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Executive Summary
This document overviews the current trends in transportation and logistics and their
implications in the design of intermodal terminals, with a specific focus to container
maritime and rail terminals. The present document summarizes the contents of task 8.2
from WP8, and includes the work done within that work package mainly within the
months 12-16 and 23-27 of the project although officially spawning within the months
21 and 27.
According to the description of work, this document includes (sic) identification and
analysis of current studies and publications on their implications for intermodal
Terminals and Review of statistical market data and forecasts (e.g. EUROSTAT) and
business publications on the development of trade flows and logistics networks
(demand and supply side). The final goal of the document and the task itself is to provide
an overview on the current situation of logistics and trade at an international and
European level, but more importantly what is to be expected in the near and mid-term
future and what would be the expected requirements to be set in intermodal terminals.
Overall, the contents of this document and deliverables 8.1 (Definition and
Description of functional, economic and environmental analysis) and 8.3 (Set of Key
Performance Indicators for assessing and operating intermodal terminals (functional,
economic and environmental perspective) are to provide the background to the final
report included in this work package (D8.5, summary of results of work packages 2-7
and implications. Recommendations for new and to be renewed intermodal terminals).
The deliverable structures the findings after reviewing a rather exhaustive compendium
of existing reports, industry publications and scientific research on trends in logistics.
The assessment is conducted from multiple perspectives (technological advancements,
regulatory actions, trade evolution and new corridors, etc.), being its major
contributions:
 To put in one place and in a structured manner what are the current trends in
logistics with an expected effect on the performance, exploitation and,
ultimately, requirements upon the design of intermodal terminals.
 Provide a compendium of sources of information for further consultation.
 The identification of previous projects studying specific developments, mainly
technological, with an effect on the operation of intermodal terminals.
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1 Introduction
1.1 Scope
The evolution of logistics does have and will keep having a determinant effect on the
performance of intermodal terminals. Such evolution will impact on terminals from two
separate perspectives. First of all from considering terminals and their hinterland
dynamics such as supply chain and manufacturing trends. On the other hand, the main
drivers linked with geopolitical, social, technology and global economy trends.
It is important to conceptualize the design of intermodal terminals based on both
perspectives, from the local and regional to the global evolution.
This deliverable conveys on the second perspective mainly. Providing an assessment of
technological, new conceptual supply chain and business models and logistical trends
referred into the literature, not only scientific but from more prosaic sources, following
suit with existing data, predictions and goals set on the evolution of logistics needs and
volumes at an European level mainly.

1.2 Audience
The document is public, of special interest to anyone with a view on logistics. The reader
will have a vision of the current picture and the potential of the road to come after
reading the core of the document (chapter 2). It is of interest to anyone who wants to
get a view on logistics from a strategic/planning level as it provides a wide picture of the
evolution of the sector. Additional sources of information are provided through the text,
facilitating the access to further material to those interested in obtaining a deeper
knowledge in one or some of the specific topics addressed.

1.3 Definitions / Glossary
3D Printing: Any of various processes in which materials are joined or solidified under
computer control to create a three-dimensional object, with material added together
typically layer by layer.
Automated terminal: Maritime Terminal that runs autonomously in all or the following
operations or to a large degree: discharging and loading of ships, transport within the
terminal, yard operations and loading/unloading of transportation land units (trucks or
trains).
Dry port: Dry ports are inland intermodal terminals directly connected by rail with
seaports, where container and freight can be handled in the same way as at the seaport,
usually even performing customs and excise processes that otherwise would be carried
at the sea terminal. Dry ports act as gateways to connect to other hinterland
destinations of the port.
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Freight: Freight comprises all kinds of goods, materials or liquids which can be either
containerized or bulk and transported by road, rail or waterways.
Full container load (FCL): A full container load (FCL) is an ISO standard container that is
loaded and unloaded under the risk and account of one shipper and only one consignee.
Full truck load (FTL): A Full Truck Load means enough freight to fill a Full Truck Load. Full
truck loads are dedicated to one customer and are usually faster but more expensive.
Hinterland: In shipping, a port's hinterland is the area served inland from the port
premises, both for imports and for exports. The size and form of a hinterland varies
depending on political borders, physical land constraints and the ease, speed, and cost
of transportation between the port and its surrounding area.
Internet of Things (IoT): System of interrelated computing devices, mechanical and
digital machines, objects, animals or people that are provided with unique identifiers
and the ability to transfer data over a network without requiring human-to-human or
human-to-computer interaction.
Key Performance Indicator: Indicator that tells you what to do to increase performance
dramatically. They represent a set of measures focusing on those aspects of
organizational performance that are the most critical for the current and future success
of the organization. The calculation of KPIs is one of the will be calculated at the end of
the project.
Less than full container load (LCL): Less-than-container load (LCL) is a shipment that is
not large enough to fill a standard cargo container.
Less than full truck load (LTL): Less than full truck load means that multiple orders are
combined in a Truck Load.
Megatruck: Trailer system originally developed in the 90s by logistics company Ewals
Cargo Care in collaboration with the European automotive industry. The purpose of this
innovation was to create a trailer which could load up to 100 cubic meters, a growth of
approximately 25% compared to the conventional trailers in Europe at the time. Up to
25.25 meters long and a maximum mass of 60 tonnes. Some European countries are
starting to allow this road train combinations.
Physical Internet (logistics): Open global logistics system founded on physical, digital,
and operational interconnectivity, through encapsulation, interfaces and protocols.
Similarly to the digital internet, the focus is to set up protocols to ease trade from point
(origin) to point (destination) making use of the existing interconnected physical
networks at an optimal level.
Port: This is usually understood as a synonym of seaport. Seaport is a coastal location
with a harbour where ships dock and transfer goods to/from land. Port locations are
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selected to optimize access to land and navigable water, meet commercial demand, and
shelter from wind and waves. There are also inland ports, e.g. airports or dry ports (see
Dry port).
Terminal: In transport and logistics, terminal means a place where passengers or cargo
is gathered before moving to transport. In seafaring context, terminal has a particular
function in a port area, such as container handling, coal, oil, or passenger terminal. In a
case of a small and specialized port, terminal could refer to an entire port.
TEU: The twenty-foot equivalent unit is a standard measure for a container for
transporting goods, used to calculate how many containers a ship can carry, or a port
can deal with.
Semi-automated terminal: Terminal that runs automatically with almost non-human
intervention in the management of staking yard operations while maintaining human
interaction in the process of loading and unloading cargo from transportation land units
and charging and discharging of the vessel.
Third party logistics: In logistics and supply chain management is a company’s use of
third-party businesses to outscore elements of the company’s distribution,
warehousing, and fulfilment services.
ULCV (Ultra Large Container Vessel): Containership with a capacity to carry over 14,500
TEUs, a length of 366 m and longer, and/or a beam of 49m or wider and draft of 15.2 or
deeper.
Vertical Integration: Arrangement in which the supply chain of a company is owned by
the very same company. Vertical integration can help companies reduce costs and
improve efficiencies by decreasing margins put in place by the subcontracted companies
and reducing turnaround time, among other advantages.
Waterway: Any navigable body of water. It can refer to either general, open waters, sea
shipping routes or river based navigated with barges, being referred as sea (maritime)
and inland waterways. They are considered different transport modes, with different
kinds of vessels circulating in either of them.

1.4 Abbreviations
3PL: Third party logistics (provider)
AGVs: Automated Guided Vehicles
AIIB: Asian Infrastructure Investment Bank
ALICE: Alliance for Logistics Innovation through Collaboration in Europe
AM: Additive Manufacturing
ASCs: Automated Stacking Cranes
BRI: Belt Road Initiative
ETP: European Technology Platform
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GHG: Greenhouse Gas (emissions)
ICT: Information and Communications Technology
IoT: Internet of Things
IMO: International Maritime Organization
ITU: Intermodal Transport Unit
LNG: Liquefied Natural Gas
OBOR: One Belt & One Road Initiative
OCR: Optical Character Recognition
OOCL: Orient Overseas Container Line
PI: Physical Internet
RFID: Radio Frequency Identification
SECA: Sulphur Emission Control Areas
SMEs: small and medium enterprises
TEU: Twenty foot equivalent unit (standard container)
TOC: Terminal Operating Company
ULCS: Ultra-Large Containerships
UNCTAD: United Nations Conference on Trade and Development

1.5 Structure





Section 1: contains an overview of this document, providing its Scope, Audience,
and Structure
Section 2: does a structured analysis of current trends in technology following 8
separate dimensions previously introduced.
Section 3: provides an overview on current data on trade at an European level
and its expected evolution
Section 4: includes some final remarks and conclusions
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2. Trends in logistics affecting terminals
2.1 Introduction and overview
Multimodal terminals have to adapt to megatrends like trade shifts through both
globalization and regionalization, demographic change issues, scarcity of resources as
well as requirements for more sustainable logistic chains, changes in trade flows and
cargo types together with rapid evolution of technology developments and the access
of more and better information on cargoes and transporters.
Intermodal terminals are the critical nodes within the European transport system, where
a high number of actors process physical flows and information flows. Their
modernization and adaptation to the future needs determines how the overall European
transport system copes with the future demand for seamless, effective, inclusive,
affordable, safe, secure and robust transport systems.
There are multiple developments with an influence on how future logistics can evolve
and how terminals will need to be in the near and long term. Digitization, technology
developments and the changes of trade patterns and good types bring along new
challenges and new threats to the logistics industry. In order to cope with the challenges
for the European trade networks, ICT is the base, while digitization is the key to a
successful future port strategy. In fact, the availability of informatics enablers like mobile
devices, sensor technology, cloud computing, Internet of Things (IoT), automation of
knowledge work, autonomous driving, robotics, and cyber-physical systems will change
business models in logistics.
This chapter puts in order what its authors consider are the major trends and
developments with a direct effect on how intermodal terminals are to be design and
exploited in the future. The influencing trends have been organized around 8 major
areas defined only for this chapters purposes and to facilitate the identification of
specific developments and as a way to structure the knowledge obtained during this
research. The division used is not final; in fact, some trends could perfectly fit in more
than one area. In fact, alternative structures of the knowledge are completely valid,
some of them having been considered in previous stages of the work performed in Task
8.2.
As a result of the assessment, trends have been divided into i) the increasing economies
of scale in transport units, ii) the evolution of trade flows considering the type of cargo
transported, the structure of business models and the major corridors being used,
automation in iii) vehicles and, iv) processes at terminals, the use easier access and
management of information to v) optimize supply chains and vi) increase transparency
and control over the processes, vii) expected policies, sustainability related, affecting
the deployment of logistics and viii) new means of transportation being explored,
specifically the so-called tube systems.
The remaining of this chapter assesses introduces the major trends identified in a
systematic way.
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Table 1. Trends influencing the future of logistics and intermodal terminals grouped by area

Areas of development

Specific trends or influencing factors to take into account
• Larger vessels for sea transports require enlargement of ports
(berth,
Increasing scale of
draught)
transports
• Longer trains require adjustment of terminals
• Heavier trucks require adaptation of infrastructure
• Type of cargo (bulk, container, semi-trailers)
• Changes of global tradeflows (one belt one road, arctic
shipping)
Evolution of tradeflows
• 3D-printing (e.g. potential change from goods to bulk input
material)
• Vertical integration transportation providers
• Driverless transportation (trucks, trains, ships)
Vehicle automation
• Adaptation of regulations and infrastructure (incl. security
standards)
• Automatic detection (optical character recognition systems
Automation of
(OCR))
operational processes
• Slot algorithms (pick up and delivery)
• Remote controlling of equipment as cranes, etc.
Optimization/integration • Synchromodality
supply chains
• Block chain (esp. tracing)
• Internet of things
Transparency and
• Track and trace (e.g. RFID)
exchange of information • Data exchange between stakeholders (customers, operators,
customs, authorities, etc.)
• Emission reduction policies (esp. for Europe)
Climate policies and
• Environmental footprint of the supply chain (from production
targets 2050
to end user)
New means of
• Tube systems
transportation

2.1 Increase in the scale of transport
Gigantism has been a common trend over the years to take advantage of the economies
of scale of transport. The development on materials and mechanics together with the
containerization and automation making operations at terminals more agile and major
infrastructure works like channels make it possible to take advantage of the units of
transport units to optimize times at terminals and reduce transportation costs. Thus
increasing trade and transportation as a result.
This section explores if the trend is to follow and to what degree for the different modes
of transportation operating at the intermodal terminals objective of the study: trucks,
vessels and trains.
Larger vessels
Currently, container ships with a capacity of 21,000 TEU are operational and bigger ships
are at the design stage. As of 1 January 2018, 451 ultra-large containerships (ULCS) were
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operating, while another 129 were on order for delivery into 2020 (Port Technology,
2018).

