to be automated by means of Automated Rail 
Mounted Gantries (ARMGs) or Automated Stacking Cranes 
(ASCs). An example of increased yard productivity would be 
the deployment of ASCs, which contribute to better space 
utilisation. Over the last decade, terminals have 
implemented improved versions of ASCs, which are 
continuously becoming larger and more advanced. 
Nowadays, state of the art ASCs can stack five to six tiers high 
and ten container rows wide. In addition, yard efficiency and 
safety are further enhanced by separating the terminal traffic 
that moves the containers from the cranes to the stacks 
from the yard stacking equipment. 

 

Key drivers for yard automation at container terminals include cost reduction, improving the predictability and consistency of 

processes, optimising the safety of operations and reducing the environmental impact.  

 

Horizontal Transport at the Yard to/from Road and Rail 

The landside transfer of containers to road and rail connections is also becoming a more automated process. However, in 

comparison to other terminal processes, it can be considered as a rather difficult process to automate. Nevertheless, the 

handover of containers to both trucks and trains can be automated. In detail, the automated container flow for trucks goes as 

follows (see Figure A-4). On the seaside of the terminal, the unmanned ARMGs follow up the AGVs. Then, ARMGs moves the 

container towards a location in the yard indicated by the terminal operating system to locate the container in the stacking yard. 

Next, the second group of ARMGs simultaneously work in the same stacking line, but on the landside of the yard. There, trucks 

are driven up to the stack to directly load and unload containers from the trucks, as the ARMGs can directly place the container 

on the chassis. 

 

At the Rotterdam World Gateway Terminal at Maasvlakte 2, automated processes are even further developed. Specifically, when 

containers are to be moved from the chassis to/from the stacking yard, the truck drivers are required to leave their truck cabin 

and move towards a little loft where they have to press a button. The movement to the loft is for both safety as well as for 

communication purposes. The latter purpose enables the communication flow towards the machine which is responsible for 

placing the container on the chassis. Additional support is provided by the distant control room in case the process of locating 

the container is facing difficulties.  

 

Clearly, the increasing number of containers handled in a short period of time is a challenge for all operations from ship to gate. 

Therefore, alternatives to truck transportation such as advanced on-dock rail and intermodal facilities are used to strengthen the 

chain of containers. Nowadays, intermodal cranes including RMGs and RTGs can be automated to the same extent as ASCs and 

STS cranes. Nonetheless, the lack of standardisation for train transportation in comparison to truck transportation explains why 

the rail operations in most European cases are still manually executed. For rail connections, terminal tractors are often used to 

transport the containers from the stacking yard to the on-dock rail facility. 

 

A trend is identified with respect to the desired modal split for hinterland transport. In various ports, a limit is set to the share of 

road transport in order to reduce congestion and realise savings on harmful emissions. Therefore, alternatives as rail and barge 

should be organised effectively.  

  

Figure A-4: Semi-automated terminal, Euromax 

 

Source: Euromax (where the yard is fully equipped with ARMGs) 
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Gate Operations 

As indicated in Figure 7-1, the automation of gate operations are also processes 

which are present on automated terminals. Automated validation and control of 

people and equipment moving into, out of, and within a container facility drives 

productivity, security and environmental concerns of operations. The following 

automated gate operations are observed in the market. Gate Operating Systems 

(GOSs) manage and steer the diverse and localised gate processes and sub-

processes used in modern terminal operations. Different types of automated gate 

operations have also been identified, such as the use of the following technologies; 

Radio Frequency Identification (RFID) and Optical Character Recognition (OCR). 

These technologies provide for the fact that both truck and train gate kiosks are able 

to be used as self-service terminals, see Figure A-5 and Figure A-6. 

 

Figure A-6: OCR at truck gates 

 
Source: Port Equipment Manufacturers Association (PEMA) 

  

  

Source: Camco Technologies 

Figure A-5: OCR at train gates 
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A.2.2 Terminal Information Systems 

Important to note, aside from automation developments with respect to the operational aspects of container handling, other 

trends and developments related to digitalisation occur often at a port or even supply chain level and therefore, are not limited 

to container terminals. In addition, it should be noted that automation and digitalisation, in general, impact employment, 

resulting in less and differently skilled labour requirements for jobs directly at container terminals. This development changes the 

common labour setting in ports to high skilled labour in technology-driven ports. Nevertheless, the need for maintenance of the 

automated equipment and information systems requires employment.  

 

A study by Trelleborg Marine Systems on the use of Big Data in the maritime industry (2018) identified key trends and challenges 

on the use of Big Data in the maritime industry. A trend applicable to cargo handling is that maritime companies are setting up 

internal infrastructure for Big Data implementation. Moreover, a challenge relevant with respect to cargo handling at container 

terminals is cyber threats. Both points are addressed in the coming subsections. 

 

Taking into account the expert’s point of view, the following topics with respect to cargo handling at container terminals are 

covered in this section: 

• Port community systems (PCS); 

• Terminal Operating System (TOS); 

• Employee training; 

• Cybersecurity; and, 

• SMART technologies. 

 

Port Community System 

Across the European Union, among other systems (i.e., digital Bills of Lading, paperless customs), the implementation of Port 

Community Systems (PCSs), either in individual ports or as a national system is widespread. A PCS is an electronic platform that 

connects multiple systems operated by various organisations which are active in a seaport or inland port community. It is shared 

in the sense that it is established, organised and used by firms in the same sector – in this case a port community. This shared 

platform is in line with the identified trend that port authorities focus on digital information platforms such as PCSs to inform and 

communicate with all port users. It is a challenge to implement new innovative technologies and platforms, however, the impact 

of the systems can generate value to multiple stakeholders of the port. 

 

PCSs may be owned by the Port Authority, by a separate company, of by a mixture of one and the other. In addition, all PCSs have 

stakeholders, users, or user groups: 

• Examples of ownership are:  

 banks - port authority - private and public parties - multiple ports 

• Examples of stakeholders are: 

 Imports/exporters - shipping lines, agents, forwarders, hauliers, customs  

 

A PCS offers for the electronic exchange of information amongst all port and logistics sectors and is recognised as the most 

advanced method for the exchange of information within a single or national port community infrastructure. A PCS has the ability 

to serve as a national single window or to integrate into a national single window which European Member States are developing 

as well as anticipating on recent directives and policies from the European Commission. A PCS is, therefore, pivotal in the single 

window concept and will reduce duplication of data input through efficient electronic exchange of information. 

 

The biggest challenge for terminals - or the supply chain in general - is not the technology, which is often already in use in other 

industries, but the cooperation of all parties in the logistics chain connecting to the information sharing system. In most of the 

European ports in which a PCS has been implemented, the port authority played a key role in the creation and the establishment 

of the PCS. The PCS in the ports of Rotterdam, Amsterdam, Antwerp, Barcelona, Hamburg, Le Havre and various other ports have 

been set up through the involvement of the port authority. An example of such a system would be the Dutch smart information 

platform, named Portbase. The text box on the next page addresses this best practice case.  
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Smart Information Platform - Portbase 

Through the Port Community System, Portbase offers over 40 different services to approximately 3,200 customers in all sectors 

in the logistics chain. The system is the digital connection to all smart Dutch ports, has a national coverage and is available for 

all port sectors: containers, general cargo, dry bulk and liquid bulk. Everyone in the logistics chain can exchange information 

through PCS easily and efficiently.  

 

Previously, companies had to organise matters such as pre-reporting a vessel, the status of a shipment, export documentation, 

loading/unloading papers or communication separately and by e-mail, fax or telephone. Thanks to the PCS, those days are over. 

Everything is now merged into a single system. This results in increased efficiency, lower planning costs, better and transparent 

planning, faster handling and fewer errors. 

 

The services within the PCS focus on all port sectors: 

containers, break bulk, dry bulk and liquid bulk. All the links 

in the logistics chain can easily and efficiently exchange 

information through these services. The PCS offers each of 

these target groups its own package of tailor-made services. 

Through a service selector, you can easily find the service you 

want. 

 

The port base systems organise for example the flow of 

information to allow containers to swiftly move between 

terminals and modes of transport.  

 

On Maasvlakte 2 for example, there are two new container terminals: RWG and APM Terminals MVII. These request carriers, 

forwarders and shippers to electronically notify all relevant container information in advance. Portbase is the portal for this. The 

submission of all necessary information in advance applies equally to import and export cargo, as to trucks, trains and inland 

barges. Through correct pre-notification, the delivery and/or collection of containers becomes easier than ever. Every terminal 

visit proceeds efficiently. Neither RWG nor APM Terminals MVII have a reception building or pneumatic dispatch; neither is set 

up to solve administrative issues or Customs matters at the gate. 

 

The main features of Portbase in this case are: 

• Organise export documentation; 

• Organise import documentation; 

• Truck and cargo arrival notifications; and, 

• Organise arrival and cargo to be delivered/collected by truck, train and barge. 

 

Other functions of Portbase is sharing information and send notifications between systems and between persons such as: 

• Ship arrival/departure; 

• Barge arrival/departure; 

• Exchange notice of readiness; 

• Customs procedures; 

• Container and tank cleaning notifications; 

• Container arrival/departure notification; 

• Equipment interchange messages; 

• Container released for pick-up; and, 

• Finding information on auxiliary services such as agents and ship agents, bunkering, water supply, power supply, ship 
maintenance and repair, ship waste, supply industries, chandlery (spare part, provisions, nautical equipment, cleaning 
products etc.). 

Source: Port of Rotterdam 
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The main benefit of a PCS is that it centralises all information in a unique database. The days in which companies had to develop 

and maintain a whole range of bilateral connections by telephone, fax and paper are over. All the information exchange in the 

ports is able to run efficiently on a single platform. The services available in the PCS provide concrete savings in time and money 

as from day one. The benefits are as follows: 

• Greater efficiency; 

• Lower costs; 

• Better service provision; 

• Better, more transparent planning; 

• More rapid throughput times; 

• Fewer mistakes; 

• Optimal re-use of information; and, 

• Available 24/7. 

 

Similar to the terminal operating system (further discussed in this report), the exclusion of the bilateral connections through the 

platform communication again replaces existing job responsibilities. Nevertheless, the need for other supporting responsibilities 

of the PCS and other systems creates a need for new tasks.  

 

Terminal Operating System  

While Terminal Operating System (TOS) technology has been 

used in the market for some time now, the reality is that the 

marine terminal industry has been relatively slow to adopt the 

latest innovations. For some terminals, newer innovations 

hold the key to increases in productivity, efficiency and overall 

optimisation. Because of the inevitable future that terminals 

face, those that have made the decision to optimise their 

operations using a combination of equipment and process 

automation solutions with the TOS are improving their 

position. See Figure A-7 for an overview of TOS functionalities. 

Note that the TOS is responsible for optimising the container 

operations, whereas other information systems will 

accompany the automated equipment on container terminals 

(i.e. to proactively monitor equipment for maintenance 

purposes).  

 

Additionally, terminal operators can make better and faster 

business decisions using data collected from carriers, shippers 

and even the equipment itself. For example, the terminal 

operators can make more effective decisions about terminal 

and berth allocation and cargo handling as vessels can be closely traced instead of relying on e-mails and phone calls. This real-

time monitoring ensures better predicting of operations. Furthermore, TOS technologies are helping terminals capitalise on 

growing influences in the industry, such as environmental sustainability, mobile and security aspects. 

