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Executive summary 

In Asia and the Pacific, which currently concentrates two-thirds of the global seaborne trade 

and which is home to more than half busiest ports worldwide, sustainable port development 

remains a significant challenge. Faced with the constantly growing volume of seaborne trade, 

most ports need to keep enhancing their performance and productivity, while constantly 

improving quality of their hinterland connections. At the same time, they are also facing 

pressing environmental concerns, due to a wide range of air and water pollution, as well as 

other negative environmental externalities generated by port activities.  

Transitioning to “smart ports”, which rely on the use of new technologies and digitalization, 

to rationalize, reorganize and streamline port activities, has proven to be a viable strategy to 

address both economic efficiency and environmental performance, at normal times and at 

times of great disruptions. Major ports around the world, such as Rotterdam, Hamburg, 

Singapore, Los Angeles, Qingdao and Busan, are deepening digitalization in port 

development and operation in order to improve port productivity and strengthen 

cooperation among stakeholders.  

Smart ports enable the port industry to interact with external businesses with higher 

accuracy, openness and transparency, improved relationships and business efficiency. They 

provide a comprehensive solution that - through the convergence of advanced information 

technology - addresses sustainability, efficiency, productivity, communication and 

transparency, and the evolution of equipment or facilities. Smart ports also have the 

potential to contribute to port accident prevention and port security. Finally, the smart port 

serves as a core base for the establishment of an eco-friendly, low-carbon shipping system 

and the development of intermodal transport system, and is expected to serve as a 

communications hub for all stakeholders, including the port and shipping industry and the 

global supply chain. 

Digitization in major ports is progressing through connectivity between individual systems 

operated independently, advancement and expansion of existing information systems and 

establishment of a community of stakeholders. Advanced technologies such as robots, AI 

and digital twins, applied to port facilities or equipment, minimize human-to-human contact. 

Port operation automation can be realized through (a) the acceleration of digital 

transformation, (b) establishment of a smart shipping and logistics system using a digital 

platform, (c) construction of eco-friendly ports that are aimed at achieving sustainable 

shipping with low-carbon, and (d) the development of a non-contact port business. 

Smart ports are developed by interlocking numerous information technologies and systems, 

they require integration of information, convergence of systems, and connection between 

individual systems, equipment, facilities and business entities as well as cooperation and 
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partnership among stakeholders rather than the application of advanced technologies. This 

makes their development a challenge due to the inertia in the existing operating system, 

complex governance and limited investment resources and many other factors. The level and 

performance of port informatization in member countries also vary from country to country 

and port to port. Therefore, it is necessary to identify the strengths, weaknesses and risks of 

on-site application of smart port systems through pilot projects, and through strengthened 

cooperation and partnerships with stakeholders. Another important point in smart port 

development is that it is not port-oriented development, but integrated and harmonized 

development with the hinterland network. This links them to a broader objective of building 

an intermodal smart transport network, which coordinates smart transport strategies and 

plans by individual mode of transport to create synergy and connectivity in terms of safety, 

mobility, efficiency, and environment. 

To achieve their goals, smart ports need a realistic approach that considers the port’s current 

development stage, investment resources and human capabilities. This report recommends 

that ESCAP member States check their current port level by analyzing the port environment 

with the port level analytics maturity model based on Capability Maturity Model Integration. 

The smart port developing strategies should be implemented using a stepwise approach in 

accordance with the current port level and the existing level in stakeholder cooperation, 

based on a clear understanding of the current port level and the definition of the future 

target level based on the results of the situation analysis.  
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1. Introduction 
 

1.1. Sustainable Development Goals, 4IR technologies and port 

development 

In 2015, 195 nations comprising the United Nations agreed on the 17 Sustainable 

Development Goals (SDGs), which aim to support environmental preservation, economic 

development and social integration, and to improve the quality of life for the present and 

future generations. 

The 4th Industrial Revolution (4IR) technologies, including artificial intelligence (AI), 

blockchain, Internet of Things (IoT), Big Data and 5G, are considered to have the potential to 

solve global challenges such as poverty, climate change, loss of nature and inequality. The 

World Economic Forum (WEF) has posited that the 4IR technology is a key factor for 

achieving SDGs. The relationship between SDGs and 4IR is detailed in Figure 1 below and 

suggests that 10 of the 17 major SDGs can be developed through the 4IR, and about 70% of 

the 169 targets will be directly affected. 

Figure 1. Summary of Fourth Industrial Revolution for Global Goal applications database 

 
Source: WEF, January 2020. 

The World Ports Sustainability Programme (WPSP) launched by IAPH in February 2019 plans 

to integrate the SDGs into the business strategies and governance by port authorities as well 

as to help align them with global sustainability standards. The five themes of WSPS are 
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climate and energy, community outreach and port city dialogue, resilient infrastructure, 

governance and ethics, and safety and security. 

The 4IR technologies are already having an impact on economies and society. Distinctions 

between physical and digital realms in many sectors are becoming increasingly blurred, and 

cyber physical systems (for example, in smart manufacturing) are emerging. These 

technologies are rapidly transforming digitalization as well as business models and industries 

globally, and are creating huge cutting-edge advantages in many industries including 

transport (figure 2). 

Figure 2. Bond’s top 10 sustainability technologies 

 
Source: https://www.bond.org.uk/news/2019/06/5-frontier-technology-trends-shaping-international-
development 

 
In today's global logistics system, a large amount of data and information are needed to 

ensure that all phases of logistical activity are accurate and fast. The development of 

information and communications technology has dramatically improved the sharing and 

exchange of information and data needed for trade and transport, and new technologies 

that affect business processes and the business environment are emerging from time to time.  

This evolution is particularly striking in the maritime transport sector, which is responsible 

for the carriage of around 90% of world trade.1,2 Efficient processing of logistics information 

at ports that are the starting and ending point of import and export logistics activities is 

critical to enhancing efficiency and securing the reliability of the global supply chain. The 

                                         
1 https://www.ics-shipping.org/explaining/ 

2 https://www.cbd.int/financial/mainstream/imo-technicalcoop.pdf 
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efficient exchange of logistics information among logistics players has a significant impact on 

the overall logistics performance, such as increased productivity, reduced logistics costs, 

increased efficiency in integrated multimodal transport, and reduced the berthing time of 

ships. 

According to the World Bank’s Port Reform Toolkit PPIAF,3 the five following factors are 

expected to affect future ports: 

 Intensifying global competition: Trade and the growing trend towards globalization of 

production, expanding the geographical scale or logistics reach; 

 Changing technology: The need for container port productivity improvements, and 

the growing role of information technology; 

 Changing distribution patterns: Looking for strategic hub locations. Generating 

income of a transshipment hub by the double handling of containers. Inland 

container terminals replace activities from the port to enhance intermodal efficiency; 

 Increasing importance of environment, safety and security concerns; 

 Change in the bargaining power of stakeholders due to port changes – consolidation 

among ocean carriers, and the emergence of a global logistics service provider 

environment. 

Due to a rapidly changing environment, such as increasing vessel sizes and cargo volumes, it 

has become necessary not only to revise the business model (service) but also to introduce 

technological innovation in order to strengthen port competitiveness. In other words, most 

ports should try to move towards becoming smart ports in order to maintain productivity, 

customer-friendliness, efficiency and competitiveness. 

1.2. Supporting the transition to smart ports 

Digitalization can have a dramatic impact on the shipping industry in terms of improved 

productivity and safety, and the creation of new business and services.  

A smart port should not be considered as just an application of digital technology. Smart 

ports integrate digitalization and the 4IR technology, playing a key role in widening and 

strengthening global trade. The 4IR technologies such as AI, IoT, Cloud, Big data and 

Blockchain have been widely applied across industries such as manufacturing and health 

care, in order to cope with rapidly changing environments and requirements. A smart port is 

a port that uses automation and innovative technologies, including AI, Big Data, IoT and 

Blockchain to improve its performance. 

                                         
3 Public-Private Infrastructure Advisory Facility. 
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As the demand for digitalization is increasing in the maritime transport industry, the number 

of smart ports that combine the 4IR technology with existing port services is also increasing. 

The use of 4IR technology can enable smart ports to become more intelligent as well as 

allow stakeholders to make the best decisions, improve processes and make port operations 

more efficient and cleaner. 

As mentioned above, ports are being challenged to enhance efficiency and productivity, 

while at the same time ensuring a safe work environment and minimizing carbon emissions. 

Improving sustainable maritime transport could achieve positive results for areas such as 

competitiveness, efficiency, safety, reliability, eco-friendliness, inclusivity etc. For example, 

port automation with the 4IR technology-driven solutions (such as 5G, AI, radar sensors and 

IoT) could ensure a safe work environment while strengthening efficiency and productivity. 

Another example is the digital twins using virtual reality (VR) and Big Data, may decrease 

construction and operation costs, and reduce trial and error.  

Most ports have introduced port automation and informatization on the improvement of 

port procedures and operations; however, these are just some of the functions of smart 

ports. The shipping industry is becoming more intelligent and competitive, so smart ports 

must be able to provide functions and roles such as energy efficiency, environmental 

friendliness, sustainability, linkages with other means of transport, and information sharing 

among information systems. The challenges that today’s ports are facing in taking a 

substantial step towards becoming smart ports are listed in table 1.  

Table 1. Current challenges to smart port development in Asia and the Pacific 

Challenges Description 

Vessel size enlargement  Difficulties to structurally improve ports in a short period to 

accommodate large ships. 

 The need to maximize the efficiency of port operations to 

accommodate enlarged ship size. 

 The need to improve port infrastructure such as port 

operations, facilities, and vehicles. 

The need to increase 

efficiency in port 

operations 

 The need for port and terminal process optimization to handle 

increased cargo volumes. 

 The need for real-time cargo tracing in order to optimize port 

operations and provide end-to-end visibility.  

 Improving work efficiency and productivity in port or terminal 

areas such as yards, terminal gates etc.  

Limitation in on-demand 

service 

 The current status of ports is not able to cover rapid changes 

in the port environment and user requirements. 

 Lack of ability to cope with unmanned processes involving 

automation, robotics, and Internet of Things (IoT) 
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applications. 

 The need for expansion of the control area by using remote 

monitoring. 