Figure 1. Development of container vessels. Source: Container Transportation website.

The ship “OOCL Hong Kong” of the firm Orient Overseas Container Line (OOCL) stands
first in the list of world’s biggest container ships. It is the first ship to cross the 21,000
TEUs mark with a capacity of 21,413 TEU (Marine Insight, 2018).
According to Prokopowicz and Berg-Andreassen (2016), it is expected that container
vessels size will not go beyond the 400 by 60 meters and 20,000 to 23,000 TEUs. Major
savings after 2020 will come from performance optimization. Additionally, there are
concerns about insurability of mega vessels and the costs of potential salvage in case of
accidents (Merk, 2015).
Such large vessels can only call at a limited number of ports, since they require
adaptations of infrastructure, such as more depth, wider docks, stronger quays and
larger cranes. On top of that, wider vessels would not be able to pass through major
channels like Suez or the recently (2018) expanded Panama channel, meaning that the
economies of scale obtained would not be of use since transit time would increase
dramatically.
As a result of the vessel gigantism, the requirements (and effects) on port infrastructure
are three mainly: Increase of berth dimensions to be able to fit the new vessels both in
draught and width, new quay equipment to be able to reach all containers in the vessels,
and, finally, increase of port capacity to be able to adapt to peaks with much more cargo
than previously.
Port capacity, facilities and technology; land infrastructure; other logistical costs; global
shipping alliances; and variations in the logistic structure of hub-and-spoke system seem
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to be limiting factors to the contiuous increase of ships, that might be reaching its end
(Haralambides, 2019).
Longer trains
Because of the development of bigger vessels, terminals are to experience more
stressful episodes with cargoes concentrated in smaller periods. As a result terminals,
and more specifically the land transport infrastructure, including rail infrastructures
have to be prepared to live up to this challenge (Toletti, De Martinis, & Weidmann,
2015).
Currently, there are port terminals that are developing the adaptation of the port
infrastructure to provide intermodal rail terminals including tracks of 750m in order to
handle 750m long trains. The Port of Barcelona is an example in this regard.
Freight train length is an important issue to take into account in intermodal terminal
design. Longer trains can reduce costs and improve efficiency in operation; however,
with lengthier trains, clearing time increases. The European project Marathon,
developed around the concept of running a train of 1500 m length by coupling two
classical trains of 750 m each with the second locomotive radio commanded by the front
one. These heavier trains up to 1500 m can run only between Point(Terminal)-toPoint(Terminal) giving an industrial dimension to that particular section of the transport
chain. The terminals at both ends of the rail link must have the capacity and the rail
tracks of a length adequate to shunting such long trains. An alternative option, making
use of the technical area in train terminals would be to divide the train upon arrival to
two semi-trains of 750 m (NEWOPERA Aisbl, 2014).
Longer trains are deployed in many areas of the world, particularly in Russia. Such
lengthy trains have not developed in Central Europe due to a number of reasons: lack of
technology, old rolling stock, braking and signalling to be upgraded, infrastructures to
be upgraded, axel load limited to 22.5 Tons, psychological barriers and the lack of a clear
policy in order to operate these trains on the existing lines (NEWOPERA Aisbl, 2014).
Therefore, beyond the use of 750 double decked trains no further expansion is to be
expected in the short time. Additional infrastructure capacity will come with the use of
train combinations (double trains) and improved signalling and operation on the tracks,
allowing to fit more trains into an existing rail line.
Heavier trucks
In Europe, the 25.25 metres long trucks with a maximum hauling capacity of 60 tonnes
(megatrucks) are already permitted to drive in Sweden and Finland since 1997.
Denmark, the Netherlands, Germany, Norway and Belgium have developed pilot
projects towards the introduction of megatrucks as well (Ortega & Vasallo, 2011). The
maximum length and weight per axis varies depending on the country considered.
Backman & Nordström (2002) analysed the impact of introducing megatrucks on the
European logistics system. Their study pointed out that the introduction of megatrucks
would promote better cooperation between hauliers and forwarders to fill up the
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loading capacity, as happened in Sweden and Finland. The results of their study
concluded that if megatrucks were to be introduced, trips could be reduced in a 32%,
whereas fuel consumption could be reduced by up to 15 %. As a results, saving in road
transportations could reach around 23% of the total cost if the use of such trucks was to
be generalized. Also in the environmental approach, NOx would drop by about 15 %.
The data providers for the study were 3 international transport and logistics companies
from the Netherlands and Denmark.
Besides Denmark and the Netherlands, the introduction of megatrucks have been a
topic of controversy in Spain, being approved their introduction at the end of 2015
through the order PRE/2788/2015 of the 18th of December of 2015 modifying the
limitations set in the piece of legislation in order. From 2016 onwards, megatrucks travel
with prior authorisation issued by the National Department of Traffic, which outlines the
conditions governing the movement of these trucks (Dirección generald e tráfico (DGT),
2016).
According to some of the transporters with awarded licences, (around 400 licences given
until the end of 2017) fuel savings per tonne transported are in the 15-20% range,
depending on the route1. Continuing with Spain,
In addition to those, some pilot actions have been put into place with tractor units
pulling two semitrailers instead of one, under the name of Duo Trailer or Bitrailer, with
a total length of 31.75m and a mobilized mass of 70-72 tonnes. In April 2016, a first pilot
took place between Palau-Solità i Plegamans (Barcelona) and Martorell (Figure 2). The
maiden voyage was promoted by the Catalan Automotive Industry Cluster (CIAC) with
the participation of SEAT as project leader, Grupo Sesé, CIMALSA, Grupo Carreras,
Tecnicarton and SF Consultants (Haulagetoday.com, 2016).

Figure 2. Mega truck in Spain. Source: Haulagetoday.com (2016).

The introduction of these longer trucks will require new legislation and regulations at
national and European level and the adaptation of port infrastructure, such as turning
radius modifications of the roads inside the port area and terminals.

1

https://www.transporteprofesional.es/reportajes-transporte/megacamiones-dos-anios-depues
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2.2 Evolution of tradeflows
Overview
UNCTAD (2017) provides an overview of the world seaborne trade. It shows that the
demand for shipping services keeps growing over the years, after the bump of the 2007
crisis. Total volumes reached 10.3 billion tons (Figure 3). The UNCTAD repots points that
strong import demand in China in 2016 continued to support world maritime seaborne
trade. Asia remained the main global cargo loading and unloading area in 2016 (Figure
4).
Given that overall picture, this section explores the tendencies in traffic regarding
different types of merchandise presentation, on one hand, and considering new routes
being currently explored at a local level, namely the One Belt One Road initiative (OBOR)
and the arctic circle circulation. In addition to those, the changes in trading companies
and the products being carried themselves together with their implications in the design
and operation of intermodal terminals are explored superficially to provide additional
background during the general assessment process of the project.

Figure 3. International seaborne trade (Millions of tons loaded). Source: UNCTAD (2017).
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Figure 4. World seaborne trade, by region, 2016 (Percentage share in world tonnage). Source: UNCTAD (2017).

Tanker trade
An overview of the countries that produce and consume oil and gas is presented in Table
2 and the volumes shipped in 2016 are showed in Table 3.
Table 2. Major producers and consumers of oil and
natural gas, 2016 (World market share in percentage).
Source: UNCTAD (2017).

Table 3. Oil and gas trade, 2015 and 2016 (Million
tons and annual percentage change). Source:
UNCTAD (2017).

According to Table 2, in 2016 there was a strong demand of crude oil, refined petroleum
products in Asia. On the other hand, the strongest demand of gas was in North America
and Asia. Table 3 shows that total volumes reached 3.1 billion tons, reflecting an
increase of 4.2 per cent over the previous year following the trend of the previous years.
Overall, the major flows of bulk products are concentrated in the East-West corridors.
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Dry cargo trades
An overview of global players in the dry bulk sector, including producers, consumers and
volumes shipped in 2016, is presented in Table 4 and Table 5.
Table 4. Major dry bulks and steel: Market shares of
producers, users, exporters and importers, 2016
(Percentage). Source: UNCTAD (2017).

Table 5. Dry bulk trade, 2015 and 2016 (Million tons
and annual percentage change). Source: UNCTAD
(2017).

In 2016, world demand for dry bulk commodities grew at a rate of 1.3 per cent, taking
total shipments to 4.9 billion tons (Table 5). China remained the primary source of
growth (Table 4).
According to Table 5, in 2016, iron ore trade showed the strongest growth with volumes
expanding by 3.4 per cent. Coal and steel products trade diminished in 2016, owing to
flat demand. Grain trade grew by 3.7 per cent as imports into the European Union rose
sharply. In China, grain imports fell as the Government decided to promote the use of
local grain stocks to support local farmers (UNCTAD, 2017). Overall, no major variations
are observed, nor expected, from the previous years.
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Container trade
UNCTAD (2017) also analyses the developments in contain trade flows. Table 6 and
Figure 5 show the trade volumes and the annual percentage change from 2014.
Table 6. Containerized trade on major East-West trade routes, 2014-2017 (Million 20-foot equivalent units and
annual percentage change). Source: UNCTAD (2017).

Figure 5. Estimated containerized cargo flows on major East-West trade routes, 1995-2017 (Million 20-foot
equivalent units). Source: UNCTAD (2017).

The trans-Pacific containerized trade route dominated the containerized trade lane in
2016, with volumes exceeding 25 million TEUs (Figure 5). Volumes on the Asia–Europe
route increased by 3.1 per cent, reaching 23 million TEUs. Volumes on the transatlantic
trade route increased by 2.9 per cent, with volumes reaching 7 million TEUs in 2016.
Overall, no much variation is observed regarding the previous years, with increase rates
that are reducing their pace, therefore, the market seems to be reaching a stable point.
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Changes of global tradeflows (one belt one road, artic shipping)
Recent years have seen how the People’s Republic of China announced the creation of
the Asian Infrastructure Development Bank (AIIB) and the construction of the “21st
Century Maritime Silk Road”. These proposals are officially termed as the “One Belt &
One Road Initiative” (OBOR) or the “Belt & Road Initiative” (BRI) (Huang, 2016). The
strategy includes the following goals: to connect participating countries’ infrastructure
and encourage them to open their markets to China and facilitate trade, to link their
financial markets to China, to strengthen societal (“people-to-people”) relations, and
align their overall economic development policies with China. Most of the projects of
the BRI are related with port and land transportation (railroads and conventional roads
for cars and trucks), telecommunications and energy.
The BRI is composed by the Silk Road Economic “Belt” and the Maritime Silk “Road”
(Figure 6). The BRI includes actions to promote close cooperation between Russia and
China to carry out the "Ice Silk Road" in the Arctic region. China COSCO Shipping Corp.
has completed several trial trips on Arctic shipping routes.