 

The effect on the present employment situation is that the current information flows among various persons are being replaced 

by the platform and therefore, centrally coordinated. Of course, on one hand, this eases the communication flows and 

consequently, the responsibilities of existing jobs. On the other hand, the development, maintenance and support of such an 

operating system requires differently skilled employees within the port sector.  

 

  

Source: Cargo (PNC); CMC Ports 

 

Figure A-7: TOS functionalities 
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Employee Training 

The training of employees within Europe has evolved over the last decades. The introduction of technologies has impacted the 

training for operations strongly, especially concerning the safety practices and pace of operations. The most conventional manner 

of training crane operators is by means of on-the-job training.  

 

On-the-job training takes place on the terminal with a more senior employee in the terminal handling equipment in which the 

operators will be operating themselves later on. This training manner has multiple downsides: 

• Terminal productivity is driven down during the training; 

• Terminal operations can be disrupted due to the fact that an increased chance of safety incidents is present; and, 

• Terminal equipment is more likely to be damaged during the training.  

 

The first major improvement in comparison to on-the-job 

training is the introduction of simulators for training purposes. 

Figure A-8 shows a simulator where the operator to-be can 

practice the operations before actually work on the terminal. 

Consequently, these simulators create a safer environment as 

well as the ability to offer more hands-on training without 

slowing down the container operations on the terminal.  

 

Even though the reasons mentioned above, the 

implementation of training with simulators has not yet been 

fully implemented at all container terminals in Europe. Due to 

the relatively high investments, the implementation of such 

technologies is not always feasible for relatively small operators 

or when port authorities do not provide such a service.  

 

Nevertheless, further improvements have been made in 

employee training. The development of SMART technologies 

contributes to the growth of employees, hence employee 

training and schooling. An example of such technology would be 

the Virtual Reality (VR) technology. This technology could 

facilitate a new learning methodology. The technology could 

support the terminal employees especially in a changing 

environment where newly implemented automated processes 

are applied. In comparison to the simulators, the VR technology 

is able to simulate more enhanced situations as well as requires 

less hardware for terminal operators to practice their job or new 

required skills. Consequently, new terminal processes result in 

operational transformations which require additional education 

for and training to employees. Figure A-9 presents a visual of a 

training with the use of VR technology.  

 

Altogether, the value of VR is mostly based on the hands-on exercise that workers can obtain which is missing in the knowledge-

based training. Two earlier studies by Stanford University/ Technical University of Denmark (2014) and by the Research by Anne 

Bamford (2013) support the fact that VR’s engaging experience in training results in higher effectiveness of 76% as well as a 

noteworthy positive learning retention impact in comparison to conventional learning methods. 

 

Besides VR, the Augmented Reality (AR) technology provides for further opportunities to train employees as it enables 

development in digital environments, specifically to provide for seeing something virtual positioned in the real world. This means 

that the display an employee in training is using shows the physical world with virtual things added to the view. A difference with 

Figure A-9: Training with VR technology 

Source: Port Technology 

Figure A-8: Training with simulator 

Source: CM Labs 
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VR is that AR does not completely cover one’s vision, but, for example, is just visible on a screen. In practice, AR technology is 

used in phones with the help of QR codes to place virtual objects where the camera can see. 

 

More opportunities for VR and AR at terminals can extend from training for employees to safety design and verification of 

terminals. Where currently a two-step, labour-intensive, approach is used for the design of a terminal, and then second the 

verification of the designs in practice takes place. Through VR and AR, a visualisation application can accomplish an improvement 

in safety testing productivity. Moreover, according to Kalmar, simultaneously to the testing productivity, the work-related safety 

of the staff can be improved, all before the actual implementation or development of the terminal. Hence, moving to a one-step 

approach where in the end, benefits for terminal operations are created. 

 

As stated in Appendix IX, during the study trip of this study to Hamburg a training centre is visited. Specifically, the Ma-Co 

(maritimes competenzcentrum) was visited which provides custom-fitted trainings to their client’s employees based on 8 

competence fields (e.g., safety & security, communication & leadership and logistic). Ma-Co is considered among the progressive 

employee training institutes within the Port of Hamburg. The company offers trainings in operating automated equipment and 

digitalization, which are complementary to the trainings directly offered by the operators to its employees. 

 

Cybersecurity 

Cybersecurity occurs at a terminal, port or supply chain level and therefore, is not limited to container terminals. The trends and 

developments related to cybersecurity at ports are caused by the rise of multiple interconnections, the dependency on 

information systems and the Internet. Cybercrime can be considered as a major downside to the trends of increasing use of 

technology and digital products. 

 

An example of a port where increased measures have been taken is the Port of Rotterdam, where a team of six ICT specialists 

focus on cybersecurity to eliminate the risk of cyber attacks. Cyber hacks occur daily, but over the years, hacks at the Port of 

Antwerp and the Port of Rotterdam have shown the significant impact that the hacks have on multiple stakeholders in- and 

outside the port. Last year, the hackings at the APM Terminals in Rotterdam and Zeebrugge have indicated the tremendous 

impact of the cybercrime on the terminal operations. Due to the limited or non-existing information and/or communication 

flow(s), the terminals had to slow down their operations or were even forced to stop operating, resulting, among others, in long 

queues at the truck gates on the landside as well as at the berths on the waterside of the container terminals. 

 

The use of new technologies in the maritime industry is associated with increased cybersecurity threats and risks. To ensure 

that ships navigate safely, important information on board and on shore remains secure and that seafarers and other staff are 

aware of the dangers and risks involved, Governments, public and private companies and other stakeholders should work 

together to better understand, assess, manage and implement new technologies. In implementing new technologies, 

cybersecurity should be carefully considered, along with other important issues, to facilitate risk reduction and mitigation 

efforts and to increase cybersecurity resilience. Collaborative approaches are important in this context, to raise awareness 

about possible cybersecurity threats, risks and consequences, and to effectively address these through information exchanges, 

coordination, and dialogue, as well as by upgrading outdated systems, increasing the physical security of information 

technology facilities and data networks and providing cybersecurity training for employees.  

 

Where appropriate, cybersecurity elements should be mainstreamed into regulatory frameworks governing the maritime 

sector and regulatory compliance should be encouraged and supported. The enforcement of existing cybersecurity regulations 

is important as is the development of additional standards and policies related to the topic. In addition, best practices, guidance 

and standards adopted to date should be considered, along with the five functional elements in the IMO guidelines on 

maritime cybersecurity risk management, namely identify, protect, detect, respond and recover. 

Source: UNCTAD, 2017 

 

In addition to the above text box based on a report by UNCTAD, other institutions have also identified the impact of lacking 

cybersecurity. Examples of such initiative would be the Digital Transport and Logistics Forum (DTLF) which places focus on 

cybersecurity in ports as a downside towards digitalisation of the logistics chain and port operations.  
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In mid-2016, the Network Information Systems Directive (NIS Directive) 2016/1148 was adopted by the European Parliament 

and entered into force. It has three main objectives: 

• Improving national cybersecurity capabilities; 

• Building cooperation at EU level; and, 

• Promoting a culture of risk management and incident reporting among key economic actors. 

Member states had until May 2018 to transpose the directive into national laws, and until early November that same year to 

identify “operators of essential services” (key economic actors). Within the directive, ports and “entities operating works and 

equipment contained within ports”, plus the operators of vessel traffic services, are considered “operators of essential services”. 

This is because they “provide a service which is essential for the maintenance of critical economic activities”, the delivery of which 

is dependent upon network and information systems such that “an incident would have significant disruptive effects upon the 

provision of that service” (NIS Directive 2016/1148, Article 5 (2)). As such, they, and many other sectors, are to be included in 

national cybersecurity strategies. 

 

SMART Technologies 

SMART technologies have been mentioned in the section on employees training, namely the Virtual and the Augmented Reality 

technologies. Moreover, Artificial Intelligence (AI) is the driver behind the automated terminals which have been analysed earlier 

in this report. The technology is not new as for decades it is known that computers are capable of doing more than human beings. 

Nevertheless, at container terminals, the application is considered rather new. Concrete examples of the technology would be 

the intelligent autonomous vehicles or machines, like ASCs or AGVs, which are controlled by the TOS who coordinates the 

movements of the automated equipment on the terminal. As there is a wide variance in operations among (European) container 

terminals, AI is applied in different extensions at container terminals.  

 

The following three terms are related to the technology:  

 

Artificial Intelligence – the broader term itself refers to simulated intelligence in machines and the science of making those 

intelligent machines. 

 

Machine Learning – this is the ability for machines to learn tasks on their own, as well as identify patterns without any prior 

programming. 

 

Deep Learning – the ability for machines to recognise relationships in data. 
 

Source: Port Technology 

 

Furthermore, in this section covering technologies and digitalisation, we would like to address other new, SMART technologies 

such as the Internet of Things and Blockchain. For both technologies, concrete developments have been identified in the 

maritime sector. 

 

First of all, the following definition of Internet of Things is used in this report: 

 

The Internet of Things refers to the growing range of connected devices that send data across the Internet. 

Source: IBM 

 

The ‘Things’ of the Internet of Things (IoT) could thus be objects at a container terminal, like containers, cranes, and trucks, that 

are embedded with electronics to transfer data over a network, without the need for any interaction by humans. This technology 

is closely linked to Big Data, another phenomenon or development further discussed in this Chapter, as IoT can be considered as 

a driver for Big Data. Besides the earlier named TOS in the previous Chapter, again multiple parties (in this case objects too) will 

be sharing information on a platform or shared system with the aim to optimise operations as a large database is created on 

which decisions can be made. Thus, this technology is driven by the value of the data collected through the ‘things’. The 

combination of the multiple sources allows for a broad viewpoint on operations and performance. 
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The application of IoT in the marine terminal industry is relatively new and small. The development of smart ports by means of 

an integrated wireless infrastructure to share data related to goods and stakeholders is technologically possible but initiatives to 

develop digital infrastructure have been limited. Three concrete examples of IoT in the European marine terminal industry would 

be: 

 

• B2MOS Project 

In this project, an RFID passive e-seal is used in RO-RO transport from Rades, Tunisia to Leghorn, Italy, which 
provides for a preclearing of the customs procedure, hence optimising the operational processes at the 
terminals. 

 

 
Source: Log Sea 

• Automotive Project 

An ongoing project where an RFID tag is placed in car transport from the production plant to two 
participating ports which provide the innovative fast export procedure, hence also optimising the 
operational processes at the terminal. 

 

 
 Source: Log Sea 

 

• SmartPort Hamburg 

A larger project would be in the port of Hamburg, where the Hamburg Port Authority (HPA) aims to develop 
a smartPort. 

In the port of Hamburg, state-of-the-art digital intelligence guarantees a smooth, efficient operation. The 

control systems used by the HPA are world-leading, while the interaction between sensor technology and 

analysis, forecasting and information systems delivers huge efficiency improvements. This is not only 

good for business, it also protects the environment. The digital trend also ensures that we will continue 

to maintain our leading position in Germany and Europe. Thanks to its SmartPort philosophy, the Ham-

burg Port Authority is achieving sustainable economic growth and maximum benefit for its customers 

and the people of Hamburg, while minimising its environmental impact. In addition, SmartPort is con-

stantly being developed and adapted. 

  Source: Port of Hamburg 

  

Besides, another example of the application of IoT would be on the modal split concept, discussed further in the report, as this 

could have significant advantages to optimise and clarify the operations: 

• Real-time monitoring and locating of containers and other assets; 

• Seamlessly shared information flows among multiple stakeholders; 
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• Structuring of complex intermodal networks; 

• Optimisation of capacity and utilisation of the intermodal network; and, 

• Optimised decision-making process due to data availability. 

