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This project has received funding from the European Union's Horizon2020 Framework
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The content of the publication herein is the sole responsibility of the publishers and it does not
necessarily represent the views expressed by the European Commission or its services. While
the information contained in the documents is believed to be accurate, the authors(s) or any other
participant in the PIONEERS consortium make no warranty of any kind with regard to this material
including, but not limited to the implied warranties of merchantability and fitness for a particular
purpose.

The user thereof uses the information at its sole risk and liability. For the avoidance of all doubts,

the European Commission has no responsibility or liability with respect to this document, which
is merely representing the authors' view.
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1. Executive Summary

D3.1 “Current State-of-the-Art, Enablers, Barriers and Challenges” is the result of work done in
Task 3.1. Its primary objective is to establish a comprehensive baseline, guiding collective
decision-making and actions aligned with the European Union's Greenhouse Gas (GHG) reduction
vision and the specified targets for the years 2025, 2030, 2040, and 2050.

This report presents an in-depth analysis of the latest and most advanced practices and solutions
currently implemented across European ports. It delves into various initiatives focusing on
enhancing port efficiency and sustainability. Key areas such as energy storage and supply,
digitalization of operations, and management of multimodal cargo flows are thoroughly
examined. The report encapsulates the findings from an extensive study, which includes desk
research and a series of both semi-structured and unstructured interviews. These interviews
involved key personnel from the consortium and representatives from other ports affiliated with
PIONEERS association partners, including ALICE, IWT, and UITP. The discussions centered
around the state-of-the-art approaches, identifying existing gaps, and the specific challenges
faced by European ports. These challenges span across technological, business, environmental,
and societal aspects, also touching upon the enablers and barriers encountered in their pursuit
to transform into Green Ports.

The insights gained from Task 3.1 highlight that numerous initiatives, aiming to reduce the
environmental impact of ports have been launched. These initiatives see ports actively engaging
in activities to lessen their environmental footprint and monitoring their GHG emissions. However,
these actions often occur in isolation, lacking a cohesive, inter-port collaborative approach. This
isolation poses substantial challenges, particularly in terms of the financial feasibility of such
green initiatives and the development of effective governance models to facilitate collaborative
innovation. Additionally, these initiatives tend to be ad-hoc projects targeting specific port
functionalities. They are not integrated into a holistic Master Plan, which is crucial for steering port
communities towards achieving the ambitious goals set by the European Green Deal.

Furthermore, the D3.1 report identifies and lists several Research & Innovation projects funded by
the EU, which are specifically aimed at reducing port emissions and hold relevance to the
objectives of the PIONEERS project. These projects exemplify the concerted efforts being made
at various levels to address the pressing environmental challenges faced by European ports,
underscoring the need for a more unified and strategic approach in the journey towards
becoming Green Ports. Outside of Europe, efforts are also made to reduce the environmental
impact of ports. Chapter 3.4 gives an overview of some of the initiatives that are launched by
various ports around the globe.

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 12
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The document is divided in six chapters and follows a structure of reporting the findings relative
to the four pillars of the project.

1.1 Methodology

The development of this report was anchored in desk research, focusing on the current state-of-
the-art practices employed by ports in the areas of sustainability, greening, digitalization, and
other pertinent areas. Desk research, a methodological approach involving the collection and
analysis of data from secondary sources, forms the backbone of this study. Such sources
encompass a variety of published materials, including reports, scholarly articles, and databases,
offering a wealth of information for analysis and interpretation.

The methodology adopted for this research was systematic and multi-faceted, encompassing
the following key steps:

Definition of the Research Questions: The primary questions driving this research were: "What is
the current state-of-the-art related to the four pillars of PIONEERS in reducing the environmental
footprint of ports? and "What are the challenges, gaps, barriers, and enablers in achieving
reductions in ports' environmental footprint?’

Identification of Relevant Sources: Expert members of the consortium, in consultation with
associated organizations such as ALICE, IWT, and UITP, spearheaded the process of identifying
sources pertinent to the PIONEERS project's scope.

Screening of Sources for Relevance and Quality: PIONEERS partners critically evaluated these
sources, ensuring the inclusion of information directly relevant to the project demonstrations. This
screening was supplemented by a survey distributed to members of ALICE, IWT, and UITP,
aiming to gather diverse perspectives relevant to the project's objectives.

Comprehensive Review of Literature: The ICCS (Institute of Communication and Computer
Systems) then undertook a thorough review of the identified literature and survey feedback. This
involved an examination of existing studies, reports, and data to gather a holistic understanding
of the subject matter.

Validation of Research Results: The initial findings underwent a rigorous validation process
through interviews with experts from the consortium and the project's Advisory Board. This
crucial step not only confirmed the accuracy of the findings but also uncovered additional
significant information, such as initiatives within the port community focused on reducing
environmental footprints.

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 13
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Reporting of Findings: After the validation phase, the report was compiled, encapsulating all
findings and insights. It underwent a peer review process in line with the Quality Management
Plan of the project to ensure its accuracy, relevance, and quality.

This structured approach allowed for a comprehensive and in-depth exploration of the current
landscape of port operations in relation to environmental sustainability. The final report, therefore,
not only reflects the current state-of-the-art practices but also identifies key challenges, gaps,
and enablers, offering a valuable resource for stakeholders aiming to reduce the environmental
footprint of port operations. The inclusion of feedback from a diverse range of experts and
consortium members ensures that the report is both thorough and representative of the various
perspectives within the port community.

D es k Current State-of-the-art Practices
ResearCh Challenges

Gaps

Enablers

Barries
Interview Fillingaps

with relevant
stakeholders ™ provide additional relevant information

Figure 1. Methodology followed for D3.1 completion (horizontal approach).
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2. Towards Europe’s Green Ports

2.1 Vision towards sustainability in port areas

The COVID 19 pandemic, combined with green and digital transitions and a changing global
political environment, will result in a significant transformation of Europe's economy and society.
These developments have combined to create the perfect storm for Europe's ports and port
industry. Despite the wide range of port profiles in Europe, all are confronted with the common
challenge of increasing economic and societal complexity. Port managers will have to play a
more important role as matchmakers, facilitators, and neutral partners in the modern port
ecosystem than ever before. Moreover, while ports in Europe are exploring new areas of activity
and developing new capabilities, their core business as critical nodes in supply chains,
connecting maritime and hinterland transport for goods and passengers, has never been more
important than during the current health crisis.

Given the uniqueness of every port in the EU, it is logical that not every port authority has the
ability or need to adapt to the trends in the same manner. Not every trend has the same relevance
to- and impact on each port. European ports will have to assess which trends are most important
for their future, and how their role within the ecosystem will need to change accordingly. It is
imperative that they act quickly, as the number of ports on the planet continues to grow and the
effects of climate change will soon have to be factored into the discussion. Therefore, the only
way to achieve a sustainable and successful future is to be prepared for the changes that will
take place, in order to minimize the damage. It is clear that the European ports will have to adapt
to the fact that the cost of marine transportation will decrease*? 3, due to the adoption of cleaner
energy sources, and the introduction of renewable sources of energy. However, there will also
need to be an upgrade to the existing infrastructure and ships, and an increase in the number of
investments towards sustainability as well as the efforts towards removing operational,
legislation, technical or policy related barriers.

It is also important to mention that the ports of the future will have to consider the trends that will
influence their business long before they are fully aware of all the trends, as it is unlikely there
will be enough time to be fully prepared for each trend. However, responses to trade trends and
their impact on ports vary by port type. Nearshoring and offshoring are very important in certain

* Sdoukopoulos E, Boile M, Tromaras A, Anastasiadis N. Energy Efficiency in European Ports: State-Of-Practice and Insights on the
Way Forward. Sustainability. 2019; 11(18).4952. https://doi.org/10.3390/su11184952

2 https.//www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_Tech_Brief _RE_for-Shipping_2015.pdf
3 https://repositorio.cepal.org/bitstream/handle/11362/40928/1/51601301_en.pdf
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ports, and in other ports safety and security are central concerns, as shown on the next page
showing the relevance of trends for certain port types.

Building Blocks Stakeholders Interests

T T T—S

|:| Organisation and clients D Customers Digitalizaiton

|:| Assets D Labor and supply-chain partners Infrastructure

|:| Infrastructure D Government officials and regulators Health Safety & Security
gﬂ\égggmeeﬁand stakeholder Economic development agencies Environmental care

|:| Energy Port community Community Building

|:| Digital transition Climate & Energy

|:| Innovation

Figure 2: Port building blocks, stakeholders and interests

The core activity of traditional port authorities remains similar: managing, creating and optimising
infrastructure for trade development, safety of navigation, cluster management, etc. However, in
order to deal with the changing market environment, to serve their clients in an optimal manner,
to fulfil public interests and sometimes to generate diversified revenues, port authorities have
extended their core activities, as well as taken up additional tasks next to existing functions.

2.2 Setting the Scene

Given the individuality of each port in the EU, it stands to reason that not every port authority has
the ability or need to adapt to trends in the same way. Not every trend is relevant to - and has
the same impact on - every port. And, while this study aims to provide a complete helicopter
view of the future world of the maritime industry, European ports will need to assess which trends
are most important for their future, as well as how their role within the ecosystem will need to
change accordingly.

In terms of sustainability and community expectations, all port authorities have at least taken
certain steps. All ports, not just
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ports and ports with a large industrial footprint, can and must play an important role in the EU's
decarbonisation agenda and energy transition. Ports are home to industrial clusters such as
shipping, oil and gas, cruise tourism, heavy transportation, bulk handling, manufacturing, and
power generation.

It is important to note that the presence of private sector stakeholders has a strong impact on the
potential for a sustainable transition of the port. Ports can actively attract and promote green
activities, but the private sector must have a fair share of the inevitable changes in ports.
Moreover, the presence of private area players strongly affects the supportable change
capability of a port. Ports can effectively draw in and advance green exercises, yet the private
area should do their reasonable part in the unavoidable progress of the ports.

2.3 European Ports Classification Matrix

As there are a number of ports, it is also logical that the future of individual ports will differ,
depending on the needs of the port. For the purposes of this deliverable, it is important to bear in
mind that the future of these ports will depend on whether or not they are able to adapt, and to
what degree. Therefore, it is important to introduce port classification, in an effort to map the
availability and the ability of the different ports to adopt new trends, technologies, frameworks
and policies. The maritime economy is constantly evolving and changing, and these trends will
help ports as they try to adapt to these changes and make sure that ports stay relevant to the
world. Ports are at the crossroads of these changing realities and transitions which have always
functioned as critical nodes in supply chains, connecting maritime and hinterland transport for
goods and passengers. However, to determine the factors which raise the profiles of ports as
centres of international trade and as hubs is not a straightforward analytical exercise. A major
challenge for researchers nowadays is to pinpoint and analyse the relationship between a port
and its region in view of economic activity. From this perspective, our particular concern is to
explore the function and classification of ports and port cities in relation to the networks that
connect them inland and outward.

Table 1. The compliance of port characteristics in regard to sustainability maturity and innovation adoption.

Characteristics Sustainability maturity Innovation adoption

Port size Compliant High
Port classification Efficient Medium
Cargo type Optimised Low
World spoke & hub system Leader

Port-city

Logistics system
Port networking
Intermodality
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Shipping companies have developed the hub-and-spoke system in order to concentrate capacity
at a few major nodes connected by many spokes and to benefit from economies of scale. A
formalized concept of hub port and port classification was suggested by UNCTAD (1990) after
the generalization of the container system in world trade during the 1980s. However, many
changes have since occurred in the container shipping business, in which traditional routes have
become obsolete, and new routes play a more significant role, as in the case of ship calls in
Chinese and Korean ports. Very rapid growth of Northeast Asian container ports which benefitted
from the enormous economic growth of the 1990s, meant that feeder ports developed into
regional hub ports or into global hub ports.

Ports have been classified as a combined channel system of trade, supply and logistics. This
interpretation not only defines the content of traditional port services into the simple services of
loading and unloading cargo, but also argues that a port can supply shippers with value-added
logistics services as well as related services, including trade, financial, leisure, and property
development. However, this does not define multiple types of combination among trade, supply
and logistics channels.

The model for the classification of ports is based on three criteria: port development strategy and
policy, the type and scope of services provided, as well as the degree of integration of port
operations and organization. This model was first developed in 1990 by UNCTAD.* The generation
classification divides ports according to their development or evolutionary stage and assumes
that ports develop from a primitive harbour to a global hub port.

2.3.1 Generation Classification

The generation classification defines a port's linear development in view of its functional and
evolutionary change, for example, from primitive fishing village to developed facility, such as a
global logistics centre. This classification, which is widely accepted in the maritime industry,
identifies ports on the basis of development generation or as having undergone evolutionary
stages (UNCTAD, 1990). Nevertheless, different types of ports and diversified ports carry out
numerous functions simultaneously so we can surmise that a port does not always evolve in one
direction or through a predictable pattern.

Thus, the evolutionary stage of a port can be interpreted as the development of spatial and
functional relationships between a port and its corresponding city. This view emphasizes
waterfront revitalization as the final stage of evolution and mixed-use operations as a more
advanced stage than the containerization and the RO/RO system stage. Even if there is

“https://unctad.org/system/files/official-document/tdcg4ac7_d14_en.pdf
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connectivity between globalization and renewal of the port city, it is arguable that every port city
renews its function and also enhances its port-city integration.

This category classifies the ports based on three criteria: (1) port development policy, strategy,
and attitude, (2) the scope and extension of its activities, showing a particular interest in the area
of information and (2) the integration of port activities and organization. This approach can classify
ports as first, second or third generation ports?°. Later, due to the evolution of sea transport, a
fourth-generation category was established. 7However, nowadays due to the ever-increasing
technological advances two more categories exist: the 5" 82and 6™ generation ports. Currently,
to the best of our knowledge, there is no port that can be classified as a 6" generation port.

5 https://unctad.org/system/files/ official-document/tdc4ac7_di14_en.pdf

8 https:/ /unctad.org/system/files/ official-document/tdc4ac7_di4_en.pdf

7 Kaliszewski, Adam. (2018). FIFTH AND SIXTH GENERATION PORTS (5GP, 6GP) - EVOLUTION OF ECONOMIC AND SOCIAL ROLES
OF PORTS.

8Lee, P.T.-W., Lam, JS.L, Lin, C-W., Hu, K.-C. and Cheong, I. (2018), "Developing the fifth generation port concept model: an empirical

test", The International Journal of Logistics Management, Vol. 29 No. 3, pp. 1098-1120. https://doi.org/10.1108/1JLM-10-2016-0239

9 https.//link.springer.com/content/pdf/10.1057%2F9781137514233.pdf
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Figure 3. Evolution of ports based on Generation Classification

According to a report from 2012, the Port of Barcelona can be characterized as a 4" generation
port.’°. In a report from 2018, it was identified that the Port of Constanta aspired to become a 4"

https:/ /treball barcelonactiva.cat/portazz/images/en/Barcelona_treball_Capsula_Sectorial_Transport_maritim_nov2012_en_tcm
43-22791.pdf
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generation port *. Port of Antwerp-Bruges plans on becoming a smart port and to control and
manage the port remotely 2 Such ports are considered 5" generation ports.

2.4 New Classification of Ports

A new classification of ports based on shipping and inland transportation networks that can
provide the basis for analyzing the relationship between ports and their regions, ports, airports,
inland terminals, port activity and information /”—"\

technology. The classifications defined here

examine the various functions and impacts of //*’“\ ‘\ Pominant ) / \
a port on the local economy to which it / _ \k/\.x\ 4 \
belongs, according to their network. Nine port | fndustrial ) Superior )
types summarize the essential characteristics \ // \ /
of container ports and terminals, from ports / \\ —\// \
on direct intercontinental and multifunctional \ [

\ Peripheral | Ports \Intermedlary 1

inland routes to ports on feeder and simple
inland routes. The new definition of port takes \
both a hierarchical approach and a functional

approach. It turns out that container ports can | Specialized | f Versatile

balance the transportation network between /’ 7 \ \ /
sea and inland by mixing different types of — | ordinary 3

networks, as determined by shipping \ /

companies, shippers and logistics service
providers. Either in the case of a conventional
port mainly serving bulk cargoes and general cargoes, or a container port which is usually built-
in accordance with the planning on transport networks by governmental authorities, six types of
shipping networks have been outlined and a new classification for ports can be developed
through the combination of the definitions of shipping and inland network. Conceptually, we
know that ports may develop different functions and impact differently on their regional
economies, in accordance with their network characteristics. Based on the mix of shipping and

inland network nine different port types can be conceptualized.

4

\ —

N T

“\ \\
__,/k/“ )

/

Figure 4. New CZGSS/ﬂcat/on of ports

“https.//www.interreg-
danube.eu/uploads/media/approved_project_public/0001/27/f829481efc3b39ea75cf84cc0036c0f8ags58b236.pdf
2Smart port | Port of Antwerp-Bruges (portofantwerpbruges.com)
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Table 2. Port types and the corresponding description

Dominant Ports

Dominant ports have a global shipping network and a multifunctional inland
network that gives accessibility to regional markets or mega-markets. Most leading
shipping companies have a calling schedule in dominant ports. A multifunctional
inland network allows a container port to dominate the world logistics market and
connect with foreign inland regions. As leaders of new systems and technologies,
dominant ports can produce their own movement by activating the economy in
their backward areas and hinterlands, where diversified value-added services can
be supplied to shippers. By establishing their base for business activity around
these container ports, shippers such as manufacturing companies and logistics
providers can approach regional markets with abundant human resources and
distribution networks.

Superior Ports

Superior ports have a global shipping network but a restricted inland network. Most
leading shipping companies have a calling schedule to a superior port. In the case
of superior port, the weakness of legal schemes for backward areas indicates that
only limited logistics services can be supplied. Backward areas of superior ports are
small and generally unable to afford warehouse and logistics facilities for value-
added service to shippers. The majority of the cargo of these container ports is
produced in its hinterland.

Intermediary
Ports

Intermediary ports have a global shipping network as well as simple inland
networks to their hinterlands. The major cargo of these container ports is the
transshipment cargo of other container ports, but its industrial relations with its
backward areas is weak. Intermediary ports are generally used exclusively by one
or a few shipping companies.

Versatile Ports

Versatile ports have a regional shipping network, but their inland networks are
multifunctional. The backward area is well-established and often has a good legal
scheme for its logistics service. The major cargo is produced in the backward area
and hinterland of the country; value-added logistics services can also be supplied
to shippers. At versatile ports shippers can be supplied with strong activity in
commercial distribution and may access the regional market through the existing
distribution system.

Ordinary Ports

Ordinary ports have a regional shipping network and an intermodal inland network.
The majority of container ports belong to this category, which generally have slow-
growing backward areas and are only partially developed and operational. The
major source of cargo for these ports is the hinterland, and only limited logistics
services can be supplied, due to the weakness of legal schemes for the backward
areas.

Developing Ports

Developing ports have a regional shipping network and a simple inland network.
Through the shipping network developing ports can connect with regional
container ports and other container ports in other continents. Their major
movements are domestic cargo and their logistic relations with backward areas are
weak, which may be due to their being in the early stages of development, partially
built and operational. In smaller backward areas, where present, only limited
logistics services can be supplied due to weak legal and aids schemes for
backward areas.

Specialized Ports

Specialized ports have branch or feeder routes in the shipping lane and a
multifunctional inland network. Their major movements encompass cargo from its
region to multiple countries, and the logistics relation with its backward area is

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 22




PIENEERS

strong because the region is accustomed to specialization: motor manufacturing,
oil refinery, chemicals, steel, and food industries.

Industrial Ports Industrial ports have branch or feeder shipping routes in the shipping lane and
intermodal inland networks. Their major haulage includes cargo from regions within
the same country, and their relation with backward areas, which may be industrial
complexes, is weak. These container ports resemble specialized ports with regard
to their type of backward area.