Limitation for 

interoperability with 

other transport means 

 Maritime logistics information is seldom interconnected with 

other transportation means such as air, land and railways. 

 The need for information sharing with other transportation 

systems, and interconnection with hinterland transportation. 

Environmental impacts  Environmental problems caused by activities within ports, 

ship and harbour waste, oil waste and sewage etc. 

 The need to construct an eco-friendly port that uses green 

energy or technology. 

 The need to reduce CO2 emissions. 

The need to strengthen 

physical and 

cybersecurity in ports 

 The need to maintain safety because a port is a security 

facility, that is a major geographic point and dangerous goods 

(including explosives, chemical substances) are stored. 

 The need for a clearly defined port cybersecurity policy 

against cyber-attacks and the strengthening of port security 

measures. 

Source: UNESCAP, compiled from various sources. 

 

1.3. Scope and limitations of the study 

The present report is part of the ESCAP’s work aimed at supporting the transformation of the 

ports of its member states to smart ports by providing data, analytical tools and facilitating 

consultations. With this in mind, this report has been developed to serve as a guide including 

a port analytics maturity model, a stepwise approach and the required technologies involved 

in smart ports development. 

The study reviews the “smart port” concept and analyses a wide range of its practical 

implementation, focusing on such developments as container terminal automation, the use 

of Big Data, AI, IoT, Digital Twin technologies for port management and many others. It also 

examines how transition into digital ports can respond to the economic, social and 

environmental issues in port sectors faced by ESCAP member States including selected 

member States, through examples of developed countries and selected countries reports.  

This study is ultimately aimed at providing technical recommendations for ESCAP member 

States to apply or refer to when formulating and implementing their smart port 

development strategies and actions. In addition, this report provides a stepwise approach for 

designing a smart port and defining a master plan or roadmap as well as covering the 

important technical matters involved.  
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In line with its objectives, the report comprises the following parts. Chapter 2 examines the 

concept of smart ports and good practices of smart port development in major countries. 

Chapter 3 presents major issues related to smart port development in the Asia-Pacific region, 

smart port development plans of member countries and examines how smart ports can 

contribute to overcoming COVID-19.. Chapter 4 contains strategies for the transition and 

development of smart ports, analysis of various technologies being applied in ports, and 

review of future technology trends that can be applied in the field. Chapter 5 analyses the 

value of smart ports in the context of the smart transport system, integration of smart ports 

and hinterland connectivity system, applicable technologies for multimodal transport system, 

and the opportunities of smart ports as the core axis of the smart transport system. Chapter 

6 presents a stepwise approach in consideration of the current port level, including policy 

recommendations that can be referred to when member States' plan and implement smart 

port development strategies. Chapter 7 reviews the benefits of smart port development and 

suggest actions to be taken by stakeholders. 

Collecting information on requirements and improvements for smart ports from ESCAP and 

ESCAP member States has proved difficult due to the ongoing COVID-19 Pandemic. For that 

reason, this report analysed the current status of ESCAP member States' ports through 

literature review, previous reports from ESCAP and other organizations, and ESCAP national 

consultancy reports among other sources. The details of the necessary improvements are 

based on the analysis results. This report also provides methodical information such as an 

analytics maturity model by port level, a stepwise approach to smart ports, 

recommendations, and offers reflections on the respective roles of ESCAP and ESCAP 

member States in future reforms. While the approach and recommendations presented in 

this report are general concepts and strategies, these can be changed to match the 

environment and/or the time of application. 
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2. Smart ports: Key concepts and global best practices 
 

2.1. Defining smart port 

Smart ports can be considered to mean ports that autonomously process port operations 

and optimize logistics flow by applying new and the advanced technologies.  

Port Technology International defines a smart port as a port that uses automation and 

innovative technologies including AI, Big Data, IoT and Blockchain to improve its 

performance.4 Korean Maritime Institution defines Smart port as a comprehensive concept, 

aiming at automation, logistics optimization, energy efficiency, eco-friendliness and 

reinforcement of connectivity with hinter cities through process innovation and the 

introduction of information technologies (IT) such as IoT, AI, Robot etc.5 “Smart ports are 

the only ports that will survive,” argues Administrator for Ports and Shipping at the ITF of the 

Organization for Economic Co-operation and Development (OECD). “Smart means no waste 

of space, time, money and natural resources.6 

Therefore, a smart port can be defined as a port that pursues port facility automation and 

becomes an autonomous port with integrated information management, rational decision-

making, and efficient use of resources through the 4IR technologies. In other words, it 

means a port that optimizes its operations by applying advanced technologies and improving 

business processes, thereby reducing costs, and processing time, increasing port productivity 

and efficiency, and minimizing the impact on the environment. 

 

A smart port is also data-centric, so it can produce, manage, and share related information. 

Furthermore, smart ports will play a key role as a data service provider in the data economy, 

thereby increasing their importance. 

2.1.1. Main features and benefits of smart ports 

The purpose of smart ports is to meet the needs of port users by providing higher work 

efficiency, transparency, safety, and security. The major features of an evolved smart port 

include: 

 The combination of technology and the collection/distribution of data and 

information to manage operations inside and outside a port; 

 Information sharing with operators, the port community, and all stakeholders; 

                                         
4 Port Technology International, Matteo Natalucci, 2019. 
5 KMI, 2018.02. 
6 Available at https://www.porttechnology.org/news/what_is_a_smart_port/ 2016, Port Technology 

International. 
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 Integration with the surrounding smart port territory (city, region, country) and with 

smart transport infrastructures (roads, rail, rivers); 

Smart ports may help interaction with external businesses with greater accuracy, openness 

and transparency, improved relationships, and business efficiency. By reducing pollution 

emissions, smart ports can become environmentally-friendly. Another benefit of smart ports 

is that they not only provide advances in equipment and/or facilities, but also a total solution 

that addresses sustainability, efficiency, productivity, communication, and transparency. 

Specific benefits that related stakeholders may gain through a smart port include: 
 The speeding up of transit response time for goods through port operations 

improvement; 

 Reduced costs and time taken to handle cargo; 

 Speeding up the response time by stakeholders to their customers; 

 Reduces the usage of paper flow by exchanging information electronically; 

 Improves track, trace, and operational efficiency; 

 Optimizes port-related processes such as loading, unloading, stowage or storage 

etc.; 

 Port facilitation of a simplified work process; 

 Provision of real-time data to customers about the status of cargo, the working 

condition of the port facilities etc.; 

 Able to provide on-demand service by a Big Data analysis; 

 Improved planning of berths, handling equipment, storage conditions etc.; 

 Detection of different risks in maritime transport, such as adverse weather 

conditions or high levels of contamination;  

 Improvement and streamlining of internal and external collaboration. 

2.1.2. The growing needs for the smart port development  

Due to growing volume of global trade and, as consequence, of vessel sizes and cargo 

volumes, ports have become interested in smart solutions which use the advanced 

technologies to optimize operations, promote efficiency, and reduce logistics costs.  

Ports are willing to improve operations or facilities for a number of other reasons including 

the fact that: 

 Ports are complex operational environments and are comprised of various 

stakeholders; 

 They want to maximize efficiency for the supply chain; 

 Port authorities are taking a more active role in optimizing operations; 

 By redefining the mission and role of each stage of a vessel’s arrival, ports can 

significantly improve their efficiency, security, and environmental impact. 
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Figure 3 shows the reason why smart ports are needed. The key to the success of changing 

to smart ports is the use of efficient and innovative technologies and the building of new 

business models as aspects of smart ports strategy, culture, and operation. The 4IR will help 

to address the integration of new business models with technologies. 

Figure 3. The reasons why smart ports are needed 

 

Therefore, the strategy to establish smart ports should be based not only on the 

implementation of new technological solutions but also on the integration these to 

operations in a structural way. To create business value and increase a port’s 

competitiveness, the collaborative sharing of data is critical as it will enhance port 

operational excellence and quality of service. 

The following sections share global best practices in smart port development which illustrate 

these points. 

2.2. Global best practices in smart port development 

2.2.1. China  

China is promoting the construction of smart port pilot projects at 11 ports at the 

government level in four areas, including intelligent port operation, safety management 

improvement, logistics integration, and business model innovation. In particular, the 

Government is developing full automation of target ports such as those at Xiamen, Qingdao, 

and Shanghai, with the aim of making them the world's best in the intelligent port operation 

sector. 
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The Ministry of Transport (MOT) aims to improve safety, realize eco-friendliness, and 

improve efficiency etc. by establishing government-level smart port construction and 

fostering plans for introducing advanced technologies. In order to establish stable and 

effective smart ports, the MOT plans to promote smart ports by encouraging technology 

development, inducing government/private participation, and harmonizing with the port 

industry as a stepwise approach. 

Figure 4. The progress status of China smart port pilot project 

 

Source: China MOT presentation at the 19th Northeast Asia Port Director-General Meeting, 2018. 

 

The Qingdao and Shanghai ports introduced a fully automated system in 2016 and 2017, 

respectively, which have greatly improved efficiency and are currently estimated to have the 

world's best port technology.  

The Port of Shanghai comprises both a river port and a deep-sea port. The Shanghai 

International Port Group (SIPG), which is the public terminal operator, opened a US$2.15 

billion (14 billion yuan) automated cargo wharf measuring the size of 312 football pitches at 

the deep-water site in early of 2018. 

The capacity of the Port of Shanghai has increased by around 6 million twenty-foot 

equivalent units (TEU) and is fully automated. By expanding to seven additional deep-water 

berths, the port has increased its docking space to 30 berths and its handling capacity to 13 

million TEU. The total capacity of Shanghai's port has already past 40 million containers. The 

aim of the port is to cut energy consumption by 70% and emissions from the site to zero. 
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2.2.2. Germany (Hamburg)7
 

The Port of Hamburg (HPA, Hamburg Port Authority), which is located on the river Elbe, 110 

kilometers from its opening onto the North Sea, is Germany’s biggest port, and Europe’s 

third-biggest behind Rotterdam and Antwerp. The port handles 20% of the volume of all 

European exports.  

The HPA has started its smartPORT project to promote sustainable economic growth of the 

port, maximize the benefits for port customers and local residents, and minimize the port’s 

environmental impact. The project consists of two facets – smartPORT logistics and 

smartPORT energy. 

