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Outline
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✓ Digitalization and Port definitions

✓ Best in class ports

✓ Port integration and digitalization



Two questions
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✓ What is Digitalization?

✓ What is a Port?



From raw data to decisions/actions 
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Definitions
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✓ System: A system is a set of interacting elements that form a unified whole delimited by spatial and temporal

boundaries and it is surrounded and influenced by its environment

✓ Model: A model is an abstract (inherently approximate) representation of a system by means of logic and/or

mathematical relations.

✓ In a system we distinguish:

✓ elements:
✓ agents, e.g., decision makers
✓ entities, e.g., vessels, containers, CO2

✓ interactions among the system elements, e.g., through data/information
✓ possible external disturbances and, vice versa, externalities

✓ Ports as systems

✓ Digital twins



A system
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Rotterdam 

PORTBASE

https://www.portbase.com/
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PORTBASE and 

NEXTLOGIC

https://portbase-nextlogicconnect.com/



Issues
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A “port/system” includes many interlinked and interrelated actors, who may not always share the same interests, or

their interests may not be achieved in the same way. Hence:

✓ Lack of collaboration with other actors, need for further integration along the maritime supply chain,

uncertainty about legislation, and drifting apart of the local needs and the strategic decisions made by

headquarters as a result of globalization.

✓ Benefits are not always readily visible, often resulting in a low willingness to pay. At the same time, concern

about the cost elements definitely plays in a sector where margins are narrow.

✓ Innovation initiative fails or ends in endless discussions about data (ownership, availability, accessibility and

modifiable).



Issues – Human factors
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Humans play a fundamental role in the success of the digitalization process (e.g., cyber-security)

✓ Digitalization and automation create new challenges and threats for port labor, given the increasing demand for

new jobs focusing on high-skilled personnel.

✓ New capabilities for workers will require specific training schemes and certifications.

✓ Similar arguments hold for infrastructures and procedures



Other two questions
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✓ Should we digitalize our ports?

✓ Who are the “best in class” in port digitalization?



European Commission roadmap (2019)1
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✓ Technological goals/drivers

✓ Safety

✓ Efficiency gains through digitalization and interaction between technological business models

✓ Environmental soundness

✓ Human factors (behavior and activity)

✓ Automation systems

✓ operational real-time monitoring systems 

✓ automated docking procedures

✓ autonomous vessels used in short sea shipping (SSS)

✓ Smart ports?

1European Commission. (2019). STRIA roadmap on connected and automated transport: Road, rail and waterborne



Port digitalization – drivers/needs
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✓ A need for better (already existing) data use from dispersed sources that is not easily accessible. This leads to

the combination and data management challenge.

✓ A need for better communications in data use and data storage identification between different actors within

the supply chain.

✓ A need for individually identified technologies including e.g., block-chain, Internet of Things, data-transfer

protocols, interoperability solutions, real-time weather data, open traffic data, location-based services, and

identification technologies.

✓ A need for enhanced development of back-office data systems including financial monitoring and reporting.

Tommi Inkinen, Reima Helminen and Janne Saarikoski, Port Digitalization with Open Data: 
Challenges, Opportunities, and Integrations, J. Open Innov. Technol. Mark. Complex. 2019, 5, 30



Port digitalization drivers/expectations
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Digitalization can increase port efficacy and efficiency through improved port operations due to:

✓ process standardization

✓ increasing quality in port services

✓ effective strategic planning



Port digitalization expectations – Example 

15

Port of Rauma – medium port Finland

de Andres Gonzalez, O.; Koivisto, H.; Mustonen, J.M.; Keinänen-Toivola, M.M. Digitalization in 
Just-In-Time Approach as a Sustainable Solution for Maritime Logistics in the Baltic Sea Region. 
Sustainability 2021, 13, 1173.



Smart ports
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KOK-LIM ALVIN YAU, SHUHONG PENG2, JUNAID QADIR, YEH-CHING LOW, AND MEE HONG 
LING, Towards Smart Port Infrastructures: Enhancing Port Activities Using Information and 
Communications Technology, IEEE ACCESS



Best in class
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KOK-LIM ALVIN YAU, SHUHONG PENG2, JUNAID QADIR, YEH-CHING LOW, AND MEE HONG 
LING, Towards Smart Port Infrastructures: Enhancing Port Activities Using Information and 
Communications Technology, IEEE ACCESS



Best in class
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Xuyuan Sun, Digitalization in the port industry from the perspectives of bibliometric analysis, 
The Maritime Commons: Digital Repository of the World Maritime University, Malmö, Sweden

Technology  \ Application  Port of Rotterdam (see also Portbase) Port of Antwerp Port of Shanghai

Internet of things

Internet of things platform based on sensors, 
prediction models, etc., such as collaboration 
platform with IBM for ship tracking and 
meteorological prediction, berthing conditions; 
administration data in SAP; spatial data in GIS.

Internet of Things platform to simulate, monitor and 
optimize a variety of port activities by creating create a 
port digital twin system based on integration of cloud 
and sensors.