Peripheral Ports Peripheral ports have branch or feeder shipping routes and simple inland networks.
Through the branch and feeder route peripheral ports connect indirectly with the
intercontinental shipping service. Cargo generally comes from the same region in
the same country, and their hinterland is restricted to smaller areas in the same
region of the port

Based on the above classification descriptions, the Port of Barcelona and the Port of Antwerp-
Bruges can be classified as superior ports, the Port of Constanta as intermediary and the Port of
Venlo as specialized.
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3. State of the Art

3.1 State-of-the-Art in Port efficiency and sustainability

Sustainable development is a significant area
of interest in ports management and handling.
Schemes that aim towards environmental Digital
efficiency within the port and include

environmentally friendly applications and Port
Authority

technologies to minimize waste, reduce gas
emissions and energy consumption are
considered state-of-the-art approaches. Some

approaches for sustainability include i) actions Port Users / Blue
to improve energy efficiency, i) the Shipping Econoimy
identification of renewable sources and iii) Transport

reuse of storm water. Generally, there is a lack sl

of  research on port  sustainability
performance® although ports play a pivotal
role as engines of economic activity** and they
do face substantial challenges related to
climate change, the transition from fossil-
based to renewable energy systems,
sustainable transport and logistics, local area Figure 5. Actors of the port community involved in sustainability
development and relations to their hinterland. transition.

These processes and their effects are interrelated, calling for an integrated system perspective.

However, due to the complexity of the sector, several drivers, barriers, and strategies for the
development of ports as zero-emission “energy hubs” facilitating emission reductions in wider
transport and industry networks apply. It makes sense therefore to discuss about infrasystems
and actors and processes at the interface between different sectors in sustainability transition.*

3 Molavi, Anahita & Lim, Gino & Race, Bruce. (2019). A Framework for Building a Smart Port and Smart Port Index. International Journal
of Sustainable Transportation. 10.1080/15568318.2019.1610919.

14 ¢ f. Goss, 1990, van den Bosch et al., 2017

5 A socio-technical perspective on the scope for ports to enable energy transition, SigridDamman, MarkusSteen 2020
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3.1.1 Monitoring and promoting port greening and sustainability

The port area comprises all actors within the port area while at the same time they constitute a
particular kind of bodies that can take on different roles. These include terminal and transport
operators, but also industries, the energy sector and other stakeholders present in the port. When
it comes to “greening” or making a more sustainable port, the port governance aspect has to be
taken into consideration as it will be the mechanism that will impact the tools a port can use to
influence green behavior. Thus, the instruments available to implement such a greening policy
as well as the regulations to be instruments at its disposal, such as setting conditions in land lease
and concession contracts, or implementing.

Staring from legislation compliance up to monitoring, the main flagship environmental initiative
of the European port sector is EcoPorts*® which aims to raise awareness on environmental
protection through cooperation and sharing of knowledge between ports, improve compliance
and address issues regarding environmental management.

The relevant actors involved in the port community that aim with their commitment to shift
towards sustainability can be seen in Figure 5.

3.1.2 The Port efficiency and Sustainability building blocks
ENERGY CONSUMPTION

Green approaches to energy consumption are one of the many priorities of ports management
for a more sustainable future. State of the art actions towards the implementation of energy
conservation and renewable energies include a simulation-based approach in order to create
ports environmentally suitable which also follow the relative operational and management
processes.

A common solution to overcome energy challenges and save energy as well as maximize energy
efficiency is to utilize renewable energy sources such as the sun and the wind or installing
biodiesel or biofuel systems. These approaches, in addition to the transfer to a more sustainable
energy source also incorporates the assessment and monitoring of the energy requirements and
consumptions, in order to identify the renewable energy source with the lower environmental
impact.

More in particular, the following approaches offer technical solutions allowing the transformation
towards more sustainable ports":

1 https:/ /www.ecoports.com/
7 Huffmeier, J. and Johanson, M., 2021. State-of-the-Art Methods to Improve Energy Efficiency of Ships. Journal of Marine Science and
Engineering, 9(4), p.447.
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Utilization of biofuels, bio-oils and liquefied natural gas (LNG)
Electrification of local traffic (ferries, public transport)

Utilization of Hydrogenated Vegetable Oil (HVO) as fuel

Methanol as a fuel

Ammoniac, “sails", Flettner rotors, and hydrogen (still under development)
Use Wind as an energy source for Flettner Rotors or “Sails”

Biofuels mixed with traditional fuels

SUSTAINABLE TECHNOLOGIES IN THE PORT AREA

As previously mentioned, sustainability in ports is of great importance. However, sustainability
agendas are challenging seeing as it is required to include utilization of clean, renewable or green
technologies and at the same time ensure efficient management of the port.

Some interesting state-of-the-art sustainable approaches that are currently available include®® :

Table 3. Alternative energy management approaches.

Cold-ironing Regular ships' engines utilize low quality fuels which as a result emit
significant quantities of pollutants and greenhouse gases. On the other
hand, cold ironing, also known as Alternative Maritime Power (AMP), offers
an alternative solution to onboard power generation systems. This
renewable energy source provides an efficient approach for powering
ships' equipment during the port operational processes. Following this,
emissions could see an extensive reduction. Ports already utilizing this
approach actually showed that 20MW AMP utilization results in a 52.7%
reduction of CO2 emissions as well as a 39.4% reduction of PM.

Electrical Another state-of-the-art sustainable technology that can be used in ports

vehicles are the electrical vehicles. It has been shown that electrical vehicles lead to
reduced emission and save around 40% energy.

Liquefied Using LNG fuels such as methane and ethane has proved to result in a 20%

Natural Gas | reduction of CO2 emissions as well as reduced emissions of Sulphur.

(LNG)

® Bruzzone, A, Nicoletti, L, Chiurco, A, Diaz, R. and Palaia, E., 2012. Marine ports environmental sustainability: A state of the art
overview. Proceedings of the International Conference on Harbor Maritime and Multimodal Logistics M&sS,.
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CLEAN ENERGY PRODUCTION, STORAGE and SUPPLY

Several applications have already been implemented such as the Green Hydropower Platform
including Hydropower turbine tested in-situ (Port of Antwerp-Bruges (PoAB)), and the PowerGen
axial flux engine/generator prototype tested in lab conditions (University of Ghent). Both
applications require further improvement, development and optimisation for scalability, durability
and optimal performance. PIONEERS aims to move on to the integration of Hydropower and
PowerGen to a fully integrated energy conversion kit and accompanied by a monitoring platform
for operations and predictive maintenance.

The global transition to hydrogen as an energy source is well under way. Since hydrogen is
especially relevant for waterborne transport
and associated logistics, which ultimately

support the entire economy the case of
Hydrogen Refueling Infrastructure has been
identified as a state-of-the-art application.

A key limitation to hydrogen use in shipping
is its low volumetric energy density, which

Green Hydropower
Platform

PowerGen axia

Modelling and ﬂux_
simulation based engine/generator
solution

Clean Energy.

Hydrogen
Refueling
Infrastructure

means that ships can travel less distance for
a given fuel tank size than when powered by
heavy fuel oil (HFO). Thus for long distances,
the hydrogen use is particularly challenging
because it involves long distances at sea
with few refueling opportunities;*® That is the
reason why there are no existing solutions to
enable zero emission straddle carriers;
current Hydrogen Refuelling Stations (HRS)
are not able to Supp[y the needed amounts Figure 6 Clean Energy Production, Storage and Supply building
of H2 within the 30 minutes time frame and blocks

current HRS supplies up to 120 kg Hz2/day. PIONEERS has identified the case of the HEAVENN
project, which is a large-scale demo project addressing the production, distribution, storage and
local end-use of H2 into a fully-integrated and functioning "H2 valley” (H2V), that can serve as a
blueprint for replication across Europe and beyond addressing 6 locations in the Northern
Netherlands, namely Eemshaven, Delfzijl, Zuidwending, Emmen, Hoogeveen and Groningen.
Moreover, the H2Ports project where the Port of Valencia is leading is anticipated to deliver two
innovative solutions based on FC technologies and a hydrogen mobile supply station. Both test

Production, Storage

and Supply

OPS for ferries

E-trucks

Battery Energy

Storage Docking stations for

Mobile Energy
Containers

19 WORKING PAPER 2020-24, INTERNATIONAL COU NCIL ON CLEAN TRANSPORTATION, Elise Georgeff, Xiaoli Mao, Dan Rutherford,
Ph.D., Liudmila Osipova,
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cases would be of high importance for the Hydrogen Refueling Infrastructure demo and
PIONEERS.

Under PIONEERS, partners AL and PSAA plan to demonstrate a 350 bar high speed Hydrogen
Refuelling Station (HRS) for straddle carriers. This demonstration would be the first of its kind,
requiring innovation on the technical and operations side while it will also serve as a refuelling
station for other transport modes like trucks and barges.

Another state-of-the art application applied in ports is the case of E-trucks. Several e-trucks are
already in use, but the first phase has showed that several bottlenecks still exist, which should be
solved in order to ensure wide roll out of the concept.

The Docking stations for Mobile Energy Containers: Innovative barge owners are looking for
alternative fuels, and they struggle both technical and regulatory issues. Specifically, in case of
modular docking stations for energy containers, the technological building blocks are available:
the battery containers (e.g., as developed by ZES), the docking stations, and the integration of the
containers onto a barge. PIONEERS will expand on the existing concept in two ways: a real
corridor approach will be introduced through the engagement of necessary partners. Three
terminals/ports, several barge operators and a partner for the development of the docking
stations and battery containers will work together in order to realise the necessary infrastructure
coverage. (v) Battery Energy Storage: There is no existing intelligent tool to manage, reduce the
impact on the grids and predict the energy production at the port. This gap will be filled by
developing an intelligent tool that will have optimisation of the self- consumption of green
energy, reduction of the peak loads on the grid and that the size of the grid connection point and
reduction of CO2 footprint in the port environment and appropriate choice of battery. (vi) OPS for
ferries: Generally, the energy needed for heating, lighting and other activities on board has mostly
come from generators. The project will make a switch to shore power will help reduce ships
emissions and improve the air quality around ports.

MODELING AND SIMULATION-BASED APPROACHES FOR SUSTAINABILITY
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For port efficiency and development, simulation modeling is considered a state-of-the-art
approach seeing as it can influence a variety of parameters and characteristics at any stage of
the project to account for optimal stock and supply of ports for current needs as well as future

demands.

Evidence supports this application,
seeing as simulation models have
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available such as 1. a simulation F:—""‘“
L unkering
model that calculates energy -

consumption and emissions in a
terminal, 2. a meteorological
simulation model that determines the
urban dispersion of air pollutants in three Danish ports. Such models can provide key input seeing
as meteorological conditions influence the concentration of pollutants in the air. More
specifically, the wind is responsible for transporting and dispersing pollutants while the intensity
of solar radiations has an impact on kinetic and thermodynamic conditions of reactions. On the
other hand, water distribution affects sediments deposit. 3. a simulation-based approach that
analyzes the dry port concept and the emission levels and 4. simulation scenarios that are used
to estimate the ozone concentrations emissions. *°

Figure 7 Simulation model applications

Simulation-based methods can also be used to model and calculate i. Port waste such as
garbage and waste materials from industrial and commercial operations, ii. Noise pollution:

2% Bruzzone, A., Nicoletti, L., Chiurco, A., Diaz, R. and Palaia, E., 2012. Marine ports environmental sustainability: A state of the art
overview. Proceedings of the the International Conference on Harbor Maritime and Multimodal Logistics M&S..
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loading /unloading and movement of ships in water which influences the local sound, iii. Air
Emissions (CO2, NOx, CO, SO2 and PM10), iv. Hazardous cargo (flammable, corrosive, reactive or
toxic materials).®* Moreover, a simulation study can calculate the physical and chemical impact to
the environment since certain gases have different effects at different environmental conditions.

3.2 State-of-the-Art in Energy storage and supply

State of the art approaches regarding energy storage and supply revolve around the creation of
an assorted interlinked network of energy systems, agents, management structures and

resources.
Pillar 2: Sustainable Port Design - (i) Local Resource

Recovery for Green, Circular Concrete: The local

integration of material cycles by introducing Eg‘srpgh\:
recovered fine aggregates into concrete, resistant feiicid

towards exposure to brackish water and tidal

movements is challenging not prohibitively costly and

not accomplished before in the port ecosystem. The Maﬁ:‘:grﬁl"em
project will demonstrate the techno-economic

feasibility of the proposed solutions that will enable

use of technology for the construction of the concrete

quay walls where the local sands could be used in

concrete. Up to 10 million tonnes potential recovered

resources will become available for local Sustainability
stakeholders (sand suppliers, concrete producers etc.)
and reduce import volumes and cost of construction
aggregates. (i) Green Straddle Carriers: Existing
straddle carriers are all powered on diesel. Operational innovation will be done to use the
hydrogen straddle carriers considering their new work processes (e.g., operator awareness of
refuel need, returning refuelling stations during the shift break, ensuring the straddle carriers can
remain in process 24/7 365 days).

Figure 8. Energy connections to sustainability.

ENERGY STORAGE

2 Taneja, P., van Rhede van der Kloot, G. and van Koningsveld, M., 2021. Sustainability Performance of Port Infrastructure—A Case
Study of a Quay Wall. Sustainability, 13(21), p.11932
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State of the art approaches that have been shown to have positive results in terms of energy
storage include:

Energy Storage Systems (ESS)

Energy Storage Systems optimize load-

leveling optimization leading to not only ESS
reduced GHG emissions but also decreased

energy costs®. Such systems integrate the

mixed source energy generation for storage.

Some examples of well-known energy

storage systems include super capacitors, Smart Grid Ene.rgy Microgrid
flywheels, and batteries. Storage

Smart Grid

A smart grid utilizes digital technologies and

storage resources to enhance the electric Distributed

Generation

system?. This approach has allowed for the
identification of state-of-the-art storage
options. seeing as it enables users and Figure 9. State-ot-the-art approaches regarding energy storage.
relevant parties to establish the ideal energy-related environment.

Microgrid

The microgrid is a small-scale localised energy network with interconnected loads and several
Distributed Energy Resources (DERs). Generators and ESS are also part of a microgrid. Overall, it
is a grid-connected network that combines renewable energy resources, energy storage,
controllers and consumers®.

Distributed Generation. This approach utilizes local energy resources but is also establishes
energy storage systems at local sites®. There are two main generation systems:

Table 4. Energy generation systems

Non-traditional generation systems Storage devices and electro-chemical devices (fuel
cells)
Traditional generation systems Devices such as microturbines

22 B. Xu, A. Nayak, D. Gray, J. Ouenniche, Assessing energy business cases implemented in the north sea region and strategy
recommendations, Appl. Energy, 172 (2016), pp.360-371

23 A review on photovoltaic/thermal hybrid solar technology Appl. Energy, 87 (2) (2010), pp. 365-379

24 M.A. Hossain, H.R. Pota, W. Issa, M.J. Hossain, Overview of ac micro- grid controls with inverter-interfaced generations, Energies,10
(9) (2017), p.1300

2 K. Alanne, A. Saari, Distributed energy generation and sustainable development Renew. Sustain. Energy Rev., 10 (6) (2006), pp. 539-558
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ENERGY SUPPLY

1) Integrated Energy Supply Concept
Due to the modern equipment and the requirements for their efficient usage as well as the

number of necessary machineries involved in ports’ management and operation, energy supply
is a complex issue that has to be addressed. The hardware of this concept varies from low-
voltage circuit breakers to entire microgrids.

Safe energy supply to ports that offers solutions to operation management and integrated digital
monitoring is key. The Integrated Energy Supply Concept Concept is a reliable and efficient
solution that:

Flexible electrification,

New powenergyer integration,

Optimized energy quality,

Reduced CO2 emission,

Increased systematic energy efficiency.

2) Photovoltaic (PV) Systems
Another very interesting, highly efficient, and beneficial state-of-the-art technology for

sustainable ports is the photovoltaic systems, an onsite energy production from renewable
sources. This system offers double benefits seeing as the can be an alternative source of power
for port as well as ship equipment. Seaport areas are deemed as appropriate sites for installing
wind turbines seeing as they are generally exposed to the wind. In addition, to the two
aforementioned renewable sources, installing biomass power station is also considered state-of-
the-are as these installations can reduce greenhouse gas emissions by 20%.

There are two main categories of PV systems, i. the stand-alone PV system and ii. the grid-
connected PV system.

Table 5. Categories of PV systems

The stand-alone PV system Can be directly utilized seeing as a rechargeable battery
system is used for energy storage®.
The grid-connected PV system connected to the national grid in order to gain power from the

grid when necessary (i.e., in cases when the PV system's power is
inadequate to meet power demand)?’.

2 W. Hoffmann, PV solar electricity industry: market growth and perspective, Sol. Energy Mater. Sol. Cell., 90 (18-19) (2006), pp. 3285-3311

27 W. Libo, Z. Zhengming, L. Jianzheng, A single-stage three-phase grid- connected photovoltaic system with modified mppt method and
reactive power compensation, IEEE Trans. Energy Convers., 22 (4) (2007), pp. 881-886
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There are some ports that already follow this approach. One example is the integration of solar
PV systems with smart appliances and local energy storage to allow for automation systems'
development. This type of system can also be used to charge electric vehicles (which as we saw
above are an alternative sustainability solution).

All the aforementioned solutions being state-of-the-art approaches have a common goal which
is the transformation to more green and sustainable ports. Several of the above methods not only
offer advantages to their corresponding field (i.e., energy supply, source, storage etc) but also
utilize renewable and clean energy source and result in reduced gas emissions.

3.3 State-of-the-Art in Digitalization, and new methods of
operations

Another important pillar of T3.1, “Digitalization of operations and management of multimodal
cargo flows" includes actions such as information sharing which is key for collaboration between
port agents as well as other ports. This pillar makes for the foundation of Smart Ports and Digital
Twins. Like it was previously mentioned, the axes, tasks and actions of this project are
interconnected. Keeping this in mind, port digitalization proves useful for logistics operations,
automation procedures (automated vehicles, equipment), information sharing among the
relevant stakeholders as well as optimization of cargo flow.

Digitalization can offer beneficial approaches in regard to sustainability as well as port operational
efficiency, two very important aspects as it was previously established. In general, digitalization
has results in a variety of positive environmental effects in ports. Some of the actions mentioned
in the table below result in clean connected and automated vehicles and cranes and optimized
vessel traffic flows for routing improvement and minimization of ship time at port. As a
combination resulting to efficient automated logistics flows and multimodal inter connections. All
the aforementioned ingredients comprise part of the system of a smart and green port.

For the case of this project, state of the art digitalization processes have been divided in
management, human capital, port organization and development and technology. The identified
state-of-the art approaches were then aligned with the actions of the “Digital Transformation”
pillar:i. Automated container shuttle solutions for port operations, ii. Automated vessels, iii. Vessel
traffic optimisation, iv. Maritime 5G for intelligent vessel location, v. Containers transport forecast
and vi. Digital Twin. The different kinds of digital approaches observed in ports are provided in
the table below in alignment with both the 6 aforementioned actions and the tasks of this project.
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Figure 10. Digital Approaches for Ports

The categorization of these systems was made into the following three categories: 1. Port
Organization and Development, 2. Technology and 3. Management.