First, smartPORT logistics combines economic and ecological aspects in three subsectors – 

traffic flow, infrastructure, and the flow of goods. The defined intelligent networking is a 

precondition for efficient transport and the flow of goods by: (a) using optimum data capture 

and rapid information sharing; and (b) enabling carriers and agents to select the most 

efficient means of transport for their goods. 

Second, the HPA aimed at providing environmentally-friendly mobility and energy 

consumption reduction. The smartPORT energy aspect focused on the three core areas of 

renewable energy, energy efficiency, and mobility. Through the smartPORT energy, the HPA 

can limit its dependence on conventionally generated power as well as reduce emissions and 

save money.   

The HPA has implemented an IoT-based Cloud communications platform for efficient 

operations scheduling, ranging from telling ships where and what time to dock to notifying 

freight cars and cranes of their allotted spaces. Data captured from the port are continually 

consolidated and analysed. Sensors, camera systems and smart lights etc. are installed on 

roads for monitoring traffic, ensuring a safe working environment, easy movement of barges 

when the traffic is saturated etc. In addition, a smart tracking service is provided to users 

using software and sensors.  

In April 2017 the Port of Hamburg also introduced the CTAS Reefer System, which fully 

automates the monitoring of reefer containers. This CTAS Reefer system automatically 

manages the temperature and humidity of reefer containers every 15 minutes and is 

automatically linked with the Port Operation System (TOS). 

Through the SmartPORT project, the HPA is achieving great effects that were not previously 

seen. With a system in which all port-related resources, such as ships, trucks, cranes, traffic 

flow and manpower etc., are linked in real time, the HPA has reduced the cost of port 

operation by 75% and port congestion by 15%.  

                                         
7 Source: https://www.hamburg-port-authority.de/en/hpa-360/smartport/ 
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The lesson learnt from the HPA smartPORT is that it is possible to implement as a public-

private-partnership. The city government and more than 200 companies have a unique 

system of mutual cooperation, so the HPA is considered to be a global example of successful 

port development and management. 

2.2.3. Republic of Korea 

The Republic of Korea has the regional characteristics of the peninsula, so more than 90% of 

the Republic of Korea’s trade volume is reliant on maritime logistics. As the importance of 

port logistics in trade and logistics is increasing, the Government of Korea has promoted port 

automation and system informatization by e-documents since the 1990s. In the 2000s, they 

have constructed a ubiquitous port (called a Yes! u-Port) with a Single Window and 

ubiquitous technology (u-IT). Through it, they have been able to provide work simplification 

and convenience for users. 

The Government of Korea decided to create a foundation for smart maritime logistics in 

order to boost the related industries and create a new growth model by changing to the 

global maritime logistics trend. To overcome the limitations of the market and secure 

competitiveness for domestic companies, the Government is willing to build a smart port by 

the implementation of comprehensive government policies. 

Figure 5 shows the smart port strategy that was established by the Ministry of Fisheries and 

Oceans (MOF). The MOF is establishing a smart maritime logistics system based on smart 

ports and aims to play a role as an advanced maritime logistics country by enhancing the 

efficiency of maritime logistics. The MOF is also aiming at enhancing the competitiveness of 

its ports and shipping companies with the development of smart ports. In addition, it intends 

to reduce logistics costs by US$12 million per year by improving logistics efficiency of the 

country’s ports. The MOF plans to provide convenience to users through smart port-based 

equipment manufacturing and system development, and to reduce maritime accidents by 

around 50% and eventually achieve a zero accident at. 
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Figure 5. The Government of the Republic of Korea strategy for smart ports 

 

 
Source: Ministry of Maritime Affairs and Fisheries, 2020. 

The Government of Korea has been conducting various R&D and pilot projects to enable the 

establishment of smart ports based on the 4IR technologies in accordance with technological 

developments and the changing global environment, including: 

 A collaborative R&D project among multiple ministries for the development and test 

bed of autonomous ships for smart ports; 

 A Republic of Korea e-Navigation project for smart maritime communication; 

 Republic of Korea maritime navigation services development project using the 

maritime LTE communication network (e.g., vulnerable ship monitoring, shipboard 

remote monitoring, and optimal safe route support etc.); 

 A pilot project to share freight tracking information using a blockchain to exchange 

logistics information. 

2.2.4. Singapore (TUAS)  

Singapore's TUAS port is a smart mega-port project, scheduled to be completed by 2040. It is 

progressing in four stages. When completed, it will be able to handle up to 6.5Mil TEU 

containers per year. TUAS is a port that was constructed with the objective of becoming fully 

automated and is being developed with the aim of simultaneously realizing smart 

technologies such as green technology, drones and ship tracking and on-time entry 

technology as well as robotic technology for terminal logistics systems.  

In the future, the optimal port service will provide reductions in delay and waiting times for 

vessels by using an on-time arrival system. Documents needed for ship arrival are submitted 
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to checkpoints, immigration, environmental authorities and agencies by e-mail, fax and telex, 

respectively; however, in the future, digitalization and integration will be performed using a 

single government portal. 

The Port of Singapore has improved land-side operations with its inland terminals and 

empty container depots using smart technologies and has improved the logistics of arriving 

trucks with truck appointment systems. The port also uses a Global Positioning System (GPS) 

to monitor the traffic on port access roads. This system "tracks truck movements, notifies 

terminals when vehicles are approaching key facilities, and provides directions on how to 

proceed." Truckers use an in-cabin smartphone system that notifies them when their cargo 

is ready to be picked up and provides them with directions to their pickup point. The 

smartphone system also allows cargo owners to track their containers, giving them the 

ability to monitor their containers' locations anywhere in the region. 

The Sense-making Analytics for Maritime Event Recognition (SAFER) system is being 

developed by the Maritime and Port Authority of Singapore (MPA) for the port of Singapore 

and is an AI-based shipping and port operation improvement system. The SAFER 

incorporates a new analysis-based technology for the purpose of managing increasing vessel 

traffic. The SAFER project provides new capabilities to automate and increase the accuracy 

of major tasks that previously relied on human observation, reporting, VHF communication 

and data entry. SAFER is planned to be applied and operated in the TUAS port. 

MPA announced the launch of digitalPORT@SG in 2019 (figure 6), a new digital portal for 

processing regulatory transactions that will act as a maritime Single Window system for 

Singapore. 
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Figure 6. Singapore digitalPORT@SG, port and logistics integration 

 
Source: Smart maritime network homepage, port and logistics integration, 30 October 2019 

Phase 1 of digitalPORT@SG serves as a one-stop port clearance portal for ships calling at the 

Port of Singapore. It streamlines up to 16 regulatory applications that were previously 

submitted via three separate portals (MPA, the Immigration and Checkpoints Authority (ICA), 

and the National Environment Agency (NEA)) into an integrated port clearance service. As a 

result, industry can save up to 100,000 man-hours per year. 

The next phase of digitalPORT@SG will optimize port resources and enhance efficiency 

through the use of AI, thus facilitating just-in-time operations for optimal vessel passage 

planning. The digitalPORT@SG portal will also be able to exchange data with port 

community systems such as Portnet and Jurong Port Online to receive relevant information, 

including declaration of dangerous goods operations at the port terminals. figure 7 shows 

the details of the digitalPORT@SG portal. 
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Figure 7. Singapore digitalPORT@SG 

 
Source: https://digitalport.mpa.gov.sg/about 
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2.2.5. The Netherlands (Rotterdam)8
 

The Netherlands is the first country in the world to have successfully developed an 

unmanned automated terminal and an unmanned crane quay. The Port of Rotterdam, one 

of the largest ports in the world, remains Europe’s maritime trading hub and aims to 

perform a role as a focal point for the region’s Industry 4.0. Therefore, the Netherlands 

started its SMART PORT project to establish the Port of Rotterdam as a smart port. 

The aim is to speed up innovations in the Port of Rotterdam and help increase the 

sustainability of the port area by using sensors. The SMART PORT project set out the goals 

and execution plans for the Port of Rotterdam to become a smart port in terms of logistics, 

energy and industry, port infrastructure and a sustainable port operation strategy. 

The smart port roadmap of the Port of Rotterdam has three focus areas – smart logistics, 

smart energy and industry, and future proof9port infrastructure. 

(a) Smart logistics:  

 Make the Port of Rotterdam a frontrunner in smart logistics; 

 Ensure that supply chains are sustainable, reliable, and efficient; and 

 Placing a focus on the container market. 

(b) Smart energy and industry: 

 Focus on an optimal performing and sustainable petrochemical cluster; 

 Research on the implementation of sustainable energy in many ways, such as in 

production, use, and storage. 

(c) Future proof port infrastructure: 

 Optimizing added value to the port area through the maritime infrastructure 

and the waterways; 

 Port construction and development in order to reduce harm to nature and the 

environment, people and businesses. 

The Port of Rotterdam announced a digitalization initiative for the smart port, which 

digitalized the whole operation environment using the 4IR technologies such as IoT, AI or 

Cloud. The aim is to connect the entire Port of Rotterdam, which covers a total of 42 km, into 

one system using sensors, software, and intelligence.  

                                         
8 See https://amsterdamsmartcity.com/projects/smart-port-port-of-amsterdam, http://smartport/nl/en 
9 https://www.portofrotterdam.com/en/how-future-proof-is-your-port 
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The objective of a smart port is to create a digital twin of set-up and operation to monitor, 

track and pre-pilot everything from shipping movements and infrastructure to weather and 

water depth. As a smart port, the Port of Rotterdam will benefit from reducing ship waiting 

time, minimizing cargo handling time and optimizing the use of terminal yards. Shipping 

companies using the Port of Rotterdam are expected to save about US$ 80,000 per hour. 

The Port of Rotterdam has also introduced the port call optimization information application, 

PRONTO (Port Rendezvous of Nautical and Terminal Operations). The port collects data from 

port stakeholders and uses it to calculate the optimal estimated of time arrival (ETA) and 

estimated time of destination (ETD). As a result, ships calling at the Port of Rotterdam have 

reduced the port waiting time by an average of 20% according to Port Technology, 2018. 