Figure 6. Map of the Belt and Road Initiative. Source: (merics Mercator Institute for China Studies, 2018).
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COSCO is the company that has the major leading role on China’s BRI. COSCO has
become one of the biggest port operators in the world, having 46 container terminals
globally. Its main target is to become the top terminal operator in the world by 2020
(Kampanis, 2017).
In 2009, COSCO began its strategic presence at the port of Piraeus operating Pier 2 and
3. In 2016, COSCO became the owner of Piraeus Port Authority S.A. by buying two thirds
of the total stakes.
Currently, the insufficient infrastructure in Southeast and South Europe to handle the
volumes makes it necessary to ship the cargo using Northern European ports, even if the
distances to the Central European final destinations are longer than using
Mediterranean ports. The objective of the COSCO’s engagement in the port of Piraeus
is to change this and become the most important hub in the Mediterranean in a variety
of activities (container, logistics, car transport, and cruise), connecting Asia with Europe
(Schinas & GrafVonWestarp, 2017).
A separate initiative involves the effect of climate change and melting of the North Pole
ice layer, making feasible the maritime navigation through the Artic. Namely, there are
three alternative routes traversing the region: the Northeast Passage, the Northwest
Passage, the Transpolar Sea Route, the Northern Sea Route, and the Arctic Bridge.

Figure 7. Different arctic routes connecting the Pacific and Atlantic Oceans (Brigham et al, 2014)
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The commercial interest of the Arctic shipping routes lies in the shorter travel distances
they offer between several economic poles, such as Northern Europe and East Asia.
Indeed, passing through the Arctic, from Northern Europe to Shanghai for example, can
reduce the distance covered by ships by up to 3000 nautical miles, compared to the
same journey when passing through the Suez Canal (Zhang et al., 2016, Lee and Song,
2014).
The feasibility and economic benefit of using such routes however, is still to be
completely confirmed in the current situation. In the current situation, routes are open
for a limited time of the year, and when practicable, extreme weather conditions as well
as the potential impact on icebergs can harm ships, therefore ships traversing the routes
need special reinforcements and have limitations in size (increasing shipbuilding costs
and reducing economies of scale). In addition, the lack of major ports in the routes
reduces they competitiveness not only to add stopovers and transhipment options but
also limiting access to primary resources like food and fuel to supply ships and crews. In
addition, there are some policy issues, especially on if it could be considered to pass
international or internal waters, which would mean applying a different set of regulation
and to either abide by OMI or Russian regulations. Finally, on top of that, environmental
restrictions are put into place to protect the existing nature and wildlife (Melia et al,
2017)
Overall, although navigability of the routes connecting the north of Europe and northeast Asia is to increase over the years with the melting of the Arctic pole, the new trade
routes to benefit from it are expected to be few, although traffic will be increased in
those waters to a degree difficult to quantify considering all the actors influencing the
competitiveness of the route.
Changes due to 3D Printing
3D printing is a form of additive manufacturing, where a three dimensional object is
built by adding layer after layer of a particular material, such as plastic, metal, ceramics,
wood particles, salt, sugar, chocolate, etc. (Rayna & Striukova, 2016; AM Sub-Platform,
2014). DHL identified the 3D printing as a disruptive technology that will change the
current logistics scenario (Heutger & Kückelhaus, 2016). The range of objects that can
be manufactured with 3D printers is very wide: footwear, prototypes, moulds, tools,
body parts (organs), prosthetics, toys, art, food items, musical instruments, furniture
and clothes.
In 2016, Adidas announced the development of a Speed factory for the mass production
of running shoes in Germany, where it ceased manufacturing activities more than 20
years ago, transferring them to Asia (Lloyd's Loading List, 2016; Adidas group website).
According to Kückelhaus et al. (2016), some products will follow the Adidas’s strategy
and product schemes will be digitized and sent to small factories closer to the customer.
It is expected that some companies may stop traditional fabrication, but most will
combine 3D printing with mass production techniques.
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Figure 8. Local Motor's Strati 3D printed car. Source: Local Motors website (2016).

The 3D printing can also disrupt in the car industry. Companies like Local Motors, Urbee
and 4ekolka started offering 3D printed cars (All About 3D Printing (ALL3DP), 2016).
According to Local Motors, their Strati 3D car can be manufactured in 44 hours and it
has only 40 pieces.
The European Seventh Framework Program has funded projects covering AM research.
Some of them are described in Table 7.
Table 7. Relevant European research projects in the field of AM. Source: Authors from project Web Sites; CORDIS
Community Research and Development Information Service; AM Sub-Platform (2014).

Project
AMAZE
(Additive
Manufacturing Aiming
Towards Zero Waste &
Efficient Production of
High-Tech
Metal
Products), 2013-2017

MANSYS
(MANufacturing
decision and supply
chain
management
SYStem for additive
manufacturing), 20132016
M&M’S+
(New
Paradigms for MEMS &

Description
The main objectives of AMAZE are to perform the necessary design
work, quality control and standardisation, in order for AM to
become a normalised industrial process with disruptive capacity.
The project also aims to significantly suppress the number of
interfaces and assembly steps during component production, and
achieve 50% cost reduction for finished AM parts, compared to
conventional processing. In so doing the team also aims to develop
cross-sectoral ASTM, ISO and ECSS standards and certification
protocols for additive manufacturing.
The ManSYS project developed and demonstrated a set of e-supply
chain tools to facilitate the mass adoption of AM. These tools allow
businesses to identify and determine the suitability of AM for
metal products. The e-supply chain solution developed provides a
response to the production and challenges of new products
offering a knowledge driven manufacturing process with
significant benefits; customisation, automation, self-management
and reduced material usage and waste.
It develops a 3D Printer for silicon Micro and
nanoelectromechanical system (MEMS & NEMS). This components
are vital for many industrial and consumer products such as airbag
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Project
Description
NEMS
Integration), systems in cars and motion controls in mobile phones. The project
2013-2014
explores ways to develop and commercially exploit a new type of
3D printing tool for manufacturing of silicon nanostructures. These
3D printers will make possible to design and implement silicon
micro and nano-electromechanical system sensors and photonic
components.
HYPROLINE
(High It aims to strengthen the competitiveness of the European industry
performance
by introducing manufacturing methods, which will allow
Production line for companies to reduce time-to-market and number of rejects, make
Small Series Metal more customized and innovative products with a higher market
Parts), 2012-2015
value, and make products > 20% more accurate with considerable
savings (>30%) in consumption of waste metal, fluids and services,
with an equivalent reduction of CO2 emission.
NANOMASTER
The aims of the NanoMaster project are to reduce the amount of
(Graphene
based plastic used to make a component by 50% and hence reduce
thermoplastic
component weight by 50%, at the same time as imparting electrical
masterbatches
for and thermal functionality. This will be achieved by developing the
conventional
and next generation of graphene-reinforced nano-intermediate that
additive manufacturing can be used in existing high-throughput plastic component
processes), 2011-2015
production processes.
PHOCAM
This project aims at developing integrated lithography-based AM
(Photopolymer based systems which will, for the first time, facilitate the processing of
customized
additive photopolymer-based materials. The focus of the project is to unite
manufacturing
industrial know-how in the field of supply chain management,
technologies),
2010- software development, photopolymers and ceramics, high2013
performance light-sources, system integration and end-users in
order to provide a fully integrated process chain.
DirectSpare
Directspace examined the potential of on-demand production to
(Development of a decrease up-front investment indirectly of materials and storage of
logistical
and spare parts. The solution is foreseen using Rapid Manufacturing
technological system (RM) technology, enabling economically viable, one-off
for “spare parts” that is manufacturing on demand. The full DirectSpare business model
based on on-demand allows for manufacturers to rapidly produce only those spare parts
production), 2009-2012 that are required, at a location close to the equipment that needs
to be repaired.

The projects described in Table 7, have provided important achievements for specific
3D-printing techniques. More recently, the research in this field is seeking the
development of standardisation for the technology and for larger 3D-printing part
production.
A research paper published by PricewaterhouseCoopers (PwC) concluded that 41% of
the air cargo business and 37% of the ocean container business was at risk because of
3D printing. On the other hand, additive manufacturing impacts could include changes
in transport flows, due to increasing volumes of maritime transportation of raw products
for 3-D printers, instead of finished products.
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This disruption has been seen as an opportunity by the Port of Rotterdam, thought the
opening in 2016 of RAMLAB (Rotterdam Additive Manufacturing LAB), the world's first
3-D metal printing lab for the maritime sector (RAMLAB website, 2016). The Port
targeted becoming a 3D-printing hub for the maritime shipping and offshore industries
and transforming the stock management of marine parts.
Overall, 3D printing, when reaching its maturate stages in terms of technology
development, could mean a major shift in the kind of cargo transported, meaning a
decline in container transport the incipient growth of alternative cargoes (printing
cartridges) and even a change in the flows from source materials to manufacturing
plants to consumers to source materials to 3D printers next to the final consumer,
therefore bypassing part of the process and reducing the need for transportation. The
final impact is still to be assessed.
Vertical integration strategies
The door-to-door philosophy has transformed most shipping lines into intermodal
logistics organizations. Shipping lines have aimed at reducing their production costs,
diversifying their investments and achieving paths of vertical integration along the
transportation chain (Alvarez-SanJaime et al., 2013). Thus, shipping lines are expanding
their scope to include terminal operations and hinterland transportation to lower the
cost burden of door-to-door transport and to ensure preferential treatment for their
cargo (Notteboom & Winkelmans, 2001).
A clear trend in Europe regarding vertical integration arrangements is the introduction
of dedicated terminals by shipping lines (Table 8). They seek control over berths, greater
flexibility, reliability, short turnaround times and enhanced efficiency in the
management of global supply chains. Many shipping lines have established their own
terminal operating branch. For instance, the A.P.Møller-Maersk group operates
approximately 50 container terminals around the world.
Table 8. Information on the interests that carriers have in handling terminals in European ports. Source: (AlvarezSanJaime et al., 2013).

Shipping line or Terminals
related company
APM terminals
APM Terminals Rotterdam (100%)
North Sea Terminal Bremerhaven (50%)
Medcenter–Gioia Tauro (33.3%)
Algeciras (100%)
Aarhus (100%)
APM Constanza Terminal (100%)
Genoa (100%)
MSC
MSC Home Terminal–Antwerp (joint
venture with PSA)
Le Havre (joint-venture with Terminaux
de Normandie)
Valencia
Las Palmas
Naples
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In operation since 2003
In operation since 2007
In operation since 2007
In operation since 2007
In operation since 2002
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Shipping line or Terminals
related company
Hapag-Lloyd
Altenwerder Terminal–Hamburg (minority
CMA-CGM
stake of 25.1%)
Port Synergy (joint venture with P&O
Ports) with terminals in Le Havre,
Marseille and Marsaxlokk
35% shareholding in Container Handling
Zeebrugge (OHZ)
CMA-CGM Cosco
Minority shareholdings in Antwerp
Pacific P&O
Gateway (other shareholders: P&O Ports
Nedlloyd
and Duisport)
P&O Nedlloyd
Euromax Terminal Rotterdam (jointventure with ECT)

Status
In operation since 2002
In operation since 2006

Since July 2005
In
operation
September 2005

since

To be seen given
takeover by Maersk
Sealand

A key decision for carriers is whether to manage a dedicated terminal (exclusive) or
whether to have a dedicated terminal accessible to all users (non-exclusive). On the
other hand, recently some terminal operating companies have allied with shipping lines
with the purpose of ensuring preferential treatment for their cargo. For instance,
Hutchison Port Holdings, developed collaboration schemes with emphasis on alliance
agreements with local operators (Alvarez-SanJaime et al., 2013).
An effect of the vertical integration of logistic companies upon intermodal terminals is
mainly on the roles such terminals will play in the overall intermodal chain if they do
belong and are operated by the same company that moves the cargo. In that case, it is
more likely a decrease in the relative importance of the economic indicators (profit,
turnover) towards terminals where the most important KPIs are the ones that ensure a
smooth and efficient overall supply chain, therefore, switching the weight towards
operational user-based indicators.