PORT ORGANIZATION AND DEVELOPMENT

The devices, networks and services that can be utilized in vessel traffic optimisation can be
explained by the following methodology in alignment with task 7.4 (*vessel traffic optimisation”).
The relevant digital approach will collect business planning rules which will then be coded in
PortGenie and will be linked to the data sources (such as Digital Twin) and sensor-based data
systems. The unmanned vehicles, automated yard cranes and automated electric vehicles
(sensor mapping) are approaches linked with the aim of PIONEERS to utilize automated shuttles
and vessels for logistics optimization. This state-of-the-art approach is aligned with PIONEERS
Pillar 4: Digital Transformation and its linked subcategories: (i) Automated Container Shuttle
Solutions for Port Operations, (i) Automated Vessels and (iii) Vessel Traffic Optimisation

Transport-as-a-Service and Mobility-as-a-Service platforms have been identified as state-of-
the-art approaches in the framework of digitalization. Digital tools to enable efficient end-user
mobility may also be implemented and can initiate the work that will be carried out in Pillar 3:
Modal Shift and Flows Optimization Demos. Digital tools for Cargo Flows can also be implanted
in this framework.
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TECHNOLOGY

The digital approaches revolving around the digital twin mostly aim at reducing CO, emissions
and logistics multimodal flows and portal people flows. The methodologies implemented in this
state-of-the-art approach include collection of real-time data via loT and cloud storage which
would allow all relevant stakeholders to process the data via various filters. This process aligns
with the actions from task 7.3 that aim at integrating state-of-the art Al and data models that will
enable the interconnection of previously unconnected data sources. The use of loT sensors,
Augmented Intelligence (Al) and smart weather data, to calculate measurements like the
availability of berths and other vital statistics or even to track pollution is another example of
technological state-of-the art approaches. Like this state-of-art approach suggests, PIONEERS
will establish a Port Digital Twin that aims at reducing CO2 emissions and optimizing logistics and
people flows. The utilization of an IoT platform will also aid in the deployment of a more
sustainable port infrastructure. 10T technologies will also play a role in the integration of energy
production, storage, and supply, among other things, to a single data repository. This work will be
carried out in the framework of monitoring the environmental impact of ports' operational
activities.

Like it was established, data monitoring and interconnection are important aspects of state-of-
the-art digitalization. Regular connectivity

Terminal however, in many cases cannot support
PENELTIERS the novel digital approaches implemented
Traffic, Vessels, at ports. As a solution, a variety of ports

Containers, Cargo

currently utilize 5G as a platform for
transforming into a smart port. With 5G the
port can monitor vessel movements as
well as shipping containers. This approach
also allows for operations optimization
such as loading/offloading of vessels. In
addition, future 5G application will include
vessel/cargo location monitoring when in
transit via satellite 5G. Other approaches
like unmanned vehicles, automated yard
Figure 11. Interconnections of state-of-the-art approaches regarding cranes and automated electric vehicles
Digitalization, and new methods of operations. . .

(sensor mapping) can be easier

implemented if the ports utilize 5G technology. Moreover, 5G can allow for remote VR/AR ship
maintenance. An overall benefit of 5G it allows for the implementation of many of the
aforementioned actions in real-time, which is in general aligned with the tasks and aims of this
project. In this regard, this approach is also aligned with the tasks and aims of PIONEERS since
the project aims to combine vessel traffic optimization with the 5G geolocation capabilities to

Warehousing
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improve port organization and management. The aforementioned actions are also aligned with
the objective of PIONEERS Pillar 4: Digital Transformation- subcategory iv. Maritime 5G to
examine the technical and non-technical conditions of 5G technology utilization.

As can be seen from the table below, Digital Twin technology is linked with several other state-
of-the-art

approaches for ‘ Digital Twin

digitalization as well

as with a variety of ‘AI

PIONEERS tasks and
pillars.  Utilizing  Digital ‘Equipment

Twin technology can play

a role in logistics, ‘Containers

warehouse management,

vessel optimization and
. : Vessels
in a variety of

processes involved in —
containers,  vessels, ‘ Logistics
shipment, equipment

monitoring and
management.

Figure 12. The implications of Digital Twin in other aspects of digitalization.

Table 6. State-of-the-art approaches for ports' digitalization in aligned with PIONEERS tasks and actions. (Note that the ports mentioned
either currently implement these approaches or are planning on implementing them before the completion of a multi-year project

Sector Digital Approach Linked Project Action | Related Tasks/ Pillars |

Port Smart/automated -Automated container | 77.3, Pillar 4: Digital
organization and | containers/vehicles/equipm | shuttle solutions for | Transformation
development ent port operations T7.21, T7.3, Pillar 3
Transport-as-a-Service -Containers transport | Modal Shift and Flows
platform/ Mobility-as-a- | forecast Optimisation  Demos,
Service platform Pillar 4: Digital
Transformation
Devices/networks/Platforms | -Containers transport | T7.4.1
forecast
-Vessel traffic

optimisation
-Maritime  5G  for

intelligent vessel
location
Smart warehousing -Automated container | T7.2, T7.4

shuttle solutions for
port operations
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-Maritime  5G  for
intelligent vessel
location
-Vessel traffic
optimisation
Technology Digital Twin Digital Twin T6.3, T7.3, Pillar 4: Digital
Transformation
Maritime 5G - Maritime 5G for | T7.41, T74.2, T7.5, Pillar
intelligent vessel | 4: Digital
location Transformation
- Vessel traffic
optimisation
- Containers transport
forecast
Management Digital Management system Pillar 4: Digital
Integrated network of digital Transformation
port systems
Collaboration software (for
efficient communication
among the relevant
stakeholders)

An overall mapping of the European ports implementing some of the aforementioned state-of-
the art approaches is provided in the table below. This table, following a similar structure as on
T3.1, is mainly divided in 3 pillars: 1. Port Efficiency and Sustainability, 2. Energy storage and supply
and 3. Digitalization of operations and management of multimodal cargo flows.

The first pillar "Port Efficiency and Sustainability” mainly focuses on the Environmental Ship Index
(ESID, the sustainable design of port
buildings, the automation of several
processes (automated vehicles,
equipment, etc), the reduction of
greenhouse gas emissions and green
mobility plans. Regarding this Pillar,
several ports strive to utilize clean
energy by the use of approaches
such as windpower, biofuels, or other
renewable  energy  sources. The

installment of wind turbines in port areas as is the case in Port of Rotterdam, is a common
approach for green energy use. Most of the ports that follow this approach aim at growing into
sustainable power plants. Another approach towards clean energy is the utilization of biofuels.
Thisis a cost competitive approach. The port of Rotterdam is on the way to becoming a bio-based
hub. Transition to sustainable energy sources and utilization of state-of-the-art approaches has
many benefits such as reduced CO. emissions and overall pollution. On the road to reducing

Waste
Management

Modal Shift

Clean Energy

Green
Straddle
Carriers

Figure 13. Sustainability goals.

Reduced

Emissions
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emission, a very interesting state-of- METEEETE

the-art approach regarding CO,
storage is the plan to store CO, below
the seabed (Port of Rotterdam).
Underground storage of CO, s

considered a very promising future
action in regard to energy

management. On a similar note,

Green Mobility and transport actions
such as electric lease cars for

. Wind Power
employees or other alternative green

travel modes for commuting, offer
advantages such as reduced

CO; emissions. Such approaches are followed, among other, by Port of Durres and Port of
Rotterdam.

Figure 14. Key factors involved in improved, green energy maangment.

The second pillar “Energy storage and supply” revolves around smart energy management,
renewable energy sources and onshore power supply. Once again, the interconnected network
of this project becomes evident. Energy consumption, storage and supply is considered to have
a direct link to the sustainability of the ports, seeing as it is associated with carbon footprint and
climate change. As is the case with most tasks of this project, there are many interconnections
between the three aforementioned axes and the tasks/factors that fall under their umbrella.
Clean energy management such as the use of photovoltaic (PV) systems, windpower, On-shore
power supply (OPS), and electric or automated vehicles are some of the current state-of-the-art
actions currently implemented in European ports. These actions are connected to both Pillars 1.
Port Efficiency and Sustainability, 2. Energy storage and supply.

The third Pillar “Digitalization of operations and management of multimodal cargo flows" includes
actions such as information sharing which is key for collaboration between port agents as well as
other ports. This pillar makes for the foundation of Smart Ports and Digital Twins. Like it was
previously mentioned, the axes, tasks and actions of this project are interconnected. Keeping this
in mind, port digitalization proves useful for logistics operations, automation procedures
(automated vehicles, equipment), information sharing among the relevant stakeholders as well
as optimization of cargo flow.

Every aforementioned model and methodology as well as the current practices listed below
were drawn from literature and are generally accepted approaches utilized by various ports in
the EU as well as internationally.
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Table 7. The current state-of-the-art approaches followed by European Ports divided into 3 categories based on the 3 pillars of T3.1.
Current Practices European ports
1. Port Efficiency and | Environmental Ship Index (ESI) | Port of Le Havre (France)®
Sustainability to reduce vessel emissions, | Port La Rochelle (France)®
noise, improve air quality Port of Rouen Haropa (France) 3°
Grand Port Maritime de Marseille (France) 3
Grand Port Maritime de la Réunion (France)
32
Dunkerque Port (France) 33
Port of Amstredam (Netherlands) 34
Port of Rotterdam (Netherlands) 3
Groningen Seaports (Netherlands) 3°
Tata Steel |jmuiden Terminals (Netherlands)
36
Port of Aarhus 37 (Denmark)
Port of Gothenberg (Sweden) 3®
Port of Helsinki Ltd (Finland) 3¢
Port of Oslo (Norway) #°
Port of Alesund (Norway) +
Port of Flam and Gudvangen (Norway) 42
Port of Drammen (Norway) 4
Port of Tallinn (Estonia) 4
Hamburg Port Authority (Germany) 4
Ports of Bremen/Bremerhaven (Germany)
46
Brunsbuttel
Ports GMBH (Germany) #

28 https.//www.lehavre-smartportcity.fr/en/environmental-ship-index-an-incentive-to-go-furtherouillon-auto/

2 https://www.larochelle.port.fr/media/facilities_for_offshore_wind_projects.pdf

3% https://www.haropaport.com/en/rouen/environmental-ship-index

3 https.//reunion.port.fr/en/environmental-ship-index-esi/

% https://reunion.port.fr/en/environmental-ship-index-esi/
Bhttp://www.dunkerque-port.fr/en/press/news/2019-06-03-dunkerque-port-rewards-clean-port-calls-on-its-terminals-to-
improve-air-quality-en-59840.html

34 https./ /safety4sea.com/port-of-amsterdam-doubles-discount-for-vessels-with-esi-and-lng/

3 https:.//www .portofrotterdam.com/en/sea-shipping/seaport-dues/environmental-ship-index-discount
Bhttps.//www.aapaports.org/files/Environmental%20Ship%20index%20Brochure_DRAFT%20LAYOUT%200NLY pdf

37 https./ /www.environmentalshipindex.org/
Bhttps.//www.portofgothenburg.com/about-the-port/greener-transport/environmental-discount-on-the-port-
tariff/#:~text=The%20Port%200f%20CGothenburg%200offers,the%20basis%20for%s20the%20discount.
Shttps.//www.portofhelsinki.fi/en/port-helsinki/whats-new/news/port-helsinki-offers-price-incentive-reduce-vessel-emissions-
and-noise

“https./ /www.oslohavn.no/globalassets/oslo-havn/dokumenter/sentrale-planer/port-of-oslo---port-tariffs-and-general-terms--
conditions-2020.pdf

“ https.//www.seatrade-cruise.com/news-headlines/alesund-offers-port-fee-discounts-certain-esi-certified-ships
“2https:.//www.greenport.com/news101/Projects-and-Initiatives/environmental-ship-index-still-going-strong

4 https://drammenhavn.no/information-about-the-port-in-english/

44 https:.//www.drycargomag.com/port-of-tallinn-to-reward-esi-ships
“https.//www.cruisegate-hamburg.de/en/latest/news/10-off-for-ships-with-an-esi-index-at-the-port-of-hamburg-the-most-
successful-index-worldwide-for-the-environmental-performanc/
®https.//www.aapaports.org/files/Environmental%20Ship%20Index%20Brochure_DRAFT%20LAYOUT%200NLY pdf

“https./ /www.aapaports.org/files/Environmental?%20Ship%20lndex%20Brochure _DRAFT%20LAYOUT%200NLY .pdf
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Niedersachsen Ports (Germany) 4
Jade Weser Port (Germany) 4°
Port of Antwerp (Belgium) %°
Sustainable building | Port of Rotterdam (Netherlands)
construction (e.g, thermal | Port of Aalborg (Denmark) 5
energy for heating and | Port of Ghent (Belgium)

cooling, eco-buildings) Vartahamnen port (Sweden)
Automation/ sustainable | Port of Rotterdam (Netherlands)
vehicles and equipment (ie. | Port of Hamburg (Germany)
Automated Guided Vehicles) Port of Antwerp (Belgium)

Port of Barcelona (Spain)

Port of Koper (Slovenia) 5'51

Port of Piraeus (Greece)

Port of Oslo (Norway)

Port of Le Havre (France)

Port of Marseille (France)

Port of Helsingborg (Sweden)
Emission reduction Port of Barcelona (Spain) %

Ports de la Generalitat (Spain) 5
Port of Marseille (France) %

Port of Livorno (ltaly) 5

Port of Koper (Slovenia) 5

Port of Piraeus (Greece)

Port of Rotterdam (Netherlands) 53
Port of Helsinki%

Green Mobility Port of Durres (Albania) 5°

Port of Géteborg (Sweden) %
Energy storage and | Energy Management (e.g. | Port of Trieste %

supply Renewable energy sources/ | Port of Durres %°

wind power/  biofuels/PV | Port of Rotterdam (Netherlands)
systems/ cold ironing/ | Port of Livorno (ltaly)

onshore power supply)
On-shore power supply (OPS) | Port of Durres (Albania)®®
Port of Gdteborg (Sweden)s”

“nttps.//www.nports.de/fileadmin/user_upload/101_4826058621389087320_Port_Tariff_Brake_FedGro_2018 pdf

49 https.//www jadeweserport.de/wp-content/uploads/2018/07/Environmental_Report_JWP_2017_en.pdf

50 Air quality and odour | Port of Antwerp-Bruges (portofantwerpbruges.com)

5! Sdoukopoulos, E., Boile, M., Tromaras, A. and Anastasiadis, N., 2019. Energy Efficiency in European Ports: State-Of-Practice and
Insights on the Way Forward. Sustainability, 11(18), p.4952.

5 Azarkamand, S., Wooldridge, C. and Darbra, R., 2020. Review of Initiatives and Methodologies to Reduce CO2 Emissions and Climate
Change Effects in Ports. International Journal of Environmental Research and Public Health, 17(11), p.3858.

53 https.//www.offshore-energy.biz/port-of-rotterdam-cuts-co2-emissions-by-27-pct/

54 http://carbonneutralcities.org/wp-content/uploads/2019/06/Carbon_neutral_Helsinki_Action_Plan_1503019_EN.pdf

55 https://www.interreg-central.eu/Content. Node/TalkNET-D.T2.5.3-PP2-REV-20200121.pdf
5https.//supair.adrioninterreg.eu/wp-content/uploads/2020/01/SUPAIR_DT1-6-1_Action-Plan-for-a-Sustainable-and-Low-
carbon-Port-of-Durres.pdf

57 https://sustainableworldports.org/ops/ops-installed/gothenburg/
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Port of Antwerp (Belgium) 58

Port of Rotterdam (Netherlands) %

Port of Hamburg (Germany) 58

Ports of Bremen/Bremerhaven (Germany) %
Port of Le Havre (France) %8

Port of Rouen (France)5®

Port of Paris (France)*®

Digitalization of
operations and
management of
multimodal cargo
flows

Sensors and actuators for port,
terminal infrastructure,
equipment, and cargo
management (e.g., smart
containers)

Port of Singapore®
Port of Sanghai®
Port of Barcelona®

Smart warehousing

Port of Virginia®

Unmanned vehicles,
automated  yard  cranes,
automated electric vehicles
(sensor mapping)
Transport-as-a-Service
platform/ Mobility-as-a-
Service platform

Port of Singapore®3

Digital Twin

Port of Rotterdam®4

Digitalisation of logistics

Port of Bari (Italy) %

loT, Autonomous Solutions,
Augmented and Virtual Reality

Port of Hamburg®®

Maritime 5G

Port of Antwerp®”

Digital Management system

Port of Rotterdam®@

Integrated network of digital
port systems

Port of Antwerp®e

software (for
efficient communication
among the relevant
stakeholders)

Collaboration

North Sea Port7®

58 https.//www.offshore-energy.biz/northern-european-ports-to-increase-use-of-shore-power-for-ulcvs/
5 https://sinay.ai/en/top-10-smart-ports-around-the-world/
8 https://sinay.ai/en/top-10-smart-ports-around-the-world/
&1 https://sinay.ai/en/top-10-smart-ports-around-the-world/
82 https://multichannelmerchant.com/operations/smart-warehouse-technology-the-wave-of-the-future/
8 https://sinay.ai/en/top-10-smart-ports-around-the-world/
& https://sinay.ai/en/top-10-smart-ports-around-the-world/
% https.//ec.europa.eu/regional_policy/en/projects/Italy/digitalisation-of-logistics-processes-in-the-port-of-bari-italy
8 https://sinay.ai/en/top-10-smart-ports-around-the-world/
7 https./ /www.orange-business.com/en/magazine/land-ahoy-5g-powering-smart-port-transformation

8 https://www.portofrotterdam.com/en/news-and-press-releases/increased-efficiency-thanks-digital-port-management
8 https://sinay.ai/en/top-10-smart-ports-around-the-world/
0 https:/ /www.gisgro.com/north-sea-port-improves-collaboration-in-port-asset-management/
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3.4 State of the Art in Green Port Initiatives Outside the EU

The global trend towards sustainable port operations extends beyond the European Union,
reflecting a collective commitment to environmental stewardship. This document provides an
overview of various greening initiatives in ports worldwide, offering insights into the diverse
strategies and challenges encountered in different regions.

United States: Pioneering Green Port Strategies

Port of Los Angeles and Long Beach

Clean Trucks Program: Replaced older trucks with environmentally friendly models to
reduce air pollution.

Vessel Speed Reduction Program: Incentivized slower vessel speeds to lower emissions,
focusing on greenhouse gases.

Alternative Maritime Power (AMP) Program: Offered electrical power to ships at berth,
reducing emissions while docked.

Solar Power Projects: Installed solar panels on facilities to decrease the carbon footprint.

Shore Power Infrastructure: Expanded to allow ships to connect to the grid, reducing
emissions from onboard generators.

Energy Efficiency Programs. Optimized operations and retrofitted facilities for better
energy use.

Water Quality Improvement Programs: Implemented stormwater management and
runoff control.

Green Building Initiatives: Embraced sustainable construction practices, including LEED-
certified buildings.

Environmental Grants: Funded research and projects for enhanced sustainability.

Sustainable Supply Chain Initiatives: Encouraged eco-friendly practices throughout the
supply chain.

Similar to the PIONEERS Green Port Master Plan, the two ports have committed to a Clean Air
Action Plan (CAAP). The Clean Air Action Plan (CAAP) is a comprehensive and pioneering
environmental initiative implemented by the Port of Los Angeles in collaboration with the Port of
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Long Beach. The CAAP was initially adopted in 2006 and has undergone updates to strengthen
its environmental goals and strategies, receiving its last revision in 2020. Its primary objective is
to reduce air pollution and improve air quality in the region surrounding the ports. Key features
and components of the Clean Air Action Plan include:

Emission Reduction Targets: Set ambitious goals for reducing key pollutants.
Technology Advancements: Promoted cleaner technologies and alternative fuels.
Truck and Equipment Upgrades: Incentivized modern, efficient technologies.

Vessel Strategies: Focused on cleaner fuels and reduced vessel emissions.

Rail and Barge Operations: Advocated for cleaner locomotives and rail electrification.

Community Engagement: Addressed local air quality concerns and extended benefits to
nearby neighborhoods.

Regular Updates: Ensured the plan remained relevant with technological and regulatory
changes.

The Clean Air Action Plan has been recognized as a model for environmental stewardship within
the port industry. It reflects the commitment of the Port of Los Angeles and the Port of Long
Beach to balancing economic development with environmental sustainability. Continuous
monitoring, assessment, and collaboration with stakeholders are crucial elements in the ongoing
success of the CAAP.

Asia: Leading with Innovation and Efficiency

Port of Singapore

Clean Energy and Alternative Fuels: Explored LNG and other fuels to reduce emissions.

Cold Ironing (Shore Power): Provided onshore power to ships, lowering emissions at
berth.

Sustainable Port Infrastructure: Invested in technologies to boost operational efficiency.