 

The second SMART technology discussed would be blockchain. For this technology, there are fewer concrete examples of 

implementation within the shipping industry. The influence or effect of the blockchain technology seems far away from terminal 

operations. Table A-3 shows a brief list of initiatives with respect to the blockchain technology specifically within the shipping 

industry. Further elaboration on this technology, as well as IoT can be found in the next Chapter which covers the technological 

impact on container shipping. 
 
Table A-3: Blockchain initiatives in the container shipping industry 

Companies Blockchain application Date announced Product rollout plan 

300cubits 
Digital currency for use as booking deposit in container 

shipping transactions 
1 Aug 2017 15 Jun 2018 

PIL, PSA & IBM 
MOU to trial blockchain-based supply chain business 

network innovations chain and trade finance  
15 Aug 2017 Not available 

MOL, NYK and K-line with 11 

Japanese companies 

Consortium to develop trade data sharing platform using 

blockchain technology 
15 Aug 2017 Not available 

EY, Guardtime with Maersk & 5 

partners 
Blockchain platform for the marine insurance industry 6 Sep 2017 2018 onwards 

HMM & Samsung SDS 
Pilot testing systems for encrypted sharing of data in 

shipping transactions 
7 Sep 2017 Not available 

Maersk & IBM JV 

Blockchain applications to digitise global trade processes 

with an initial focus on paperless trade and shipping 

information pipeline 

16 Jan 2018 Within 6 months 

Source: Alphaliner 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 159 

 

 

A.3.1 Onshore Power Supply (OPS) 

OPS is also known as (high voltage) shore connection or Alternative 

Maritime Power (AMP). This technique requires both ships and berths to 

adjust for vessels to be able to shut down their engine and connect by 

means of an electrical cable to shore electricity. In this way, a positive impact 

on the environment could be made as regular power supply via the shore 

allows the vessel’s engine to switch off and therefore, reduce noise pollution 

as well as emissions, such as particular matter and sulphur oxides. 

Improvements to the technique have been made over the years, resulting 

in the fact that the difference in alternating voltage among vessels and 

terminals worldwide is not considered as a large technical problem, thus the 

need for frequency converters. Moreover, the speed of transferring the 

power has increased. 

 

There have been long-standing concerns about the taxation disparity between marine fuel and the electricity that is supplied 

from onshore to a vessel at berth (OPS - onshore power supply). In short, in the European Union, the marine fuel is not taxed 

whilst the shore side electricity is. The concern - if not, stronger - is that this is a factor that discourages investment in and/or 

utilisation of OPS. Whilst there is a mechanism under the EU for countries to temporarily reduce the rate of taxation placed upon 

electricity provided through OPS, only Sweden, Denmark and Germany have made such provisions (and then in different ways).  

 

However, recent support came from the European Parliament in September 2018 when that organ’s Transport Committee voted 

in favour of a report, produced by one of the Parliamentary Groups, that supported removing the taxation placed upon OPS as a 

way of improving the competitiveness of alternative fuels. 

 

This technique reduces the number of emissions emitted related to the vessels berthing at the terminal. Note that a lack of 

standardisation of vessels berthing at terminals still limits the ease of implementation of the technique. International institutes 

as the IEC, ISO, and IEEE have created a standard to enable the implementation of onshore connections to be globally effective. 

The standard addresses the following specification, installation requirements and testing of the OPSs: 

• The onshore distribution system; 

• The shore-to-ship connection; 

• Transformers/reactors; 

• Semiconductor converters and rotating converters; 

• Ship distribution systems; and, 

• Controlling, monitoring, interlocking and power management systems. 

 

Furthermore, the EU OPS Policy has set the following goals or requirements with respect to this technique, so the implementation 

of OPS has gained higher priority for certain EU ports.  

 

The Member States shall ensure that the need for shore-side electricity supply for inland waterway vessels and sea-going ships in 

maritime and inland ports is assessed in their national policy frameworks. Such shore-side electricity supply shall be installed as a 

priority in ports of the TEN-T Core Network, and in other ports, by 31 December 2025, unless there is no demand and the costs 

are disproportionate to the benefits, including environmental benefits. 

 

 Details on Energy and Environmental Aspects  
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Figure A-10 shows the different manners of OPS to vessels 

as well as charging systems. Specifically, for container ships, 

the International Electrotechnical Commission (IEC) 

standard stated that the average power requirements are 

up to seven megawatts. The process of shore connection is 

as follows. First, for container vessels, the shore-based 

power gets onboard via cables which are installed on the 

ships. When berthing, the cables are lowered through a 

spool or a drum to the quay to connect to the power. Then, 

the shipside electrical connection is connected to a shore 

connection panel which consists of a circuit breaker, a 

protection relay, the physical electrical connection (plugs 

and grounding cable), and a control interface with the ship’s 

integrated automation system or power management 

system. In general, the location of this panel is close to the hull and relatively close to the shore side cables as these are heavy. 

Altogether, this equipment requires the ships to be powered by shore electricity instead of the vessel’s heavy fuel.  

 

OPS is a phenomenon that has a relatively slow implementation rate worldwide. The trend of implementing OPS is lacking within 

Europe; however, most ports allow for the implementation of terminal requirements during the construction of terminal 

superstructure. Meaning that cables among other facilities necessary for OPS can be easily implemented on a developed terminal 

ground. A different trend is noted in North America where measures by higher authorities than the terminals themselves support 

the implementation of the technology, see Figure A-11 where the requirements for shore power of the State of California is 

presented. Perhaps, the earlier stated EU directive on OPS might change the situation in Europe too.  

 
Figure A-11: California’s shore power requirements 

 
Source: Port of Long Beach 
 

A successful industry example would be OPS for ferries. Ferries were the first type of vessels that were electrically connected 

to shores. An advantage of ferry services is their standardised routes and therefore, the fixed terminals and berthing locations. 

The average emissions of ro-ro ferries berthing at the Port of Goteborg are 200 kg nitrogen oxide, 80 kg sulphur dioxide and 

5 kg solid matter. When shore connection is applied, the following savings can be made to the environment, 80 tons of 

nitrogen, 60 tons of sulphur dioxide and 2 tons of solid matter. Not to forget the savings of noise pollution as the auxiliary 

Figure A-10: Onshore power supply and charging systems 

Source: Faiveley Stemmann-Technik 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 161 

 

 

engines are switched off. Furthermore, it is important to consider how the electricity used is generated. In this case, the energy 

used at the port is partly generated by wind power, again reducing the environmental impact of the electricity consumption.  

Source: Port of Goteborg 
 

Another example of successful OPS implementation in Europe is for cruising. It is less advanced than the ferry example, again 

due to the lower level of standardisation. However, in the Port of Venice and the Port of Hamburg cruise vessels have berthed 

and used shore-side electrical power during its layover at the terminals. The Venice Port Authority stated that aside from the 

significant reduction in emissions through OPS, namely the CO2 emissions reduce by more than 30% and nitrogen oxide and 

particulate emissions reduce by more than 95%, the noise pollution reduces a lot too.  

Source: Cruise Industry News, World Maritime News 

 

All in all, the operation of shore power is dependent on multiple stakeholders. Aside from terminal operators who should be 

providing the right equipment, the shipping lines should have vessels operating with the right type of equipment as well. 

Moreover, in a world where more and more green initiatives are occurring such as the EU mandate on OPS, one could be 

questioning if OPS would be relevant when shipping lines choose for different strategies for the energy consumption.  

 

A.3.2 Modal Split 

Environmental considerations cause a significant focus on the so-called modal shift in hinterland transport, the reduction of 

trucking in port areas by moving the cargo from trucks to other, more environmentally friendly modalities such as barges or trains.  

Figure A-12 shows how a modal shift works in practice; emission gasses can be reduced in case cargo is transported by train or 

ship instead of by truck. 

 

Figure A-12: Modal shift, reducing emission gasses per unit of cargo 

 
Source: Mitsubishi Logistics 

 

Successfull implementation of a ‘greener’ modal shift reduces emissions and it reduces road congestion in port areas, limiting 

the need for investments in roads. However, trucking has been the primary modality due to its versatility and relatively low cost. 

Due to the on-going focus on the modal shift in ports, both port authorities and terminal operators are currently involved in 

setting up hinterland services and establishing inland ports and rail terminals, taking over the roles of local logistics service 

providers and local governments. The alternative hinterland networks need to be available year-round, with regular and efficient 

service to inland destinations where cargo handling, storage, and distribution are organised effectively. 

 

In Europe, legal tools exist to enforce modal split. Modal split clauses stating a minimum use of rail and/or barge can be included 

in the concession contract between a port authority and a terminal operator. This has happened for example in the Port of 

Rotterdam. The services offered are often not financially feasible during the start of operations. In such a case, the feasibility of 
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the modal shift implementation depends on temporary subsidies until a critical mass has been established. Modal shift is typically 

financially interesting for long-distance hinterland transport (>150km), however, with networks growing, this minimum distance 

is rapidly declining. It should be mentioned that a multimodal project coincides with the complex institutional setting as it involves 

a large group of public and private parties, which in turn could complicate the implementation process.  

 

The following table indicates an overview of the current modal split at certain North European ports. 
 
Table A12-4: Landside Modal Split at North Europe Main Ports         

North Europe Handlings  Gateway       

Port Total TEU  Boxes TEU  Road Share Rail Share Barge Share 

Antwerp 10,040   6,420  3,610 56% 480 7% 2,340 36% 

Bremerhaven 5,530   2,345  1,572 67% 732 31% 40 2% 

Hamburg 8,910   5,604  3,116 56% 2,376 42% 112 2% 

Le Havre 2,519  1,960  1,710 87% 79 4% 180 9% 

Rotterdam 12,385  8,298  4,462 54% 888 11% 2,951 36% 

Total 39,384  24,627  14,470 59% 4,555 18% 5,623 23% 

TEU*1,000         
Source: Dynamar 

 

A.3.3 Terminal Equipment 

Among all equipment and processes used at the terminals, a significant difference in the potential emission reductions can be 

made. For example, STS cranes differ substantially from mobile equipment in terms of energy consumption. Out of all the 

operations at terminals, the vessels and the road transportation are the largest emitters, see Figure 7-3. Nevertheless, in this 

section, the focus will be primarily on container handling equipment, including STS and yard cranes, horizontal transportation as 

well as mobile equipment. The previous section on technology and digitalisation has already shown that the terminals are moving 

towards automated equipment. This automated or newly developed equipment makes mostly use of electrical power and hybrid 

forms of power. Currently, a trend of powering equipment on electricity is identified at the yard operations as these operations 

lack a little behind the STS cranes which have been running on electricity for a longer period already.  

 

The developments related to the energy supply, such as electrification, hybrid technology and energy regeneration, contribute 

to the reduction or even the elimination of air emissions generated at the terminals by its equipment. The largest impact would 

be the type of horizontal transportation used at the terminal, as many different options exist as well as differ largely in their 

emissions. Examples would be AGVs, straddle carriers or terminal tractors. 