2.3 Vehicle automation
Driverless transportation
The degree of vehicle automation is continuously rising in all modes of transport in order
to reduce costs and to improve the productivity, reliability, and flexibility of transport
(Flämig, 2016).
Autonomous ships
It is expected that unmanned ships will be a revolution in the shipping industry.
According to Levander (2016), the technologies needed to make remote and
autonomous ships exist. The expected benefits of the autonomous ships are lower
emissions, lower operating costs and better security. The main initiatives that are
currently leading the development of the autonomous ships are: the MUNIN project
(2013-2015) and the AAWA Initiative (2015-2017).
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The MUNIN (Maritime Unmanned Navigation through Intelligence in Networks) project
is a collaborative research project, co-funded by the European Commission (2.9 million
€) under its Seventh Framework Programme in 2013. The project developed a technical
concept for the operation of an unmanned merchant ship and assessed its technical,
economic and legal feasibility. The use case investigated in 2015 was a dry bulk carrier
operating in the Tromsø area in Norway. The concept‘s core of MUNIN is a ship which is
completely unmanned at least for parts of the voyage. MUNIN proposes a concept,
where the ship is autonomously operated by systems on board the vessel. Monitoring
and controlling functionalities are executed by an operator ashore in the Shore Control
Centre (MUNIN Project, 2015).
In Norway, the world's first testing area for autonomous waterborne vehicles has been
designated in the Trondheim Fjord because of its size and low traffic volumes.
Norwegian authorities, in collaboration with Kongsberg Seatex, Kongsberg Maritime,
the Norwegian University of Science and Technology, MARINTEK, Rolls-Royce and
Maritime Robotics, have begun testing autonomous ships in the fjord (Port Technology,
2016b; MUNIN project website). As a consequence of this initiative Norway is
considered the leader country in the development of autonomous ships.
The AAWA Initiative (Advanced Autonomous Waterborne Applications) is a 6.6 million €
project funded by Tekes (Finnish Funding Agency for Technology and Innovation). RollsRoyce leads the project, which brings together universities, ship designers and
equipment manufacturers. It aims to explore the economic, social, legal, regulatory and
technological factors which need to be addressed to develop autonomous ships (AAWA
Initiative, 2016).

Figure 9. Future Rolls-Royce vessels. Source: Rolls-Royce website (2016).

The AAWA whitepaper explores the research carried out for autonomous applications,
the safety and security implications of designing and operating remotely operated ships,
the legal and regulatory dimensions and the existence and readiness of a supplier
network to deliver commercially applicable products in the short to medium term
(AAWA Initiative, 2016).
Autonomous trucks
“Truck platooning” involves two or three trucks that autonomously drive in convoy and
are connected via wireless, with the leading truck determining route and speed and
mutually communicating (European Truck Platooning Challenge, 2016). Platooning can
improve traffic safety in the roads and reduce costs as the trucks drive close together at
a constant speed, this means lower fuel consumption and less CO2 emissions.
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In April 2016, a convoy of ‘Platoon’ of wireless-linked trucks drove across Europe and
arrived at Rotterdam after an experiment coordinated launched by the “European Truck
Platooning Challenge 2016” (The Guardian, 2016). It was an initiative of the Dutch
Ministry of Infrastructure and the Environment (European Truck Platooning website).
Six brands of automated trucks (DAF Trucks, Daimler Trucks, Iveco, MAN Truck & Bus,
Scania and Volvo Group) drove semi-automated trucks in platoons, on public roads from
Sweden, Denmark, Germany, Belgium to Rotterdam. (Figure 10).

Figure 10. European truck platooning challenge. Source: European Truck Platooning Challenge (2016).

The experiment was successful and enabled all partners involved to move towards
getting rid of existing borders between countries, in terms of legislation and regulation,
and between the public and private sectors. The booklet with the Lessons Learnt
comprises analyses, conclusions and recommendations based on the results of the
experiment (European Truck Platooning Challenge, 2016).

Figure 11. Automated truck hauled beer with no driver. Source: 9 NEWS (2016).

Another initiative for the introduction of driverless trucks took place in October 2016.
An automated truck full of beer drove itself 200km from Fort Collins to Colorado (USA)
(Figure 11). Uber Technologies Inc. and Anheuser-Busch teamed up on the delivery,
which was the first time a self-driving truck had been used to make a commercial
shipment (Bloomberg Technology, 2016).
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With driverless trucks part of the labour costs of a truckload shipment can be saved. On
the other hand, where drivers are restricted by law from driving a maximum number of
hours per day without taking break, a driverless truck can drive nearly 24 hours per day.
While the efficiency gains are real, this technology will be disruptive for some sectors.
The loss of truck driver jobs will have an impact in the economy. And because of this loss
of jobs, gas stations, highway diners, rest stops, motels, and other businesses catering
to drivers will struggle to survive without them.
Overall, the effect of the inclusion of autonomous trucks and platooning might have on
terminals is not yet fully explored. It seems clear that signalling and circulation
requirements (wide turns for instance) will need to be adapted to the lack of drivers.
Another issue will be the autonomous interaction with the gate systems at terminal plus
how to manage to route the trucks smoothly until they reach their drop off / picking up
position.
Driverless freight trains
The rail industry has been introducing autonomous vehicles for many years to improve
its competitiveness. Driverless freight trains have been tested and operated successfully
especially in mining industry. In Western Australia, the mining company Rio Tinto has
been running trains in autonomous mode, but retaining a driver to supervise the
automated operation since 2017. Rio Tinto is the world’s first automated, long-distance,
heavy-haul rail network. Rio Tinto is equipping a fleet of around 200 locomotives
operating on more than 1700 km linking 16 mines to four port terminals. (Railway
Gazette, 2017).
The investments in autonomous trains are expected to increase rail throughput
significantly by eliminating stops for crew changes. They also aim at the reduction of
energy consumption and CO2 emissions through more efficient operation. New roles
will emerge to manage the future train operations and the current workforce will have
to prepare for new ways of working (ARUP, 2015).
Adaptation of regulations and infrastructure (including security standards)
Driverless transportation will require the development of new regulations for
autonomous modes of transport, at all regulatory levels, including IMO level.
According to Oskar Levander, Rolls-Royce Vice President of Innovation, the remote
controlled ship will be in commercial use by 2020 (Rolls-Royce website, 2016; Levander,
2016). However, product liability rules and changes in traditional rules of maritime
liability and insurance need to be explored (Levander, 2016).
On the other hand, before implementing driverless trucks, a number of hurdles need to
be overcome. For example, under current laws, the liability for driverless vehicles is
unclear, and official safety standards have yet to be released (European Truck
Platooning Challenge, 2016). Difficulties also include designing systems enabling
communication between different trucks from different manufacturers. Additionally,
autonomous transport requires modern transport infrastructure.
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Figure 12. Vision of the road of the future. Source: Kaup (2016).

2.4 Automation of operational processes
Automatic detection (optical character recognition systems (OCR))
Optical character recognition (OCR) is the technology to convert images or text into
information that can be manipulated. The application of OCR technology in ports began
in the Shanghai United Asia Container Depot Asia in 1998 (Port Equipment
Manufacturers Association (PEMA), 2013).

Figure 13. 2011 reported OCR installations by region. Source: Port Equipment Manufacturers Association (PEMA),
(2013).

Figure 13 shows the number of OCR installations at port and intermodal facilities in
2011. The highest concentrations are located in North America and Asia. PEMA (2013)
provides an overview of the main applications of OCR in the port sector, which are
described below:
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Tracking of Containers: The OCR can identify the container at key points of work,
such as truck gate, vessel, etc.
Tracking of trucks: The identification and registration of street trucks can be
used to improve automated gate systems, to track the queue and to automate
truck handoff within the yard, rail or vessel cranes.
Gate operations control: This is an increasingly significant application of OCR as
it increases the throughput capacity of a given facility, enabling it to process
more trucks per lane/hour.
Yard operations control: OCR can identify the container and/or truck waiting for
service at the container handling equipment (terminal tractors, straddles, RTGs,
RMGs, fork lift trucks, top loaders, side picks and reach stackers). Therefore, the
operator can receive next work instruction to be carried out. This application can
optimize the driver productivity.
Quay operations control: OCR allows containers and handling equipment to be
automatically identified and matched under the quay crane, improving worker
safety by removing staff from under the cranes.
Rail operations control: OCR technology allows the automatization of the train
inventory process and increases the speed at which the trains can be serviced,
enabling the facility to process more containers per lane/hour without deploying
staff to the train yard.
Relocation of dangerous work: OCR solutions can reduce the risk of accidents by
relocating the worker from the area and allowing them to confirm and review
the events from a safe, remote location.
Hazardous control: OCR solutions are available to help automatically detect the
presence of hazardous markings and to classify the contents relative to an IMO
standard.
Security: OCR is generally deployed in conjunction with other security
technologies such radiation scanning technology, as used in the US Megaports
projects. OCR can provide visibility to the equipment in conjunction with other
security data by identifying which container is associated.

These applications show the benefits of the application of OCR technology: better
productivity, safety and security. OCR serves as a low cost alternative to RFID for
identification of containers and trucks in ports and terminals. Unlike RFID systems,
where devices must be applied to equipment and readers installed, the use of OCR
leverages existing labels or identifiers already on the equipment. (Port Equipment
Manufacturers Association (PEMA), 2013).
Slot algorithms (pick up and delivery) / Gate appointment systems
Gate appointment systems in port (and rarely dry port) terminals consist on booking of
specified time windows for container pick-up delivery, giving a preferential treatment
to trucks that choose to schedule an appointment. Such systems have been
implemented in several ports as a tool for reducing traffic congestions in the port areas.
Illustrative examples include the Port of Oakland, the Port of Los Angeles, the Port of
Long Beach, the Port of Hong Kong, the Port of New Orleans, Georgia Ports Authority
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and the Port of Vancouver (US EPA, 2006; Morais & Lord, 2006). The Port of Barcelona
deployed this system in September 2018.
Terminal gate appointments are usually voluntary, but have in a few cases also been
imposed on terminals by law. For example, this system was introduced at California
ports in July 2003 as a result of California Assembly Bill 2650 (AB 2650). It imposed a
penalty of $250 on marine terminal operators for each truck idling more than 30 min
while waiting to enter the terminal gate. Terminals could avoid fines by extending full
service gate hours to 70 per week or by offering a gate appointment system to trucks to
drop-off or pick-up cargo containers. However, after AB 2650 implementation, Giuliano
& O’Brien (2007) conducted a survey at the Ports of Los Angeles and Long Beach and
concluded that the appointment system did not reduce queuing at terminal gates. The
study also revealed that the terminals did not view the imposed appointments as an
effective operational strategy.
Successful examples of the introduction of gate appointment systems can be found in
the Port of New Orleans and Georgia Ports Authority. Both systems are web-based
applications that allow dispatchers to schedule appointments and provide information
for pre-clearance prior to truck arrival at the terminal. The deployment of such
applications have improved traffic flow, increased terminal throughput and improved
productivity for trucking companies and terminal operators. In the case of Georgia Ports
Authority, where the systems allows customers 24 hours per day access to update data
on container shipments, the reduction of truck turn-around times was on average 30%
(Merk O. , 2014)
Flitsch & Jahn (2012) evaluates the impact of implementing appointment systems in
selected North European Range container terminals from different stakeholders'
perspectives. It concludes that a hindrance to implement such system for the terminal
operator is, among others, the lack of authorization to act against unreliable truck
arrivals (partly due to unplanned events such as high traffic density but also based on
planed events like rescheduling of truck trips). Hindrances for the truckers are no
incentives for arriving in specified time windows and a lack of interface connection.
Apart from reducing congestion at the port gates, the gate appointment systems can
improve the management of yard operations in terminals. See, as example, Zhao &
Goodchild (2013).
Container Terminal Automation
Automation is a clear trend in port container terminals. There exist a wide range of
automation solutions for container terminals. Yard automation is highly developed and
driverless cranes in container yards are becoming a standard product. On the other
hand, the automation of quay cranes is less developed. The level of automation adopted
in each terminal depends on its status of development, the subsystem object of
automation, and the yard operating system, among others. (Martín-Soberón et al.,
2014; Port Equipment Manufacturers Association (PEMA), 2016).
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In 1993, the first automated terminal was introduced in the ECT Delta Terminal in the
Port of Rotterdam. It was equipped with Automated Stacking Cranes (ASCs) and
Automated Guided Vehicles (AGVs) to manage the handling of storage and interchange
equipment respectively (Martín-Soberón et al., 2014; Port Equipment Manufacturers
Association (PEMA), 2016).