The Port of Rotterdam can share the accumulated information, such as that on the port 

operation system and equipment, ship operation information and environment, and cargo 

information, by all stakeholders in real time. It is also able to establish a technical foundation 

for not only improving port service but also for fully autonomous operation (like AI) through 

a smart port. When construction of this system is completed, the Port of Rotterdam can be 

expected to become the world's first artificial intelligence port. 

2.2.6. United States of America 

The top ports in the United States that have embraced smart port technologies include the 

ports of Savannah, Houston and Los Angeles, among others.  

The Port of Savannah has applied to process automation technology in its operations, after 

having installed the automated terminal asset management system (ATAMS) in 2008. ATAMS 

has improved the container hand-off process that occurs between yard cranes and street 

trucks and has enabled trucks to be automatically located and identified. The primary 

benefits of ATAMS included improved worker safety, quicker turn times and increased crane 

productivity. Garden City Terminal in the port has installed RFID tags in street trucks, which 

allows tracking trucks in real-time 

The terminal in the Port of Houston has electronic data interchange (EDI) capabilities, 

including computerized inventory control systems. These systems can be enabled to track 

the location and status of individual containers. 

The Port of Oakland has a comprehensive digital view, WEB portal, which provides terminal 

information, cargo, and container vessels under one platform without having to go through a 

number of websites. The portal consolidates data from key marine terminals, including cargo 

status, live camera views and vessel schedules. Other additional functions include paying 

terminal fees, trucker appointments and status updates on cargo. 

The Port of Long Beach offers six container terminals and is the second busiest port in the 
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United States. The Long Beach container terminal at Middle Harbor is highly automated and   

considered to be the most advanced port facility in the United States in terms of technology.  

The port launched the Middle Harbor Terminal Redevelopment Project in 2011 and invested 

in more than 70 automated guided container transport vehicles and 70 automated stacking 

cranes. The containers at the terminal are fully automated and without any human operator. 

These advancements have led to reduced cargo turnover times.  

The Port of Los Angeles is the biggest in the United States and is processing about a fifth of 

all imports into the country. The digital transformation of ports requires the highest use of 

available data across the supply chain by capturing data and making sense of it. The Port of 

Los Angeles launched a shared data “Portal Optimizer” in August 2017 that is Cloud-based, 

powered by machine learning and industry expertise. It provides secure digitization of 

shipping data and offers real-time insights.  

The port gives cargo owners, shipping lines, terminal operators, and every other wharf-side 

player a way to manage and plan their interactions with the port.  

The Port of Los Angeles has since expanded the programme to include all container 

terminals and shipping lines. The port has also announced “commercial agreements” worth 

up to US$12 million, supporting approximately 9 million TEU, more than 15,000 truck 

providers and thousands of cargo importers. The Port of Los Angeles anticipates efficiency 

gains of between 8% and 12%. 
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3. Issues and opportunities for smart ports in 
Asia and the Pacific 

 

As smart port development takes place in a broader context of port development in Asia and 

the Pacific, the following sections provide an overview of the current situation with port 

development in selected ESCAP Member States. 

  

3.1. Status of port development in Asia and the Pacific  

(a)  Cambodia 

Due to the impact of COVID-19, general cargo traffic at Cambodia’s major ports at 

Sihanoukville and Phnom Penh, is expected to decrease by 5.2% and 6.6%, respectively. 

Container traffic at Phnom Penh port is projected to decrease by 7.2%. Sihanoukville port's 

general cargo volume growth rate will be 1.3%, an expected increase from 5 million tons to 

5.8 million tons by 2024, while container cargo is expected to increase from 620,000 TEU to 

660,000 TEU. The container throughput at Phnom Penh port is projected to increase from 

300,000 TEU in 2020 to 600,000 TEU in 2024. Table 2 shows the volume capacity of major 

ports in Cambodia and table 3 shows annual volume in Cambodia from 2014 to 2018. 
 

Table 2. Cargo volume of major ports in Cambodia10 

Port 2018 2019 2020 2021 2022 2023 2024 

Sihanoukville 

Port 
Tons   5,328   5,493   5,129  5,274   5,449   5,631   5,821 

TEU 541,228 633,236 600,107 613,316 629,251 645,871 663,206 

Phnom Penh 

Port 
TEU 213,571 281,045 260,862 268,862 278,607 288,772 299,373 

 
 

Table 3. Annual volume in Cambodia 

(Unit: TEU) 

Year 2014 2015 2016 2017 2018 

Volume 342,000 392,000 400,000 644,500 742,100 

 

The Government of Cambodia is undertaking projects to expand the Sihanoukville port to 

become a major maritime gate in Cambodia and to develop the Sihanoukville Special 

Economic Zone (11.1km) between the airport and the port, funded by China. These projects 

                                         
10 Data: Fitch Solution. 
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are expected to attract investment and construction in the port market. 

In addition, the Government of Cambodia signed a US$22 million loan agreement with the 

Japan International Cooperation Agency (JICA) in August 2017 to expand its port capacity to 

450,000 TEU. The Government and the Phnom Penh Autonomous Port Authority (PPAP) 

formalized the second phase of the Sihanoukville Port additional expansion project at the 

end of 2018. The objective is to increase the container throughput from 150,000 TEU to 

300,000 TEU in the second phase, and to expand annual throughput to 500,000 TEU in the 

third phase. 

The Sihanoukville Autonomous Port (PAS)11 is able to handle 700,000 TEU, and its container 

capacity has reached about 80%. Construction of the first phase of the deep seaport 

terminal is expected to begin in 2021 and complete in 2024. 

(b) Indonesia 

The Port of Tanjung Priok, also known as the Port of Jakarta, is the fifth biggest port in 

South-East Asia and ranked just outside the world’s top 20 ports, with annual traffic of 7.6 

million TEU. It is the busiest and most advanced port in Indonesia and handles 50% of the 

country’s trans-shipment traffic. The container throughput at the Port of Tanjung Priok will 

decrease by 5.3% in 2020 to about 6 million TEU, and tonnage throughput is expected to 

decrease by 5.5% to 24 million tons. The Port of Tanjung Priok, which is expected to rebound 

in 2021 due to the easing of COVID-19, is expected to record growth of 3.1% and 6.2% 

annual average container and bulk throughput, respectively, in 2021-2024. 

Figure 8 shows the container volume of the Port of Tanjung Priok. Table 4 shows the annual 

container volume in Indonesia from 2014 to 2018, while table 5 shows the volume of major 

ports in Indonesia from 2018 to 2024. 

                                         
11  Source: https://www.khmertimeskh.com/50748559/sihanoukville-port-plans-further-deep-water-port-

expansion/ (‘20.7.25). 

https://www.khmertimeskh.com/50748559/sihanoukville-port-plans-further-deep-water-port-expansion/
https://www.khmertimeskh.com/50748559/sihanoukville-port-plans-further-deep-water-port-expansion/
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Figure 8. Container volume of Tanjung Priok port (2018-2024)12 

 
 

 
Table 4. Annual volume of ports in Indonesia13 

(Unit: TEU) 

Year 2014 2015 2016 2017 2018 

Volume 11,619,900 11,978,700 12,478,700 12,709,600 12,853,000 

 

Table 5. Volume of major ports in Indonesia, annual growth rate (%), (2018-2024)14 

Items 2018 2019 2020 2021 2022 2023 2024 

Cargo volume of 

Port of Tanjung 

Priok (1K tons) 

26,024 26,642 24,231 25,129 25,828 26,565 27,344 

Annual cargo 

volume rate of 

Port of Tanjung 

Priok (tons %) 

1.5 -1.5 -5.5 3.7 2.8 2.9 2.9 

Container volume 

of Port of Tanjung 

Priok (TEU) 

6,743,523 6,332,840 5,994,496 6,463,160 6,828,028 7,213,143 7,619,666 

Annual cargo 

volume rate of 

Port of Tanjung 

10.9 -6.1 -5.3 7.8 5.6 5.6 5.6 

                                         
12 Data: Fitch Solution. 

 
13 Source: World Bank Container port traffic(https://data.worldbank.org/indicator/IS.SHP.GOOD.TU) 
14 Data: Fitch Solution. 
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Priok (TEU %) 

 

Indonesian ports are grouped by region, with a total of four state-owned Indonesian Port 

Corporation (IPC)15 independently operated: 

 PT, Pelindo Ⅰ: Control over the northern region of Sumatra, centred on Belawan; 

 PT, Pelindo Ⅱ: Control over the South Sumatra, West Java and West Kalimantan 

regions, centred on Tanjung Priok in Jakarta; 

 PT, Pelindo Ⅲ: Control over the Central and Eastern Java regions, centred on 

Surabaya Tnajung Perak; 

 PT, Pelindo Ⅳ: Control over the Sulawesi, Eastern Kalimantan and Papua regions, 

centred on Balipapan. 
 

The port infrastructure, which is lagging compared to Indonesia's economic growth, is 

becoming a problem, particularly with regard to port congestion. To develop as a global 

maritime country, the Government's policy is focused on improving port efficiency and 

competitiveness. Accordingly, the Government plans to develop 24 commercial ports and 

more than 1,000 domestic ports and procure its own ships through fiscal investment of 

about US$55.4 billion. 

The 24 ports that are subject to renovation consist of five hub ports and 19 feeder ports. The 

five hub ports are Belawan, Tanjung Priok, Tanjung Perak, Makassar, and Batung Port. The 

planned network is to be centred on six major ports (Belawan, Batam, Tanjung Priok, Tanjung 

Perak, Makassar and Sorong). The Government began developing Patimban port in West Java 

Subang in 2018 to alleviate the congestion of Tanjung Priok port (approximately US$3 billion); 

completion, through three stages of development, is scheduled for 2027 

(c) Malaysia 

Malaysia is strategically located on major international shipping routes, which has a key 

advantage of not requiring transshipment in its global supply chain. However, due to the 

frequent congestion of Malaysian port facilities, government-led investment has been made 

in major port facilities, and future investment is expected in the eastern Malaysia region and 

in the country’s underdeveloped regions. Table 6 shows the annual volume in Malaysia from 

2014 to 2018. 