 

An overview of developments undertaken to reduce air emissions in the marine terminal industry is shown in Figure A-13. A 

division is made among the approaches, technologies & innovations, fleet management applications and other actions to reduce 

air emissions. In the first division, a link is observed between automating processes and reducing air emissions. Thus, the 

implementation of automated processes and equipment does not only contribute to higher productivity and capacity as well as 

safer and faster practices. Most importantly, it enables reductions in emissions as well. Similar outcomes can be stated by the 

improvement of fleet management applications, such as the Terminal Operating System and the optimisation of educating 

operational employees on container terminals.  
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Figure A-13: Overview of typical means to reduce air emissions produced by container handling equipment 

 
Source: Kalmar 

 

In this section on the energy consumption of terminal equipment, a further step-by-step approach is conducted to identify the 

‘green’ trends occurring at the terminal equipment: 

• Ship-to-shore cranes; 

• Horizontal transport; 

• Yard operations; 

• Mobile equipment; and, 

• Hinterland connections.  
 

Ship-to Shore Cranes 

STS cranes operate on grid power, so they are electrically powered. In the case that the grid provides green electricity, the 

emissions of the cranes are reduced to zero. Further reductions can be made through the optimisation of the productivity of the 

cranes, which is possible by remote controlling of the cranes.  

 

Horizontal Transport 

Horizontal transport, including straddle and shuttle carriers, terminal tractors and AGVs, remains one of the most significant 

sources of emissions at terminals. The most advanced terminals in terms of equipment and processes on seaside horizontal 

transport are located in Europe. These terminals indicate a trend in the adoption of equipment powered by electricity. In general, 

countries where environmental regulations are limited and fuel prices low, the transition to electrical engines is rather limited. 

Overall, this is not applicable to the EU.  

 

Hybrid horizontal transportation equipment typically operates on battery power with the engine switched off up to 30% of the 

time, which translates to commensurate reductions in emissions and fuel consumption. The most efficient hybrid straddle 

carriers on the market can consume up to 40% less fuel compared to traditional diesel-powered models and emit on average 

over 50 tonnes less CO2 per year per vehicle. In general, the application of electrically powered solutions for mobile equipment 

operating at container terminals has been scarce, however, this is different for (semi-) automated terminals where the need for 

mobile equipment reduces.  

 

With full electrification gradually making its way to heavier container handling equipment such as reach stackers, it is reasonable 

to expect that diesel power will eventually be replaced by other power sources. A major contributor to mobile equipment 

electrification has been the transition from traditional lead batteries to rapidly progressing Li-ion technology. Manufacturers are 
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also considering fuel cell power for mobile equipment, but this technology will likely take several years to mature. In addition 

to hybrid technology and electrification, equipment and process automation can reduce emissions by optimising fleet usage, 

reducing equipment engine idle times and ensuring that machines are always driven optimally. For manually operated 

horizontal transportation equipment, driver training offers the possibility of moderate improvements in fuel consumption and 

airborne engine emissions. Typical results of driver training indicate fuel savings of 5–10% for drivers that have completed such 

training. Based on a simulation study, reducing the top speed from 28 km/h to 25 km/h decreases relative energy consumption 

by 6.5%. If the speed is reduced from 25 km/h to 20 km/h, the consumption drops by 11%. However, due to variations in the 

operational environment and machine operator habits, the results are only indicative. 

Source: Kalmar 

 

The Euromax Terminal in Rotterdam is an example of improved and optimised power supply for their AGVs. The incorporation of 

the latest technologies ensures the powering of AGVs to be diesel-electric, which means the vehicles consume 30% less fuel, 

consequently less CO2 emissions, compared to diesel-hydraulic types of earlier generations of AGVs. Nonetheless, a greener 

example would be the usage of electric powered AGVs at CTA as described in the following text box. 
 

AGV Application at Container Terminal Altenwerder (CTA) 

When the containers are arriving on the quay by means of STS cranes, the containers will be further transported by electric 

powered AGVs. The AGV searches for the fastest route, with the aid of more than 19,000 transponders set into the ground. 

Signals from these are transmitted to specially developed software that calculates and controls the shortest route to the 

destination while allowing for other moving vehicles.  

 

This complex software also assists in combining rail and road traffic throughout the terminal with container handling and in 

optimising their interplay. The system controls the various cranes and tractors, etc. via data radio. Shorter routes, fewer empty 

runs and timely handling of all activities at the terminal are achieved. Optimal utilisation of all resources saves costs, boosting 

the quality and productivity of terminal logistics as a whole. Most importantly, contributes to the reduction or elimination of air 

emissions.  

Source: HHLA and Konecranes 

 

Yard Operations 

A common type of equipment used at (semi-) automated container terminals in Europe to stack containers at the container yard 

is ASCs. These cranes are, like STS cranes, based on their power supply and therefore, the electrically powered cranes operate 

according to a zero-emission standard. This implies that when electric ASCs operate at a container yard, no airborne emissions 

are produced (by the ASCs), which significantly impacts the environment in a positive way. 

 

Another common type of equipment, aside from the ASCs, used at container terminals for stacking containers are Rubber-Tyred 

Gantry cranes (RTGs). According to Kalmar, approximately 60% of the world’s container terminals use RTGs. A transformation to 

greener operations of the powering of these cranes is occurring. Specifically, about 75% of the operating RTGs use diesel-electric 

engines and a smaller percentage of new RTGs operate solely on electricity. In the past, diesel generators were used to supply 

these cranes. Obviously, the electrification of the RTGs contributes to cost savings and reduction of fuel consumption at the 

terminals. On top of that, electrical driven equipment requires less maintenance and repair compared to diesel-driven 

equipment, which also saves on operational costs for the terminal operator. 

 

Altogether, yard operations within Europe are currently transforming their operations from highly consuming fuel engines to 

(diesel-)electric cranes. 

 

Mobile Equipment 

The last type of the terminal equipment assessed for trends is the mobile equipment at terminals. Mobile equipment consists of 

reach stackers, empty container handlers, forklift trucks, terminal tractors and the like. This type of equipment is reduced in 

number or even eliminated at fully and semi-automated terminals. Specifically, it is noted that, at larger terminals, terminal 

tractors are widely used for moving containers between the quay and the stack, whereas at smaller or medium-sized terminals, 

reach stackers are more common due to their flexibility and high stacking and storage capacity. 
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The manner of powering mobile equipment is rather conventional and therefore, the transition to cleaner powering of the 

machines is a relatively new development. For terminal operators, the movement from diesel-powered equipment to electric-

powered machinery results in lower operating costs as mentioned in the following text box. 
 

The benefits of using electric-powered machines hold even when considering the need to replace the battery packs during 

the expected 10 to 15-year lifespan of the equipment. The main reason for improved lifecycle costs with fully electric 

equipment is the simplified drive installation in trucks due to fewer wearing parts as well as fewer consumables such as engine 

and lubrication oils. Savings are further increased once new equipment generations are designed for the electric drive from 

the very beginning. 

Source: Kalmar 

 

Hinterland Connections 

Once the containers have been moved by STS cranes from the ship to the quay, and via horizontal transportation to the yard, the 

road trucks, trains and barges come into the picture. According to the latest statistics from Eurostat, 74.9% of freight in the EU is 

transported by road, compared to 18.4% by rail and 6.7% along inland waterways, although the use of water routes has been 

rising. Looking at North Europe’s five largest container ports, the numbers are more environmentally positive: 59%, 18% and 23%, 

respectively. This is due to Antwerp and Rotterdam having high a share of 35% each (in 2017), in particular thanks to their River 

Rhine connection. 

 

For (semi-) automated terminals, road trucks could be the next link after ASCs and (A)RMGs. Until now, rail operations are served 

by manual equipment, because standardisation is still lacking for this type of transport. For barge operations, quay cranes are 

used, sometimes smaller ones than those used for mainline ships. Within Europe, these barge operations are still manually 

operated, even at the most advanced terminal, such as at APM Terminals Maasvlakte 2. The exception is equally highly advanced 

Rotterdam World Gateway (RWG), which operates three remote controlled barge/feeder STS.  

 

Further, recently terminal operators have 

acquired hinterland or logistics companies, 

hence vertical integration occurs with the aim 

to optimise and gain efficiency of the 

operations. 

Nearly all large container terminals, certainly 

those handling Europe-Far East services, have 

on-dock rail (see Figure A-14). Containers are 

moved from the stack with terminal tractors or 

similar to a platform alongside the tracks. The 

handlings from the tractors to the platform and 

from there on to the railway wagons are done 

by Rail Mounted Gantries (RMG, often 

automated). The trajectory from the container 

terminal to the freight station may be either by 

diesel of electric locomotives. The somewhat 

famous Dutch Betuwelijn, a double track freight railway between the port of Rotterdam and the German border is fully electrified. 

However, the norm across Europe where it concerns rail freight, including containers, is the use of diesel locs. 

 

Various initiatives are taken by terminals and port authorities to reduce the significant amount of emissions, 36% according to 

Figure 7-3, produced at the landside areas of the terminals. It should be noted that the responsibility of the hinterland connection 

is mostly outside the terminal operator’s control and therefore, the role of the port authority becomes more important, see the 

following features: 

Figure A-14: Hinterland Handling to Rail Connection 
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• First - and the only initiative where a terminal has a direct influence on - would be the optimisation of vehicle flows on the 
terminal, hence reducing the idle time of trucks, trains and barges that are waiting. Two manners can enhance the road truck 
processing and turnaround time: 

• Process automation of truck routes; 

• Automated gate processes, as described in the previous Chapter on gate operations; 

- An example of a successful case outside the EU would be the Port of Long Beach. The port has reported a 
reduction in air pollution of 80% by banning older trucks as well as introducing RFID technologies in their 
operations. 

• Second, the concept of shifting the modal split, as discussed, towards more environmentally friendly modes of transport 
would be an initiative to reduce hinterland transport emissions. Port authorities must provide the necessary infrastructure 
for these transport connections. 

• Third, the implementation of measures for road truck qualifications. An example of this would be the Port of Rotterdam, 
which set specific requirements for the trucks to enter the Maasvlakte area (for example, the type of engine the trucks 
owns). In this way, the air quality can be improved. 

 

Europe has the advantages of using alternatives to road trucks and as indicated by Eurostat, the use of waterways is increasing, 
due to developed infrastructure and natural advantages (in particular). An example of innovative trials for more sustainable 
transport in Europe is as follows: 

 

The ‘Tesla of the canals’, see Figure A-15, is the first fully electric, emission-

free and potentially crewless container barge that may operate among 

the Dutch and Belgian waterways from the Summer of 2018 onwards. 

The barge is expected to be responsible for a reduction of diesel-powered 

trucks operating in the area of the Port of Rotterdam and the Port of 

Antwerp. Interestingly, the barge will use shore power, in this case by 

carbon-free energy. The initiative is part of an investment made by the 

Port of Antwerp to make port-generated freight transport smoother and 

more efficient while transferring freight from road to rail and barge. Other 

initiatives include the increase of rail connections, such as direct rail links 

to Liege and Bratislava from the terminals in Antwerp.  

 

A.3.4 Alternative Energy 

Different from the statements before, this section addresses more voluntary implemented initiatives by terminal operators to 

generate ‘green’ energy for the terminal operations. On the one hand, the sector can be considered as rather conservative, the 

number of such initiatives to implement wind and solar energy is rather limited. On the other hand, the increasing demand for 

electric power on marine terminals would be the reason to look into alternatives for energy. One of the explanations for the 

increase in demand would be the transition of electrified cargo handling equipment, nevertheless, OPS would also contribute to 

the increased demand.  