Figure 14. Maasvlakte 2 Terminal, The Netherlands. Source: (Port Equipment Manufacturers Association (PEMA),
2016).

There are different levels of automation, which are described below (Martín-Soberón et
al., 2014):



Automated terminal: this term is used to refer to port container terminals which
automated the movements in the yard and dock-yard interchanges.
Semi-automated terminal: this term is used for terminals where yard
movements are automated and dock-yard interchanges are carried out by
conventional equipment, or vice-versa.

During the last 25 years, the number of automated and semi-automated terminals has
been growing, as illustrated in Table 9.
Table 9. List de automated and semi-automated port container terminals. Source: (Martín-Soberón, Monfort,
Sapiña, Monterde, & Calduch, 2014).

Automated and semi-automated port container terminals
ECT Delta Terminal (HPH) – Port of Rotterdam, The Netherlands- (from 1993) (A)
London Thamesport (HPH) –Medway Ports, United Kingdom - (from 1994) (S)
Hong Kong International Terminal 6-7 (HIT) (HPH) – Port of Hong Kong, Hong Kong(from 1995) (S)
Pasir Panjang Bridge Crane Terminal (PSA) – Port of Singapore, Republic of Singapore(from 2000) (S)
HHLA-CTA – Port of Hamburg, Germany- (from 2002) (A)
Patrick Terminals –Port of Brisbane, Australia- (from 2005) (A)
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Automated and semi-automated port container terminals
Tobishima Pier South Side Container Terminal (TCB) – Port of Nagoya, Japan- (from
2006) (A)
Wan Hai –Port of Tokyo, Japan- (from 2006) (S)
APM Terminals Virginia, Norfolk (APMT) –Portsmouth, United States - (from 2007) (S)
Antwerp Gateway Terminal (DPW) – Port of Antwerp, Belgium- (from 2007) (S)
Evergreen (EMC) – Port of Kaohsiung, T aiwan- (from 2007) (S)
Euromax Terminal – Port of Rotterdam, The Netherlands - (from 2008) (A)
TTI Algeciras (Hanjin) – Port of Algeciras Bay, Spain- (from 2010) (S)
Pusan Newport International Terminal (PNIT) (PSA y Hanjin) – Port of Busan, South
Korea (from 2010) (S)
HHLA-CTB – Port of Hamburg, Germany - (from 2011) (S)
Best (HPH) – Port of Barcelona, Spain- (from 2012) (S)
Xiamen Yuanhai Container Terminal – Port of Xiamen, China- (from 2013) (A)
TraPac Expansion – Port of Los Angeles, United States of America- (from 2013) (A)
APM Terminals Maasvlakte 2 (APMT) – Port of Rotterdam, The Netherlands- (from
2014) (A)
Rotterdam World Gateway (RWG) (DPW) – Port of Rotterdam, The Netherlands- (from
2014) (A)
(A) – Automated Terminal; (S) – Semi-automated terminal
The main benefits of the automation of port container terminals are the cost reduction
per handled container, improved reliability, consistency, predictability and safety of
operations and reduced environmental impact (Port Equipment Manufacturers
Association (PEMA), 2016).

Figure 15. Remote controlled quay cranes. Source: (Port Equipment Manufacturers Association (PEMA), 2016).
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2.5 Optimization/integration supply chains
Synchromodality
Synchromodality, or synchronized intermodality, can be defined as the service which,
through informed and flexible planning, booking and management, allows to make
mode and routing decisions at the individual shipment level, as late as possible in the
transport planning process including the trip itself (ETP ALICE, 2015).
According to Zhang & Pel (2016), the concept of synchromodal transport has gained
interest due to its potential of benefiting from the advantages of intermodal transport
without sacrificing the quality of service. The intermodal transport emphasises the
utilization of rail or waterborne transport capacity in order to benefit from scale
economies and to achieve lower transport costs and emissions. Instead, synchromodal
transport aims at the integration and cooperation among transport services and modes,
in order to give the service operators more possibilities to provide better transport
alternatives to the shippers by utilising multiple services of multiple modes.
Major efforts in the existing literature have been focusing on areas such as route
optimisation and network design for multimodal transport chains. For instance, Bock
(2010) proposes a dynamic model, with a real-time-oriented control approach to allow
the expansion of load consolidation, the reduction of empty vehicle trips, and handling
of dynamic disturbances for freight forwarder transportation networks. The model
integrates multimodal transport chains and multiple transhipments. Kengpol et al.
(2012) presents a decision support system for the selection of multimodal
transportation routing for logistics service providers and SMEs.
Recently, there have been discussion on the synchromodal concept in the ports
hinterland network. Different models demonstrate the benefits of the synchromodality
in this context. For example, Zhang & Pel (2016) develops a model that enables
comparative analysis of intermodal and synchromodal container operations from
economic, societal, and environmental perspectives. The results from the model for the
Port of Rotterdam hinterland shows that synchromodal system improves transport
service level, capacity utilization, and modal shift from road transport, reduced by 16%,
towards rail transport, yielding a reduction in CO2 emissions of 28%.
Tsertou et al. (2016) describes how cloud computing is an enabler for addressing the
issue of dynamic and synchromodal container consolidation at the Piraeus Container
Terminal in Greece. On the other hand, Kapetanis et al. (2016) presents a tool that
continuously assess, even during the transportation event, all the alternative modes for
a given destination in terms of time cost and emissions. The case study analysed is the
chain Shanghai–Piraeus–Prague. The overall scenario is as follows: a container ship is
arriving from China to the Piraeus Container Terminal. One of its containers is destined
to an inland Enterprise in Prague. The most common way for transportation to Prague
is rail, but also truck could be an alternative solution and of course a combination of a
Short Sea Shipping part to Thessaloniki and then truck or train to Prague.
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The synchromodality concept is one of the topics identified by the European
Commission that needs to be analysed in terms of future research and innovation. The
European Technology Platform (ETP) ALICE, Alliance for Logistics Innovation through
Collaboration in Europe, assists European Commission in this regard. The ALICE
Roadmap, which indicates a fully operational synchromodal transport in Europe by
2040, is visualised in Figure 16.

Figure 16. ALICE Roadmaps. Source: ETP ALICE website.

There is an ongoing European project, SYNCHRO-NET (Synchro-modal Supply Chain EcoNet, 2015-2018), leaded by DHL, that aims to demonstrate how the slow steaming
concept and synchromodality, can guarantee cost-effective robust solutions that destress the supply chain to reduce emissions and costs for logistics operations. The core
of the SYNCHRO-NET solution will incorporate: real-time synchro-modal logistics
optimisation; slow steaming ship simulation & control systems; synchro-modal
risk/benefit analysis statistical modelling; dynamic stakeholder impact assessment
solution; and a synchro-operability communications and governance architecture
(CORDIS Community Research and Development Information Service; SYNCHRO-NET
website).
The expected impacts of the synchromodal transport are: modal shift from road to more
sustainable modes of transport, increased share of freight transport by rail, better
collaboration and shared information among stakeholders, transport routes
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optimization, reduction of delivery times, providing better utilization of the capacity of
each mode, load consolidation and reduction of empty vehicle trips, development of
decision support systems with real-time information, resilient supply chains and
implementation of slow steaming solutions in ports.
Blockchain
The blockchain technology is a distributed ledger technology that can record
transactions between parties in a secure and permanent way. Using this technology,
participants can confirm transactions without a need for a central clearing authority
(PWC, 2017; DHL Trend Research, 2018).

Figure 17. Method of operation. Source: (DHL Trend Research, 2018).

Blockchain technology was one of the most discussed topics in 2017 due to its potential
to transform and disrupt port processes. Trade finance, product traceability and process
automatization through smart contracts are some of the most promising blockchain
applications (Weernink et al., 2017).
Weernink et al. (2017) provides an example of an applications of the blockchain
technology in port logistics:
In the current scenario, when a carrier enters the port, the cargo documentation is
handled by the ship agent and sent to the Port Community System (PCS). The PCS
enables the information distribution among the parties to facilitate the container
movement throughout the process.
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Figure 18. Current information flow in the import carrier process. Source: (Weernink et al., 2017).

With the introduction of a blockchain platform, instead of exchanging documentation,
the parties are granted permission to access the block where the information is stored.
Parties that are currently external to the process (banks, insurance companies) can be
included.
Maersk and IBM jointly developed a project to introduce a blockchain-based system for
digitizing trade workflows and end-to-end shipment tracking. The system allows each
stakeholder in the supply chain to see the progress of goods through the supply chain,
the status of customs documents, the bills of lading and other data (DHL Trend Research,
2018).
The main concerns for the development of the blockchain technology are: difficulty of
adoption, lack of trust, need for governance and legal issues (Weernink, VanDenEngh,
Francisconi, & Thorborg, 2017).

2.6 Transparency and exchange of information
Internet of Things - Track and trace (e.g. RFID)
The Internet of Things (IoT) is about enabling connection with physical objects equipped
with smart connective technologies, making the objects smart (Friess & Ibañez, 2014).
Typical IoT technologies are Radio Frequency Identification (RFID), sensors and wireless
communications (Miorandi et al., 2012). One of the fundamental fields of application of
IoT are transportation and logistics.
RFID is widely used in intermodal container terminals for the identification and tracking
of people, assets and inventory. The main benefits of this technology are that it provides
identification without requiring line of sight, can be read at short to very long range and
can be encoded with significant amounts of data. Some of the applications of RFID in
ports and terminals are listed below:


Visibility data from RFID-tagged trucks can be used by: visibility across multiple
facilities, gate operating systems for seamless processing of trucks, including
checks for haulage company compliance/permissions, clean truck programmes
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for compliance with port- mandated emissions limits, truck cycle time for
operator accountability, crane and stack operations optimization based on preadvised truck-container data, port security, bonded cargo tracking, free zone
management, etc. (PEMA, 2011).
The tagging of chassis provides visibility to chassis assets but also supports
additional applications: gate operations link chassis to a haulage company at gate
checkout and allow for accountability of chassis leasing, pool availability based
on check-in at a yard, utilization and deployment optimization of pool or shipping
line owned chassis, readability checks (PEMA, 2011).
Container tracking is an area of application of the IoT in logistics. It usually relies
on RFID tags which are attached to the containers, boxes and pallets included in
the shipment and then read at a number of points along the way. RFID provides
technology to receive, store and forward corresponding information. During the
delivery process, sophisticated sensors can provide detailed information on a
wide range of parameters such as temperature, humidity and brightness. Some
"smart" containers can also detect whether a shock has been received. Radiation
and chemical detection sensors and improved x-ray technologies can increase
both the speed and accuracy of inspections (Harris et al., 2015; Hakam & Solvang,
2012). Hence, decision makers receive a broad picture about the condition and
location of individual goods as well as components across the entire supply
chain. Therefore, they have the opportunity to manage their supply chain more
easily and to make changes in advance of cargo arriving at its destination. In this
regard, a typical example is the container tracking system developed by Maersk
and IBM known as tamper-resistant embedded controllers for large shipping
containers (Harris et al. 2015). The limitation of using RFID for container tracking
is that data can only be captured where appropriate infrastructures such as RFID
readers are in place.
In gate operations, the RFID tag on the truck or chassis is first associated with a
container, then processed through the gate. This is an increasingly significant
application of RFID. The gate operating or control system market is distinct and
separate from RFID (PEMA, 2011).