Energy Efficiency Programs: Upgraded lighting, HVAC systems, and optimized energy
use.
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e Environmental Management and Monitoring: Assessed and managed environmental
impacts, focusing on air and water quality.

o Bunker Fuel Quality Standards: Enforced stringent standards to minimize air pollution.
e Green Port Certification: Motivated shipping companies to adopt eco-friendly practices.
o Emission Reduction Goals: Set ambitious targets for sustainability.

Canada: Focusing on Sustainable Developments

Port of Vancouver

e Invested in shore power facilities, enabling ships to turn off engines while docked,
reducing emissions significantly.

Australia: Embracing Renewable Energy and Efficiency
Port of Melbourne

o Explored sustainability initiatives such as renewable energy usage and energy-efficient
technologies.

These initiatives reveal common challenges, such as technological adaptation and funding, as
well as unique strategies tailored to regional needs and capabilities. The emerging trend is a shift
towards renewable energy, technological innovation, and collaborative international efforts,
underscoring a global commitment to environmental sustainability. Unfortunately, these
initiatives often face challenges including high initial costs, regulatory complexities, and the need
for technological advancements. As with initiatives within the EU, balancing economic growth
with environmental responsibility remains a key challenge. Future trends point towards increased
use of Aland IoT in port operations, stricter international regulations, and heightened stakeholder
involvement.
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4. European Ports’ current practices

4.1 Port efficiency and sustainability

4.1.1 Clean Energy production and supply

Energy generation from water currents

Hydropower, the generation of electricity from water is considered to be one of the largest
sources of renewable, clean energy worldwide 7 In addition, hydropower is one of the most
reliable, and cost-effective sources of renewable energy. In this framework, the Port of Antwerp-
Bruges implements a Hydropower project which consists of testing a prototype model of a 3
bladed vertical axe waterturbine mounted in existing infrastructure of the lock at the left bank of
the port 72,

Other approaches utilized include:

i. Eco Wave Power - Hydraulic floaters which convert the rising and falling motion of
waves into clean energy. This approach is implemented at Jaffa Port, Israel’3.

ii. Wello Oy - Penguin device is housed inside a floating vessel and rotational movement
of the Penguin device is derived from wave motion converting it into electricity that goes
straight into the grid. This technology is implemented in Spain’4,

iii. Oscilla Power - Triton. Triton is kind of Wave Energy Converter (WEC) with a highly
efficient, two-body point absorber. This system will be implemented in Hawaii and the first
utility-scale demonstration is planned to be near a port in Southern India 7°.

On-shore wind production

On-shore wind power capacity is an approach to cleaner power. Onshore wind energy potential
can be combined with modular turbines to allow for utilization in a variety of wind environments.
Ports that are aligned with this state-of-the-art approach include i. the Port of Leith, that plans on
establishing eight onshore wind turbines part of the 16 MWW Howpark wind farm to be located in

7 https./ /www.nrel.gov/news/video/hydropower-energy-basics-text.ntml

72 https./ /sustainableworldports.org/project/port-of-antwerp-hydro-turbine/

73https./ /www.offshore-energy.biz/eco-wave-power-takes-delivery-of-wave-energy-floaters-in-israel/
74 https./ /www.offshore-energy.biz/wello-deploys-penguin-wave-energy-device-off-spain/

7Shttps./ /www.oscillapower.com/post/oscilla-power-to-deploy-triton-c-wave-energy-system-in-hawaii
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the Scottish Borders 7° and ii. the Port of Antwerp-Bruges that plans on utilizing 15 turbines part
of an onshore wind farms.””

Hydrogen refueling infrastructure

Hydrogen refueling infrastructure would offer another advantage in utilizing Hydrogen as a
renewable energy source. Having a hydrogen refuelling station (HRS) in the ports would allow for
Fuel Cell Electric Vehicles (FCEVs) to be refuelled in a short period of time, offering refuelling
times similar to those of conventional vehicles. The Port of Valencia implements a project aiming
at the carbon footprint reduction. This project, the H2Ports initiative, is the first European project
that test heavy-duty port equipment powered with Hydrogen Fuel Cells and utilizes Hydrogen
supply infrastructures?®,

Points of
Hydrogen
Production

Hydrogen
Stations

Hydrogen
Pipeline
Transport

Figure 15. Aspects comprised in a hydrogen infrastructure.

In this framework, Rotterdam port is aiming at developing a hydrogen pipeline’®. The North Sea
port also plans on establishing a hydrogen pipeline network®. Hydrogen and Fuel Cells,
hydrogen production facility and filling stations are gaining provide strong advantages towards

78 https:/ /www.energyglobal.com/wind/30092021/the-port-of-leith-welcomes-arrival-of-onshore-wind-turbines/
77 https./ /www.thewindpower.net/windfarm_en_22287_port-of-antwerpen.php

78 https.//sustainableworldports.org/ project/port-of-valencia-h2ports/

79 https./ /www.argusmedia.com/en/news/2243264-rotterdam-port-confident-on-hydrogen-pipeline

8 https:/ /www.offshore-energy.biz/north-sea-port-to-get-hydrogen-pipeline-network/
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the innovation and sustainability transformation of ports. Along these lines, the Port of
Gothenburg plans on constructing a hydrogen production facility # also enabling the transition of
the port towards the implementation of a fossil-free transport mentality.

A corridor of modular docking stations for energy containers

A modular docking station is being implemented in the Port of Antwerp-Bruges. This project
known as the “Energy Transport Hub" aims in the developing an environment where alternative
duels and mobile energy containers will be utilized in order to reduce emission and create a next
generation green port.

This project will allow 2 battery containers to be charged simultaneously in 2.5 hours. Barges will
not have to wait for the container to be charged and after being electrically charged, the first
container will be available again for a barge. Energy Transport Hub in addition to creating a
docking station for charging battery containers for barges in the port of Antwerp-Bruges by it also
plan on including a charging point for electric trucks, most likely associated with green power
supply. This action therefore, is aligned with Multi Fuel Port.

Power-to-methanol

The power to methanol approach will help advance the energy transition of the ports. Currently,
the Port of Antwerp-Bruges, implements a Power to Methanol project that aims in producing
methanol from Hydrogen and Oxygen. In particular, windturbines and solar panels lead to the
electrolysis of water resulting in the generation of hydrogen and oxygen in a sustainable manner.
|t is worth mentioning that the hydrogen and oxygen can be generated by various renewable
energy sources. It is not therefore limited to windturbines and solar panels.

The Power to Methanol concept also offers an economical advantage, seeing as it offers a higher
product value (see figure 14)%.

8 https.//sustainableworldports.org/project/ port-of-gothenburg-hydrogen-production-facility-and-filling-station/

8 https.//powertomethanolantwerp.com/concept/#ENERGY-TRANSITION

8http:/ /www.mefcoz.eu/pdf/2.%20Application%s200f%20Power%20to%20Methanol%20Technology%20to%20Integrated%20Steelw
orks%20for%20Profitability,%20Conversion%20Efficiency,%20and%20C0O2.pdf
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Figure 16. The figure shows a diagram of the electrical energy price for 1 MWh at the German EEX for the year 2013 %

Battery Storage and Smart Management of Green Energy in terminal operations
Innovative Battery storage systems will aid in the transition to ports sustainability. Smart energy
storage and management systems in terminal operations follow certain features that makes them
more user-friendly. For example, the utilization of a full featured and generic battery
management system can be used with a variety of battery packs. Offering thus, a more wide
range of applications. An energy management system on the other hand, would monitor and
control the power supply between the batteries and the motor drive unit. The battery system
would supply energy to the load via the management system that mainly consists of a super
capacitor and a current regulator. The system would utilize the advantages of the super capacitor
regarding fast charging allowing for efficient and green operations. &

84 Bergins, C.Koytsoumpa, E. |; Kakaras, E.; Tran, K. C.; Buddenberg, T. Sigurbjérnson, O.: Sustainability and Flexibility by Fuel
production in Power Plants and Process Industry. PowerGen Europe June, 9th - 11th, 2015, Amsterdam
8 Lam, J.S.L. (2018) Smart and green cargo handling equipment for port sustainable energy management, Nanyang Technological

University, Singapore, October 2018

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 48



PIENEERS

These systems can be used in a variety of port operations such as cargo handling equipment
while using automated guided vehicles. The utilization of battery packs as energy sources for
green cargo handling equipment, battery management is an essential module in the system. An
example of the use of a battery storage and smart management system in port operation,
particular in handling equipment, can be seen in the figure below.

o ®
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« ® . ° Battery Storage Sattory Pack
. -patte ac
Cargo handling® and Smart Y
e equipment Management Supercapacitor
. S stem modules
0c0° y
® o
* Energy storage * Battery
. system managment system
€. aUt.Omated * Energy managment * Fast charging
Veh|C|eS system

Figure 17. Battery Storage and Smart Management System in port operation (cargo handling equipment)

An EU project, the TILOS project, examines the integration of a molten-salt battery (NaNiCl2)
energy-storage system in the real grid environment on the island of Tilos, Greece. This battery-
storage system will improve micro-grid energy management and grid stability, increase
renewable energy use, and provide services to the main grid. &

Additionally, the Port of Hamburg uses smart battery to aid in the transition towards green energy.
In more detail, driverless container transporters are being run on lithium-ion batteries. These
smart batteries are recharged using green energy sources and can be used as energy storage
units that can transfer energy into the local power grid if necessary. &

8 https.//ec.europa.eu/inea/en/horizon-2020/projects/h2020-energy/storage/tilos
&7 https://ec.europa.eu/regional_policy/en/projects/Germany/port-of-hamburg-uses-green-smart-batteries-to-support-the-
german-energy-transition
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Multi-fuel port

A multi fuel port utilizes alternative, more sustainable fuels in addition to traditional fuels. The Port
of Antwerp-Bruges aims to transition into a multi-fuel port by 2025%. This aim will be achieved by
(1) including aforementioned approaches such as the methanol, hydrogen gas and electrical
energy sustainable methods in the bunkering market. Other steps that have to be taken in order
to achieve this are (2) to further expand LNG bunkering and (3) to develop conventional bunkering
into a fully-fledged port service.

el Hydrogen

Figure 18. Integration of low-carbon fuels into the bunkering market. The way to a multi-fuel port. (LNG: Liquefied Natural Gas).

OPS for ferries

Onshore power supply (OPS) for ferries aims at reducing emissions of particles such as NOX and
CO2. There are a variety of relevant projects currently implemented or planned to be in effect in
several ports.

1. Port of Kiel, Germany. Ferries from the Color Line connect to onshore-power and their
vessel's diesel generators are decommissioned during docking. Therefore, their stay in
Kiel is pollution-free®.

88 Green energy hub | Port of Antwerp-Bruges (portofantwerpbruges.com)
89 https.//www.eafo.eu/shipping-transport/port-infrastructure/ops/projects
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2. Port of Rotterdam, Netherlands. Ferries from the Stena Line have a shore-to-ship power
system which is ready to operate within seconds of their arrival in the port. This is an
innovative approach towards sustainable transportation. ©°

3. Port of Bergen, Norway. An onshore power facility in the Port of Bergen will supply three
cruise vessels with power simultaneously. Thus, reducing pollution and emissions and
paving the way of onshore power as a standard to all ports.®*

4. Port of Copenhagen, Denmark. In the aim to create greener port activities, an onshore
power facility at the DFDS terminal in Copenhagen will be established. This action falls
under the initiatives towards the transition to the utilization of green and renewable energy
sources.®

Tugboats on H2 and methanol

As it was previously mentioned, hydrogen is an alternative sustainable fuel. The Port of Antwerp-
Bruges aims on implementing a hydrogen-powered tugboat. This first in the word, “Hydrotug"
uses a combination of hydrogen and diesel, and it is a further step towards the transition to a
sustainable and CO2-neutral port. Besides using sustainable fuel, its emissions are ranked as the
lowest rated in the market.®

In addition, to the positive impact hydrogen has on the environment, it offers advantages in
economics and societal aspects.

Along the same lines, comes another world first, a methanol-powered tugboat. These novel
tugboats offer great advances towards sustainable shipping. Other steps being taken towards
sustainable shipping and reduce air and noise pollution include shore power is provide for the
ships allowing them thus, to connect to the electricity network and switch off their ship's engines
or generators.%*

Hydrogen heating for buildings

As it is aforementioned in previous sections, hydrogen is an innovative actor in sustainability.
Using hydrogen as a renewable source for heating, comprises a key component of the renewable
energy system. The hydrogen plants planned on being established in the Port of Rotterdam will
aims at providing a significant new source of renewable heat to be used in households,
greenhouses and offices, etc. Initial estimates show that by 2030 the port will be in a position to
provide heat to around 500,000 households. This number is calculated to rise to around one
million by the year 2050.%° The Port of Amsterdam implements the H2ermes project that aims on
establish a hydrogen plant that will enable the production of up to 15000 tonnes of green

9 https.//new.abb.com/news/detail/12156/abb-provides-innovative-shore-power-solution-for-ships-in-the-netherlands

9 https://bergenhavn.no/en/port-of-bergen-will-build-europes-largest-onshore-power-supply-in-norways-largest-cruise-port/
92 https./ /www.espo.be/practices/onshore-power-supply-ops-facility-at-the-dfds-ferr

93 Hydrogen-powered tug is world first for Port of Antwerp (portofantwerpbruges.com)

% A new world first for Port of Antwerp - a methanol-powered tugboat (portofantwerpbruges.com)
Shttps.//www.portofrotterdam.com/en/news-and-press-releases/hydrogen-plants-provide-new-source-renewable-heat-south-
holland
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hydrogen in a yearly basis by the usage of sustainable electricity. The produced hydrogen will
then be used for public transport, heating buildings or as a raw material for the development of
new products and green fuels. %

There are many advantages in using hydrogen as heat source for buildings. These benefits
include:

1. Hydrogen-based heating systems consume 500-600% more renewable energy than heat
pumps. ¢

2. Increased carbon emissions reductions. %

3. This gas-based heating system could increase energy efficiency by utilizing fuel cell-
based combined heat and power (CHP) technology. #°

4.2 Sustainable port design

There are a variety of activities and actions that ports can implement in regard to their transition
to sustainability. Such actions include alternative fuel usage, renewable energy, smart energy
storage, shore power, flow optimization, modal shift and many more. More specifically, local
resource recovery for green, circular concrete, steam and heat networks, NextGen district, zero
pellet loss & plastic catcher, electric green last mile and green straddle carriers are analyzed
below as steps towards a sustainable port design.

Steam & Heat

Networks

Pipeline sfor
hydrogen gas
and CO2
Sustainable
Port Design

Increased
solar and

Energy

efficiency

wind capacity solutions

Figure 19. Steps towards sustainable port design

9 https.//www.portofamsterdam.com/en/business/ cargo-flows/liquid-bulk/h2-hydrogen
97 Bard., J., Gerhardt, N., Schmitz, R,, et al, 2020, Hydrogen in the energy system of the future: Focus on heat in buildings, Technical
Report

% Bard., J., Gerhardt, N., Schmitz, R., et al., 2020, Hydrogen in the energy system of the future: Focus on heat in buildings, Technical
Report
9 https://era.ed.ac.uk/handle/1842/37964
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4.2.1 Local resource recovery for green, circular concrete

Steam and waste heat
Making heat more sustainable is an added advantage to be efforts being made in the field of
clean fuels and green energy

Heat networks can be used to reduce the cardon footprint. The Port of Antwerp-Bruges plans to
implement such an approach®°. An open access heat network (the first open access network to
be implement in Belgium) that will consist of two parts:

e 1% part) The heat supply to the company Boortmalt will be built and operated by transport
company "Warmtenetwerk Antwerpen Noord'. The Port of Antwerp-Bruges is a partner of
this transport company.

e 2" part) The residential heat supply will be realised by Fluvius on behalf of the City of
Antwerp.

A steam network would also contribute to CO2 reduction and would help in the transition towards
green energy. ECLUSE is a network of steam and condensate pipes that allow companies to
make heat purchases in accordance with their needs.**

4.2.2 NextGen District

The NextGen District in the Port of Antwerp-Bruges is a pioneering network that aims at
transitioning towards a sustainable future. It is a hub of multimodal connections; it plans on
generating novel and innovative ideas regarding the utilization of renewable energy sources. In
order to develop ideas and actions that will aid the transition to green ports, this NextGen District
network, offers three different innovative zones to cater to the different needs of the interested
stakeholders. In particular, it has i) a NextGen Demo offers support and space for small
companies to demonstrate their technologies, ii) a NextGen Park that is addressed to companies
who have scaled and it allows them to take advantage of the resources and space offered so
they can further expand their portfolio and iii) NextGen Lots which industry leaders can utilize to
build tailor-made facilities while simultaneously having access to the necessary resources. *°

100 Unigue collaboration adds momentum to the Antwerp North heat network (portofantwerpbruges.com)
Ot https:/ /www.ecluse.be/en/steam-network/
192 NextGen District | Port of Antwerp-Bruges (portofantwerpbruges.com)
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4.2.3 Zero pellet loss & plastic catcher

The zero-pellet loss approach aims to effectively manage pellets and other particles with the
goal of reaching zero pellet losses at each step of the processes involved in port operations.
There are several pellet handling measures such as catching trays for use at loading points,
placing the of pellet disposal containers on site in a strategic manner, installing screening in all
storm drains, handling bulk containers prior to shipment and after loading and installing central
vacuum systems where necessary.'

In this regard, the Port of Antwerp-Bruges was the first European port to implement a zero pellet
loss approach *4 To this effect, the Port of Antwerp-Bruges instigated a programme, the
Operation Clean Sweep®© 5 aiming at inhibiting littering of the marine environment by plastic.
Making, thus, Antwerp a sustainable polymer hub. In addition, the Port of Rotterdam focuses on
preventing plastic pellet pollution by also employing the Operation Clean Sweep®© programme

106

The littering of the marine environment is a great societal challenge. Plastic catchers are
designed for this exact purpose. There is a variety of plastic catchers each designed to operate
in different areas. The majority can operate in inland waterways (46%), the other in stormwater
drains (15%), ports (22%) or coastal waters areas (15%). 3 systems are designed to operate in open
ocean. 7 The Port of Antwerp-Bruges deployed a plastic catcher designed by Allseas with the
aim to reduce marine environment pollution *°@,

An example of such device was presented by the Ocean Cleanup which has a two-fold aim: 1. To
collect the plastic from the ocean and 2. To prevent new plastic from entering the ocean. This
device is a solar powered interceptor located in the rivers where a barrier directs the waste in the
interceptor. Because of its strategic placing, other boats are still able to pass. This device is aimed
to be located in the rivers seeing as most plastic pollution originated there.

3ttps./ /www.ineos.com/businesses/ineos-olefins-polymers-europe/logisticsmatters/ineos-op-safety-policy/zero-pellet-loss-
programme/

104plastics and litter | Port of Antwerp-Bruges (portofantwerpbruges.com).

195 https:.//www.opcleansweep.eu/

196 https://safety4sea.com/ port-of-rotterdam-fights-plastic-pellet-pollution-back/

97 Moulaert, 1., Devriese, L. |, Sandra, M. and Pirlet, H. (2021). Aquatic plastic catchers: Overview of current technologies, knowledge
gaps and future opportunities. VLIZ Policy Information Note 2021_004. Oostende. 52 pp

%8 https./ /allseas.com/news/ port-of-antwerp-deploys-allseas-plastic-catcher/

199 https:/ /safety4sea.com/watch-ocean-cleanup-presents-new-catcher-debris-device/
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4.2.4 Electric green last-mile

The electric green last-mile (eGLM) aims to aid in the transition towards sustainable transport by
the utilization of 100% electric trucks. This approach allows for reduction in CO,production as well
as air and noise pollution*°.

The last mile connection is aims to help in the transition into green sustainable ports. It has a direct
impact in the establishment of an innovative and sustainable transport system that play a
significant role in the reduction of emissions. This aspect, however, also required the
development of the relevant infrastructures that are involved in the shift of freight into rail, inland
waterways, and short sea shipping. The sustainable transport infrastructures should focus on rail,
inland waterways and short sea shipping with one common goal that is the development of the
transport network.* In order to align this action with other relevant acts, it should be mentioned
that the devoted infrastructures can also be involved in connecting tracks, power connections, in
processes regarding information flow within the port and regarding logistic chain as well as
digitalization.