 

Although the consumption of electricity produces no emissions on the terminal, it is well known that significant quantities of 

undesirable pollutants may be emitted at the power station. Generating renewable power on the container terminals could 

significantly reduce the off-site pollution, improve public opinion of the terminals or ports as a whole and reduce the terminal’s 

energy expenses. An example of solar powering on container terminals is provided in the following text box. In India, the 

government has proposed the use of solar and energy at the countries’ major ports.  

 

Specifically, container terminals in sunny climates are particularly good candidates for on-site solar power generation. Buildings 

would qualify for installing solar panels (PV), however, container terminals contain relatively little buildings in their area. 

Nevertheless, even a medium-sized terminal of 150 acres (60.7 ha) offers as much as two acres (0.8 ha) of roof space when 

maintenance and repair buildings are included. 

 

Figure A-15: Electric container barge 

Source: Port Liner 
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Ports that also manage near-dock warehouses may have even greater potential for rooftop electricity generation since most 

existing roofs can support the added weight of PV panels without requiring structural reinforcement. Employee parking lots 

offer additional space for solar generation facilities. Canopy structures topped with PV panels not only enhance parking by 

keeping the cars cooler during sunny days, they also provide a very visible sign of the terminal owner’s commitment to 

sustainable energy practices. PV-topped canopies over 500 parking spaces (each covering 200 square feet, or 19 m2) would add 

another 2.3 acres (0.9 ha) of generating capacity. 

 

Larger canopies could be installed over wheeled reefer parking stalls to create additional PV acreage – while reducing power 

demand by providing shade for the reefers. Covering 300 reefer spots, each consisting of 400 square feet (37.2 m2), can provide 

an additional 2.7 acres (1.1 ha) of PV area. Similarly, reefer racks used in straddle carrier terminals could be equipped with PV-

topped shade canopies. 

 

Besides, dock cranes also offer space for PV panels. Electric cranes are already connected to the power grid, and most cranes 

have the ability to generate power when lowering containers. This power can be fed back into the local grid. Therefore, 

additional wiring for solar PV generation should be relatively simple to install. Furthermore, RMG cranes can be covered with 

PV-topped canopies. Altogether, a medium-size terminal may have 50 end-loaded portal RMGs in the container yard (CY), each 

of which could be equipped with about 280 m² of PV canopy. Dual-cantilever RMGs like those typically used to work rail 

intermodal yards (IY) have a very wide footprint and therefore, represent excellent generating capacity. In addition to power 

generation, canopies on RMGs may provide useful weather protection during crane maintenance. PV panels can even be 

installed on smaller equipment. For example, the cabs of electric yard tractors and carts could be covered with canopies. 

Because these machines are battery operated, a direct infusion of solar energy could extend their daytime operating range 

between charges. 

Source: Port Technology 

 

Furthermore, the shift towards different modalities, such as trains, results in a shift of employment needs towards inland 

waterways and railways instead of the current more common transport by truck.  
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Regulation (EU) 2017/352 

On 15 February 2017, the European Parliament and the Council published Regulation (EU) 2017/352, sub-titled “establishing a 

framework for the provision of port services and common rules on the financial transparency of ports”. The regulation came into 

force twenty days later but will only apply as from 24 March 2019. It has primacy over local (national) legislation. 

 

The document acknowledges the value and importance of ports to the trans-European transport network and internal market 

and that these require modern, efficient and sustainable ports and a positive investment climate. In supporting this statement, 

the Regulation refers back to the 3 October 2012 communication, “Single Market Act II”, and that “maritime transport is 

dependent on the availability, efficiency and reliability of port services”. This document also pointed to “questions regarding the 

transparency of public funding and port charges… administrative simplification… [and] reviewing restrictions on the provision of 

services”. The transparency and restriction aspects, in particular, are addressed by this latest regulation. 

 

It could also be added that the regulation sets out the framework for the competitive climate within the port, especially with 

respect to the award of port service contracts. Throughout the document, reference is regularly made to one or more, and usually 

in the same context, of transparency, fairness, openness (open to all), non-discrimination. 

 

Whilst a wordy document (some 20 pages), and realising that there will be points of greater interest for different people related 

to their particular place in the ports operation process, some highlights of Regulation (EU) 2017/352 are summarised below: 

 

Preamble 

• The regulation does not impose a specific model for port management [paragraph 10] 

• Port authorities (or similar) are free to set their own system of charges as long as they are “transparent… easily identifiable 
and non-discriminatory”, and are used to develop or maintain port infrastructure and service facilities [paragraph 12] 

• Port authorities should be able to set minimum performance requirements upon port service providers, but these should 
“contribute to [a] high of quality port and… not introduce market barriers” [paragraph 13] 

• The principle is agreed that the number of port service operators can be restricted in certain circumstances [paragraph 21] 

• Member States can impose public service obligations upon port service providers [Preamble, paragraph 23] 

• If a port authority carries out port services through a party it controls, “measures should be taken to avoid conflicts of 
interest and to ensure fair and transparent market access to port services” [paragraph 27] 

• “The procedure for choosing providers of port services and its results should be made public and should be non-
discriminatory, transparent and open to all interested parties [paragraph 29] 

• The social protection afforded to the employees of a port service provider should be ensured by Member States, including 
the transfer of rights and obligations arising from an employment contract with an outgoing service provider to the new 
one [paragraph 35] 

• Port service charges provided under public service obligation, or where there is no effective competition (such as pilotage), 
should not be excessive (i.e. “transparent, objective, non-discriminatory and… proportionate”) [paragraph 46] 

 

The specific chapters take many of the points raised in the Preamble and goes into further detail. The main points covered here 

are summarised below: 

 

Chapter I 

• The port services principally covered by this regulation are: bunkering, cargo-handling*, mooring, passenger services*, 
collection of ship-generated waste and cargo residues, pilotage*, towage [Article 1, subsection 2, paragraphs (a-g) 
inclusive]. 

• Those services asterisked* are not covered in Chapter II 

 

Chapter II 

• Access for potential service providers to the market for same, can still be affected by: 

 Regulation Elaboration 
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• minimum requirements for the provision of services 

• limitations on the number of service providers 

• public service obligations 

• restrictions related to internal operators, i.e. those controlled by the port authority [Article 3, subsection 1, 
paragraphs (a-d) inclusive] 

• The minimum requirements can cover one or more of: professional qualifications, financial capacity, equipment required, 
port safety/security, legal compliance with employment/environmental regulations or similar [Article 4, subsection 2, 
paragraphs (a-f) inclusive] 

• However, these minimum requirements must be “transparent, objective, non-discriminatory, proportionate and relevant” 
[Article 4, subsection 4, paragraph (a)] 

• Limitations on the number of port service providers can be down to lack of landside/waterside space, obstructing public 
service obligations, to ensure “safe, secure or environmentally sustainable port operations”, characteristics of port 
infrastructure or nature of port traffic render port service operations by multiple providers impossible [Article 6, 
subsection 1, paragraphs (a-d) inclusive] 

• Public service obligations can be imposed to ensure at least one of: availability of a specific port service to all port users; 
availability of the service to all users on equal terms; affordability of the service for certain categories of user; safety, 
security, environmental sustainability of port operations, provision of adequate transport services to the public, territorial 
cohesion [Article 7, subsection 1, paragraphs (a-f) inclusive] 

• These public service obligations should be “clearly defined, transparent, non-discriminatory and verifiable” [Article 7, 
subsection 2] 

• Internal operator, i.e. a port service provider over which a port authority exercises a “decisive influence over both the 
strategic objectives and… significant decisions”, cannot operate outside of the ports stipulated within its assignment 
[contract] to provide the port service [Article 8, subsections 1-3 inclusive] 

• Safeguarding of employee rights is further detailed in Article 9 

 

Chapter III 

• Transparency in accounts relating to any relationship that sees the port authority, or a port service provider controlled by 
it, receive funds from public authorities. The accounts need to show any public funds made directly or indirectly to the 
port authority (or controlled party) and the purpose of those funds [Article 11, subsection 1, paragraphs (a-c) inclusive] 

• The accounts for these funds must be kept separately using clearly established and consistently applied (and objectively 
justifiable) accounting principles [Article 11, subsection 2, paragraphs (a-b) inclusive] 

 

Chapter IV 

• Port service providers are obliged to provide employees with the necessary and updated training essential for their work, 
especially with regards to health and safety [Article 14] 
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Sustainable Terminals 

In mid-2016, FEPORT (the Federation of European Private Port Operators and Terminals) issued a paper on how its members 

invested in environmental sustainability. These measures should be part of a wider approach as terminal operations do not even 

account for 10% of a port’s total emissions. Below is a summary of the various measures (already) undertaken: 

 

• Carbon emission reductions 

• Developing a common methodology to calculate carbon emissions in line with the Greenhouse Gas Protocol (the 
EEEG/FEPORT Guidelines, established 2012) 
̶ Terminals using these guidelines calculate CO2 emissions in a harmonised way 
̶ The guidelines focus solely on handling equipment 
̶ C02 conversion factors are those as used by the Greenhouse Gas Protocol (GHP), i.e. total terminal emissions 

divided by total number of containers entering/leaving a port in one year to give a kgCO2e/box figure 
̶ Terminal operators performance in reducing greenhouse gases have been included in annual environmental or 

other publications 

 

• Renewable energies and “greening” of operations 

• Alternative sources of energy production 
̶ Eurogate installed wind turbines and solar panels in their (German) terminals, the electricity generated being 

consumed directly by the terminal. Around 18.1 million kWh of electricity produced 
̶ HHLA’s Container Terminal Tollerort heated its administrative maintenance building using CO2 free biogas from a 

nearby sewage works. Solar panels installed on the maintenance building too, generating around 115,000 kWh 

• “Greening” of port equipment 
̶ APM Terminals in Rotterdam commissioned a fleet [then] of approaching seventy battery-powered automated 

guided vehicles 
̶ HHLA’s fleet of seventy electric vehicles used mainly for passenger transport are powered by renewable energy 

 

• Energy efficiency 

• Lighting 
̶ Rietlanden (coal) terminals in Amsterdam switched completely to LED lighting leading to a 60-70% reduction in 

energy costs 

• Training 
̶ Copenhagen Malmö port provided extra training for its employees, ECO Driving, which reduced fuel 

consumption by 10-15% compared with previous years, and also had a positive impact upon wear-and-tear 

 

• Corporate Social Responsibility 

• Noise 
̶ Contship Italia installed a noise barrier at La Spezia. As a result, the noise pollution from four vessels in port was 

similar to that experienced before from only two ships 

• Lighting 
̶ Light pollution is also an issue considering that ports/terminals operate 24/7 
̶ Light pollution can be mitigated by installing (dimmable) LED lighting and altering the angles of lights 

• Air and water quality 
̶ Contship Italia (La Spezia) has been using a spray, “Biofix”, on the yard prior to operations 
̶ This 95% water solution not only limits dust pollution, it also reduces some of the pollutants in the dust itself 
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FEPORT - White Paper, “2017, 2018 and beyond” 

At the end of 2016, FEPORT produced a White Paper, “2017, 2018 and beyond: Proposals for a sustainable European maritime 

logistics policy”. In its foreword, the document emphasised the importance of the logistics industry as a whole as a key enabler 

to the European economy and that “significant efforts” were made to improve the sector’s efficiency. Pointing out that its 

members had invested more than EUR 40 billion in the terminals sector and beyond in the previous decade [to 2016] - seeing as 

its members almost always act as tenants, this investment does not necessarily include expensive real estate - and that they 

handle around three-quarters of the European Union seaborne traffic, FEPORT concentrated its discussion and proposals on 

three main strands: An enabling framework for private investors; Digitisation and trade facilitation; Sustainability and innovation. 