Information systems based on Internet of Things 
including logistics information system, shore 
management system; Internet of Things 
platforms; intended eastablishing of underwater 
data acquisition and data transmission

Big data
Automatic Identification System based on big data 
for tracking and information exchange, such as 
ShipTracker and Portxchange.

Establishing of digital data platform for port community 
system to promote the sharing of big data, such as 
acquiring of Nxtport for the demand of data processing 
in smart logistics

Establishing of automatic identification system 
and digital data platform

Cloud services
Permission for users to Management Information 
System by cloud application, such as access to 
M2Hamis via laptop or tablet.

Cloud-based platform and cloud-empowered digital twin 
of port widely used in the port logistics to collect and 
process data, improve adaptability and sensitivity

Cloud-based datasharing platform including both 
private cloud and public cloud

Blockchain

Supply chain integrated blockchain platform, such as 
DELIVER; combination with other technologies 
including artificial intelligence and high-frequency 
trading for energy efficiency, such as Distro.

Application of blockchain technology for simplify the 
cargo processing process, paperless port, collaboration 
with other technologies including artificial intelligence 
to solve issue such as, carbon dioxide emissions, port 
logistics and more

Paperless port under blockchain technology, the 
collaboration of different platforms such as 
electronic EIR platform , realizing process 
collaboration and data penetration between 
customers, shipping companies and ports 
authority, etc.

Automation

Use of drone for delivery of packages and robots, 
automation administration of data, such as 
M2Hamis for local waste collection activities’ 
administration

Automatic equipment, such autonomous sounding boat Fully automated terminal including AGV

Digital camera and sensors

Installation of cameras in the port and industrial area 
for surveillance of the Port of Rotterdam, such as 
installation agreement of 227 cameras positioned 
and connected to optical network for processing and 
storing of optical information

About 600 installed digital cameras and automatic 
analysis of optical information for inspection, 
preventative maintenance

Digital camera sensors installed in the port



Smart ports – 5 maturity stages
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Hokey Min, Developing a smart port architecture and essential  elements in the era 
of Industry 4.0, Maritime Economics & Logistics (2022) 24:189–207



Smart ports – 5 maturity stages - KPIs
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Hokey Min, Developing a smart port architecture and essential  elements in the era 
of Industry 4.0, Maritime Economics & Logistics (2022) 24:189–207



Smart ports - next
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✓ New applications

✓ Smart marine traffic management

✓ Smart logistics

✓ Smart security service

✓ Collaboration platform for different ports

✓ Enhanced terminal operating system

✓ Collaborating with smart ships

✓ Autonomous smart ports

✓ Big data analytics for smart ports

✓ Optimization, AI, blockchain for logistics

KOK-LIM ALVIN YAU, SHUHONG PENG2, JUNAID QADIR, YEH-CHING LOW, AND MEE HONG 
LING, Towards Smart Port Infrastructures: Enhancing Port Activities Using Information and 
Communications Technology, IEEE ACCESS



Final question
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✓ Can Italian ports compete?



Port integration and digitalization   – four maturity layers
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1. Single ports are striving to develop and digitalize their own processes;

2. Port communities and companies operating in the vicinity of the port integrate their operations and data sharing

that is a fundamental part of digitalization;

3. Logistic chains integrate other logistic companies and operators working outside of ports are integrating their

systems with ports. Digitalization has expanded beyond the vicinity of ports;

4. Global port data exchange processes as parts of global logistic chains: ports are networked with each other

creating highly detailed on-demand transport chains.



Issues
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• Smaller ports have more difficulties and resource limitations in implementing digitalization

• Data exchange and transfer is not often considered as a competitive advantage

• Port digitalization should embrace port-city interfacing and traffic management close to ports

• One of the drivers for port cooperation, if not mergers, is to avoid duplication in facilities necessary to handle

larger ships and more and more complex supply chain. Public port authorities are more likely to cooperate with

each other than a public and private authority (drawback of privatization?)



Key technologies for port digitalization
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• Technologies

• Artificial intelligence (AI), Optimization, (big) data analytics and blockchain

• IoT, sensor technologies and 5G

• Robotics and automation, autonomous shipping, drones and, possibly, cyber physical systems

• Cyber-security

• 3D printing and laser scaling

• Scenarios

• Digital supremacy

• Business as usual

• Digital failure
Tommi Inkinen, Reima Helminen, Janne Saarikoski, Technological trajectories and 
scenarios in seaport digitalization, Research in Transportation Business & 
Management 41 (2021) 100633



Drivers
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Tommi Inkinen, Reima Helminen, Janne Saarikoski, Technological trajectories and 
scenarios in seaport digitalization, Research in Transportation Business & 
Management 41 (2021) 100633



Technologies
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Technologies
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Smart ports - applications
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Tommi Inkinen, Reima Helminen and Janne Saarikoski, Port Digitalization with Open Data: 
Challenges, Opportunities, and Integrations, J. Open Innov. Technol. Mark. Complex. 2019, 5, 30