4.2.5 Green Straddle Carriers

Container terminals have a large scope-1 emission due to the horizontal transport of containers.
This is typically performed by straddle carriers or prime movers using diesel combustion engines.

Figure 20 Straddle carrier-based terminals.
Although container terminals exist with a different operating model where electric stacking

cranes are being used sometimes in combination with electric AGV's, this model was not chosen
for the PSAA and MPET terminals in Antwerp due to the large flexibility and efficiency that comes
with straddle carrier operations.

10 https:/ /www.eglm.eu/nl/
" https://www.ispionline.it/en/pubblicazione/last-mile-connection-what-ports-need-operate-efficiently-29828
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Figure 19 shows the energy consumption on the terminals: here you can see that the straddle
carriers have the largest contribution and emit CO2, NOX and particles. The quay cranes, reefers,
and lightning are electric consumers.

Fuel Fuel Quay Fuel Siraddle
Other Buildings Lighting Buildings Reefers Cranes Caariers

Figure 22. Current state-of-the-art in emission reduction techniques.

The current state of the art in emission reduction techniques of these terminals is:

e the use of hybrid straddle carriers: these are straddle carriers with a battery pack that can
recuperate energy during braking and reduce the fuel by 15%

e use of HVO100 bio fuel (mainly used in Scandinavian countries where subsidies are available
on HVO100)

e transitioning to an operational model with electric stacking cranes: involves large investments
and discontinuities to the terminal with the risk of permanently losing business.

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 56



PIENEERS

4.2.6 Antwerp@C - partnership for CO2 capturing and utilisation
The Port of Antwerp-Bruges aims to reduce its CO2 emissions by half by 2030. The project
Antwerp@C intents on helping the port of Antwerp-Bruges to reach its goal. This consortium is
consisted by 8 key players (Air Liquide, BASF, Borealis, ExxonMobil, INEOS, Fluxys, Port of
Antwerp-Bruges and Total) and capturing CO2 they aim to reduce the CO2 emissions to 9 million
tons by 2030 (when in 2017 the emissions reached 18 million tons).
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Figure 23. Antwerp@C project for reduced CO2 emissions?
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Seeing as carbon capture and storage (CCS) and subsequently carbon capture and utilization
(CCU) are considered important aspects for the transition to a carbon-neutral port, this project

will utilize these routes towards its completion.

12 Antwerp@C investigates potential for halving CO, emissions in Port of Antwerp by 2030 (portofantwerpbruges.com)
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Figure 24. Towards a carbon-neutral port.

4.3 Modal shift and flows optimization

4.3.1 IT Platforms for planning multimodal transport

To plan the freight transport all over the world, there is a vast amount of transport choices (ship,
train, truck, barges, etc) that can be selected. There are mainly 3 variables that determine the
selected route and transport mode when planning freight transport: time, cost, and emissions.
The main objective is to deliver the cargo on time and reducing the costs as much as possible.

European ports understand how important is to plan transport routes efficiently and they use
different digital platforms to facilitate this process to their users. There is not a unique
collaboration platform used across different ports, a solution like this would be very beneficial for
end-users but it would require a mind-change and a high-level of collaboration between all the
different actors involved in the process.

The most relevant platforms used by the ports are described in the following lines, starting first
with the ports participating in PIONEERS.

PIONEERS ports

Port of Antwerp-Bruges is a reference in port innovation initiatives looking for more sustainable
solutions. With this objective, Port of Antwerp-Bruges developed its Connectivity Platform to
calculate the best transport routes to improve the connectivity with its hinterland in a multimodal
way. In the frame of H2020 Corealis project and looking for an improved solution, the Multimodal
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Inland Planner (MIP) was designed and developed. The MIP is a software tool that gives a
complete overview of the most efficient connections from the port to its hinterland by rail, barge,
truck and shortsea. The objective of PIONEERS is to improve and scale-up this solution by means
of new features that improve user experience and enhance the use of sustainable transport
modes. The connection information will be upgraded to include all the inland and foreland
connections, it will add information in real-time about capacity and availability of containers and
integrate and visualize the outputs from the Cargo Flow Prediction tool to provide transportation
mode and schedule recommendations to the shippers. It will include inbound and outbound
flows and it will also add booking functionalities.

Port of Barcelona has developed ‘Port Links', an intermodal (public and free) tool that allows
designing transport routes in an interactive map. Some of the information available is distance,
CO2 carbon emissions, costs, and estimated transit time. The User Interface represents the routes
between different ports in the world, Barcelona port, and a European endpoint. It includes the
complete offer of Port of Barcelona maritime services and also integrates rail and truck services
from and to the port. Users can consider these different variables to organise their routes the
most efficient and sustainable as possible. The tool has put a strong focus on the sustainability
practices and calculates the carbon emissions with EcoCalculator tool.

Other European ports

Port of Rotterdam has designed ‘Navigate' tool, and intermodal intelligent route planner, that
allows the users to efficiently plan the routes avoiding the issues of having to check different
sources when planning, perceived as a major bottleneck of route planning process. The platform,
cloud-based and including all the maritime transport connections with port of Rotterdam, permits
the users (with the option to define their own preferences) to find, compare, plan, and navigate
between different routes. The tool includes direct connections with 550 ports worldwide and
more than 150 inland terminals of different European countries. One of the objectives is to provide
more transparency in the supply chain, as users can compare between different companies and
routes. It also includes a business area with active organisations (around 1650 organisations) in
and around the port. Navigate is specifically designed for organisations who want to use container
transportation in smarter ways for their supply chain.

Port of Amsterdam has developed Intermodal Links Planner, a tool that offers timetables of
trucks, trains, inland navigation, and short sea transport operators in Europe via the Amsterdam
region. Users can check departure and arrival terminals, delays, frequency, and transport time.
Additionally, users can select the optimal intermodal connections in terms of time and emissions.
The online search allows to find intermodal service providers for the transport of cargo between
800 terminals in 45 countries, planning the optimal route from more than 11.000 direct
connections, with the objective of increasing the cargo flow in Amsterdam region by making
efficient and easy the planning process to the users.
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Port of Zeebrugge has developed the Intermodale Route Planner, a tool where the users can
check intermodal transport options. The platform users can check an overview of the different
timetables of rail, inland shipping, and short sea operators between a departure and arrival
location detailing the best intermodal routes. Destinations such as Italy, Poland and Romania can
also be reached by train from Zeebrugge using the route planner.

All these 3 ports (Rotterdam, Amsterdam and Zeebrugge) are using ‘Intermodal Links" an online
search engine developed by Ecorys, where the ports can disclose its own hinterland data and
display their available intermodal connections.

Summarizing, most common tools show the multimodal connections from a port but are not
connected in real-time to transport operators' information, including availability and capacity, and
do not show the most efficient connection. These tools are not providing an end-to-end solution
to port authorities and shippers.

4.3.2 Cargo Flow Prediction

Current IT tools offered by the ports are focused on the operational side. These tools, as
described in ‘IT platforms for planning multimodal transport’, provide to the users the information
to plan their upcoming freight transportation in a multimodal way. But from the strategical long-
term vision, commercial tools are not available. Shippers and carriers do not have a tool to make
strategic decisions based on the forecast of cargo flows. In the frame of H2020 Corealis project,
a 1st version of a Cargo Flow prediction (CFP) tool was developed. The CFP predicts the container
destination and mode of transport by means of historical and real-time cargo and traffic data
using Machine Learning techniques. The accuracy of predicting cargo operations contributes to
the planning and control in port terminals and increases reliability and resiliency of port
operations in an ecosystem with high uncertainties and a turbulent and ever-shifting demand.

PIONEERS objective is to develop a robust and scalable Machine Learning model and implement
user-friendly dashboards for the use of shippers, carriers, and port authority to visualize different
strategical scenarios. These dashboards will provide customised dynamic visualizations and
reports of the potential outcomes with the purpose of extracting the maximum value from the
available inbound and outbound information of containers.

The final goal is to have an integrated tool, where the CFP is included in the MIP. This will make
possible to have a tool that is not only used from and operational perspective, but also from a
strategical point of view that will allow to take smart long-term decisions.

4.3.3 Realizing a modal shift in the commute of port employees

The city of Antwerp (within the programme Smart Ways to Antwerp) supports companies with
more than 20 employees in Antwerp to develop a smart and sustainable mobility policy for their
employees. This programme focuses on commuter transport and contributes to the overall goal
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of the Antwerp region to achieve a modal split of 50/50 and long-term behavioural change. This
approach was implemented as part of the European project CIVITAS PORTIS and proved to be
effective and successful amongst Antwerp employers. As part of PIONEERS, the city of Antwerp
has the ambition to target (more) port companies. Until now, 31 port companies are already part
of the programme (Bilfinger ROB, CMA CGM Belgium, Contec, De Keyser Thornton, DHL Parcel,
ECU Worldwide, ENGIE Fabricom, ERIKS, ExxonMobil Petroleum & Chemical, Gunvor Petroleum
Antwerpen, Hertfurth Group, ICL-ltd, Illomar Holding, Indaver, Katoen Natie, Lanxess, LBC Tank
Terminals, MaintenancePartners, Manuchar, Messer, Motrac, Mourik, MSC Belgium, NileDutch,
Oiltanking Stolthaven, ON TIME Logistics N.V., Port of Antwerp, Q8, SGS Belgium, SSC
Consolidation and Zuidnatie).

This programme is part of the broader Smart Ways to Antwerp approach and strategy of the city
of Antwerp. Smart Ways to Antwerp focuses on soft measures to change/influence mobility
behaviour. It works both on the demand and the offer side of mobility services. Through informing,
nudging and incentivising people to travel differently, it influences demand for mobility. Through
supporting and regulating the development of new mobility solutions in the city, it increases the
offer and at the same time ensures the end user's freedom of choice.

In the coming years (ten or more), the biggest infrastructure works in recent history - i.e., closing
the Ring Road around the city - will take place. There is a need for further intensifying the
employers' approach as severe impact on accessibility of the port and city started already (on the
left river bank) and is expected to increase (as soon as the huge road works on the right river bank
will begin). At this point, a few port companies are part of the approach, but a further scale-up is
needed, together with the Port of Antwerp-Bruges, to reach more port companies. Furthermore,
port companies have specific needs and need an adjusted approach to deal with their specific
challenges.

The focus is on creating a shared mindset with companies (CEO’s and HR), creating insight in the
(financial) benefits of a modal shift for commuting, offering mobility scans and providing the
possibility to test alternative mobility solutions (such as e-bikes, water taxi, bike bus etc.). Next to
that, the tools that have been developed to support employers will have to be scaled up further.

Another aspect is the marketplace for mobility, where a specific B2B matchmaking is created
between alternative mobility solutions and companies. The first pilots, with support from the city,
have started and encompass e-bike sharing systems, e-minivans for shared commuting, etc.
Such projects and partnerships can be of great value for port companies as well, especially for
those with less access to public transport and traditional shared mobility systems. Also here
scaling up is needed to address the challenges of port companies.

The overall objective is to achieve a modal split of 50/50, guaranteeing an accessible and
liveable port and city. The demonstration project will have effect on several levels, covering not
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only sustainable and smart mobility, but also economic, environmental, and social aspects. This
project will contribute to a better accessibility of the port and city (and the companies located
there), reduce car-based travel and CO2 emissions, increase the liveability and contribute to the
economic growth and employment in city and port by providing better access.

The employers' approach of Smart Ways to Antwerp is a proven programme with successful
results. The Green Ports project can build on best practices and scale-up this approach to port
cities. At the same time, the employers' approach will scale-up the existing services to (more)
Antwerp port companies and will expand the existing services by the development of a
monitoring mechanism focussing on the reduction of CO2 emission. Bullet wise the Antwerp
demonstration project will:

contribute to a reduction of car-based travel and CO2 emissions and, therefore, a more
liveable and attractive port and city

enable a modal shift and multimodal mobility

raise awareness to the importance of smart and sustainable mobility, creating the right
mindset to achieve behavioural change

showcase the benefits of smart and sustainable mobility solutions; on environmental,
company and personal level

deliver new optimisation mechanisms for multimodal transport, reducing traffic from/to
the port and city and promoting green alternatives and active modes of transport
develop an active and effective multi-actor governance model for cooperation, and
strong public-private cooperation, interaction and partnerships; with involvement of the
city and port authority, port actors, organisations, companies and mobility providers. The
city and port are in the perfect place to facilitate such cooperation, which will not only be
beneficial for this demonstration project but will also create strong links for the future. The
goal is to build mutual, reliable and respectful relationships for the long-term.

contribute to further shaping a future-proof port of Antwerp, with positive impact on the
attractiveness of the port, employment opportunities, the hinterland, cities, and urban
mobility.

provide scalable solutions that can be replicated in other cities/ports

The Smart Ways to Antwerp employers’ approach will develop and implement these mobility
solutions, technologies, and innovations amongst port companies:

Mobility scan: For every company a mobility scan is carried out at the start of the
cooperation. Based on the home and work location(s) of the employees the current travel
behaviour is mapped. Then a set of mathematical rules is applied to see the potential for
changed behaviour towards alternative solutions for the car. For example, people
currently commuting by car that are living within 7.5km from their work are a potential for
cycling to work. Also the potential for e-bike, public transport, P+Rs and carpool are
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calculated by such mathematical rules. This way, the company knows where the potential
modal shift lies and the potential reduction of CO2 emission. The mobility scan has the
ambition to focus on modal shift as well as flex shift.

- Multimodal route planner, mobility map and app and personalised travel plans: Smart
Ways to Antwerp has developed its own multimodal travel planner, incorporating all
mobility solutions available, as well as taking into account road works, the low-emission
zone, traffic information, parking policy, etc., making it a unique tool. It shows the smartest
route, not only unimodal but also by combining different transport modes into one route,
and gives personalized advice based on the profile of the user. The smart mobility map
gives an overview of all mobility solutions nearby, with real-time information and including
private shared mobility providers. Both tools inform and inspire users to change their
behaviour and promote active and green modes, contributing to a reduction of cars on the
road and CO2 emissions. In case employees need more personalised travel plans on top
of this digital offer, they can get a personalised travel plan conversation (about 15 a 20
minutes), tailor made and well prepared by a Smart Ways to Antwerp mobility consultant.
The location is in company either online (especially in a context of the Covid-19 pandemic).

- Test offer bicycles, e-steps and public transport: Companies that are part of the approach
get the opportunity to set out a test offer for their employees, consisting of bike, electric
bikes, speed pedelecs, folding bikes, shared bikes, train, tram, bus, water taxi and e-steps.
This way, employees can try out these solutions for free and see the benefits first hand. A
tool helps manage this to make sure everything runs smoothly. Surveys of employees
who used this offer show that for example after trying out an e-bike, more than half of the
respondents consider buying one for their daily commute. Meaning this is an excellent
way of convincing people to change their behaviour and switch to greener solutions.

- Bike discount scheme: If employees live within a 12-kilometre radius of your company,
they could reach your company 20 minutes sooner on a bike than they could by car during
rush hour. They would get there even faster with an electric bicycle. Because of the many
road work projects in and around Antwerp, we need to find smarter ways of getting
around. For this reason, employees who go to work by bike instead of driving for at least
two days a week can apply for a one-off discount on the purchase of a new bicycle (or e-
bike), or on the maintenance of their current bike (under certain conditions, such as
employees are commuting through the road work zones in Antwerp and willing to leave
their cars at home and bike to work at least two days a week). The city will offer them a
one-off discount of €150 to €250 towards the purchase of a new bicycle (or e-bike). Under
certain conditions, employees of companies working with Smart Ways to Antwerp can
receive an extra reimbursement, in addition to the usual discount. This would amount to a
discount of up to €450 for the purchase of a new bicycle (or e-bike), and up to €175
towards the maintenance of a current bike. All info is described in an allowance
arrangement.
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This is the step-by-step standardised implementation process of the employers’ approach:
Step 1. identify and contact leads together with the Port of Antwerp-Bruges.

Step 2: introductory meeting with the interested company, explaining the approach, discuss the
needs and possibilities.

Step 3: Signing of the cooperation agreement, confirming the commitment on both sides
Step 4: The cooperation starts with a mobility scan.

Step 5: Based on the results, analysis, needs and potential of the participating companies, a plan
of action is made and priorities are set. The programme works on three objectives, contributing
to traffic and CO2 emissions reduction:

- Modal shift: stimulate the use of more active and sustainable modes of transport for work-
home commute, such as (electric) bikes and public transport.

- Flex shift: stimulate teleworking, flexible working and working from home, by helping
companies with strategy development; giving advice and training (for example on how to
manage a team working from home); organizing learning networks where companies can
share their experiences, challenges, solutions (receiving advice from peers is a good way
to get inspired).

- Smart shift: stimulate smart and creative solutions and cooperation for sustainable work-
home commute, for example shared mobility services, mobility apps for companies,
optimisation of car park use etc. by for example organizing thematic workshops
encourage cooperation with (private) partners.

Achieving behavioural change requires concrete actions in the short term, but also long-term
attention. Not everybody is driven by the same motivators. Some people will be convinced by
infrastructural improvements, others by inspiring peers, financial benefits or simply sufficient and
clear information. It pays off to get to know the target group (in this case the employers and
employees) and use different strategies to help them make the shift to sustainable modes of
transport. The employers' approach encourages actions on four levels (and its combinations):
inform, enthuse, stimulate and facilitate. This is strengthened by creating a network / community
of companies, where they can share knowledge and experiences. As it is possible to start small
and work step by step, this approach is transferable to all cities and ports that want to make
commuter traffic (and other forms of transport) more sustainable. The city of Antwerp is working
on this approach since 2016 and has, therefore, gained already extensive experience to, firstly,
further optimise and upscale this approach, and, secondly, to transfer its lessons learned and
experiences to other interested cities.
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4.3.4 Cargo Flow Optimisation

A major innovation in PIONEERS is the application of new Cargo Flow Optimisation operational
scheduling systems. This addresses an important issue in the management of multimodal
logistics operations around major ports, namely the logistics planning complexity.

Many current operations have manually intensive planning processes. This is not the fault of the
planners or management teams but is simply a consequence of current automated scheduling
systems not being sufficiently powerful and flexible to address many real-world logistics
operations. Logistics planners do the best they can with available technology, but despite their
long working hours, dedication, intelligence and experience it is inevitable that opportunities are
missed.

The fast-changing nature of multimodal logistics operations means that a planner cannot afford
to take many hours thinking about a good solution - they need to react within seconds or minutes,
bearing in mind the volume of containers they are managing. Clearly the recent spate of
additional uncertainties caused by Covid-19, geo-political changes, workforce shortages,
capacity constraints and many other factors exacerbates the problem.

For example, a sudden change to shipping schedules or an urgent shipment often means
replanning a lot of cargo movements to take into account the “knock-on" effect of making one
change in a tightly orchestrated operation. The logistics planner often does not have time to do
much more than find a truck which can do the movement at the last-minute. However, often there
is a workable, greener solution, which could be adopted if the planner had the right tools to help
them find it. One of the aims of PIONEERS is to facilitate this, so that green modes such as barges
(and especially the autonomous e-barges being considered in PIONEERS) will in the future be
used to the best of their capacity, reducing congestion and GHG emissions.