 
An enabling framework for private investors 

This was by far the largest section of the whole document and covered a range of issues FEPORT members, many of whom 

operate in more than one jurisdiction, face. In particular, it focused on the legislative and regulatory framework its members 

come across, or more accurately, the lack of uniformity or application of the same, despite there being only one European Union. 

Attention was also placed upon the difference between private operations and those receiving public body (state) funding in 

some form or another. To a degree, a number of the points raised have been addressed - although perhaps not necessarily solved 

to the satisfaction of some or all concerned - by Regulation (EU) 2017/352 “Establishing a framework for the provision of port 

services and common rules on the financial transparency of ports”. By having a stable and predictable, in its outcomes, 

regulatory/legislative framework for private investors, sustainable private investment would be attracted. Key points noted from 

this section, especially where they (apparently) intersect with Regulation 2017/352, include: 

• There is no transparent legal framework within the EU with respect to funding ports infrastructure (landlords) or 
superstructure (tenants, i.e. terminal operators in this context) 

• State aid to ports is a concern, although this has been addressed, in part by Regulation 2017/352, extending to any port 
services provider controlled by the landlord (port authority). In this case, there has to be open accounting as to the receipt 
of public funds and the purpose for which those funds are intended 

• This could also reduce the potential risk of any distortion of competition in the event of public money being used to 
finance infrastructure and the presence of port authority controlled port service providers who would usually finance 
the superstructure 

• Private operators are looking at providing integrated services direct into the hinterland. However, there needs to be clear 
distinction between the roles of the private and public sector actors. This has also been addressed by Regulation 2017/352 
in that port service providers controlled by the port authorities cannot operate outside of the port(s) assigned to them by 
the terms of their service contract 

• In emphasising the integrated aspect of the supply-chain and the port’s position within that, FEPORT recommended that 
market studies on the requirements on both the sea and landside are needed before funding new capacities 

• It further called for priority to be given to investment in hinterland connections and multimodal projects and that 
cross-sector consortia involved in bidding for projects (e.g., containing ports, shipping lines, terminal operators, 
logistics companies) should be granted higher scores in any evaluation process 

 
Digitisation and trade facilitation 

Digitisation should help improve efficiency through “facilitating communication and removing administrative burdens and 

bottlenecks”, the White Paper states. However, as the European Union is a multinational organisation, one obstruction to 

reducing the administrative burden is that individual national requirements in country 1 don’t automatically translate into 

meeting the requirements in country 2. The example of the e-CMR [transport document] not being recognised across borders. 

Further, in order for digitisation and data sharing to succeed there needs to be a “EU methodology” that allows [different] 

communications systems being able to speak with each other. As the report also points out, there are systems in place, but the 

“best methodology” to allow European-wide electronic communications needs to emerge. However, whilst this needs to be 

accessible to all, account must also be made of the fact that not all involved need to know everything, as in the case of dangerous 

or commercially (or security) sensitive cargo.  

 
Sustainability and innovation 

FEPORT points to its members already exceeding the EU carbon emission 2020 targets. This has been achieved by using different 

modes of [hinterland] transport and electrically powered equipment, all of which is privately funded. It supports for amending 

existing legislation/regulation than creating new text, and also hopes for the possible funding of “green” port equipment 

(superstructure). 



 

   

confidential  The Changing Face of Ports: the Socio-economic Impact of Market-based & Technological Developments on EU Ports | 22 March 2019  Page 172 

 

 

In the six tables below, the sizes of container vessels are shown. Because of their dimensions, one vessel of each series is provided 

for the 24+ and 18+ category ships, including those on order. For the smaller units, representative selections based on existing 

ships only have been made. The tables are categorised by the type of ships, including the number of boxes wide across deck. 

Finally, the total number of ships per category and their average (per unit) and total capacity is given - the number of vessels and 

capacity include units on order.  

 

Lastly, Maersk Line ships of yet a new and larger category, often served as a catalyst for growth, as generally and sooner or later, 

other carriers follow suit. These ships have been bold printed. 

 

Note: In September 2018, HMM ordered 12x 23,400 TEU plus 8x 15,000 TEU ULCS for delivery in 2020/2021. 

 

24+ - 24-boxes wide across deck 20 ships - 23,100 TEU - Total 462,500 TEU 

Vessel names Year TEU Dwt Draught LOA Beam Ct. rows Knots 

CMA CGM (Order) 2020 22,850 230,000 - 400.0 61.3 24 22.0 

MSC (Order) 2019 23,350 230,000 - 400.0 61.3 24 - 

 

18+ - 23-boxes wide across deck 105 ships - 19,800 TEU - Total 2,076,700 TEU 

Ships Year TEU Dwt Draught LOA Beam Ct. rows Knots 

COSCO SHIPPING UNIVERSE (Order) 2018 21,200 200,000 16.0 403.4 58.5 23 23.0 

CMA CGM EXUPERY  2018 20,800 202,700 15.8 400.0 59.0 23 22.0 

EVER GOLDEN (Order) 2018 20,200 218,000 0.0 400.0 59.0 23 0.0 

COSCO SHIPPING TAURUS  2018 20,100 192,000 16.0 399.8 58.6 23 23.0 

OOCL HONG KONG 2017 21,400 191,300 16.0 399.9 58.9 23 22.0 

MADRID MAERSK 2017 20,600 190,300 16.5 399.0 58.6 23 18.5 

MOL TRIUMPH 2017 20,200 196,900 16.0 400.0 58.8 23 22.5 

MSC VIVIANA 2017 19,300 195,000 16.0 400.0 58.6 23 22.8 

MSC DIANA 2016 19,500 202,000 0.0 399.9 58.8 23 22.8 

MSC JADE 2016 19,400 200,100 16.0 395.4 58.6 23 0.0 

MSC ANNA 2016 19,200 195,000 16.0 399.8 58.6 23 22.8 

BARZAN 2015 19,900 199,700 16.0 400.0 58.6 23 22.0 

MSC OSCAR 2015 19,200 199,300 16.0 395.4 58.6 23 22.8 

CSCL PAFICIC OCEAN 2014 19,000 184,300 0.0 399.7 58.6 23 20.5 

MAERSK McKINNEY MøLLER 2013 18,300 194,200 16.0 399.9 59.0 23 22.0 

 
 
 
 
 

 Evolution of Container Vessel Dimensions 
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NewPostPanamax - 20/21-boxes wide 176 ships - 14,500 TEU - Total 2,552,400 TEU 

Ships Year TEU Dwt Draught LOA Beam Ct. rows Knots 

MAERSK HONG KONG 2017 15,300 162,100 0.0 353.0 53.5 21 21.0 

COSCO SHIPPING HIMALAYAS 2017 14,500 153,800 15.5 366.0 51.0 20 22.5 

NYK BLUE JAY 2016 14,000 155,000 15.8 364.0 50.6 20 21.0 

CMA CGM BENJAMIN FRANKLIN  2015 17,900 185,000 16.0 399.0 54.0 21 22.2 

YM WELLHEAD 2015 14,200 145,400 16.0 368.0 51.0 20 22.5 

MSC LONDON 2014 16,700 186,600 16.0 399.0 54.0 21 23.0 

SAJIR 2014 15,000 140,000 0.0 368.5 51.0 20 22.0 

APL TEMASEK 2013 13,900 150,200 15.5 368.5 51.0 20 23.0 

COSCO BELGIUM 2013 13,400 160,000 15.5 366.0 51.2 20 22.5 

CMA CGM MARCO POLO 2012 16,000 186,500 16.0 394.4 53.6 21 24.1 

CSCL STAR 2011 14,100 155,500 15.5 366.1 51.2 20 24.0 

MSC DANIT 2009 14,000 165,500 16.0 365.8 51.2 20 24.1 

CMA CGM CHRISTOPHE COLOMB 2009 13,800 157,100 15.5 365.5 51.2 20 24.0 

MSC DANIELA 2008 13,800 156,300 15.6 366.0 51.3 20 23.5 

EMMA MAERSK 2006 16,800 175,000 16.0 397.0 56.4 22 24.0 
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NewPanamax - 19-boxes wide  250 ships - 12,000 TEU - Total 2,997,000 TEU 

Ships Year TEU Dwt Draught LOA Beam Ct. rows Knots 

RAYEN 2018 14,500 140,000 0.0 366.0 48.2 19 0.0 

MSC SHUBA B 2017 12,200 134,000 15.5 330.0 48.2 19 22.0 

KOTA PAHLAWAN 2017 11,900 132,600 0.0 330.0 48.2 19 22.0 

CAPE TAINARO 2017 11,000 134,800 14.0 330.0 48.2 19 21.0 

CMA CGM RODOLPHE 2017 10,900 110,000 14.5 299.9 48.2 19 22.0 

CARTAGENA EXPRESS  2017 10,600 125,000 0.0 333.0 48.2 19 22.0 

HYUNDAI EARTH 2016 10,100 124,100 0.0 323.0 48.4 19 22.0 

MAERSK GUAYAQUIL 2016 10,000 119,000 15.2 337.0 48.2 19 23.0 

CMA CGM COLUMBIA 2015 10,000 110,500 14.5 299.9 48.2 19 22.0 

SEASPAN THAMES 2014 10,100 115,000 15.2 337.0 48.2 19 23.0 

CSCL SPRING 2014 10,000 121,800 0.0 335.4 48.2 19 23.5 

OOCL POLAND 2013 13,200 144,300 15.5 365.5 48.4 19 23.0 

CAP SAN NICOLAS 2013 10,500 124,500 14.0 333.2 48.2 19 21.0 

HYUNDAI TOGETHER 2012 13,100 141,600 15.5 366.0 48.2 19 24.3 

UMM SALAL 2011 13,500 145,300 15.5 365.9 48.4 19 25.0 

MSC FAUSTINA 2011 13,400 153,500 15.5 366.0 48.2 19 24.8 

MSC CRISTINA  2011 13,100 141,200 15.5 366.0 48.2 19 24.3 

MAERSK EDISON 2011 13,100 141,400 15.5 366.0 48.2 19 24.7 

MAERSK EDINBURGH 2010 13,600 142,100 15.5 366.4 48.2 19 24.3 

MSC BERYL 2010 13,000 139,400 15.5 365.6 48.4 19 24.0 

 

SubNewPanamax - 17/18 boxes wide 61 ships - 10,800 TEU - Total 660,700 TEU 

Ships Year TEU Dwt Draught LOA Beam Ct. rows Knots 

APL SOUTHAMPTON 2012 10,700 131,400 15.5 347.0 45.2 18 24.8 

CMA CGM ALASKA 2011 12,600 146,100 15.5 363.0 45.6 18 24.8 

CMA CGM COLUMBA 2011 11,400 128,800 15.5 363.0 45.6 18 24.7 

EXPRESS BERLIN 2011 10,100 121,900 15.5 349.0 45.6 18 24.5 

ZIM ROTTERDAM 2010 10,100 116,400 15.0 349.0 45.6 18 24.0 

MSC LUCIANA 2009 11,700 131,500 15.5 363.5 45.6 18 24.3 

CMA CGM HYDRA 2009 11,000 130,700 15.5 347.0 45.2 18 24.7 

MAERSK ALGOL 2008 11,300 122,100 15.5 337.0 45.6 18 24.0 

COSCO EUROPE 2007 10,100 110,000 15.0 349.0 45.6 18 24.5 
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PreviousPostPanamax - 15/18-wide Around 1,220 ships - 4,500 TEU to 9,700 TEU 