The European Commission has funded research projects that focus on ICT enabling
technologies to increase efficiency, safety and competitiveness of current freight
transport infrastructures (Table 10).
Table 10. Relevant European research projects in recent ICT developments for transport. Source: Authors from
Project Web Sites; Transport Research and Innovation Portal; CORDIS Community Research and Development
Information Service.

Project

Description

F-MAN (Telematics
system for rail car
asset
management),
2001-2004

Prototype of a telematics system that provides wagon position and
status information to allow the fleet manager (rail) to carry out an
economic selection of “his” wagons and update that decision if the
wagon is delayed.
ICT APPLICATION: Freight resource management systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
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Project
MarNIS (Maritime
navigation and
information
services), 20042008
CHINOS (Container
handling in
intermodal nodes),
2006-2009
MIT (Metrocargo
Intermodal
Transport), 20112013
e- FREIGHT
(European e-Freight
capabilities for Comodal transport),
2010-2013
GIFTS (Global
Intermodal Freight
Transport System),
2001-2004

iCargo (Intelligent
Cargo in Efficient
and Sustainable
Global Logistics
Operations ), 20112015
INTER-IoT
(Interoperability of
Heterogeneous IoT
Platforms), 20162018

TAGITSMART
(Smart Tags driven
service platform for
enabling

Description
MarNIS aimed to establish a maritime navigation and information
exchange information structure in Europe to create seamless
intermodal transport.
ICT APPLICATION: Freight resource management systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
It address challenges faced by container terminal and transport
operators due to security issues and cargo volumes through
innovative ICT technologies such as RFID.
ICT APPLICATION: Port terminal information and communication
systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
Fully automated system for the distributed intermodal transport
over a territory and for processing full trains in port/dry-port
shuttling.
ICT APPLICATION: Port information and communication systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
Deployment of European freight transport resources through eFreight Platform that provides a repository of e-Freight solutions
and services. E-Freight platform supports the design, development,
deployment and maintenance of e-Freight Solutions.
ICT APPLICATION: Integrated information exchange platform.
TECH. TREND: Cloud computing, Web3.0 & social network,
Wireless/mobile technologies, Internet of Things and Big Data.
It integrates existing and emerging intermodal freight transport
technologies into one internet platform focusing on small and
medium players.
ICT APPLICATION: Integrated information exchange platform.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
It supports new intermodal logistics services: synchronise vehicle
movements and logistics operations and adapt to changes through
an intelligent cargo concept. iCargo built an open affordable
information architecture that allows objects, existing systems and
new applications to efficiently cooperate, enabling more cost
effective and lower-CO2 logistics.
ICT APPLICATION: Integrated information exchange platform.
TECH. TREND: Cloud computing, Web3.0 & social network,
Wireless/mobile technologies, Internet of Things and Big Data.
INTER-IoT project is an ongoing project. It is aiming at the design,
implementation and experimentation of an open cross-layer
framework and associated methodology to provide voluntary
interoperability among heterogeneous Internet of Things (IoT)
platforms.
ICT APPLICATION: Freight and fleet tracking and management
systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
TagItSmart project is an ongoing project. It will create an open,
interoperable cloud-based platform with all the tools and enabling
technologies, which will address the challenges related to the
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Project

Description

ecosystems of
connected objects),
2016-2018

lifecycle management of new innovative services capitalizing on
objects “sensorization”.
ICT APPLICATION: Freight and fleet tracking and management
systems.
TECH. TREND: Cloud computing, wireless/mobile technologies and
Internet of Things.
D2D, 2002-2005
Global management system for door-to-door intermodal transport
Freight and fleet
operations though the development of a transport chain
tracking and
management system and a freight transport monitoring system.
management
ICT APPLICATION: Freight and fleet tracking and management
systems
systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
EURIDICE
It created concepts, technological solutions and business models to
(European interestablish an information services platform centered on the context
disciplinary
of individual cargo items. The EURIDICE platform improve the
research on
logistics, business processes and public policy aspects of freight
intelligent cargo for transportation, by dynamically combining services at different
efficient, safe and
levels: immediate proximity of a RFID tagged cargo item, mobile
environment
users and vehicle services; producer shipper and carrier supply
friendly logistics),
chain including qualification, handling and routing; freight corridor,
2008-2010
represented by authority and infrastructure services including
authorisation, security and safety control.
ICT APPLICATION: Freight and fleet tracking and management
systems.
TECH. TREND: Web3.0 & social network, wireless technologies and
Internet of Things.
M-TRADE, 2005Integrated end-to-end system providing services related to
2006
tracking, monitoring and tracing goods, the identification of freight
and efficient transhipment at terminals and nodes.
ICT APPLICATION: Freight and fleet tracking and management
systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.
INTEGRITY
It aimed at creating supply chain visibility by providing a basis for
(Intermodal Door to securing intermodal container chains ("security tracing") on a doordoor Container
to-door basis by evaluating information from various types of
Supply Chain
sensors, portals and other information sources, partially preVisibility), 2008processed by intelligent algorithms.
2011
ICT APPLICATION: Freight and fleet tracking and management
systems.
TECH. TREND: Wireless/mobile technologies and Internet of Things.

The projects in Table 10 could be categorised into the following classification: freight
resource management systems, terminal and port information and communication
systems, integrated information exchange platforms and freight and fleet tracking and
management systems. The objective of the projects related to freight resources
management systems is to achieve a match between supply (transport orders) and
demand (transport capacities including vehicles, drivers and related storage areas) at
minimum cost and the optimal matching of orders to vehicles. The projects that develop
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terminal and port information and communication systems support intermodal terminal
and port operations where transportation movement is temporarily interrupted and
freight is changing transportation mode as well as responsibility for certain
transhipment times and related costs. The projects that offer integrated information
exchange platforms intend to improve overall performance of logistics by linking all
actors together to allow cooperation, collaboration and information sharing. And the
projects that develop freight and fleet tracking and management systems aim to
improve operational efficiency between modes of connection.
As supported by Xisong et al. (2013), an intelligent port can online real-time monitor the
vehicle, the container, the cargo, the ship, and clearance process, ultimately to form a
whole-process, intelligently, and visually visualization monitoring system. Their findings
point out that taking IoT technology as basic infrastructure real-time data exchange of
ports, yards, warehousing, customs and freights can be achieved. Their research
provides examples of different applications of IoT solution for ports: intelligent
production scheduling management, intelligent bayonet, intelligent warehouse
management, intelligent container management and smart ship management.
Data exchange between stakeholders
The efficiency of the intermodal transport requires coordination and fast information
flows among several actors, (Crainic et al., 2018), such as:
 Shippers that generate demand for transportation.
 Carriers that provide the transportation services.
 Third party logistics service providers (3PLs) provide added-value services, such
as warehousing, distribution, shipping, inventory management, co-packing,
labeling, repacking, weighing and quality control.
 Facility and physical infrastructure managers. They deal with the management
of the physical network and infrastructure, including roads and highways, rail
infrastructure and intermodal port terminals.
 Institutional authorities (e.g., governments and public administrations) are the
actors who tax, give incentives, set up policies, and regulate transport activities.
 Customers. They represent the receivers of the shipments. They can be the final
client, retailer, distributor or wholesaler.
There are interconnections, interactions and interdependencies between the
aforementioned stakeholders (Figure 19).
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Figure 19. Relationships among the main actors in freight transportation systems. Source: (Crainic, Perboli, &
Rosano, 2018).

Figure 19 shows that the relations between the stakeholders in intermodal transport are
complex. In addition, each actor has its own goals (e.g. performance-based, economic,
environmental or social) and different levels of decision making (e.g. real-time,
operational, tactical or strategic).

2.7 Climate policies and targets 2050
Emission reduction policies (especially for Europe)
The growing shift towards sustainability is driven largely by consumer demand and by
regulations requiring companies to reduce greenhouse emissions and production waste.
Governments are also setting ambitious targets (Kückelhaus et al., 2016; Ceniga &
Sukalova, 2015). In this regard, there are two main strategies to reduce greenhouse
emissions: the production of renewable energy and the use on clean energy.
The European Commission set a target of 20% for the energy used in Europe from
renewable sources by 2020 (European Commission, 2009). The rapid decline of
renewable electricity investment costs is creating new opportunities for consumers to
become energy producers. This emerging model of self-consumption is set to play a
growing role in the coming years (European Commission, 2015).
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In this regard, the port areas offer opportunities for the installation of wind farm sites
and solar panels. However, the development of self-consumption strategies is highly
dependent on the policy of each country. The European Commission document of “best
practices on renewable energy self-consumption” shows an overview of the nation
schemes for self-consumption of renewable energy in each country.
On the other hand, it is also a green strategy in logistics the reduction of contaminants
and greenhouse gases in fossil fuel burning and the use of alternative, less harmful fuels
such as LNG (liquefied natural gas). Via the International Maritime Organization (IMO)
initiatives have been launched to further restrict the use of heavy fuels in ship engines.
For example, some areas are subject since January 2015 to the SECA (sulphur emission
control areas) regulations, where ships have to use fuels with a maximum sulphur
content of 0.1%. The emission control areas established under MARPOL Annex VI for
SOx are (Figure 20): the Baltic Sea area; the North Sea area; the North American area
(covering designated coastal areas off the United States and Canada); and the United
States Caribbean Sea area (around Puerto Rico and the United States Virgin Islands)
(TransBaltic, 2012). The SECA regulation does not apply to the Mediterranean Sea or the
Spanish and French Atlantic coast. Outside the emission control areas, the current limit
for sulphur content of fuel oil is 3.50%, falling to 0.50% after 1 January 2020. The 2020
date is subject to a review, to be completed by 2018, as to the availability of the required
fuel oil. Depending on the outcome of the review, this date could be deferred to 1
January 2025. Besides principal environment-relevant improvements, it is in the interest
of the North Range ports that the SECA regulation applies throughout Europe and that
competition between the ports is not distorted because different environmental
standards apply in the territorial waters of the European member states. This position
is actively voiced on various committees (Hamburg Port Authority, 2012).

Figure 20. Existing and potential Emission Control Areas. Source: TransBaltic (2012).

Other emerging measures from port authorities in the line are the employment of
voluntary incentive schemes to stimulate reductions in emissions from shipping, via slow
steaming, fuel shifts, cleaner ships, truck retirement and modal shifts (ESPO, 2013).
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European Commission policy on transport sustainability, set out in its White Paper,
published in 2011, has the following objectives: to shift 30% of road freight over 300 km
to other modes such as rail or waterborne transport by 2030, and more than 50% by
2050 and achieving a 60% reduction of CO2 emissions from transport in Europe by 2050
in relation to 1990 (European Commission, 2011). To reach this goal the EU has
recognized that this will require the development of appropriate infrastructure ,
concluding that development efforts “should focus on the completion of missing links –
mainly cross-border sections and bottlenecks/bypasses – and the upgrading of existing
infrastructure and development of multimodal terminals at sea and river ports”. On the
other hand, the European Commission has funded several research projects to promote
the emission reduction from transport (Table 11).
Table 11. Relevant European research projects in energy consumption reduction. Source: Authors from Project Web
Sites; Transport Research and Innovation Portal; CORDIS Community Research and Development Information
Service.