Multimodal logistics optimisation systems have been developed in previous H2020 research
projects, and there is much ongoing research in this area (which to a degree highlights the
“unsolved” nature of this problem) - for example:

e "Scheduled Service Network Design with Revenue Management Considerations and an
Intermodal Barge Transportation Illustration” - Bilgan et al, European Journal of
Operational Research, July 2021

e ‘Pricing and scheduling of barge hinterland transportation service for inbound containers” —
Qiu et al, Transportation Research Part E Logistics and Transportation Review
156(2):102515, November 2021

e ‘Global synchromodal transport with dynamic and stochastic shipment matching” - Guo et
al, Transportation Research Part E Logistics and Transportation Review 152, July 2021

e ‘Revenue management with two fare classes in synchromodal container transportation” -
van Riessen et al,, Flexible Services and Manufacturing Journal 33(1):1-40, 2021

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 65



PIENEERS

o 'LITERATURE REVIEW ON SUSTAINABILITY IN MULTIMODAL TRANSPORTATION" - Nergis
Ozispa et al., Mersin University Journal of Maritime Faculty (MEUJMAF) Vol 1, Issue 1, pp.
40-47, December 2019
In addition there are commercial logistics planning solutions on the market, and some innovative
commercial solutions resulting from R&l - these usually address a single mode only, or may have
a degree of multimodality but do not necessarily contemplate detailed resource planning,
especially when considering new technologies such as autonomous e-barges and e-trucks,
which have new characteristics and constraints to be considered.

The interplay between these transport modes and the decision about how to make best use of
each for a given scenario is a very complex optimisation problem. The size of the problem usually
increases at least exponentially (if not faster) with the number of containers, resources, services
and modes. The classic “travelling salesman problem®, which is the prototype for logistics
optimisation, illustrates how combinatorial problems rapidly become unmanageable (please see
eg. https://en.wikipedia.org/wiki/Travelling_salesman_problem). Computation times can be
many hours or longer, which is not suitable for dynamic logistics operations. Similar challenges in
terms of computational complexity apply to the optimisation problems being considered by
PIONEERS.

GAP-N concept
The GAP-N concept was born as an extension of the Extended Gateway concept.

Intermodal transport is associated with a high level of integration between different traffic
systems. This demand for integration, within a port environment, necessarily leads to the design
of functional structures and global production networks, which tend to assume their own role
depending on the supply chains involved. One such network or structure is that which resides in
the GAP-N concept. This is an extension of the earlier concept of the Extended Gateway, and
again of the older port gateway.

For the sea/land interface, gateways have become significant logistics clusters with the
accumulation of terminal infrastructure, such as ports, rail terminals and freight distribution
centres, but also supply chain management activities. However, the role and function of
gateways and their corridors vary depending on the geographical setting, which has an impact
on modal and operational considerations.

In part of the Belgian-Dutch port network, the approach of the GAP-N concept is due to a number
of initiatives and attempts that collaborated in the evolution of this idea from the Extended
Gateway concept. The bottom line of the Extended Gateway concept is that the container
transhipment function in the seaport is separated from the container storage and sorting function,
which should be relocated to strategic inland locations, where space is not limited (just outside
the seaport or further inland). Together with container storage, several other activities that
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traditionally take place in the seaport (customs, warehousing, various logistics activities) could
also be relocated to these sites, relieving the spatial pressure in the port. The transport
connection between the seaport and the terminals needs to be equipped with low-cost, fast, and
reliable services to facilitate this concept.

The Extended Gateway (VIL, Antwerp), Transferiul (Rotterdam) projects have tried to design such
a system around the ports of Antwerp-Bruges and Rotterdam to enable a modal shift and reduce
peripheral road congestion, also increasing the competitiveness of the port. Depending on the
location of these extended gateways (close to the seaport or further inland) these inland terminals
can play a larger or smaller role in the container handling function. In fact, by extending the
concept of the Extended Gateway and talking about the Gateway Access Point, it would be
possible to address an important issue that is not solved in the Extended Gateway. The Gateway
Access Point concept allows early check-in of containers at the Extended Gateway. In this way
the cargo would be considered as "checked in" at the inland terminal. However, it was observed
in the Grobbendonk experiment that this concept still works with a physical delivery point
operated by a terminal operator. This causes competitive barriers to cargo handled by other
operators. The pilot projects described above did not have much resonance and therefore did
not achieve sustainable results. Therefore, other attempts have been introduced to try to tackle
another major problem in port terminals, ie., reducing time in port traffic, decreasing peak
congestion and/or improving the modal mix. These important attempts include night openings
of container terminals (Antwerp Night Logistics initiative), dedicated berths for barges and feeder
vessels (Rotterdam), transmodal shuttles by train (Rotterdam) or barge (Rotterdam, Antwerp),
minimum port sizes (Antwerp) and digital 'Next Mode of Transport' offers (NxtPort Antwerp,
NextLogic Rotterdam), minimum port sizes (Antwerp), and large infrastructure projects such as
internal container exchange routes (Rotterdam, 2020). Yet, even in these cases, none has been
able to attract critical amounts of traffic. Nonetheless, there are good practices, such as the
Hamburg ship coordination centre or the pooling of terminal capacity and cargo flows by Tri-
Vizor, which show that pooling is feasible and practicable in the right circumstances.

4.3.5 Multimodal access to port using a MaaS$ platform

Nowadays, the private motorized vehicles and taxis have an important share on modal split in
cruise-passengers since the tourists are not familiar with the city and its transport system.
PIONEERS will introduce new tools in the frame of Mobility as a Service (MaaS) paradigm for end-
user personal mobility to the city centre and main destinations including alternative modes.

MaaS has become in recent years as one of the new mobility management paradigms with a
huge transforming potential. Arising as one of the main results of digitalization, which has
facilitated the emergence of new mobility services - especially in urban areas - and a trend
among users on prioritizing use over property, Maas is seen by many as the solution to the main
issues that affect mobility, both urban and interurban. Reducing traffic congestion and resulting
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pollutant emissions, a better access to the mobility offer or a more efficient use of public space
are some of the objectives to which MaaS could make a significant contribution.

The concept of MaaS: the most common accepted definition of Maa$S implies certain forms of
integration of different mobility services to fulfil the mobility needs for the customer. The Maa$S
concept relies, thus, on cooperation and share of information among stakeholders. This
information is presented to the end user as 1 single product or 1 single mobility system that
includes all operators and mobility modes available in a city. This is presented in a MaaS
aggregator platform.

)

Multimodal Journey Planner

Information &
Planning Integration

Real Time Information

Booking

:I_ Payment & Ticketing

Getting on board / Ticket Integration

Figure 25 Maa$S Concept and levels of integration
Source: MaaS4EU H2020 project.

Levels of Integration: the levels of integration are defined in different ways, but they all have
many communalities:

Table . Maas levels of integration
Level Integration Features

Each provider offers its own information, prices and
services

o] No Integration

1 Integration of information - Planning | Multimodal travel planner, price information

Integration of booking & ticketing

payments Single trip - find, book and pay

3 Integration of the service offer Bundling/subscription, contracts, etc
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4 Integration of societal goals Policies, incentives, etc.

Nowadays, a modern and developed MaaS concept should include as many types of services
and modes of transport as possible (intercity travel, local public transport, car sharing, etc.) and
offer smooth one-stop-shopping including real-time information, trip planning, booking and
payment. Thus, information and communication technologies (ICT) are vital for MaaS and not all
MaaS schemes offer this maximum level of integration.

Drivers and barriers of MaaS: many of the drivers and barriers related to the success of MaaS are
not in the hands of traditional transport planners in local authorities. This, market access and
integration barriers due to technological capabilities and regulation will make a difference in the
concept’ ssuccess. Forinstance, EU regulation among public entities and private actors prevent
the excessive power of public bodies, but at the same time, regulation on sharing commercial
and personal data may difficult the cooperation among actors.

Similarly, integration of payment requires trust but also a clear framework for responsibilities. For
instance, if a traveller pays 1-single ticket on a MaaS platform (1 actor) that includes part of the
trip by bike-share and part of the trip by metro (2 different operators), how this income is split
among the 3 actors or how reasonability in case of accident is shared needs to be clear. Thus, a
clearer governance is needed in which roles are identified.

The challenge of scalability: due to fast technological and demographic trends, MaaS is a
growing market. Several actors from both private and public sectors are developing their own
Maas solutions, some focusing on one city or region (main concepts developed by public entities)
while others have a global perspective and are present in several cities at the national or global.
This means that most of the urban regions are having one or more Maas solutions operating with
higher or lower levels of integration depending on each actor’ s

capacity to reach agreements. Thus, a main challenge for MaaS is also the interoperability among
different cities in order to allow 1 traveler to use the same MaaS platform wherever.
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Figure 26 Traditional Transport system Governance
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Figure 27 Maas Governance System
Source: La mobilitat com a Servei ‘MaaS" a Catalunya. Factual. 2021
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Figure 28. Maas$ platforms existing nowadays in the regions of Catalonia
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Figure 29 Maas$ operator ecosystems today in the region of Catalonia
Source: La mobilitat com a Servei “MaaS" a Catalunya. Factual. 2021.
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4.4 Digital transformation

4.4.1 Automated container shuttle solutions for port operations

Currently, there are several deep-sea ports which operate automated container shuttles or AGV's.
In 1993 ECT introduced AGV's for the transport of containers at the Delta terminal in Rotterdam,
the Netherlands. Up to now, 363 AGV's are in operation by ECT in Rotterdam. PSA Singapore
started in 2014 with the testing of AGV's from several suppliers. In 2022 the first batch of 160 AGV's
will be in operation. Tuas port will be the largest fully operated terminal in the world by 2040.

Up to now, all container shuttles are operated in unmanned areas on private properties. There
are no transports between the different port operators. Within this project a TAAS (Transport as a
Service) container shuttle solution between several port operators in the port of Antwerp-Bruges
will be demonstrated in a mixed traffic environment, where the shuttles, forklifts, trucks and
pedestrians work together.
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4.4.2 Automated vessels

Seafar provides “Crew support navigation” and “Crew reduce navigation”. This is possible due to
Seafar teleoperation technology (#1 in the figure below), onboard installation and the shore
control centre. Furthermore, the smart navigation (marked by " in the figure below), can perform
unmanned navigation in specific trajectories. By combining these two models, more than one
vessel per captain can be navigated (as indicated by number 2 in the figure).

To improve the ratio of vessel navigated per captain, the smart navigation function needs to be
more enhanced with object detection and object avoidance, with these capabilities, the captain
will be assisted for a safer and smoother navigation of different vessels at the same time.

board. |

: : Teleoperation Autonomous navigation * |
| B oct contiol of the vesas] from the shore-based HDJ Indirect control of the vessel from the vessel v [l
| :

| Operation at SF as today

'| Teleoperation Teleoperation +

1
]
1
:
' o Autopilot i
] |
] 1
]
1

Teleoperations Autopilot \uto Teleoperation and Autopilot
with object detection } I with object avoidance

Note: control centre is informed
about decisions

Autopilot

Figure 30. Seafar road map for smart navigation and increased automation level ( level 3 as per as CCNR 2018).

Regulations are being implemented at European, national and regional levels. The competent
organization for inland waters is the Central Commission for the Navigation of the Rhine (CCNR),
whose main role is the application of the maintain Convention, to implement any initiative
intended to guarantee freedom of navigation on the Rhine and promote navigation on the Rhine.
Their regulatory activities concern: policy of navigation/traffic rules, technical requirements for
vessels, crew, staff or transport of dangerous goods by water. Given that, the number, assigned
to each operation model in the road map is a result from the CCNR table below.
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Table 8. Definition of automation levels in inland navigation

Examples: rate-of-turn regulator; irack pilot (track-keeping system for inland vessels along
pre-defined guiding lines)

Vessel command ~ Monitoring of Fall-back
(steering, and responding performance
propulsion, o navigational of dynamic Remote
Level Designation h etc,) i igation tasks control
0 No automation
the full-time performance by the human boatmaster of all aspects of the dynamic navigation O O O
tasks, even when enhanced by warning or intervention systems “ “ “
Example: navigation with the support of the radar installation
1 Steering assistance
E the context-specific performance by a steering automation system using certain information
Q' about the navigational environment and with the expectation that the human boatmaster O
2 2. . Fiion
g performs all remaining aspects of the dynamic navigation tasks “ = - - No
5]
&

2 Partial automation _I
the context-specific performance by a navigation automation system of both steering and
propulsion using certain information about the navigational environment and with the
expectation that the human boatmaster performs all remaining aspects of the dynamic navigation
tasks

anueuAp 243 Jo [[e 10 }ed surojrad 1sewieoq

3 Conditional automation

the sustained context-specific performance by a navigation automation system of all dynamic
navigation tasks, including collision avoidance, with the expectation that the human boatmaster
will be receptive to requests to intervene and to system failures and will respond appropriately

Subject to context
specific execution,
remote control is
possible (vessel

R
&
o | o

|____J

&

High automation

the sustained context-specific performance by a navigation automation system of all dynamic
navigation tasks and fall-back operation, without expecting a human boatmaster responding to a
request to intervene?

Example: vessel operating on a canal section between two successive locks (environment well
known), but the automation system is not able to manage alone the passage through the lock
(requiring human intervention)

of and response to the
environment or fall-
back performance). It
may have an influence
on the number or
qualification of crews

(paSeSuo
udMm) SYSB) ToneSiAeT SIueuip
amug oY) suuopred waIsAs
IS

5 A =Full
the sustained and unconditional performance by a navigation automation system of all dynamic
navigation tasks and fall-back operation, without expecting a human boatmaster will respond to
a request to intervene

® e e
© & |
&

Valencia ports implement an EU project known as MOSES that focuses in automated vessels and
supply chain optimisation for sustainable Short Sea Shipping (SSS). This projects also incorporates
an innovative SSS feeder vessel outfitted with a robotic container handling system. *3. Another
similar project utilized by Port of Aalborg, Vordingborg Port and Trondheim Port Authority is the
AEGIS project 4, AEGIS aims on designing logistics system that include autonomous ships and
automated cargo handling for the transition to next generation sustainable ports. Along the same
lines, the AUTOSHIP (Autonomous Shipping Initiative for Europeans Waters) project also aims in
the transition to a sustainable next generation port that incorporates autonomous ships. ™4

4.4.3 Vessel traffic optimisation

Currently, the simulation and optimisation of vessel traffic is classically dealt with from the
view/perspective of one single specific stakeholder. A model is made focussing on the
perspective and objectives of one single stakeholder, such as port-authorities, pilot companies,

13 https.//cordis.europa.eu/project/id/861678
4 https://aegis.autonomous-ship.org/
5 https./ /www.autoship-project.eu/
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towage companies... This single stakeholder perspective might lead to an optimal situation for
one stakeholder, but a sub-optimal situation for the entire port system.

Ports are becoming more and more complex, a setting in which multiple stakeholders are
involved in the vessel traffic process. Stakeholders, such as port authorities, (local) governments,
pilots, tug boats operators, terminal operators, traffic controllers, lock operators, rail road
companies, shipping lines, environmental groups, inhabitants (and even stakeholders) are all
involved. Each of these stakeholders has its own set of objectives for the optimisation of vessel
traffic (these might be conflicting with each other).

The single stakeholder perspective leads to a simplified setting and a restricted solution space.
This makes is relatively easy to find an apparently optimal solution.

Challenges

The goal of this research is to develop an optimisation from a multi-stakeholder perspective. This
means involving the objectives, processes, and goals of multiple stakeholders. This will create a
more optimal solution for the entire port system (instead of the current optimum for one
stakeholder).

The technical challenges focus on the larger solution space. Other aspects besides the vessel
traffic flows need to be taken into account:

Tide/ current and tidal restrictions
Bridges

Locks

Pilots

Tug boats

e Traffic rules

Each of these elements has its own set of objectives for the optimisation.

4.4.4 Maritime 5G for intelligent vessel location

One of the demonstrations of PIONEERS in the Port of Barcelona is related to 5G technology for
intelligent vessel location solutions. In May 2020, a experimental pilot known as 5G Maritime
started, based on ship geopositioning, visual recognition and 5G technologies.

The objective of the pilot is to create a new vessel location system, capable of matching or
improving the current positioning systems of the Port of Barcelona (AIS and RADAR), taking
advantage of the technological and logistical advantages of 5G technology for the
implementation of new cameras at the port.

The Port of Barcelona and the 5G Barcelona alliance agreed to carry out this pilot in the form of
proof of concept at the facilities of the port of Barcelona, developed jointly with IBM, Vodafone
and Huawei to analyse the technical feasibility of the idea in an operating environment

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 75



PIENEERS

Through the use of cameras and 5G connectivity, it is possible to receive the following data from
the ships in real time;

e GEO positioning of the vessel, GEO positioning of bow and stern, movement indicator.

e Incorporate this signal in the Control Tower as one more source (Radar, AIS and Camera)
The area chosen to carry out the Proof of Concept was one of the docks of the port, made up of
different docks where Ferris make regular trips
to the Balearic Islands.

Vodafone carried out a 5G network deployment &8
in the chosen dock. In particular, the deployment ==
carried out consisted of installing a new 5G cell £
(or sector) in one of the towers located in the
World Trade Center building, which covered
60% of the corresponding dock. The 5G
architecture used by Vodafone was NSA and the
commercial 3.5Ghz band was used to cover the
area. _
Huawei provided equipment to be able to :
develop the pilot, which consisted of two high-resolution cameras, as well as two 5G CPEs that
provided wireless connectivity to each of the cameras. The Port of Barcelona deployed the two
cameras at the points detailed in the image.

Additionally, IBM sent and deployed an Edge server in the local network of the port of Barcelona
where the images from the 5G cameras were processed.

The following steps have been carried out for the development of the geopositioning system:

e Two Huawei cameras were installed in the port to capture the entry of ships in real time.

e Through 5G, the images are transmitted to the edge server, where the artificial intelligence
model is executed on the received images, recognizing, and interpreting them (bow, stern
and centroid detection)

e Subsequently, a geolocation algorithm is applied and
translates the points of the images into geographic
coordinates of latitude and longitude.

e This geolocation data is integrated with the rest of the
port's systems (AIS and RADAR) and the result is a third
source of location of a vessel in real time.

VLA BE TLrMAAR (XS] B8 19
70 0310 i e 0%

Main results obtained of the first phases of the demo
deployed in the port during 2020 and 2021:

e The complete 5G and Al positioning solution has been
confirmed to be technically feasible and operational as
expected.
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e After several tests and joint developments between IBM and Schneider, it was possible to
integrate the signal located by the 5G & IA system in the Pre-Production system of the Port
of Barcelona. The representation achieved is an arrow that represents the bow, stern and
centroid of a ship

e |BM was able to create a model boat and a
location system capable of operating
both day and night.

e |t is concluded that the system is precise
enough to follow the trajectory of a vessel
without problem as long as the vessel is
visible by all the cameras of the system.

e However, it has been found that the
latency of the system needs
improvement and optimization, as only 3
second end-to-end latencies have been
achieved.

In the framework of the PIONEERS project,
this demonstration will be further developed
using additional cameras and the scalability
to other areas of the port will be studied.
Additionally, it will be assessed the techno-economic viability of the solution in other ports.

4.4.5 Containers transport forecast

Knowing in advance the number of trucks that will be necessary is very valuable information for
truck planning and for prioritizing, especially in small and medium transportation companies. It is
important to improve the efficiency and planning of containers that need to be transported by
truck, as the entry and exit of trucks into ports area has historically caused very long waiting times,
becoming an issue that requires a deep optimisation. The final objective must be a decongestion
and transformation of the behaviour of road transport, optimising the flow of trucks and the
associated logistics operations and enhancing the experience of the relevant users.

Port of Barcelona has different tools related to truck cargo and their movements.

First one is a virtual gates system that makes digital custom procedures more agile. It is a virtual
model that makes the process more fluid, saving time and compiling important information.
Saved time can be used to increase the number of operations.
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Port of Barcelona also has Access Time portal, a tool that permits to check average entry time to
the container terminals once the truck is in the port area. It also allows, using Artificial Intelligence
techniques, to anticipate the traffic volume in the next 2 hours.

Additionally, Port of Barcelona has developed the Portic Trucker Voice Assistant mobile
application, a voice recognition system where the truck driver can ask for the access time to the
terminal or for the operational status of the container.

Port of Antwerp-Bruges is surrounded by international motorways that lead directly to the
European hinterland. Its central location in the heart of Europe makes Antwerp a cost-efficient
choice for getting goods to the end customer, as 60% of the European consumption centres are
located within a 500km radius of Antwerp.