Ships Year TEU Dwt Draught LOA Beam Ct. rows Knots 

CMA CGM Ivanhoe 2008 9,700 120,900 15.0 350.0 42.8 17 24.5 

CSCL Long Angeles 2006 9,600 112,000 14.5 350.0 45.6 18 25.0 

COSCO Guangzhou 2006 9,500 108,000 14.5 350.0 42.8 17 25.4 

CMA CGM Carmen 2006 8,500 101,000 14.5 335.0 42.8 17 25.0 

MSC Pamela 2005 9,200 110,000 14.5 336.0 45.6 18 25.0 

Gudrun Maersk 2005 9,100 115,000 14.8 367.0 43.0 17 24.0 

Colombo Express 2005 8,800 104,400 14.6 335.0 42.8 17 25.0 

Axel Maersk 2003 8,200 109,000 15.0 352.0 42.8 17 24.0 

Long Beach Bridge 2002 5,600 69,000 14.0 278.0 40.0 16 25.0 

Hamburg Express 2001 7,500 100,000 14.5 320.0 42.8 17 25.0 

P&O Nedlloyd Houtman 2001 6,800 88,700 13.5 299.0 42.8 17 25.0 

Hanjin Amsterdam 1999 5,600 69,000 14.0 279.0 40.0 16 26.0 

Svendborg Maersk 1998 8,000 104,700 14.5 347.0 42.8 17 24.0 

NYK Sirius 1998 6,100 82,300 14.0 300.0 40.0 16 23.0 

Cosco Qingdao 1997 5,400 69,300 14.0 280.0 39.8 15 24.5 

Regina Maersk 1996 7,000 82,100 14.0 318.0 42.8 17 24.5 

OOCL Hongkong 1995 5,300 67,800 14.0 276.0 40.0 16 24.0 

President Truman 1988 4,500 53,600 12.5 275.0 39.4 15 24.0 

Source: Dynamar 
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Table A-5 indicates the status of the questionnaire responses of the participating port authorities, terminal operators and labour 

union representatives as well as per type of port (i.e., large, medium and small). As depicted in the table, the terminal operators 

and the large terminals have the highest response rate within their category. In addition, more detailed outcomes of certain 

questions from the questionnaires (see the next Appendix for a complete overview of the questionnaires) can be found in the 

following section. 

 
Table A-5: Overview Questionnaire Response 

Terminal 
Terminal Throughput 

2017 (TEU) 5 

Port Authority (PA) Terminal Operator (TO) Labour Union (LA) 

Large Terminals (capacity: 2.5 mil+ TEU p/a) 

1 1,279,000 Y* Y Y* 

2 1,603,000 Y Y Y 

3 1,282,000 Y Y Y 

4 3,692,000 N N N 

5 1,686,000 Y Y Y 

6 4,100,000 Y** N** Y 

Total Large Terminals - 6 6 6 

Total Share Large Terminals 

Yes 

- 
83.3% 66.7% 83.3% 

Medium Terminals (capacity: 1-2.5 mil TEU p/a) 

1 1,748,000 Y* Y Y 

2 1,800,000 Y Y N 

3 1,669,000 N N N 

4 1,594,000 Y Y Y 

5 1,344,000 N Y N 

6 953,000 N Y Y* 

Total Medium Terminals - 6 6 6 

Total Share Medium 

Terminals Yes 

- 
50.0% 83.3% 50.0% 

Small Terminals (capacity: <1 mil TEU p/a) 

1 330,000 Y N Y 

 
5 Drewry, Annual Review of Global Container Terminal Operators - 2018 

 Questionnaire Results 
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Terminal 
Terminal Throughput 

2017 (TEU) 5 

Port Authority (PA) Terminal Operator (TO) Labour Union (LA) 

2 541,000  Y Y Y 

3 181,000 N N N 

4 402,0006 N Y N 

5 132,0007 Y Y Y 

6 199,000 N Y N 

Total Small Terminals - 6 6 6 

Total Share Small Terminals 

Yes 

- 
50.0% 66.7% 50.0% 

Total Yes   11 13 11 

Total ports  18 18 18 

Total Share Yes   61.1% 72.2% 61.1% 

The grey-marked terminals/ports have been visited and face-to-face interviews have taken place.  
Y = Yes and N = No 
*Two responses have been collected. 
** The port authority and terminal operator are similar entities, however, solely the port authority has responded to its respective questionnaire.  

 

Port Authority 

As depicted in Table A-5, the number of respondents in this category is 11. The below sections present questions and the number 

of responses per question.  

 

Strategic Components 

Does the Port Authority have a masterplan in place? 

 
 
  

 
6 https://www.portseurope.com/thessaloniki-port-authority-reports-improved-2017-cargo-traffic/ 

7 Gathered during the interview 
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Does the Port Authority stimulate investments in automation? 

 
 

Does the masterplan cover the implementation of innovative aspects with respect to SMART technologies (or new technologies)? 

 
Operational Components 

Are there currently SMART technologies used at the port? 
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Does the port operate 24/7? 

 
 

 

 

 

 

 

Are there currently operational aspects automated at the terminal(s) (e.g., automatic stacking yard)? 

 
Are you planning any investment that will possibly trigger automation? 
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Are there currently any limitations (e.g., problems with congestion) to truck traffic in the port area? 

 
 

 

Have you established goals to reach a certain modal split (percentage of cargo transported by rail/road/barge)? 

 
Are certain developments necessary to reach the established modal split? 
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Technological Components 

Is there a Port Community System available? 

 
 
 

Is the Port Community System (PCS) interoperable with another PCS? 

 
 

Terminal Operator 

As depicted in Table A-5, the number of respondents in this category is 13. The below sections present questions and the number 

of responses per question.  
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Impact of technological innovation on port operations 

Do you expect more investments in new ICT systems? 

 
Do you intend to replace existing equipment by 'greener' equipment? All respondents stated yes.  

 

If yes, will the new equipment or solutions contribute to lower greenhouse emissions? All respondents stated yes. 

 

Does the introduction of technological innovation in terminals imply more training? All respondents stated yes. 
 

Have different skills become required for port workers on the terminal over the last ten years? 

 
Is vertical integration of shipping companies into terminals affecting directly or indirectly terminal operation? 
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Impact of market-based evolutions on port operations 

Have there been substantial changes in the number of shipping lines handled at your terminal? 

 
Did the number of ships calling your terminal increase the last ten years? 

 
Did the size of ships calling your terminal increase? All respondents stated yes. 

 

Impact of legal framework (competition, tax, labour etc.) on port operations 

Do you think that the current EU legal framework has a positive impact on port operations? 
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Do you think that the port industry is getting sufficient support from EU policy makers? 

 
 

Do you think there is a balance between the rules applicable to the port industry and those applicable to their customers and 

other port users? 

 
Do you think that employee training will continue to be a source of competitive advantage for companies? All respondents stated 

yes. 

 

Labour Union 

As depicted in Table A-5, the number of respondents in this category is 11. The below sections present questions and the number 

of responses per question.  
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Technological Innovation 

Do ULCSs (larger than 14,000 TEUs) call your terminal? 

 
Do ULCSs have an impact on the economic profitability of the terminal? 
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Does this directly or indirectly impact your members' work? 

 
Is the increasing vessel size a driver for (increased) automation of port operations? 

 
Is the use of ULCSs impacting the environmental sustainability of your terminal/port area?  
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Are there costs that the public authority and/or terminal owners had to meet in order to accommodate ULCSs?  

 
Did the arrival of ULCS force your employer into new investments such as new cranes (wider and higher), new quays, different 

lay-out of the terminal etc.?  

 
 

If yes, do you think that those investments are profitable? 
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Are ULCSs having a direct or indirect impact on the port as a whole (beyond your terminal) and/or on the regional economy?  

 
Market-based Developments 

Do the consolidation of shipping Alliances and the mergers between shipping companies have an impact on the traffic in your 

terminal? 

 
 

Do these changes directly or indirectly impact your members' work? 
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Are shipping Alliances and mergers having a direct or indirect impact on the port as a whole (beyond your terminal) and/or on 

the regional economy? 

 
 

Policy/ Legal Framework 

Is the impact on your terminal by the changes in shipping adequately tackled by national or EU policies/legislation? 
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Are there talks at port, regional or national level on how to tackle these changes? 
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This Appendix presents the questionnaires and interviews conducted among the different terminal stakeholders: 

• Port authorities; 

• Terminal operators; and,  

• Labour union respresentatives. 

 

Note that during the study, translated versions in Greek, French and Spanish were shared among the relevant parties.  

 

Port Authority 

Topic Question 

Strategic 

components 

Does the Port Authority have a masterplan in place? 

 

Does the Port Authority stimulate investments in automation?  
 

If yes, how does the port authority do that? 
 

To which terminal areas do the operational developments apply? 
 

Could you explain more on the planned developments? 
 

Does the masterplan cover the implementation of innovative aspects with respect to SMART technologies (or new 

technologies)? 
 

Could you explain more on the planned implementations? 
 

Are there currently SMART technologies used at the port? 
 

If yes, what SMART technologies are currently used at the port? 
 

What are your plans with respect to sustainability for the coming years? 

Operational 

components 

Does the port operate 24/7? 

 

Are there currently operational aspects automated at the terminal(s) (e.g., automatic stacking yard)? 
 

What are the planned investments for the next 10 years? And in what area? 
 

Are you planning any investment that will possibly trigger automation?  
 

Are there currently any limitations (e.g., problems with congestion) to truck traffic in the port area? 
 

Could you elaborate more on the limitations? 
 

Have you established goals to reach a certain modal split (percentage of cargo transported by rail/road/barge)?  
 

What is the current modal split at the port (% truck, % rail, % barge)?  
 

What is the modal split goal of the Port Authority within 5-10 years (e.g., 60% truck, 20% rail, 20% barge)?  
 

Are certain developments necessary to reach the established modal split? 

Technological 

components 

Is there a Port Community System available? 

 

Could you explain about the existing information systems in place at the port? 
 

What stakeholders are included in the Port Community System? 
 

Is the Port Community System (PCS) interoperable with another PCS? 

 Questionnaires 
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Terminal Operator 

Topic Question 

General What are currently the largest operational challenges at your terminal? (Think of labour, equipment, information systems, 

infrastructure, customers, authorities etc.) 

 What are the major drivers of change on terminals (e.g., automation, digitalisation, climate change...) over the last couple 

of years? 

Impact of 

technological 

innovation on 

port operations 

What are your plans with respect to digitalisation in the coming years? 

 Do you expect more investments in new ICT systems? 

 On which of the following terminal areas have automation projects taken place over the last ten years? (quay cranes, 

horizontal transport, stacking yard, gates, etc.) 

 What are your plans with respect to improved environmental and social sustainability for the coming years?  

 Do you intend to replace existing equipment by 'greener' equipment? 

 If yes, will the new equipment or solutions contribute to lower greenhouse emissions? 

 If no, what are the barriers to replacing existing equipment? 

 Does the introduction of technological innovation in terminals imply more training? 

 What are currently the principal challenges concerning staffing at the terminal? 

 Have different skills become required for port workers on the terminal over the last ten years? 

 If yes, which new skills were necessary for port workers to develop over the last ten years? 

 What type of job profiles shall be needed in the future? Do you have mechanisms in place to identify new profiles and 

training needs? 

 Is vertical integration of shipping companies into terminals affecting directly or indirectly terminal operation? 