  

                                         
15 Pelabuhan Indonesia (Pelindo) of IPC is an Indonesian state-owned enterprise that specializes in 

seaport operation, development and investment. 
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Table 6. Annual volume in Malaysia16 

(Unit: TEU) 

Year 2014 2015 2016 2017 2018 

Volume 22,645,237 24,259,700 24,570,000 23,784,100 24,956,000 

 

Prime Minister Najib of Malaysia announced the eleventh Malaysia Plan (2016-2020), which 

includes a project budget of US$72.8 billion, with an allocation of 50% of the budget to 

infrastructure construction. Malaysia aims to strengthen port accessibility for large vessels by 

promoting national port policies to improve port infrastructure, establishing port 

communication and electronic systems, and improving port capacity. 

Major ports in Malaysia include Port Klang, Port Tanjung Pelpas, Port Penang, Port Johor, 

Port Sabah and Port Bintulu. In the medium term, Port Klang will record an annual average 

growth rate of 3.9-4.3% during 2021-2024, while container throughput will increase. It is 

expected that Port Tanjung Pelepas will maintain a 3.4% bulk cargo throughput growth rate 

and a 4.1% container throughput growth rate during the same period. Figure 9 shows the 

container volume of Port Klang. Table 7 shows the volume of major ports in Malaysia from 

2018 to 2024. 

 

Figure 9. Container volume of Port Klang (2018-2024)17 

 
 

 

                                         
16 Source: World Bank Container port traffic: https://data.worldbank.org/indicator/IS.SHP.GOOD.TU 
17 Data: Fitch Solution. 
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Table 7. Volume of major ports in Malaysia (2018-2024)18 

(Annual growth rate: %) 

Port 2018 2019 2020 2021 2022 2023 2024 

Cargo volume of Port 

Penang (1K tons) 

34,408 32,772 29,835 30,363 30,818 31,348 31,895 

Annual cargo volume 

rate of Port Penang 

(tons %) 

5.0 -4.8 -9.0 1.8 1.5 1.7 1.7 

Container volume of 

Port Penang (TEU) 

1,510,376  1,490,645 1,232,682 1,279,049 1,319,011 1,365,620 1,413,583 

Annual cargo volume 

rate of Port Penang 

(TEU %) 

-0.9 -1.3 -17.3 3.8 3.1 3.5 3.5 

Cargo volume of port 

of Port Klang (1K 

tons) 

220,884  243,062 196,967 205,253 212,393 220,721 229,292 

Annual cargo volume 

rate of Port Klang 

(tons %) 

4.4 10.0 -19.0 4.2 3.5 3.9 3.9 

Container volume of 

Port Klang (TEU) 

12,316,003  13,589,717 10,761,268 11,269,665 11,707,828 12,218,878 12,744,767 

Annual cargo volume 

rate of Port Klang 

(TEU %) 

2.8 10.3 -20.8 4.7 3.9 4.4 4.3 

Cargo volume of port 

of Port Tanjung 

Pelepas (1K tons) 

131,234  137,203 113,858 118,054 121,670 125,888 130,229 

Annual cargo volume 

rate of Port Tanjung 

Pelepas (tons %) 

0.5 4.5 -17.0 3.7 3.1 3.5 3.4 

Container volume of 

Port Tanjung Pelepas 

(TEU) 

8,960,865  9,077,485 7,286,837 7,608,696 7,886,090 8,209,628 8,542,560 

Annual cargo volume 

rate of Port Tanjung 

Pelepas (TEU %) 

8.5  1.3 -19.7 4.4 3.6 4.1 4.1 

Cargo volume of port 

of Port Kuantan (1K 

tons) 

17,998  26,099 22,852 23,436 23,938 24,525 25,129 

Annual cargo volume 

rate of Port Kuantan 

(tons %) 

3.1 45.0 -12.4 2.6 2.1 2.5 2.5 

Container volume of 

Port Kuantan (TEU) 

149,912 154,150 136,213 139,437 143,216 145,456 148,791 

Annual cargo volume 

rate of Port Kuantan 

(TEU %) 

2.0 2.8 -11.6 2.4 2.0 2.3 2.3 

 

                                         
18 Data: Fitch Solution. 
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The Government of Malaysia intends to gradually expand the capacity of Port Tanjung 

Plepas (PTP) by 2030 and expects to handle more than twice the current throughput. 

Currently, PTP can handle up to 12.5 million TEU per year and, if expanded, will be able to 

handle 30 million TEU per year by 2030. 

(d) Myanmar 

The Government of Myanmar has selected, and is promoting the expansion of infrastructure 

strategically based on a total of 12 economic policy guidelines. It is expected that the port 

infrastructure expansion will be activated in the future due to the continuous increase in 

import and export volume. If the port development proceeds in earnest, Myanmar will 

emerge as a key place for maritime transportation in China, India, and the Indochina region.  

The major ports of Myanmar are in Yangon, Thilawa, and Kyaukpyu. Yangon Port has three 

terminals making it a multi-purpose port. An additional berth and unloading construction 

project are planned for the Yangon Port so that 43 ships can berth simultaneously. 

The growth rate of the container and general cargo volumes in Yangon port in 2020 are 

estimated to have been 5.2% and 5.6%, respectively, and in 2021 are expected to increase to 

7.4% and 5.3%, respectively, amounting to about 1.5 million TEU of container throughput 

and 10.2 million tons of general cargo. 

Table 8 shows the cargo volume of Yangon port from 2018 to 2024 and table 9 shows the 

annual volume in Myanmar from 2014 to 2018. 

 

Table 8. Cargo volume of Yangon port (2018~2024)19 

Elements 2018 2019 2020 2021 2022 2023 2024 

Tonnes(k ton) 9,074  11,336 11,971 12,607 13,262 14,121 15,008 

Annual cargo 

volume rate 

(tons %) 

-12.5 24.9 5.6 5.3 5.2 6.5 6.3 

TEU 1,043,469  1,427,173 1,501,386 1,612,669 1,727,157 1,877,395 2,032,448 

Annual cargo 

volume rate 

(TEU %) 

-1.4 36.8 5.2 7.4 7.1 8.7 8.3 

 

 
 

 

 

                                         
19 Data: Fitch Solution. 
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Table 9. Annual volume in Myanmar 20 

(Unit: TEU) 

Year 2014 2015 2016 2017 2018 

Volume 716,926 827,249 1,026,216 1,120,000 1,288,000 

 

Thilawa Port is an alternative option to Yangon Port. It was a container-only port when it 

opened, but it now also handles general cargo such as wood, rice, and steel. In the case of 

Kyaukpyu Port, the Government of China has invested US$2.5 billion in developing the 

Kyaukpyu New Port, and construction of the road connecting it to southwestern China is 

underway. 

From a mid- to long-term perspective, Myanmar's Special Economic Zone (SEZ) development 

by 2024 is expected to revitalize trade through the development of transportation 

infrastructure. In particular, growth of the shipping domain is expected through port 

development, and transportation networks between countries in the Mekong area are 

expected to be strengthened through the establishment of economic corridors. Considering 

the project pipeline of Thilawa Port development, it is expected that the pier development 

project will proceed to enable handling of various types of cargo. SEZ development is 

expected to contribute to the economic development of Myanmar, such as increased 

attraction of both foreign investment and port operating income. 

The Japan International Cooperation Agency (JICA) has decided to provide funding of about 

US$52.96 million for the development of Mandalay Port, and is expected to increase the 

efficiency of inland and maritime transportation of goods through this project. The project, 

which is set for completion in 2021, will be able to handle up to 200,000 tons of cargo per 

year and is expected to improve the efficiency of cargo handling per hour by up to six times 

its present level. 

The Ministry of Transportation and Communications (MOTC) in Myanmar has announced 

that it will build inland ports on the Ayeyarwady and Chindwin rivers to strengthen inland 

transportation. The inland ports will serve as a major element in strengthening waterway 

transportation and logistics competitiveness, and they are expected to play a key role in 

promoting trade with India, China and Thailand in line with the Myanmar National 

Development Plan and the logistics master plan. 

Five inland regional ports including Magway regions on the Ayeyarwady River, Pakokku and 

Bhamo regions, and the Kalewa and Monywa regions on the Chindwin River will be 

                                         
20 Source: World Bank Container port traffic: https://data.worldbank.org/indicator/IS.SHP.GOOD.TU 
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constructed. The project is one of the Government's preferred infrastructure projects 

registered with the Myanmar Project Bank.  

(e) Thailand 

Singapore's logistics costs amount to 5%-6% of GDP and Malaysia's logistics costs amount to 

10%-11%. However, Thailand's logistics costs amount to 15% (as of 2013), so that country’s 

logistics efficiency is lower than that of other countries in the region.  

Therefore, the Government of Thailand is expected to continue driving the growth of the 

cargo and shipping domain through the development of infrastructure for the transportation 

sector, worth US$40 billion during the next 5 to 10 years.  

Most of the projects are mainly for railroad expansion and network advancement to reduce 

dependence on roads and increase the amount of cargo that is handled. Thailand's 

transportation sector is expected to develop significantly in response to efforts to establish 

itself as a logistics hub in South-East Asia. 

In the port area, the Port Authority of Thailand (PAT) will invest about US$3.4 billion in the 

development of the country’s port infrastructure, centred on Laem Chabang Port and 

Bangkok Port. PAT also plans to expand the railway transport container capacity of Laem 

Chabang Port from 400,000 TEU to 2 million TEU, and to expand to 16 lanes Highway 7 that 

connects with Laem Chabang Port as well as expand the coastal terminal and container yard 

at Bangkok Port. 

Table 10 shows the annual volume in Thailand from 2014 to 2018 and table 11 shows the 

volume of major ports in Thailand from 2018 to 2024. 