In Port of Antwerp-Bruges the night logistics concept is already in place. The purpose of opening
the terminals at night is to achieve a better spread of transport throughout the day. Bringing
forward the terminals' opening hours ensures faster delivery times for road hauliers. The further
expansion of night logistics is one of the solutions for coping with peaks in container transport at
terminals. Port of Antwerp-Bruges encourages the different actors involved in the process to
introduce night-time opening and make maximum use of the opportunities created in the port
area.

In the port of Rotterdam, Portbase Port Community System is used for logistics planning and
information sharing. And this is also applicable to road transport, where carriers can use the Road
Planning service as an easy way to give terminals and empty depots advance notice of the arrival
of trucks. With this, the terminals can prepare properly for these arrivals, which helps speed up
the whole process for the drivers at the terminal or depot and get the containers ready for the
road transport more efficiently.

Port of Montreal developed a tool (Trucking PORTal) available also in mobile and tablet versions
that informs truck drivers and carriers about traffic to access the port terminals in real time.
Additionally, the truck driver can create alerts to know when waiting time decreases. The tool
uses Google Analytics to analyse the movements around the port. The tool also can, using
Artificial Intelligence techniques, create algorithms that predict the traffic around the port for the
next 24 hours.

Nowadays, forecasting approaches for container throughput modelling focus on the prediction
of container volumes at an aggregated level and are not transport mode specific.

Using machine learning techniques, the tool will forecast the outbound truck movements at the
Port of Barcelona based on inbound and outbound data already available in the Port Community
System. PIONEERS forecasting method will deliver an end-to-end solution for small and medium
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transportation companies with a short-term accurate prediction of the number of containers that
need to be transported.

4.4.6 Digital Twin

Introduction

In this section we will elaborate on the insights and learnings from building Digital Twins in Urban
environments. We will touch upon the definition, different functional scopes, architecture and
maturity levels of a Digital Twin. This section is a derivative of the paper Open Urban Digital Twins
- Insights in the current state of play published in May 2021 by Imec. Although different in actual
scope, we believe that most of the principles that are valid in urban Digital Twin also count for
port Digital Twins. Within the framework of Pioneers we will heed to define the required scope
and draft an architecture that can enrich the Port Lighthouse Digital Twin.

Definition

Since its inception around the turn of the century, the definition of a Digital Twin has been debated
and challenged by various authors (e.g. Grieves and Vickers 2017, Alam and El Saddik 2017, Tao
et al. 2018, Zheng et al. 2019). One of these definitions describes a Digital Twin as a “virtual
representation of a physical entity with a bi-directional communication link” (adapted from Tao et
al 2018). One of the key terms in this definition is the bidirectional communication link, which can
be split-up into a communication link from the physical entity to the Digital Twin and a
communication link from the Digital Twin back to the physical entity. Communication link from
the physical to the digital Twin The communication link from the physical to the Digital Twin refers
to a constant use of several data collection techniques and devices (like sensors connected
through Internet-ofThings (loT) technology) to collect and combine data about the physical
entity. This data allows the virtual Digital Twin to constantly learn from - and evolve along with-
its physical counterpart, mirroring its lifecycle. As a result, a Digital Twin can be used to get
insights in the current state of the physical entity as well as predict future states of the physical
entity through causal data models and simulation algorithms. Communication link from the digital
to the physical twin The Digital Twin may transform the physical entity by either automatically
driving actuators connected through Internetof-Things technology or by informing human
decision makers who can make adaptations to the physical entity. The latter can be made through
daily operational management or through long-term policy planning. In either case, the Digital
Twin should be able to capture the changes made to the physical entity so that it can use those
changes and their impact to update its data models. Thus a Digital Twin is not merely a detached
virtual representation of a physical twin, but rather an evolving representation that constantly
interacts with - and tests the impact of - novel configurations in the physical entity that it
represents.
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Functional Scope
Decision-support scope

In terms of decision support, a first type of use cases are those that aim to make changes to the
physical space of the city itself by redesigning it. These for example include the support of
decisions on where to create infrastructure that would prevent certain areas of the city to suffer
from floods due to heavy rain. These are typically use cases where the decisions that are
supported are implemented over a longer period of time. A second type of decision-support use
case occurs in the daily operations of the city, where decisions are made based on an up-to-date
operational insight in the state of the city. An example would be to achieve a better understanding
of the numbers of tourists at certain locations in the city, in order to take measures related to
COVID-19. In such use cases, decisions can be taken and actuated by a human, or by a machine.
In the latter case, an Urban Digital Twin could for example be used to build an up-to-date
overview of the city, which serves to change the state of traffic lights. In such a use case, an
algorithm takes the decisions and changes the state of the traffic light accordingly. Finally, the
Intervention-evaluation use cases apply the Urban Digital Twin to evaluate the effects of certain
measures that have been taken to address urban challenges. An example of this would be the
use of an Urban Digital Twin to first establish a baseline of air-quality data and then to establish a
low-emission zone to reduce air pollution. The Urban Digital Twin can then be used to assess the
impact of the intervention.

Decision-support horizon

The time interval between the decision horizon and the effect of the horizon is a defining factor
to distinguish between various use cases of Urban Digital Twins. We have defined three such
horizons: ‘'short’ is less than a day, ‘medium'’ is between a day and a year and ‘long’ is more than a
year. Medium and long-term use-case scenarios have existed in city contexts for a while. The
short term horizon, sometimes described as "real-time" (of which the exact time unit depends on
what is right for the use case and therefore also called “right-time") has emerged more recently
with the deployment of 0T technologies in urban contexts.

Decision-support domain

Various use-case domains have emerged as relevant to cities. Air quality was top of mind for
many of the consulted stakeholders and was considered as the primary application domain for
an Urban Digital Twin. Indeed, many cities struggle with problems due to air pollution, caused by
e.g., mobility or logistic flows. Not surprisingly, mobility problems like road congestion were also
identified as key areas. The city stakeholders also mentioned use cases regarding sound
pollution, e.g., the noise produced by students at night around a university. In the water domain,
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they mentioned use cases related to floods and droughts. Pandemics are also top of mind in
cities, as decision support is direly needed to address COVID-19. Tourism was another concern
of various cities, aiming to better valorise touristic flows and to guide tourists through the city in
specific ways. Finally, city stakeholders also mentioned several use cases related to urban spatial
planning, like how to change the city towards paradigms like the “15-minute city”, in which the
aim is to allow residents to meet most of their needs within a short walk or bike ride from their
place of residence.

Cross-domain decision support

Although many of the decision-support domains discussed in the previous paragraphs have
already been addressed by specific individual information system (IS) in the urban context, these
existing IS's usually build on data silos in one particular disciplinary domain. As an example, the
city water 3 department and the mobility department often have IS's that operate completely
independently without any exchange of data. If an exchange of data occurs, this more than often
still happens via an asynchronous data extraction, like through csv files that need to be uploaded
into the other system. Most of the stakeholders that we consulted recognised that there is value
in connecting data sources through a Digital Twin to support decisions. This, we propose, is the
main added value of Urban Digital Twins with regards to other pre-existing IS types: they allow
interconnecting various urban data sources and modelling algorithms in a way that can grow with
the city and reflects its complexity. In doing so, the Urban Digital Twin mirrors the vibrant, complex
and evolving nature of its physical urban counterpart. This is all easier said than done, as data
exists in a wide diversity of formats, time domains, organisational silos and disciplinary
epistemologies. Fortunately, advances in the field of computer science and IS design have
provided key design principles on how Urban Digital Twins can be built.

Architecture

We have drafted the architecture in Figure 1 as a basis on which to create future Urban Digital
Twins. More detail on the architectural building blocks can be found in the paper.
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Figure 31 Open Urban Digital Twin Architecture based on DUET EU Horizon 2020 project

Maturity Levels

Urban Digital Twin maturity levels We currently see three Urban Digital Twin maturity levels.
Many cities have systems that are at level 1, and quite a few are moving towards level 2. Level 3
remains out of reach for most cities at the moment, yet is expected to become more prevalent in
the near future.

Level 1: data dashboard

The first-level Urban Digital Twin works with static or dynamic data sources and shows these data
sources on a dashboard, using little to no modelling capabilities. This means that the data is
presented in the Digital Twin dashboard mainly as it is being measured by the sensors that are
deployed in the city.

Level 2: model-based human decision support
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In this second maturity level, process-centric or data-centric models are deployed to increase

the value of data sources to the decision making process. Different models can be operational in

the Urban Digital Twin, provided by various actors. One models can use another model's output

and models can be replaced by others without hindering the functioning of the Urban Digital Twin

as a whole.

Level 3: model-based human and automated decision support

A final maturity level occurs when the Urban Digital Twin does not only support human decisions,
but also allows automated decision support. The Urban Digital Twin is conductive to the training
of new algorithms and the testing of their effectiveness, before the algorithms are deployed in

the real world. In addition, the algorithms that are plugged in to the Urban Digital Twin can provide

the necessary decision support basis to allow the functioning of advanced actuators.

5. Challenges, Enablers and Barriers
5.1 Technological Challenges

Table 9. Technological Challenges faced in different functional areas.

In terms of the multi-fuel port technological advances
are required in the fields of bunkering, energy storage
and energy conversion in fuel cells or combustion
engines in order to reach the sustainability level
envisioned.

Hydrogen use: Hydrogen has a flammability range that
poses a risk of ignition before the point of combustion.

Hydrogen heating for buildings: some appliances can't
switch to hydrogen. Therefore, they will need switching.

Advancement in battery technology is needed to further
increase the charging power to reduce downtime due to
charging and reduce the battery weight

Functional area Subarea Challenge
Port efficiency and Clean Energy
sustainability production and

supply
Sustainable port Local resource
design recovery  for

green, circular

concrete

Modal shift and Transport
flows optimisation

D3.1; Current State-Of-The-Art, Enablers

Advancement in hydrogen fuel cells technology: to
increase the lifetime suitable for heavy equipment
working 24/7, decrease the cost and make them more
robust to heavy environmental conditions.

ANT and the Smart ways to Antwerp employers'
approach: The development of a CO2 emission
reduction monitoring tool (which will developed at the
end of 2021/ (beginning of) 2022

Complexity of transport chains
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Cargo flow
optimizations

Digital Vessel traffic  _
Transformation optimisation
Automation

5.2 Business Challenges

Rail Connections
Multimodel connectivity

Cargo Flow Optimiser: scale of the optimisation problem
to be solved, which will require innovation in terms of the
algorithms and approach used.

Identify the objectives for the vessel traffic optimisation
of each stakeholder. All these objectives need to be
used in the optimisation.

Computational power. The solution space becomes
exponentially bigger when more stakeholders and their
objectives are involved. The solution space is also
getting bigger because of the strongly increased
number of vessels visiting ports. This together puts
strong demands on the computational power of the IT
systems used in optimisation.

Data integration. Each stakeholder has its own (technical)
data structure and hardware. These need to be used and
integrated in the vessel traffic optimisation.

The lack of widely adopted standards for loT devices
makes difficult the reusability of solution at other ports
without significant changes in the data acquisition layer

Upgrade infrastructures

Table 10. Different business challenges faced in several areas.

Area Subarea

Port efficiency and Energy

sustainability storage and
supply

Challenge

- Potential regulatory challenges include:
1. International and local regulations
2. Lack of clear agreements regarding the
implementation of new or alternative fuels
in a safe and sustainable way.

-In terms of finance, challenges may include strict
regulations & high costs for obtaining permits and
certification.
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Sustainable port Green - With current regulations, there is a large
Design Stragldle commercial gap making it very difficult to
Carrier introduce green container handling. That
means that investments are postponed to a
moment where it is economically viable to
introduce green technologies. Solutions are
investigated how green premiums can be
lowered for first customers that do want to
reduce their scope 3 supply chain emissions
Modal shift and flows Multimodal IT platforms for planning multimodal transport:
optimisation transport create extra transparency in the rail logistics chain

for all stakeholders
ANT and the Smart ways to Antwerp employers'
approach:

Digital Transformation Vessel traffic
optimisation

Automation

recruiting port companies (participating in the
Smart ways to Antwerp programme);
stimulating employers and their employees to
participate in all different initiatives we take (cf.
modal shift, flex shift, smart shift);

stimulating all relevant partners to promote the
PIONEERS-project and to cooperate with the
city of Antwerp as demo leader.

working according to a plan versus all (urgent)
needs either opportunities to serve as much
employers and employees as possible within a
certain time frame;

the trap of an ‘and, and, and'-approach.

Sharing of data as many stakeholders are
careful in sharing data since they are
considered strategic advantage not for public
use.

Lack of trust of stakeholders in the results of
vessel traffic  optimisation. All involved
stakeholders need to see that their objective
and interest are being catered to in the
optimizations.

Shipping lines are fighting over the best slots
that fit their route schedule and avoid high
costs due to weekend/holiday operations

New business model definition

Mind shift required for cooperation

The fragmentation of the market of logistics
service providers makes difficult the
introduction of standards for data sharing
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- The lack of unique shipment identifiers across
the industry makes difficult the end-to-end
monitoring

- Profit sharing models need to be introduced to
enable cooperation

5.3 Environmental Challenges

Table 11. Environmental Challenges.
Area Subarea Challenge

Port efficiency and | Energy storage | -Geographic location of port

sustainability and supply -alternative energy sources also produce toxins,
noise pollution etc

-Freshwater ecotoxicity from renewable energy

generation
Sustainable port | Green Straddle | . Besides CO2, which is a global problem, there is
design Carrier also the local problem of NOX emissions.

Hydrogen used in combustion engines still emit
NOX, making it a challenge to introduce that
technology.

- Recycling of batteries is given little attention.
Up to now, only 3 % of the batteries are properly
recycled, a potential longer term treath of
electrification. Also the production of batteries
requires rare Earth metals which are often
mined in unethical conditions with a treath to
the environment.

Modal shift and | Transport -Bottlenecks

flows optimisation -Increased traffic flows

-Hinterland connectivity

-Inland waterways

- Reduce vessel emissions during the period of
navigation, mooring, and loading or unloading.
-Insufficient development of transport network

Digital Container Improving the organization of the truck movements
Transformation transport in the port surroundings also impacts on the
forecast environment. Forecasting these scenarios using

machine learning techniques will have a real
impact on the emissions around the port.

5.4 Societal Challenges
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Table 12. Societal Challenges.
Area Subarea Challenge

Port efficiency and | Energy storage and | -Societal acceptance

sustainability supply
Sustainable Port | Green Straddle | . \When looking for solutions use the
design Carrier paradigm of ‘efficiency first, adapt to

make use of green energy when it is
abundant, reduce energy consumption.

- There is a strong role for policy makers
and governments to make an
environment where the price of green
premiums can be kept low while ensuring
the social aspects of new taxes.

Modal shift and | Transport and Modal | -Transport cost and convenience

flows optimisation network -Interoperability
Digital Transformation -Privacy issues
Transformation -Expertise and knowledge of staff
-Willingness among relevant stakeholders
Automation -Dissemination of information

- Expertise and knowledge of staff

5.5 Enablers

Table 13. Enablers identified in different areas.
Area Subarea Enablers |

Port efficiency and | Energu storage | . Clear, practical agreements to allow for the

sustainability and supply introduction of new or alternative fuels in
sustainable manner

- Framework for investors

- Financial benefits

- -lImprovement of living standards

- -New jobs
Sustainable Port | Green Straddle | New energy vectors like green hydrogen or green
design Carrier methanol should be offered in an open market

with fail conditions to allow competition to take
place, reducing the risk for companies to transition
to these new energy vectors.

Modal shift and flows | Transport ANT and the Smart ways to Antwerp employers'’
optimisation approach:

- Regarding modal shift: the sense of urgency
because of the (current and future) huge road
works
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- Regarding the flex shift: the sense of urgency
because of the Covid-19 pandemic
Digital Container -Having the historical data available of the Port
Transformation transport Community System facilitates the training of
forecast machine learning models that will allow to
develop an accurate forecasting model.
-Technology advances
Automation -Increased demand of waterborne shipping which
will be met by automation technology
5.6 Barriers

Table 14. Barriers present in different areas.
Area
Port efficiency and sustainability

Barriers
-Readiness of the environment
-Effectiveness and access to alternative energy sources

Sustainable Port design

-Availability of services (i.e., automated vehicles ets)

Modal shift and flows
optimisation

ANT and the Smart ways to Antwerp employers’
approach:

- issues referring to GDPR;

- (rather) limited range of providers of alternative
modes of transport (in comparison with the situation
in the city centre);

- (to be expanded) safe (cycling) infrastructure (on the
public domain as well as on the own business site(s)).

Digital Transformation

- Data sharing barriers:

The different actors in the logistics chain sometimes
perceive that sharing their data is a risk instead of an
opportunity.

Having historical data (both from traffic and cargo) will
allow to develop far better Machine Learning models to
develop Cargo Flow Predictor allowing to take smart
strategic decisions.

Additionally, if shippers, LSPs and rail operators share
their data it will allow to develop capacity and availability
tools inside MIP.

It is crucial that potential users understand the benefits
of sharing the data from the business perspective.

- Privacy and security

- System governance and ownership
- Workforce expertise

- Redesign existing policies
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6. Existing Initiatives & Collaborative
Communities

6.1 International Association of Ports and Harbors

IAPH is a hon-governmental organization (NGO) headquartered in Tokyo, Japan. In November
1955, some 100 world port leaders gathered in Los Angeles to announce the creation of I1APH.
Over the past six decades, IAPH has developed into a global alliance of ports, representing today
some 160 ports and 120 port-related businesses in 87 countries. The member ports together
handle well over 60% of the world's sea-borne trade and over 60% of the world container traffic.
IAPH aims to be the global trade association of choice for port authorities and operators,
representing their interests at regulatory level at the International Maritime Organization, the
World Customs Organization, the International Standards Organization and other global alliances
such as the Global Maritime Forum and the World Economic Forum.

IAPH has consultative status and works on behalf of ports with additional United Nations bodies
such as the UNCTAD (UN Conference on Trade and Development), UNEP (UN Environment
Program) and the UN Global Compact. It has launched the World Ports Sustainability Program
which aims to demonstrate global leadership of ports in contributing to the Sustainable
Development Goals of the United Nations. The program wants to empower port community
actors worldwide to engage with business, governmental and societal stakeholders in creating
sustainable added value for the local communities and wider regions in which their ports are
embedded.

6.2 ESPO

In 1974, the European Commission set up a Port Working Group, consisting of port authority
representatives from Europe's major ports. Early 1993, the European Sea Ports Organisation was
born out of this working group, as an independent lobby for seaport interests. Founding Chairman
was the late Ferdinand Suykens, former director-general of the Port of Antwerp. During its initial
years of existence, the organisation established itself in Brussels, focusing on a variety of policy
and technical issues. Significant initiatives were the publication of the first Environmental Code of
Practice in 1994 and the establishment of EcoPorts a few years later. The overarching principle of
EcoPorts is to raise awareness on environmental protection through cooperation and sharing of
knowledge between ports and improve environmental management. EcoPorts Self Diagnosis
Method (SDM) is a concise checklist against which port managers can self-assess the
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environmental management programme of the port in relation to the performance of both the
sector and international standards.

6.3 IPCSA International

IPCSA members are Sea and Air Port Authorities, Port Community System Operators for both sea
and air, and Single Window Operators.

The electronic exchange platforms provided by IPCSA's members enable the electronic flow of
Business to Business, Business to Government and Government to Government information.
These platforms underpin smooth, efficient transport and logistics operations at hundreds of sea
ports, airports and inland ports, linking the flow of operational and administrative/regulatory
processes and removing paper from the supply chain. IPCSA focuses on supporting and
facilitating systems and innovations for its members and their users, and promoting the use of
international data standards in sea and air ports, at border crossings and via Single Window
systems around the world.

6.4 Green Ports Forum

Launched by C40, alongside the City of Los Angeles and the Port of Los Angeles, the Green Ports
Forum connects port cities and ports around the world to take collective action to tackle the
climate crisis and set targets for decarbonizing global supply chains related to ports in a just and
equitable way. The Green Ports Forum currently includes 20 of the world's leading port cities
from every region.