Impact of market-

based evolutions 

on port 

operations  

Which trade lanes are served from/to your terminal? 

 Have there been substantial changes in the number of shipping lines handled at your terminal? Please provide as many 

details as possible, including on the development of vessel capacities. 

 What are currently the main challenges of handling mainline ships at the terminal? 

 Did the number of ships calling your terminal increase the last ten years? 

 Did the size of ships calling your terminal increase? 

 Could you provide us with your TEU per year ratio over the last year? 

 What is the production (moves per hour) of the Ship-to-Shore container cranes over the last year (peak and average)? 

 Could you provide us with the development of the (TEU) capacity of the terminal over the last ten years?  

Impact of legal 

framework 

Do you think that the current EU legal framework has a positive impact on port operations? 
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Topic Question 

(competition, tax, 

labour etc.) on 

port operations  

 Which legislative measures have the most positive impact? 

 Which legislative measures have the worst impact? 

 Do you think that the port industry is getting sufficient support from EU policy makers? 

 Do you think there is a balance between the rules applicable to the port industry and those applicable to their customers 

and other port users? 

 Which type of public measures would be needed to improve the competitiveness of your terminal?  

 What type of labour agreements are in place at your terminal? 

 How many employees currently work on the terminal? 

 Do you think that employee training will continue to be a source of competitive advantage for companies? 
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Labour Union 

Topic Question 

General  Which group(s) of workers do you represent?  

 Were there variations in the number of jobs over the last ten years?  

 How have working conditions changed over the last ten years? (security, length of contracts/job stability, safety, working 

time, etc.) 

 What have been the main drivers for those changes?  

 What have been the main challenges that your unions had to face to defend and improve the working conditions of your 

members?  

Technological 

innovation  

Do ULCSs (larger than 14,000 TEUs) call your terminal?  

 If yes, what is the effect of these ULCSs on port labour?  

 Do ULCSs have an impact on the economic profitability of the terminal? 

 Does this directly or indirectly impact your members' work?  

 Were adaptations required in order to accommodate ULCSs at your terminal? (in terms of working time/shifts/labour 

availability, composition of gangs, security/safety procedures, training, number of jobs, etc.) 

 Is the increasing vessel size a driver for (increased) automation of port operations? Why?  

 Is the use of ULCSs impacting the environmental sustainability of your terminal/port area?  

 Are there costs that the public authority and/or terminal owners had to meet in order to accommodate ULCSs?  

 Did the arrival of ULCS force your employer into new investments such as new cranes (wider and higher), new quays, 

different lay-out of the terminal etc.?  

 If yes, do you think that those investments are profitable? In which terms?  

 Are ULCSs having a direct or indirect impact on the port as a whole (beyond your terminal) and/or on the regional 

economy?  

 What did the terminal do to adapt to ULCSs?  

 How did these required changes affect the workers?  

 If not, does the increasing vessel size have indirectly affected the terminal operations? (e.g., traffic was redirected, 

increased competition with other terminals, etc.) 

Market-based 

developments 

How has the traffic in this terminal changed over the last ten years? (services, number of calls, volume handled, etc.) 

 Do the consolidation of shipping Alliances and the mergers between shipping companies have an impact on the traffic in 

your terminal?  

 How are these changes impacting the economic sustainability of the terminal?  

 Do these changes directly or indirectly impact your members' work?  

 Which strategies/policies were put in place at the terminal? (by the operator only or together with the unions to tackle 

these developments) 

 Are shipping Alliances and mergers having a direct or indirect impact on the port as a whole (beyond your terminal) and/or 

on the regional economy? 

Policy/legislative 

framework 

Is the impact on your terminal by the changes in shipping adequately tackled by national or EU policies/legislation? 

 Are there talks at port, regional or national level on how to tackle these changes?  

 Which kind of political/legislative measures should be taken to mitigate the impact of these changes on port work?  

Forecast  What are your expectations of terminal development for the next ten years?  

 What changes will be imposed/required in the framework of the current shipping climate?  
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This appendix provides context to which the five future sample terminals are developed against.  

 

Container ships 

Deepsea container ships are between 4,500 and 21,000 TEU; shortsea ships and feeders. 

 

Terminal gate (in and out) 

Trucks (usually rail as well) enter and leave the terminal via the so-called terminal gate(s). At the terminal gate, the truck driver 

presents a range of relevant (cargo and other, including customs) documents, while the condition of the equipment (container) 

is being checked. 

 

Note: any terminal requires a form om pre-notification of cargo, import and export, which will be delivered to or collected from 

to the facility, be it by truck, rail or barge. The most appropriate way to handle this is electronically through the Port Community 

System. 

  

Automated gate Main automation: Optical Character Recognition (OCR) 

 Through OCR and the truck driver’s ID card, many of these processes are automated with an RFID card 

tracking and following the truck on the terminal. In self-service kiosks at the terminal entry and exit points 

the driver inserts the seal number and handles the required scans, amongst others. More and more terminal 

gates are nowadays unmanned. OCR techniques are increasingly used in cranes across the container 

terminal, including the StS cranes, and even in terminals buildings.  

 

Stacking yard  

The stacking yard of a container terminal is where containers are being stored awaiting to be loaded on board of the vessel or to 

be delivered to the consignee. Depending on the terminal type of operation, straddle carriers, reach stackers or manned terminal 

cranes of various types (mostly RMG and RTG) handle the containers in the stack.  

 

Automated stack Main automation: Automated Stacking Cranes (ASCs) 

 RMGs or RTGs are suitable to automate existing (brownfield) terminals. Whereas for greenfield facilities, 

ASCs, a set of two per container stacking block, are a popular means to automate the stack. Contrarily to 

RMGs and RTGs, ASCs have no cabin, the system executes the driver’s task and is equipped with, amongst 

others, navigation sensors, advanced camera imaging, process controllers, crane management system, and 

taking orders from the Terminal Operating System. Generally, the deployment of the fully robotic, driverless 

ASCs result in better land utilisation. 

 

 In the case of automated RMGs, RTGs and per definition ASCs, the crane operator is not in its cabin up in the 

crane anymore but in a control room in an office building supervising the crane moves via cameras and a 

collection of screens. Generally, one remote operator is able to manage three stacking cranes. On-dock rail, 

as it is installed in many terminals, conventional and automated, has not further been discussed in this 

overview. These are typically handled with RTGs. 

 

Horizontal transport  

The transport of containers between the stack and the quay cranes or vice versa is carried out by such devices as straddle carriers, 

shuttle carriers, terminal tractors, flatbed carriers  and the like.  

 
  

  Container Terminal Reference  
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Automated horiz. Main automation: Automated Guided Vehicles (AGV) 

transport In an automated terminal, the transport of containers from the stack to the quay cranes or vice versa is 

handled by AGVs or similar (automated shuttle carriers, straddle carriers or terminal tractors). Transponders 

or GPS guide the AGVs (or others, some of which can lift containers unto transfer racks), to their desired 

position under the quay crane or at the stack. The number of driverless cranes exceeds the horizontal 

transport activity by far. 

 

Quay cranes  

Through Ship-to-Shore (StS) container gantry quay cranes, containers are discharged from the vessel onto truck or similar, or are 

loaded from truck unto the vessel. In addition to simply hoisting and lowering containers, StS can undertake multiple associated 

activities.  

 

Remotely Control.  Main automation: Remotely Controlled Ship-to-Shore gantry cranes (RC-StS) 

StS  Containerships have grown exponentially over the last 20 years. ULCS of 18,000+ TEU, also called Megaships, 

have meanwhile reached a capacity of 21,400 TEU. In the meantime, vessels of up to around 23,500 TEU are 

being built. These will require taller and faster cranes, having to travel longer, wider and deeper again in order 

to maintain the wanted production levels. 

   

 The associated problems for the crane driver translate into the effects of faster acceleration and braking of 

the crane, back/neck stress, fatigue or fading concentration. Moving the crane driver from his cabin in the 

crane into a remote control room largely solves such problems. In the control room, the remote operator 

supervises the crane moves via a system of cameras, screens, joysticks and the like. Approximately 90% of 

the crane cycle is automated with only the final lowering of the container guided by the operator. Most of 

the crane cycle is handled robotically and the remote crane operator’s main task is to supervise the process 

and take exception action only when required.  

 

 Each RC-STS operator stands in for one crane. Another main advantage of remotely controlled StS is that, 

although they generally achieve a lower number of moves per hour than a conventional StS, they can operate 

24/7. 

 

 Twist logs handling is one of the more dangerous jobs on board (deck) of a container ship. It is one of the few 

activities in the Ship to Shore cycle where automation is still in the prototype stage.  

 

  Increasingly, but an as yet rather limited number of container terminals is provided with remotely controlled 

Ship-to-Shore gantry cranes. It is currently only two terminals in one  single port in the 23 European 

member states with a coast line. However, meanwhile there are at least three terminals in Europe with 

remote controlled ready StS and it is therefore expected that the number of automated terminals in Europe 

is to grow. World’s second largest terminal operator, Hutchison Ports, has eighteen remotely operated StS 

and thirty such cranes on order.  

 

Fully automated container terminal 

An automated gate, automated stacking cranes, automated horizontal transport and remotely controlled Ship-to-Shore gantry 

cranes make a fully automated container terminal. Worldwide there will currently be around twelve fully automated container 

terminals. It is expected that their number will grow steadily.  
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On 22 January 2019, a study trip to Hamburg has taken place which consisted of the following activities: 

• Visit of the Ma-Co (Maritimes Training Centre; 

• Visit of the Hamburg Vessel Coordination Centre; 

• Visit of the HHLA – Terminal Altenwerder (CTA) and have discussions with the management and works council; and, 

• Visit of the Eurogate Terminal Hamburg and have discussion on the collective labour agreement regarding automtion 
between the management, the labour union (Ver.di) and the Hamburg Labour Pool. 

 

The study trip had the same focus as this Report, to inform and educate European Council Members on the port sector. 

Specifically to address the socio-economic impact of market-based and technological-based developments on EU ports.  

  Study Trip Hamburg  
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The Pearl in the Shell 
Unlocking Value in the  
Maritime & Transport Industry 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maritime & Transport Business Solutions 
 

 

 

 

 
ii https://hbr.org/2012/10/big-
data-the-management-
revolution, referring to 
companies in the top third of 
their industry for data-driven 

decision making. 
iii https://www.xeneta.com/blog/big-data-shipping-analysis;https://www.tibco.com/resources/success-
story/cargosmart-case-study; https://www.datanami.com/2016/08/31/big-data-can-optimize-global-shipping 
iv http://www.scmp.com/news/hong-kong/economy/article/2074019/big-data-professionals-needed-shipping-
leaders-warn 
v https://www.datanami.com/2016/08/31/big-data-can-optimize-global-shipping 
vi https://www.cedelft.eu/en/publications/2024/regulating-speed-a-short-term-measure-to-reduce-maritime-
ghg-emissions and https://greennews.ie/shipping-lobby-block-concrete-emissions-reduction-goals-imo-
meeting/ 

address  Wijnhaven 3E 

  P.O. BOX 601 

  3011 WG Rotterdam  

The Netherlands 

telephone  +31 (0)10 286 59 40 

e-mail  info@mtbs.nl  

internet  www.mtbs.nl 
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vii http://www.imo.org/en/About/Conventions/StatusOfConventions/Documents/StatusOfTreaties.pdf 

http://www.imo.org/en/About/Conventions/StatusOfConventions/Documents/StatusOfTreaties.pdf