 

Table 10. Annual volume in Thailand21 
(Unit: TEU) 

Year 2014 2015 2016 2017 2018 

Volume 9,420,450 9,522,320 9,940,320 10,732,000 11,185,200 

 

  

                                         
21 Source: World Bank Container port traffic: https://data.worldbank.org/indicator/IS.SHP.GOOD.TU 
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Table 11. Volume of major ports in Thailand, 2018-2024 

(Annual growth rate: %)22  

Port volume 2018 2019 2020 2021 2022 2023 2024 

Cargo volume 

of Bangkok port 

(1K tons) 

20,247 19,866  17,553 18,253  18,919  19,446  20,011 

Annual cargo 

volume rate of 

Bangkok port 

(tons %) 

-1.5 -1.9 -11.6 4.0 3.7 2.8 2.9 

Container 

volume of 

Bangkok port 

(TEU) 

1,497,444 1,451,131 1,275,485 1,315,450 1,353,488  1,383,588  1,415,828 

Annual cargo 

volume rate of 

Bangkok port 

(TEU %) 

0.1 -3.1 -12.1 3.1 2.9 2.2 2.3 

Cargo volume 

of Laem 

Chabang port 

(1K tons) 

85.820 89,202  74,190  81,425 88,312  93,762  99,599 

Annual cargo 

volume rate of 

Laem Chabang 

port (tons %) 

3.1 3.9 -16.8 9.8 8.5 6.2 6.2 

Container 

volume of Laem 

Chabang port 

(TEU) 

8,015,880 8,063,982  6,840,651  7,430,277  7,991,472  8,435,554  8,911,220 

Annual cargo 

volume rate of 

Laem Chabang 

port (TEU %) 

4.5 0.6 -15.2 8.6 7.6 5.6 5.6 

 

The Port of Laem Chabang is the fourth biggest port in South-East Asia and is just outside the 

world’s top 20 ports. It has an annual traffic rate of 8 million TEU and is home to Thailand’s 

most advanced container terminal, Terminal D, which was opened by Hutchison Port in 

January 2019. Once fully developed, Terminal D’s capacity will increase by 3.5 million TEU. 

Hutchison Port plans to introduce remote control crane technology, an online electronic 

tracking service, gate automation and blockchain technology, with the aim of building 

Thailand’s first and most complete smart port at Terminal D. 

Laem Chabang Port is expected to outperform Bangkok Port in terms of average container 

                                         
22 Data: Fitch Solution. 
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and tonnage throughput in 2020-2024. By the end of 2024, the average throughputs of 

container and tonnage are expected to reach 2.4% and 2.8%, respectively, amounting to 8.9 

million TEU and 99.6 million tons, respectively. On the other hand, at Bangkok Port the 

container and tonnage throughputs in 2020 were expected to have declined by 12.1% and 

11.6%, respectively. Both ports are expected to show positive growth in 2021. 

Bangkok port is along the Chao Phraya River, adjacent to industrial complexes such as that in 

Ayutthaya Province. Currently, two container terminals are operated by PAT at Bangkok Port, 

which is an inland port; thus, access by ships over 1,800 TEU is restricted (maximum depth is 

8.5 metres). Large container ships use at Laem Chabang Port, which is two hours away from 

Bangkok. Therefore, PAT plans to increase multipurpose terminal throughput by moving the 

existing multipurpose terminals with a pier length of 360 metres to the west of the 

container terminal. 

In addition, PAT has initiated a feasibility study for the development of a third container 

terminal at Bangkok’s Klong Toei port and will discuss investment for 2-3 years. When the 

new terminal is developed, the annual throughput at the Bangkok port is expected to 

increase from 1.5 million TEU to 2.6 million TEU. The construction and operation are highly 

likely to be in the form of a public-private partnership (PPP) or a build-operate-transfer (BOT) 

project. 

(f) Viet Nam 

Viet Nam has 45 ports with a total weight capacity of more than 550 million tons; however, 

the total number of ports reaches 320 if all the country’s small ports included. Major ports 

are located at Hai Phong and Da Nang in the northern region, Quy Nhon in the central region 

and Ho Chi Minh in the southern region. Table 12 shows the annual volume in Viet Nam from 

2014 to 2018 and figure 10 shows the container throughput at the port of Ho Chi Min City 

from 2018 to 2024.  

Viet Nam handles its import and export trade volume through three major ports – Hai Phong 

in the northern region (29%), Danang in the central region (4%) and Ho Chi Minh in the 

southern region (59%). 
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Table 12. Annual volume in Viet Nam23 
 (Unit: TEU) 

Year 2014 2015 2016 2017 2018 

Volume 10,188,873 11,478,573 11,853,000 15,325,509 16,374,195 

 

 

Figure 10. Port of Ho Chi Minh City (Saigon New) container throughput, 

2018-202424 

(TEU: %) change Year-on-Year (YOY) growth 

 

During the past decade, Viet Nam's rapid economic growth has highlighted the importance 

of its ports as, the demand for shipping and transportation has increased. Container volume 

has grown by 10%-12% every year, far exceeding the growth rate of the global port industry 

by 3%. Table 12 shows the volume of major ports in Viet Nam from 2018 to 2024. 

Table 13. Volume of major ports in Viet Nam, 2018-202425 
(Annual growth rate: %) 

Port volume 2019 2020 2021 2022 2023 2024 

Cargo volume of Ho Chi 

Minh Port (Saigon New) 

(1K tons) 

78,268  52,961  78,044  85,655  93,913  102,872 

Annual cargo volume 

rate of Ho Chi Minh Port 

(Saigon New) (tons %) 

10.5 -32.3 47.4 9.8 9.6 9.5 

Container volume of Ho 

Chi Minh (Saigon New) 

5,106,673  3,798,868  5,095,062  5,488,370  5,915,109  6,378,120 

                                         
23 Source: World Bank Container port traffic(https://data.worldbank.org/indicator/IS.SHP.GOOD.TU) 
24 Source: Rapid recovery expected in 2021. 
25 Data: Fitch Solution. 
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(TEU) 

Annual cargo volume 

rate of Ho Chi Minh Port 

(Saigon New) (TEU %) 

8.2 -25.6 34.1 7.7 7.8 7.8 

Cargo volume of port of 

Da Nang port (1K tons) 

9,433  6,778  9,410  10,208  11,075  12,015 

Annual cargo volume 

rate of Da Nang port 

(tons %) 

9.0 -28.1 38.8 8.5 8.5 8.5 

Container volume of Da 

Nang (TEU) 

474,901  329,856  473,613  517,233  564,562  615,913 

Annual cargo volume 

rate of Da Nang port 

(TEU %) 

28.3 -30.5 43.6 9.2 9.2 9.1 

 

The Government of Viet Nam has established a basic plan for port system development by 

2030. It aimed to transport 120 million tons of cargo by 2020 and 160 million tons of cargo 

by 2030.26 According to the plan, the development of deep seaports through private capital 

investment is being considered for Lach Huyen port in Hai Phong, Lien Chieu port in Da Nang 

city, Tran De port in the Soc Trang area, and Hon Khoai port in the Ca Mau region, among 

others. 

As part of the 2020 Port Industry Strategy Development Plan, which is scheduled for 

completion in 2030, Viet Nam is aiming to develop a large-scale level A1 port with a vessel 

capacity of 100,000 tons or more (containers of 8,000 TEU). The needed budget for the port 

development is expected to total between US$4 million and US$5 million. 

While the sources of investment are expected to include the government budget and private 

investment, PPP investment is expected to be the main source. 

The Government of Viet Nam has approved investment of US$300 million for development 

of berths 3-4 of the port of Lach Huyen, while Hai Phong Port will self-raise 45% of its total 

investment with the remainder sourced from loans. Although this project is expected to be 

completed in 2025, berth 3 is scheduled to be completed and in operation by 2022. 

Terminals 3 and 4, with a total length of 750 metres, will accommodate 100,000-ton ships 

and are expected to handle 1.1 million TEU of cargo annually. 

 

 

                                         
26 Source: https://www.hellenicshippingnews.com/vietnamese-port-infrastructure-needs-to-keep-pace-

with-growth 
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3.2.Main issues in transition to smart ports in Asia and the Pacific 

As mentioned above, around 90% of the world’s trade occurs via maritime transport, so 

seaports play a key role in the global economy. Of the top 50 world container ports, Asia 

accounted for 70% of global port container traffic in 2018 (figure 11).27 

 

Figure 11. Top 50 container ports28 

 

Ports may be increasingly implementing innovations in the entire value chain by 

implementing a wide range of the advanced technologies. This may result in the maritime 

transport sector facing the impacts of technical, business, and sustainable factors. Therefore, 

ports need to improve their capability and productivity by using the advanced technologies. 

However, analysis of the port status of ESCAP member States indicates that although they 

have made extensive efforts to improve, many areas still remain in need of further 

development. 

The ratio of manual processing using paper documents is still high, even though manual 

processing is being transformed to online processing by gradually introducing information 

systems and port automation. Another point is that gaps in informatization and automation 

between the private sector (e.g., container terminals) and the public sector of ESCAP 

member States still exist, so users are experiencing difficulties in their business processes. 

Although ESCAP member States want to resolve these issues, they are still experiencing 

difficulties in promoting digitalization or facilitating smart ports  because of budget and 

                                         
27 Source: World Shipping Council (homepage: www.worldshipping.org) 
28 Source: World Shipping Council 
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resource limitations. 

Fortunately, the port authorities of ESCAP member States are working with Official 

Development Assistance (ODA) organizations and are partially improving the port operation 

process in the public sector as well as implementing information systems for efficient port 

operation. Another factor is that most ESCAP member States are currently in the process of 

planning or establishing a national roadmap or masterplan to secure national 

competitiveness, stabilize port operations and improve port efficiency. Therefore, ESCAP 

member States will be working to build smart ports as well as port automation and 

informatization as detailed in national logistics roadmaps (master plans) in the near-future. 

Finally, increasing the competitiveness of the seaports of ESCAP member States will require 

constant improvement in port performance. Some ESCAP member States, such as Singapore, 

China, and the Republic of Korea, are acting as hub ports thanks to their effective operations 

and maintenance by port digitalization or transformation into smart ports. Meanwhile, some 

other countries such as Indonesia, Malaysia, Thailand, and Viet Nam, are expected to 

continue the development not only of their ports but also of their infrastructure and 

transportation facilities in general. 

This report recommends the following steps for ESCAP member States to take in the 

transformation to smart ports; 

 Using a national masterplan (or roadmap) or stepwise approach, ESCAP member 

States can analyse the current status of the country's ports (“AS-IS” analysis), and 

define the challenges and issues facing the country’s ports; 

 ESCAP member States may then design and develop a “TO-BE” model of smart ports, 

based on the results of the “AS-IS” analysis; 

 ESCAP member states will be able to develop and operate smart ports, based on the 

“TO-BE” model. 