6.5 Waterborne

WATERBORNE has been set up as an industry-oriented Technology Platform to establish a
continuous dialogue between all waterborne stakeholders, such as classification societies,
shipbuilders, shipowners, maritime equipment manufacturers, infrastructure and service
providers, universities or research institutes, and with the EU Institutions, including Member
States.

The strategic objectives of the WATERBORNE TP are:

e Establish a continuous dialogue between all stakeholders in the waterborne transport
sector and in other waterborne-related sectors on R&D;

e Contribute to the widest possible consensus regarding R&D and to focusing of efforts and
resources;

e Develop acommon medium- and long-term R&D Vision and a Strategic Research Agenda
(SRA);
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e Contribute to the appropriate mobilisation and allocation of the necessary financial

resources (private/regional/national/EU sources);

e Contribute to the social expectations regarding clean, competitive and safe waterborne
transport as well as regarding other waterborne-related activities, including education and

training.

6.6 ChainPort

Initiated by HPA and Port of Los Angeles, chainPORT is a cross-national partnership among the
world's leading ports. By sharing innovations or strategic topics, the members learn from each
other and share their best practices. For example, an extensive debate on the impact of the digital
revolution on ports is ongoing. Another central theme of the exchange is the efficient use of
existing port infrastructure and the related optimization of investment decisions

7. Related research projects

Table 15, EU Projects relevant to PIONEERS

Project ‘ Port Keywords ‘
AEGIS16 Port of Aalborg, Vordingborg | Marine  automation,  green
Port, Trondheim Port Authority intermodal systems

ALICE® Valencia Port Hubs, supply chains, zero
emissions

AUTOSHIp=8 Norway Automation, next gen port,
supply chain, shortsea shipping
transport

AVATARY Zero-emission, automated
vessels, autonomous ship units

BCLink*2° Port of Barcelona Motorways of the Seas (MoS)

CarEsmatic®®* Port of Barcelona Motorways of the Seas (MoS),
electric and hybrid vehicles

Clinsh?? Port of Antwerp, North Sea Port | Greening measures, air quality

18 hitps.//aegis.autonomous-ship.org/

7 https://www.fundacion.valenciaport.com/en/project/alice-etp-2/
118 https.//www.autoship-project.eu/

119 https.//northsearegion.eu/avatar/

20 https:./ /www.portdebarcelona.cat/en/web/el-port/bclink
2 https./ /www.portdebarcelona.cat/en/web/el-port/caresmatic
22 https:/ /www.clinsh.eu/
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Core LNGas Hive®®3 Port of Barcelona LNG, RO/RO vessel, Straddle
Carriers, clean energy

COREALIS*4 Port of Antwerp, Valencia Port, | Cargo flow optimized, 5G, 10T,
Port System  Authority of | Energy assessment
Northern Tyrrhenian Sea

Creators!® Port of Barcelona Smart  energy, Community
Energy Systems
DISpATch2® Digital twin. Synchro modal
transport
DocksTheFuture*?? Digitalization, sustainability
Ealing*2® Port of Barcelona Alternative  fuels,  Onshore
Power Supply, Cold Ironing
Port of Duisburg Sustainability. Hydrogen, energy
enerPort [[:22 storage, renewable energy
ePlcenter3® Port of Antwerp, Port of | Al driven logistic software
Montreal, Algeciras Port solutions,

new transport technologies,
global supply chains, reduced
environmental impact.

ePlcentert Port of Antwerp Digital transformation,
containers, connectivity

FENIX®32 Data sharing, Transport network

H2SHIPS!33 Amsterdam port authority Hydrogen bunkering, vessels,
hydrogen power and refueling
system

IMMERSE?34 Port of Antwerp Sustainable management

iINGENIOUS! 5 loT, 5G

23 https://www.portdebarcelona.cat/en/web/el-port/core-lngas-hive

24 https.//www.corealis.eu/

25 https.//www.portdebarcelona.cat/en/web/el-port/creators

26 https./ /vilbe/en/project/dispatch-digital-twin-for-synchromodal-transport/
27 https./ /www.docksthefuture.eu/

28 https:/ /www.portdebarcelona.cat/en/web/el-port/ealing

129 https.//www .offshore-energy biz/europe-to-get-1st-climate-neutral-container-terminal-based-on-hydrogen-tech/

139 https://epicenterproject.eu/

3 https.//epicenterproject.eu/news-events/why-epicenter

132 hitps:/ /fenix-network.eu/

133 https://www.nweurope.eu/projects/project-search/hzships-system-based-solutions-for-h2-fuelled-water-transport-in-north-west-europe/
34 https://northsearegion.eu/immerse/about/

35 https://ingenious-iot.eu/web/
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ISOLA®

Ship security, automation

LNGHIVE2 Barcelona®¥”

Port of Barcelona

LNG bunker barge, reduction of
polluting emissions in maritime
transport

Port System  Authority of
Northern Tyrrhenian Sea, Port of
Kristiansand, Port of Magdeburg

MAGPIE®=® Port of Rotterdam, Port of Siner, | Multimodal hubs, green energy
HAROPA Port, Fellow ports | containers, inland shipping,
DeltaPort smart energy systems
MIRO 2139 Port of Barcelona Multimodal combined transport,
interoperability, reduce
environmental impact, carbon
footprint and greenhouse gas
emissions.
MOSES4° Port of Valencia, Port Authority | System  automation,  supply
of mykonos chain optimization, sustainability
PIF building Energy | Port of Barcelona Energy efficiency, renewable
improvement*4* energy, photovoltaic systems
PILL™2 Port of Antwerp Autonomous operations, digital
twin, loT
PIXEL43 Port of Piraeus, Thessaloniki Port | 10T, multimodal transport
Authority, Port Network
Authority of the Eastern Adriatic
Sea, Grand Port Maritime de
Bordeaux
PLANET 4 Energy flows, synergies,
reduced emission
PLATINE3“® Inland navigation, zero
emissions, automation, clean
energy hubs, fleets
PortForward4é Port of Vigo, Port de Balears, | Green ports, sustainable ports

136 https.//isola-project.eu/

37 https./ /www.portdebarcelona.cat/en/web/el-port/Inghive2-barcelona
138 https./ / cordis.europa.eu/project/id/101036594
139 https.//www.portdebarcelona.cat/en/web/el-port/miro-2

40 https://moses-h2020.eu/

M https://www.portdebarcelona.cat/en/web/el-port/millora-energetica-pif
1“2 hitps://www.imec-int.com/en/pill

43 https./ /pixel-ports.eu/

“4 https://www.h2020-planet.eu/

15 https://platinaz.eu/what-we-do/

146 https:/ /www.portforward-project.eu/
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RePort*47 Port of Barcelona Reduce emissions, LNG, CNG

SANTANA® Port of Hamburg Digital infrastructures, transport
network

Smart Ports Entrepreneurial | Port of Antwerp Sustainable maritime transport,

Ecosystem (SPEED)*®

smart port, port logistics

SWARMPORT?*°

Port of Rotterdam

Automation, nautical traffic
management

47 https./ /www.portdebarcelona.cat/en/web/el-port/report
148 https.//hamburg-news.hamburg/en/innovation-science/eur-15-million-digital-test-field-port-hamburg

9 https://www.interreg2seas.eu/en

150 https.//www.tudelft.nl/2017/infrastructures/swarmport
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8. Survey

A questionnaire had been designed and circulated among the members of ALICE, UITP and IWT

in order to get an overview of the current situation among the several ports regarding the projects

and initiatives that are currently been implemented across EU. In total 23 participants provided

their valuable feedback in PIONEERS' effort to map the activities taking place in the four

functional areas such as 1. “Clean Energy Production, Storage & Supply 2. Sustainable port design,
Modal Shift and Flows Optimization and Digital Transformation.
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w

Naval Inland Navigation

Royal HaskoningDHV

Suomen Sisavesiliitto ry

IVR-EU

Port of Vienna

The Danube Commission

Port de Bruxelles

Transporeon

Logistics Initiative Hamburg
Duisburger Hafen AG

TU Delft

Abbit

CR, CCV Examination Committee Inland Shipping
van Berkel Logistics BV

Logistop

CLEANconnect

PORT AUTHORITY OF GIJON
PortExpertise

Lineas

Hamburger Hochbahn

CIMNE - Research group in transport CENIT
COSCO SHIPPING Lines Spain S.a.
Deltares

Clean Energy Production
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From the 23 organizations who have responded, the 15 reported that they currently implement
projects that focus on Clean Energy Production and Supply, whereas the other 10 mentioned no
such implementation.

More specifically, in alignment with the PIONEERS project areas of focus from the 12 responses,
4 are part of a project linked with “Energy generation from water currents”, 4 implement a project
associated with “On-shore wind production”, 9 utilize a project in the lines of “Hydrogen refueling
infrastructure”, 2 are involved in “corridor of modular docking stations for energy containers”
related projects, 2 in projects regarding “Battery Storage and Smart Management of Green
Energy in terminal operations” and 2 in “Tugboats on H, and methanol". Lastly, 1 organization is
implicated in a project that focuses on “multi-fuel port OPS for ferries” and 1 in “Hydrogen heating
for buildings” related project.

Project Related with Clean Energy Production

Energy generation from water
currents

B On-shore wind production
Hydrogen refueling infrastructure

m Corridor of modular docking stations
for energy containers

B Battery Storage and Smart
Management of Green Energy in
terminal operations

B Multi-fuel port OPS for ferries
Tugboats on H2 and methanol
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Figure 32. Projects implemented by the responders that are aligned with PIONEERS axis “Clean Energy Production”.

Some examples of the aforementioned projects include:

1. enerPort Il. This is a hydrogen project that aids in the transition of ports to sustainability
by applying hydrogen-based energy concepts. More particularly, it utilizes local energy
network couples that focus on renewable energies (i.e, PV systems), hydrogen-based
combined heat and power plants with electrical and thermal energy storage systems,
hydrogen storage, onshore power, charging stations and crane systems. **

2. [Ealing (European flagship Action for coLd ironING in ports). This project focuses on the
electrification of maritime transport and aims to help in the transition towards
sustainability*®.

Other projects currently implemented focus on the use of energy from solar panels for cars and
port equipment as well as the relevant concerns. Other organizations focus on the consultancy
and design of projects for multiple clients around the world (e.g., specifically NL). The European
Committee for drawing up Standards in the field of Inland Navigation (CESNI) and the
development of legislation for H2 and other alternative fuels users were also implicated.
Roadmaps for the development of a climate-neutral hydrogen supply along the Danube (H.
meets H.0), studies relating to the production potential of renewable energy for mobility and
infrastructure in the port of Brussels as well as decarbonization of Spanish Ports and proposals
for Technical Assistance and Consulting for the development of a Sustainable Energy Plan for

151 https://www.offshore-energy.biz/europe-to-get-1st-climate-neutral-container-terminal-based-on-hydrogen-tech/
152 https://ealingproject.eu/
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the Port of Motril were are described as actions currently implemented towards transition
reduced emissions and use of alternative energy sources.

Sustainable Port Design

10 organizations reported that they currently implement projects that are related to sustainable
port design and 13 mentioned no such correlation.

In particular, to align the project currently implemented with the PIONEERS's axis: 3 organizations
reported to implement projects related to “Local resource recovery for green, circular concrete”,
1 related to “stream and waste heat’, 3 to “electric green last mile" and 1 to “CO, capturing and
utilization”. These projects in more detail focus on several feasibility studies for energy hubs,
electrolyzers and green ports strategies. Another related project is the AVATAR (Autonomous
vessels, cost-effective transhipment, waste return) Project which aims to deploy zero-emission
automated vessels™s,

153 https://northsearegion.eu/avatar/
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' Project Related with Sustainable Port Design ‘

m Local resource recovery for green,
circular concrete
B Stream and waste heat

= Electric green last mile

B CO2 capturing and utilization
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Figure 33. Projects implemented by the responders that are aligned with PIONEERS axis “Sustainable Port Design’”.
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Modal Shift and Flows Optimization

From the 23 answers, 18 organizations reported that they currently implement projects that are
related to Modal Shift and Flows Optimization and 5 mentioned no such correlation. 11 of these
projects were related to “IT platforms for planning multimodal transport’, 10 to “Cargo Flow
Optimization”, 3 to “Multimodal access to port using MaaS platform” and 5 to “Cargo Flow
prediction”.

Project Related with Modal Shift and Flows
Optimization

u |T Platforms for planning multimodal
transport

B Cargo Flow Optimisation

Multimodal access to port using a
Maas platform

B Cargo Flow Prediction
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Figure 34. Projects implemented by the responders that are aligned with PIONEERS axis ‘“Modal Shift and Flows Optimization”.

More specifically, these projects included:

1

PLANET. This project focuses on planning and operational tools for optimising energy
flows & synergies between energy networks.*® It also explores synergies between
electricity, gas and heat networks.

PLATINA3. This is a platform for the implementation of a future inland navigation. It is
divided in 4 segments that revolve around i. modal shift and synchromodality, ii. zero-
emission, automated & climate resilient fleet, skilled workforce regarding zero-emission
and automation and iv. smart & climate resilient waterway and port infrastructure with
clean energy hubs.*.

ePlcenter. This project enables green supply chains and focuses on automation and
digitalization in freight transport and handling.**®

ISOLA. This project focuses on ship security by implementing a systematic and
automated security approach *7. This project also enables prediction of demand for
synchromodal transport services.

Actions regarding the development of a rail freight platform, the use of digital twins in multimodal
port operations, expert transport, the Freight broker Amsterdam Region in the Netherlands where
40.000 truckloads a year shifted to IWT, green assignment where actual carrier-specific CO2
intensity per corridor is used and offer optimization including intermodal. Rhine Ports Information

154 https://www.h2020-planet.eu/
155 https://platina3.eu/

156 https://epicenterproject.eu/
157 https://isola-project.eu/
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System (RPIS), a port communication system, is also implemented by one of the organizations as
part of the Modal Shift and Flows Optimization axis of PIONEERS. Other such action is the
utilization of MZIGO Modular POD Solutions, the transformation of Multimodal Logistics Chain
with Physical and Digital Connectivity and Next-Generation Modular Freight Container Solution
for First/Last-Mile Logistics connected with long distance and ocean transportation.

Digital Transformation

18 organizations reported that they currently implement projects that are related to Digital
Transformation and 5 mentioned no such correlation.

More details, regarding the alignment with the PIONEERS axis: 2 organizations reported that they
implement projects related to "Automated container shuttle solutions for port operations”, 6 to
“Vessel traffic optimization®, 2 to “Maritime 5G for intelligent vessel location’, 5 to “Containers
transport forecast” and g to “Digital twin".
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Project Related with Digital Transformation

Automated container shuttle
solutions for port operations

m Vessel traffic optimisation

Maritime 5G for intelligent vessel
location

B Containers transport forecast

m Digital Twin
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: Automated container Automated vessels Vessel traffic optim Maritime 5G for inte Containers transport Digital Twin

Figure 35. Projects implemented by the responders that are aligned with PIONEERS axis “Digital Transformation”.

Specifically, the projects aligned with the above areas are:

1. ePlcenter. See above.

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 103



PIENEERS

2. INGENIOUS. This project offers Next Generation |oT solutions for universal supply chain
for smart manufacturing and mobility. https://ingenious-iot.eu/web/**

3. SWARMPORT. This project focuses on self-organization among autonomous agents in
nautical processes in modern seaports and it aims on improving resilience of port calls
through enhanced communication between port services®®,

4. FENIX. This project aims on developing the first European federated architecture for data
sharing and it serves the European logistics community of shippers. *°

5. DISpATch. This project focuses on synchromodality and it aims to develop a platform
that uses a digital twin component to stimulate synchromodal transport. *¢*

6. PILL (Physical Internet Living Lab). This project aims on developing next generation
interconnected transport networks. It utilizes digital twins in an effort to establish
autonomous operations in logistic nodes and network resiliency.

Among similar lines, Deltares, together with SmartPort, TU Delft University, and inland shipping
entrepreneurs, are creating the Digital Twin of the Fairways. This tool incorporates the interaction
between ships, the waterway network and the infrastructure.

158 https://ingenious-iot.eu/web/

159 https://www.tudelft.nl/2017/infrastructures/swarmport

160 https://fenix-network.eu/

161 https://vil.be/en/project/dispatch-digital-twin-for-synchromodal-transport/
162 https://www.imec-int.com/en/pill
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9. Conclusion

The reduction of emissions from port operations has become a significant challenge for the
shipping industry and the port authorities around the world. Several strategies and technologies
have been developed to reduce emissions and improve air quality in and around ports. Here are
some examples of the current state of the art for the reduction of emissions from port operations:

e Alternative fuels and power sources: One of the most effective ways to reduce emissions
from port operations is to use alternative fuels and power sources. These include electric
or hybrid-powered cranes, trucks, and cargo-handling equipment, as well as liquefied
natural gas (LNG) and hydrogen fuel cells for ships.

e Energy efficiency and optimization: Port operators are implementing energy-efficient
lighting and building designs to reduce energy consumption, and using optimization
algorithms to optimize port operations, such as cargo loading and unloading.

e Port electrification: Several ports have implemented initiatives to electrify their operations,
such as using electric cranes and cargo handling equipment, and creating charging
infrastructure for electric trucks.

e Monitoring and reporting systems: Monitoring and reporting systems are being
implemented to track and report emissions from port operations, providing valuable
information for stakeholders and policymakers to identify areas for improvement.

e Digital Transformation: Digital technologies such as automation, artificial intelligence, and
data analytics can help to optimize port operations, reducing idle times and waiting times
for ships, trucks, and cargo, which in turn reduces fuel consumption and emissions.

Overall, the current state of the art for reducing emissions from port operations involves a
combination of technological, operational, and regulatory approaches. Governments, private
entities, and local communities play pivotal roles in driving these green initiatives, highlighting the
importance of collaborative efforts in achieving sustainability goals. Continuous monitoring and
assessment, aligned with international standards and agreements, are essential for the ongoing
success and reaching the goals set out.

There are challenges and barriers in the road to climate neutrality in port operations but also
enablers towards this direction. All these need to be taken into account and lead to the
development of a Master Plan targeting specifically the ‘greening’ of port operations and be
integrated with the overall Port Development Master Plan.
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11. Annhexes

PIONEERS Questionnaire

NAre you currently implementing any project related to Clean Energy Production and

Supply
« YES
« NO

N |s this project related to any of the areas below ? Choose accordingly.

Energy generation from water currents

On-shore wind production

Hydrogen refueling infrastructure

Corridor of modular docking stations for energy containers

Battery Storage and Smart Management of Green Energy in terminal operations
Multi-fuel port OPS for ferries Tugboats on H2 and methanol

Tugboats on H2 and methanol

Hydrogen heating for buildings

Can you please state the name of the project and give a small description of it?
N Are you currently implementing any project related to Sustainable Port Design

e YES
« NO

N |s this project related to any of the areas below ? Choose accordingly.

Local resource recovery for green, circular concrete
Power-to-methanol

Steam and waste heat

NextGen District

Zero pellet loss & plastic catcher

Electric green last-mile

Green Straddle Carriers

CO2 capturing and utilisation

D3.1: Current State-Of-The-Art, Enablers, Barriers and Challenges 110



PIENEERS

Can you please state the name of the project and give a small description of it?

—

N Are you currently implementing any project related to Modal Shift and Flows
Optimization?

« YES
« NO

N |s this project related to any of the areas below ? Choose accordingly.

IT Platforms for planning multimodal transport

Realizing a modal shift in the commute of port employees
Cargo Flow Optimisation

Multimodal access to port using a Maa$S platform

Cargo Flow Prediction

Can you please state the name of the project and give a small description of it?

—

N Are you currently implementing any project related to Digital Transformation?

e YES
« NO

N |s this project related to any of the areas below ? Choose accordingly.

Automated container shuttle solutions for port operations
Automated vessels

Vessel traffic optimisation

Maritime 5G for intelligent vessel location

Containers transport forecast

Digital Twin

Can you please state the name of the project and give a small description of it?
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