Project
LOG4GREEN (Transport Clusters
Development
and
Implementation Measures of a
Six-Region Strategic Joint Action
Plan
for Knowledge-based
Regional Innovation) 2011-2014

SUPERGREEN (Supporting EU’s
Freight Transport Logistics
Action Plan on Green Corridors
Issues), 2010-2013

ECOMOVE
(Cooperative
Mobility Systems and Services
for Energy Efficiency), 20102014

CO3 (Collaboration Concepts for
Comodality), 2011-2014

Description
LOG4GREEN's objective is to boost the regional
competitiveness and growth in six European regions. The
project considers the characteristics of Sustainable
Transport Logistics such as: logistics is genuinely defined
by a need for interaction and qualified communication,
logistics is a key factor for the greening of transport, the
role of logistics is underestimated and needs public
awareness to support an overall development towards
more sustainability.
The purpose of SuperGreen is to promote the
development of European freight logistics in an
environmentally friendly manner. Environmental factors
play an increasing role in all transport modes. Supergreen
evaluated a series of “green corridors” covering some
representative regions and main transport routes
throughout Europe.
The eCoMove project created an integrated solution for
road transport energy efficiency by developing systems
and tools to help drivers sustainably eliminate
unnecessary fuel consumption (and thus CO2 emissions),
and to help road operators manage traffic in the most
energy-efficient way. By applying this combination of
cooperative systems using vehicle-infrastructure
communication, the project aimed to reduce fuel
consumption by 20% overall.
CO3 is a business strategy enabling companies throughout
the supply chain to set up and maintain initiatives to
manage and optimise their logistics and transport
operations by increasing load factors, reducing empty
movements and stimulate co-modality, through
Horizontal Collaboration between industry partners,
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thereby reducing transport externalities such as
greenhouse gas emissions and costs.
COFRET (Carbon footprint of COFRET developed and test a methodology and
freight transport), 2011-2013
framework for the accurate calculation of carbon
emissions in the context of supply chains. COFRET
provided a methodology to calculate and monitor carbon
emissions based on their component CO2-emissions and if
applicable further GHG gases such as CH4 and N2O as well
as so-called F-gases deriving from cooling processes.

The projects in Table 11 develop solutions in terms of reduction of energy consumption
and CO2 emissions linked to multimodal transport, including improvement of horizontal
collaboration and development of Green Corridors.
The implications of the policies to reduce emissions could be:
 Installation of infrastructure in the port/terminal areas for self-consumption
energy.
 Ports can facilitate the energy transition of the vessels fleet, by providing
bunkering possibilities for different fuels, as well as recharging capabilities for
electric or hybrid vessels.
 Development of regulation schemes to promote the renewable energy selfconsumption.
 Stricter regulations will increase the requirements imposed on shipping
companies and ports.
 More areas could be affected by the SECA regulation.
 Port authorities could develop voluntary incentive schemes to stimulate
reductions in emissions from shipping, via slow steaming, fuel shifts, cleaner
ships, truck retirement and modal shifts.
Environmental footprint of the supply chain
Greenhouse gas emissions from transport sector increased by 27% from 967.1 to 1226.4
million tonnes of CO2 equivalent in the EU-28 between 1990 and 2016 (Figure 21 and
Figure 22) (European Commission - DG MOVE, 2018). The transport sector is currently
the second most important source of emissions in the EU-28 after the energy industries
sector (Figure 23).
As mentioned above, the 2011 Transport White Paper objective consists of reducing the
activity's emissions by 60% by 2050 in relation to 1990. Therefore, the trend in transport
emissions needs to be reversed.
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Greenhouse Gas Emissions (GHG) from Transport by Mode EU-28
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Figure 21. Greenhouse Gas Emissions (GHG) from Transport by Mode EU-28. Source (European Commission - DG
MOVE, 2018).
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Figure 22. Share by Mode in Total Transport Greenhouse Gas Emissions (GHG) in EU-28. Source: (European
Commission - DG MOVE, 2018).
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Greenhouse Gas Emissions (GHG) by Sector: EU-28 (Shares of Total
Emissions: 2016)

Agriculture,
Forestry, Fisheries
11,5%

Other
5,2%
Energy Industries
26,9%

Commercial /
Institutional
3,6%

Residential
9,3%
Indutry
19,1%
Transport
24,3%

Figure 23. Greenhouse Gas Emissions (GHG)* by Sector: EU-28 (Shares of Total Emissions: 2016). Source: (European
Commission - DG MOVE, 2018).

The most relevant greenhouse is CO2. Other greenhouse gases are CH4 and N2O, emitted
during fuel combustion, and HFC gases resulting from vehicle air conditioning and
refrigerated transport. Andrés & Padilla (2018) concluded that the population, real per
capita GDP, transport volume, transport energy intensity, and changes in modal share
and in energy source mix are driving factors of greenhouse gas emissions in the EU
transport sector. Their research points out that the EU policies should be aimed at
promoting energy saving and efficient energy use and encouraging the shift from road
to other modes of transport that are more environmentally friendly, such as rail, or
substituting the use of oil products as a source of energy with other less polluting
sources of energy, such as electricity.

2.8 New means of transportation
Tube logistics is a visionary trend which was started with initiatives like Mole system in
2002 and CargoCap in 2008. In 2013, Elon Musk, cofounder of Paypal, Tesla Motors and
SpaceX, envisioned a high-velocity train travel between Los Angeles and San Francisco
where passengers and freight would be transported in pods propelled at supersonic
speeds. The 600 km journey could take less than 30 minutes (Kückelhaus et al., 2016).
This vision inspired the development of the company Hyperloop One.
Mole system
Mole Solutions was formed in 2002. It is a part of the UK government’s Transport
Systems Catapult, a program to support local start-ups. The company has carried out a
number of government funded studies to explore the feasibility of the introduction of
underground freight pipelines. The technology is based on capsules that run on an
electric track, propelled by magnetic fields (Mole Solutions website). The system is
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designed to integrate with existing supply chains and transfer some of the high volume
of products that travel by road into capsules running in pipelines laid beside or under
existing transport infrastructures. The first demonstrator developed was designed for
bulk products (Mole Solutions website).

Figure 24. Mole system. Source: Mole Solutions website.

CargoCap
Another example in this regard is the CargoCap project, which provided an innovative
concept for an automated transportation system designed specifically to carry freight.
Each cap is designed to transport two Europalettes in underground pipelines (CargoCap,
2008).

Figure 25. CargoCap project. Source: CargoCap (2008).

As CargoCap is neither a road, railway, power line, nor a pipeline project, none of the
existing requirements for official approval of plans apply. This means that only the
general framework of space, project planning, building regulations and environmental
law must be adhered to, and terms of use have to be specified with the responsible
coordinating construction planning engineers, or with property owners in individual
cases. So, from a legal point of view, it is easy to implement (CargoCap, 2008).
Hyperloop One
Hyperloop One is developing the world's first Hyperloop, an integrated structure to
move passengers and cargo between two points immediately, safely, efficiently, and
sustainably. The company started in 2014 and the team has experts in engineering,
Page 51 of 71

D8.2 Assessment (meta study) of current transportation and
logistics studies and trade statistics
technology and transport project delivery, working in tandem with global partners and
investors. Hyperloop One use a custom electric motor to accelerate and decelerate a
levitated pod through a low-pressure tube (Hyperloop One website).

Figure 26. Desert Tube. Source: Hyperloop One website.

The cofounders of Hyperloop One, Josh Giegel and Shervin Pishevar, believe that this
infrastructure would transform cities, create new ones, and reshape seaports the world
over. Real examples of Hyperloop One developments are already taking place.
Hyperloop One tested in February 2017 its transportation system in North Las Vegas,
sending an unmanned pod through an air tight tube at 192 miles per hour (Hyperloop
One website).
In the Hyperloop One vision for ports, a ship could offload its cargo at sea into an
underwater Hyperloop, which could whoosh the containers inside tunnels to the land.
The freight could emerge above land (dockside access would no longer be required) and
be transferred for local travel at that point (Business Insider UK, 2016). In August 2016,
Hyperloop One announced a US$50 million in funding, provided in part by DP World.

Figure 27. Hyperloop One prototype. Source: Port Technology (2016a).

In October 2016, the port operator announced the development of the first full-scale
test of the system in the first quarter of 2017. The interest of DP World is to offer an
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alternative method of transporting entire containers across land, at much greater
speeds than either rail or road (Port Technology, 2016a).
Table 12. Implications of tube logistics for intermodal terminals.

Type of impact
Impacts on processes
Impacts on regulation
Impacts on business
structure

Impacts
Development of new port and rail infrastructures.
Development of new regulations for these news modes of
transport, al all regulatory levels.
These news modes of transport could disrupt the market
for the existing modes of transport (rail, road and ocean).
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3 Data: Statistics evolution
3.1 Current pictures and the road until now
Road transport has the largest share of EU inland freight transport. According to
Eurostat data, in 2016, road transport accounted 76.4 % of the total inland freight
transport, rail transport 17.4% and inland waterways 6.2%. These shares remained
relatively stable along the years (Figure 28).

Figure 28. Freight transport in the EU-28: modal split of inland transport modes (% of total tonne-kilometres).
Source: Eurostat.

However, the modal split varies at member state level. Only 18 of the Member States
report freight data on inland waterways. On the other hand, in Cyprus and Malta the
share of road freight transport is 100 % because these two Member States do not have
either railways or navigable inland waterways (Figure 29).
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Figure 29. Modal Split of inland freight transport, 2016 (% of total tonne-kilometres). Source: Eurostat.

The following table, Table 13, shows the transport performance in tonne-kilometres for
the five transport modes: road, rail, inland waterways, maritime and air between 2011
and 2016. Maritime transport performance increased over this period by 6.9%. In
contrast, rail transport performance decreased by 2.6 % during last years.
Table 13. Freight transport performance in the EU-28 (million tonne-kilometres, adjusted for territoriality).

Year
Total
Road

2011
3.369.930
1.699.186

2012
3.279.148
1.645.087

2013
2014
3.321.505 3.368.790
1.670.705 1.676.923
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Rail (¹)
Inland
waterways
Air (²)
Maritime

422.097
141.969

406.611
149.987

406.609
152.795

410.807
150.876

415.644
147.471

411.284
147.317

2.284
1.104.395

2.273
1.075.190

2.245
1.089.151

2.538
1.127.646

2.553
1.110.180

2.598
1.180.813

Note: Air and maritime cover only intra-EU transport (transport to/from countries of the EU)
and exclude extra-EU transport
(¹) Includes estimates for Belgium (2012-2016) and Croatia (2016)
(²) Computations likely to be revised
Source: Eurostat (online data codes: rail_go_typeall (rail), iww_go_atygo (inland waterways),
road_go_ta_tott (national road transport), road_go_ca_c (road cabotage transport) and
Eurostat computations (international road transport, air and maritime transport).

Nowadays, road accounted 50% of all tonne-kilometres performed in the EU. Maritime
transport accounted 33.3%, rail transport 11.6 % and inland waterways (4.2 %). The
share of air transport is only 0.1% (Figure 30).

Figure 30. Freight transport in the EU-28: modal split based on five transport modes (% of total tonnekilometres). Source: Eurostat.

In 2011, the European Commission (DG MOVE) conducted the study “Analysis of the EU
Combined Transport” in order to achieve a better understanding of the combined
transport market in Europe. According to the European Council Directive 92/106/EEC1
combined transport (CT) is defined as follows:
Combined transport means the transport of goods,
 Between Member States where the lorry, trailer, semi-trailer, with or without
tractor unit, swap body or container of 20 feet or more uses the road on the
initial or final leg of the journey and, on the other leg, rail or inland waterway or
maritime services where this section exceeds 100 km as the crow flies and make
the initial or final road transport leg of the journey.
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Between the point where the goods are loaded and the nearest suitable rail
loading station for the initial leg, and between the nearest suitable rail unloading
station and the point where the goods are unloaded for the final leg.
Within a radius not exceeding 150 km as the crow flies from the inland waterway
port or seaport of loading or unloading.

The study provided the following data regarding the various modal combinations (rail,
inland waterway and sea, each in combination with road):
 Total CT operations in the EU in 2011 reached nearly 27.9m TEU.
 The amount of cargo carried (tonnes lifted) amounted to 270.8m gross tonnes.
 The consolidated volume of the CT rail/road and inland waterway/road sectors,
i.e. excluding CT short sea/road, accounted for approximately 22.4m TEU, in
2011. They carried 233.6m gross tonnes of goods in the same year.
 International CT accounts 51.5% of TEU and 52.8% of tonnes lifted. The Intra-MS
CT is the smallest market segment. It accounts for 17.4% of TEU, 15.4% of tonnes
lifted and 13.1% of tonnes moved.
Table 14. Total CT in the EU, 2011. Source: (European Commission - DG MOVE, 2015).