 

3.3. Development plan for smart ports in the ESCAP region 

ESCAP has worked with selected Member States to study their port status, their definition of 

smart ports and future related development plans. Target countries were Cambodia, 

Malaysia, Myanmar, Thailand, Viet Nam, and the Republic of Korea. This section reviews 

national reports and describes the current status of countries participating in the research 

project, as well as their priorities and needs, including in terms of future support by ESCAP 

and other development partners. 
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(a) Cambodia 

Category Description 

Country 

overview 

 Located in the south-east area of the Indo-China Peninsula in South-East 

Asia. 

 GDP in 2017: US$22.18 billion. 

Status of 

ports 

 Inland waterway ports: Phnom Penh, Kampong Cham, Kratie, Stung Treng, 

Siem Reap, Kampong Chhnang, Kandal, Battambang and Pursat 

 Seaports: Sihanoukville Province, Koh Kong, Kampot, Kep. 

 Only two ports are operating with a port information system: 

◦ One is a seaport (Sihanoukville) and the other is an inland waterway port 

(Phnom Penh). 

Challenges  Work inefficiency and low productivity of port operations by manual 

processing. 

 No information linkage due to the low level of informatization. 

 Poor quality of information accuracy by manual processing. 

Plan for 

smart port 

 Cambodia’s goals for starting smart ports: 

◦ Improve work efficiency, transparency and accountability in port 

operations; 

◦ Ensure port automation, real-time tracking through information, 

increasing predictability and pursuing logistics efficiency etc. 

 Strategic approach for smart ports: 

◦ Consider the various aspects concerned in constructing smart ports in 

Cambodia, such as business, legal and technical; 

◦ Establish a national strategy, development plan and action plan for smart 

ports; 

◦ Revise related regulations, laws and policies concerning smart ports, and, 

if necessary, issue new ones; 

◦ Collect opinions by establishing a port community with relevant 

government departments and stakeholders. 

Role of 

country 

 Secure the required budget for smart ports; either national budget or ODA 

funding; 

 Develop a relationship with international organizations or donor agencies; 

 Form a partnership with private sector. 

Role of 

ESCAP 

 Help to prepare a proposal for funding. 

 Seek assistance from ESCAP in: 

◦ Preparing a strategic development plan for a smart port;  

◦ Formulating legislative documentation related to smart port 

development and operations 
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◦ Organizing capacity-building workshops to improve the capability of 

Cambodian port officers. 

 

(b) China 

Category Description 

Challenges 

and issues 

 High cost of wharf automation transformation. 

 Low flexibility of port service mode. 

 Lack of systematic action, coordination and balance as well as the personnel 

redundancy after production automation. Insufficient sharing of port 

collection and distribution information 

 Low cooperation ability of port logistics chain. 

 Gaps in the construction environment and system integrity, innovation 

ability and driving force. 

Plan for 

smart port 

 Needs for smart ports: 

◦ An effective way to realize scientific and sustainable development of 

ports in China; 

◦ An inevitable requirement for improving the integrated service capacity 

and level of port logistics supply chain, and realizing the improvement of 

efficiency and high-quality development of the port industry in China; 

◦ An important starting point for promoting the integration of information 

resources and business linkages of port logistics, in order to build a 

"smart port ecosystem". 

 Smart port demonstration project: 

◦ By China’s Ministry of Transport in May 2017; 

◦ Participants: the ports of Shanghai, Qingdao, Ningbo-Zhoushan, Dalian, 

Tianjin, Guangzhou, Hebei, Tangshan, Nanjing, Xiamen, Port Bureau of 

Jiangsu provincial transportation department, Fujian port and shipping 

administration and Anhui Wanjiang logistics (Group) Co., Ltd.; 

◦ Key points: port smart logistics and safety management of dangerous 

goods. 

 Applied technologies for smart port demonstration project: 

◦ Smart fundamental layer: satellite navigation, real-time image 

recognition sensor, IoT, 5G etc.; 

◦ Smart supportive layer: GIS, CCTV, Big Data, cloud computing, etc.; 

◦ Smart applicative layer: automatic terminal, smart gate, mobile Internet, 

EDI, electronic documents, Single Window and credit system, etc.; 

◦ Smart extensional layer: AI, blockchain, VR, BIM, digital twin, etc. 
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Next Step  Prepare and provide macro guidance and policy support for the 

development of smart ports. 

 Promote the application of 5G in the construction of smart ports. 

 Realize digital empowerment and innovative business service mode 

continuously by integrating Big Data and blockchain for smart ports. 

 Realize the organic integration of information, technology, and business 

 Develop smart port construction standard system. 

Role of 

ESCAP 

 Need assistance of ESCAP in developing: 

◦ International communications; 

◦ Intelligence and financial support; 

◦ International cooperation of standard body (e.g., ISO). 

 

(c) Malaysia 

Category Description 

Country 

overview 

 Strategic location in the region with the west coast of peninsular Malaysia 

bordering the Straits of Malacca, and the east coast of peninsular Malaysia, 

Sabah and Sarawak bordering the South China Sea. 

Status of port  A total of 30 major and medium-sized ports.  

 Efficient port operation since port privatization in the 1990s, including the 

Klang and Tanjung Pelepas (PTP) ports. 

 Ranked among the world’s top 20 busiest ports, handling about 30% of the 

regional container trans-shipment business. 

 Estimated total capacity of 49 million TEU, including 7.5 million TEU spare 

and 16 million TEU added capacity in 2016. 

Plan for 

smart port 

 Port expansion plan: 

◦ A large port expansion plan prepared for Klang port, PTP, Kuantan port 

and Sepanggar container port in Sabah 

◦ Competing with port developments in South-East Asia. 

 National port strategy: 

◦ Commissioned by the World Bank to formulate a National Port Strategy 

to analyse Malaysia’s port capacity and expansion plans; 

◦ World Bank recommendation: Re-examine the port expansion plans, 

develop a smart port, embrace digitalization and streamline the port 

authorities. 

Role of 

country 

 Revisit the National Port Strategy by: 

◦ Re-examining Port Expansion Plans 
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◦ Developing smart ports; 

◦ Embracing digitalization; 

◦ Streamlining port authorities. 

Role of 

ESCAP 

 Seek assistance from ESCAP in: 

◦ Developing a strategic development plan for smart ports;  

◦ Formulating legislative documentation related to smart port 

development and operations; 

◦ Organizing capacity-building workshops to improve the capability of 

Malaysian port officers. 

 

(d) Myanmar 

Category Description 

Country 

overview 

 Located in South-East Asia, with a coastline of about 2,228 km. 

 Adjacent borders with five other countries. 

Status of port  Nine main ports in Myanmar: 

◦ The port of Yangon: International maritime traffic in Myanmar, with an 

inner harbour area and Thilawa terminals area. 

◦ The other eight ports – costal and domestic traffic. 

 Port operations: 

◦ PPP terminals (93.6%), public terminals (6.4%); 

◦ A port EDI system with six functions, i.e., port clearance procedures, 

berth allocation, invoice issuing, statistics management, logistics 

monitoring and terminal operation system. 

Challenges  Resistance to change among bureaucrats. 

 Lack of autonomy (restriction) in recruitment and budget allocation (for 

government agencies). 

 Lack of technological knowledge. 

 Limited human resources. 

Plan for 

smart port 

 Required functionality for smart ports: 

◦ Sustainable and efficient port operations; 

◦ Digitalization for predictable and safe port operations; 

◦ Ensuring transparency, predictability, and efficient of port operations  

 National strategies for smart ports: 

◦ Phase 1 (interconnection for ease of operation and management): PCS, 

trucking/congestion management system, vessel traffic management 

system (VTMS) and an e-payment system  
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◦ Phase 2 (automation for operational efficiency, safety and security) – 

access control and surveillance system, automatic truck identification 

and tracking, and automatic equipment tracking/monitoring; 

◦ Implementation of a national Single Window for improving port 

productivity, A one-stop service and harmonization with port 

development in the region. 

 Strategic approach for smart ports: 

◦ Development of a detailed national long-term port master plan; 

Revision of related regulations, laws and policies for smart ports and, if 

needed, the introduction of new ones; 

◦ Collect opinions by establishing a port community with relevant 

government departments and stakeholders. 

Role of 

country 

 Secure the required budget for smart ports; either national budget or ODA 

funding. 

 Establish a relationship with international organizations or donor agencies. 

 Form a partnership with private sector. 

Role of 

ESCAP 

 Help to prepare a proposal for funding. 

 Provide assistance in: 

◦ Developing the strategic development plan for a smart port;  

◦ Formulation of legislative documentation related to smart port 

development and operation; 

◦ Organizing capacity-building workshops to improve the capability of 

Myanmar port officers. 

 

(e) Republic of Korea 

Category Description 

Country 

overview 

 A peninsula country and willing to play a role as a hub in North-East Asia. 

 More than 90% of the country’s total import and export volume is by sea 

transportation. 

Status of port  Outlines of port facilities in 2018: 

◦ A total of 31 trade ports handling international cargo and 29 coastal 

ports handling domestic cargo; 

◦ Total berth length is 188km, and total number of berths are 977; 

◦ Cargo handling capacity is 1,188 million tons. (1.7% increase year on 

year). 

 Automatically processing of port operations by information systems: 

◦ Port Management Information System (Port-MIS); 
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◦ National Single Window; 

◦ TOS (Terminal Operating System); 

◦ GCTS (Global Container Tracking System); 

◦ GICOMS (Information Centre on Maritime Safety and Security); 

◦ VTS (Vessel Traffic Service); 

◦ e-Navigation etc. 

Challenges  Need to secure domestic technology for smart industry and enact relevant 

legal system. 

 Urgent need to solve occupation problem for port labourers, which is quite 

serious. 

Plan for 

smart port 

 National strategy for smart ports: 

◦ Establish smart maritime logistics through automated and digitalized 

ports; 

◦ Introduce a digital management and construction system by using the 

4IR technologies; 

◦ Foster manpower and outstanding companies regarding smart logistics; 

◦ Development of domestic technology for automated ports. 