The International Union of Railways published in 2016 the report “2016 Report on
Combined Transport in Europe”. This document provides an overview of rail’s share of
hinterland container transport of selected European ports in 2015 (Figure 31).
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Figure 31. Rail share of container hinterland transport (only gateway traffic) in selected European ports 2015.
Source: (BSL Transportation Consultants & International Union of Railways (UIC), 2017).

According to Figure 31, the ports with rail share of more than 30% are located in
Germany, Great Britain and Poland. Koper, Trieste and Sines also present shares of more
than 30%.

3.2 The road to come, foreseen scenarios
In 2013, The European Commission published the document “EU Energy, Transport and
GHG Emissions. Trends to 2050” in order to assess the trends of growth of European
transportation and trade with a focus on its effects on GHG Emissions.
The projections show an increase in the total inland freight transport activity by about
58% (1.2% p.a.) between 2010 and 2050, considering as an hypothesis that there is still
a strong correlation of GDP with freight growth at least up until 2030.
Going into specific means of transport, road freight traffic is projected to increase by
about 57% between 2010 and 2050 (1.1% p.a.) whereas rail freight is estimated to grow
a little bit more (84%, equivalent to 1.5% p.a.), increasing its modal share from 15% in
2010 to 18% in 2050. The significant increase in rail freight transport activity is mainly
driven by the completion of the TEN-T core and comprehensive network which are
expected to improve the competitiveness of the mode. In addition to those two, inland
navigation traffic is projected to grow by 39% between 2010 and 2050 (0.8% p.a.)
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From the report, it can be inferred that demand for added capacity at intermodal inland
terminals is to grow considerably in a sustained way, meaning that more efficient, new
and expanded terminals are going to be needed to cope with the increase in demand as
a result.
The report also accounts for an increase in the international maritime activity (including
both intra-EU and extra-EU) being it expected to grow by more than 70% between 2010
and 2050 (1.4% p.a.)
Taking into consideration the use of fuels, LNG and other alternative fuels are to become
common practice and with it their supply networks. The report specially considers the
effects of LNG increasing its market share as energy supply for transportation purposes,
especially over the mid and long term horizon and for road freight and inland navigation
transportation. According to the same source, the share of LNG in total consumption of
heavy duty trucks would go up to 2.8% and 8.2% in 2030 and 2050, respectively. The
picture is similar in the case of inland navigation (the equivalent shares are 3.7% and
7.1%).
Regarding international shipping, demand for heavy fuel oil increases at low rates (by
8% by 2020), being progressively substituted by marine diesel oil and LNG, with not a
big effect on the design of maritime terminals.

3.3 Public initiatives and goals set
The European Commission published in 2011 the White Paper on transport "Roadmap
to a Single European Transport Area – towards a competitive and resource-efficient
transport system". It defined a long-term vision until 2050 for the transport sector. The
main goals by 2050 include:
 40% use of sustainable low carbon fuels in aviation; at least 40% cut in shipping
emissions.
 A 50% shift of medium distance intercity passenger and freight journeys from
road to rail and waterborne transport.
 60% reduction of transport emissions by 2050 relative to 1990.
 30% of road freight over 300 km should shift to other modes such as rail or
waterborne transport by 2030, and more than 50% by 2050, facilitated by
efficient and green freight corridors.
In 2016, the European Commission published a report that analyses the progress in the
implementation of the initiatives included in the White Paper. The report highlights that
the proposals of the Commission are just a first step and legislation and implementation
at Member States level is needed. Some of the achievements of the Commission are
described below (European Commission, 2016):
 Regarding maritime transport, EU CO2 emissions from maritime bunker fuels
have decreased by 14.1% by 2013 relative to 2005. However, the emissions
would still need to fall by 30.2% by 2050 in order to meet the reduction target.
Some further progress can be expected through the adoption by the
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International Maritime Organization (IMO) of mandatory technical and
operational measures (Energy Efficiency Design Index and Ship Energy Efficiency
Management Plan), which have become applicable as of 1 January 2013.
28% of freight transport activity is performed on distances below 300 km and
72% of activity on distances above 300km. Short distance freight activity is
mostly performed by road transport, which corresponds to 78% of the total short
distance activity. Above 300 km, maritime shipping is the main mode used for
long distance transport. Rail transport provides 10% of short distance freight
transport and 13% of long distance freight transport. Inland waterways transport
represents instead 8% of short distance freight transport and 3% of long distance
freight transport.
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4 Discussion and conclusions
Overall, this report assessed current and new logistic trends and concepts, addressing
multiple dimensions from technological to business models. Trends have been classified
into eight categories, to better structure the knowledge although the classification is
open and not final.
The assessment has made use of multiple sources, mainly found in the scientific
literature but also from industry reports. Each identified trend has been introduced and
referenced and its expected impact on either current or future of supply chains has been
assessed, and more specifically, on the design of intermodal terminals. This section
synthesises the findings from the desk research and a workshop session held next to
Barcelona during the 4th project meeting on March 2018.
The goal of this report is then, achieved, and with the provision of what is the big picture
on the current trends and their potential effect on terminal design and to provide a
foundation from where to assess the results of the project by means of deliverable 8.5,
at the end of the project’s life.

4.1 Effect on the design of intermodal terminals
The trends structure used in the report was presented and discussed by means of a
workshop between the project’s partnerships, held in Montserrat, Spain on the 13 of
March, 2018. One of the aims of the workshop was to assess which trends could have
the biggest impact in the design of terminals. Despite no final consensus was obtained,
with most partners not having a clear opinion on the topic, there was agreement on
what could be the trends with a major impact on the design of intermodal terminals,
being those:
 Gigantism in vessels
 Automation of processes at terminals
 Evolution of tradeflows (globally)
In addition to that, it was assessed the effect of each of the twenty trends identified on
the KPI dimensions as defined in D3.1, namely: Operational, Financial, Quality (network
effects) and Environmental. The safety dimension was disregarded since not additional
value is provided at this stage.
From the assessment of both, workshop and Table 15, it is observed how the increase
in size of containerships is found to be the logistic trend with the largest negative impact
in terminal design. Although vessel gigantism is reaching its highest point and it is
unforeseen that vessels continue growing in size, according the most sources consulted,
the use of ULCVs is estimated to increase given the volumes on production right now.
Larger vessels impact terminal design in multiple facets: bigger facilities needed for
vessel mooring (longer berths and increased draughts), larger superstructure (taller
cranes with bigger span) and more abrupt peak operation times (cargo concentrated in
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Table 15. Logistic trends and expected impact on the Operational, Financial, Environmental and Social as well as Network dimensions (Source: own doing)

Advancement
area

Increasing
scale of
transports

Evolution of
tradeflows

Vehicle
automation

Automation
of operational
processes

Expected impacts

Logistic trend

Operational

Financial

Environment & social

Network

Larger vessels for sea transports
require enlargement of ports (berth,
draught)

(+) add capacity
(-) less efficient resource
use (equipment, storage)

(-) Increased berth,
draught
(-) bigger cranes

(-) impact construction

(-) congestion at peaks

Longer trains require adjustment of
terminals

(+) add capacity

(-) longer rail tracks
(-) additional cranes

(-) more area needed

(+) better use of rail
network

Heavier trucks require adaptation of
infrastructure

( ) adapt circulation
space (turns, lanes)

(-) pavement
maintenance / load
factor

Type of cargo (bulk, container, semitrailers)

(impossible to assess)

Changes of global tradeflows (one
belt one road, arctic shipping)

(added or reduced throughput, depending on geographical position)

3D-printing (e.g. potential change
from goods to bulk input material)

( ) change in cargo format and trade volumes

Vertical integration transportation
providers

(+) better adjustment to
demand

(-) reduction of margins

()

()

Driverless transportation (trucks,
trains, ships)

(+) operation more
efficient with average
volumes (expected less
efficient at peaks)

(+) cost reduction

(+) better use of resource

(+) better use of capacity

Adaptation of regulations and
infrastructure (incl. security
standards)

()

(-) sensoring, process
hardware and software,
adapt turns, lanes

()

()

Automatic detection (optical
character recognition systems (OCR))

(+) speed up sorting at
gates

(+) reduced operational
costs
(-) added sensoring,
processing costs

(+) minor red. of fuel
consumption
(-) reduction of jobs

(+) reduce queuing at
gates
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Advancement
area

Optimization/
integration
supply chains

Transparency
and exchange
of
information

Climate
policies and
targets 2050

New means of
transportatio
n

Expected impacts

Logistic trend

Operational

Financial

Environment & social

Network

Slot algorithms (pick up and delivery)

(+) better use of storage
facilities
(+) quicker dispatching

(-) adaptation costs
(+) operational cost red.

(+) less energy consumed
(relocation movements)

(+) quicker dispatching

Remote controlling of equipment as
cranes, etc.

(+) better use of
equipment (average)

(-) operational costs red.

(-) jobs reduced

()

Synchromodality

(+) efficiency of
resources / lamination of
flows

(+) operational costs red.
(-) investment in
equipment/software

(+) reduce congestion &
idle times
(+) fuel consumption red.

(+) reduce idle times and
queuing

Block chain (esp. tracing)

()

(+) operational costs red.

()

()

Internet of things

(+) efficient use of
resources
(+) transparency

(+) operational costs red.
(-) investment in
equipment/software

()

()

Track and trace (e.g. RFID)

(+) transparency
(+) added control

(-) investment in
equipment/software

()

()

Data exchange between stakeholders
(customers, operators, customs,
authorities, etc.)

(+) efficient use of
resources
(+) transparency

(+) operational costs red.
(-) investment in
equipment/software

()

(+) reduce empty trips

Emission reduction policies (esp. for
Europe)

()

(+) added costs
(equipment investment)
(-) potential red.
operational costs

(+) reduce impact of
terminal operations

()

Environmental footprint of the supply
chain (from production to end user)

()

(+) added costs (tracking
pollution)

()

()

Tube systems

(no direct impact on terminal operations if not integrated into them / trade volumes shifted)
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smaller periods of time, forcing the need to increased speed of port operations and less
efficient use of the resources used at quay, yard and storage areas).
Regarding truck and train gigantism, the effects on terminal design are found to be
smaller, the principal being the adaptation of the infrastructure (lanes and tracks) to the
new sizes expected. In the case of rail, this being subjected to the space available.
The future of tradeflows will impact terminals depending on their current location and
how well connected are they to the grid, besides the competitiveness of their costs and
the ones of terminals competing to them. However, there is not expected direct impact
on the design indicators being used.
Globally, automation processes are found to have a positive impact on the design of
terminals, once the initial investment costs are faced, since they goal is, precisely, to
improve the performance of terminals, with a more efficient use of equipment and
better integration of terminals into the supply chain flow. This also applies to supply
chain optimization trends, and specially synchromodality, which allegedly aim to
improve the efficiency of terminals and reduce overall costs, including environmental
burden.
Transparency initiatives, are not found to have major direct repercussions on the
terminal operation, beyond the need for additional tracking and data collecting and
processing needs, since their primary focus is on providing added value to the user of
the infrastructure (transporters, shippers and cargo owners) and not the operation of
the terminal or the optimization of the supply chain.
Regarding environmental regulations, they will obviously have an impact on the
environmental performance of the terminal, but at a cost. Either by the need of
providing cleaner energy sources to vessels to reduce the carbon footprint and pollution
generated while moored or by the investment on new equipment using alternative fuels
(LNG, methanol) or its electrification, even if partial. In the case of equipment, it could
be argued that the investment necessary will likely revert in a reduction of costs due to
the reduction of fuel consumption and energy savings.
Finally, tube systems, although being studied as integrated with the port in one of their
pilots (the collaboration of Hyperloop and Dubai Ports) are not expected to have a major
impact on terminal design and operations, at least to the current date.
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