 Some of the action plans for smart ports: 

◦ Establish and execute a smart ports construction plan; 

◦ Autonomous vessel research and development project now in progress; 

◦ Completion of port-centric network construction and 5G installation for 

smart ports in progress; 

◦ In the process of developing technology and processes for smart ports; 

◦ Testbed construction for developed technologies and processes to reduce 

trial and error and improve performance by feedback. 

Role of 

country 

 Develop a relationship with international organizations. 

 Form a partnership with the private sector. 

Role of 

ESCAP 

 Share related information of smart ports with ESCAP member States. 

 Prepare legislative documentation and guidance related to smart port 

development and operation and share it with ESCAP member States. 

 Organize capacity-building workshops to improve the capability of ESCAP 

member States in the field of smart port development and operation. 

 

(f) Viet Nam 

Category Description 

Country  Viet Nam is ranked fourth in ASEAN and twenty-ninth globally in terms of 
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overview port functionality. 

 The country has 286 ports with total 8.22 km in length and 550 million tons 

in capacity. 

 Constant growth in port sector: 

◦ Containers: 19.5 m. TEU (an increase of 6% compared with 2018); 

◦ Passengers: 7.5 million (an increase of 22% compared with 2018). 

 Average time in port for container ships – 1.03 days (global average – 0.69; 

UNCTAD) 

Status of port  Seaports: 32 ports, 272 berths, 550 million tons capacity: 

◦ Group 1: Northern seaport group, 4 ports, 65 berths; 

◦ Group 2: Northern centre seaport group, 3 ports, 19 berths; 

◦ Group 3: Mid-Centre seaport group, 6 ports, 28 berths; 

◦ Group 4: Southern Centre seaport group, 5 ports, 25 berths; 

◦ Group 5: South-Eastern seaport group, 4 ports, 99 berths; 

◦ Group 6: Mekong Delta seaport group, 10 ports, 36 berths. 

 Low container throughput at port (e.g., Cat Lai) caused by port congestion 

and traffic jams. 

 Possess and operate individual information systems for each Viet Nam Port 

Authority. 

Challenges  Volume of cargo is increasing 10%-15%annually. 

 Enlargement of ports due to increased congestion and the need to 

accommodate large ship. 

 Limited knowledge of smart ports, which are needed in order to improve 

port capabilities. 

 Need to improve knowledge about smart ports and to develop an in-depth 

smart port development plan. 

 Need to develop a common and standard approach to using individual 

systems of each port. 

 A lack of information linkage between port information systems. 

Plan for 

smart port 

 A masterplan was developed for Viet Nam’s seaport system up to 2020, 

orientation up to 2030: 

◦ Decision 1037/QĐ-TTg, approval of Viet Nam port system planning to 

2020, a vision to 2030; 

◦ Decision 2027/QĐ-BGTVT Ministry of Transport, dated 29 October 2020, 

approval of project on green port development. 

 Way of developing smart ports: 

◦ Operation: e-port, e-clearance formalities and automation; 

◦ Sustainability: renewable energy, air quality (lower emissions), less noise 

https://thuvienphapluat.vn/phap-luat/tim-van-ban.aspx?keyword=2027/Q%c4%90-BGTVT&area=2&type=0&lan=1&match=False&sort=2&vc=True
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pollution, improved port reception facility; 

◦ Safety and security: higher technical standards for ships, efficient 

enforcement. 

 Next step for smart ports: 

◦ In-depth development of a national strategy, development plan and 

action plan for smart ports; 

◦ Revision of related regulations, laws and policies for smart ports and, if 

needed, new ones formulated; 

◦ Collect opinions by establishing a port community with relevant 

government departments and stakeholders. 

Role of 

country 

 Revision of related regulations, laws and policies for smart ports and, if 

needed, formulation of new ones. 

 Revision of the masterplan of smart ports. 

 Administrative procedures for e-ports ports, including customs and 

immigration, and ASEAN Single Window. 

Role of 

ESCAP 

 Provide assistance in securing the required budget for smart ports with 

national budget or ODA funding. 

 Assistance of ESCAP in: 

◦ The development of a research project for the strategic development of 

smart ports;  

◦ The provision of guidelines or instructions for smart port development; 

◦ Organizing capacity-building workshops to improve the capability of 

Vietnamese port officers 

 

3.4. Review of national reports 

The review of the national reports illustrates a varying level of smart port development.  

Some ESCAP member States (e.g., China and the Republic of Korea) have established 

national strategies and detailed action plans for smart ports, and some action plans have 

already been implemented. In addition, some countries (e.g., Viet Nam and Malaysia) have 

established national masterplans or strategies for smart ports. 

Other ESCAP member States (e.g., Myanmar and Cambodia) have launched port information 

systems using e-documents (EDI) and have introduced port automation, so it can be seen 

that they have a high determination to develop smart ports to achieve port efficiency and 

productivity. 

Most of the countries that have participated in the preparation of national reports agree on 

the necessity of smart ports, but they are facing the following challenges: 
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 Continuing inefficiency and unsatisfactory performance of port operations by manual 

processing; 

 Difficulty in ensuring data accuracy by insufficient information systems; 

 Few links with other organizations' information systems; 

 The need to establish a smart port construction strategy and detailed plan; 

 The need to strengthen the capability of port manpower; 

 The need to secure funding by the national budget or ODA funding. 

 

Therefore, the countries that participated in the preparation of national reports want ESCAP 

to support the following actions: 

 Secure and share information on best practices for smart ports; 

 Organize capacity-building workshops to strengthen capability and technology skill of 

port manpower; 

 Establish strong relationship with international organizations; 

 Standardization of business, regulations and technologies required for smart ports; 

 Preparation of research projects for guidelines or consulting service for smart ports;; 

 Preparation of pilot projects on what and how to develop smart ports within the 

ESCAP region; 

 The provision of support for ESCAP member States in securing funding. 

3.5. COVID-19 and smart ports 

The COVID-19 pandemic has created unexpected danger and chaos in various industries. In 

addition to economic losses, operation methods need to be changed as global lockdowns, 

entry restrictions, movement restrictions, border closures and contact service disruptions 

have resulted in damage to the global supply chain. It is clear that COVID-19 is forcing a 

global “non-contact life” that humankind has never experienced until now. 

As shown in figure 12, the impact of COVID-19 on industry is highly significant. Transport 

Intelligence (Ti), a UK logistics consulting firm, recently announced the results of a survey 

that showed the growth rate of global sea and air cargo volumes could drop by up to -7.5% 

in 2020. Because about 90% of the world's trade volume is transported by sea, the shipping 

sector also has been directly affected by the trade downturn. If the spread of COVID-19 

subsides and each country's economic stimulus measures are implemented, there may be a 

recovery in some sectors, but there may still be a chain impact from a worsening global 

economy. 
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Figure 12. The impact of COVID-19 on industry29 

 

 

In the post-COVID-19 period, the international situation in economies, finance and society is 

expected to unfold in new directions. In particular, there is a high possibility that the 

proportion of domestic value chains will increase, such as the return of production sites to 

the home country (reshoring). In addition, the global value chain is expected to be 

reorganized. Non-contact action in many industries, such as e-commerce, remote work, 

health care and education, will be introduced, and robots, artificial intelligence, smart 

factories, the Internet of Things (IoT), and augmented reality (AR) industries can be expected 

to increase. 

Subsequently, the transition to a non-contact society and the speed at which technologies 

are applied to industries can be expected to accelerate, thereby triggering new forms of 

innovation. Therefore, supply chain optimization must be realized through digital 

transformation that digitally connects and integrates resources, management, functions, and 

partners to create new logistics business models.  

In maritime transport, especially port operations, the advanced technologies such as robots, 

AI and digital twins, should be applied to infrastructure such as port facilities or equipment 

so that human-to-human contact can be minimized and is automated. In addition, the 

development of autonomous technology to enable port operation automation through (a) 

the acceleration of digital transformation, (b) establishment of a smart shipping and logistics 

system using a digital platform, (c) construction of eco-friendly ports that are aimed at 

                                         
29 Source: https://www.mckinsey.com/business-functions/risk/our-insights/covid-19-implications-for-

business 



57 

 

achieving a low-carbon economy, and (d) the development of a non-contact port business 

should be realized. 

A smart port is a comprehensive concept that strengthens automation, logistics optimization, 

energy efficiency, and connection with eco-friendly hinterland cities etc., by incorporating 

the 4IR technologies with maritime transport. Now is the right time to establish future-

oriented smart ports in which technology and humans, nature and the environment, logistics 

and economy co-exist. In addition, it will be possible to improve the efficiency and safety of 

marine transport and reduce logistics costs through the automation of maritime transport 

infrastructure and intelligent port operation systems. 
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4. Technical innovation and smart ports 
 

Because the global environment has been rapidly changing, the maritime transport industry 

has to work to become increasingly digital and more sustainable in order to cover user 

requirements and to meet challenging sustainable goals. In other words, it is now time for 

ports that want to maintain competitive power to adopt port digitalization and use advanced 

technologies to create productive, customer-friendly, efficient, and competitive ports. 

Innovation in the port business process and the introduction of the latest related technology 

are important in shaping the future for developing a smart port. Therefore, ports need to pay 

attention to digitalized port operations and how to harmonize the availability of the 4IR-

based service platforms with the legacy system. It is important to introduce emerging 

technologies – such as blockchain, AI and machine learning, robotics, and predictive analytic 

tools – as well as the standardization of port operations and related technology. Another 

crucial requirement is the gathering of data in an efficient way. 

Smart ports mean not only port digitalization but also modernization that has less adverse 

impact on the environment. The best strategies for smart ports in this regard are to minimize 

their carbon footprint, improve air quality and handle waste in a sustainable way. In addition, 

ensuring seamless logistics is an important facet in the integration of the whole supply chain 

with port operations and activities. 

Ports around the world should introduce continuous operational improvement in their drive 

to transform into smart ports. Smart ports are more efficient, innovative, and oriented to 

user services, thus enabling them to use all their available capacity and resources to manage 

operations and port services in a sustainable manner. Such ports will become permanently 

sustainable and competitive, with an efficient administration. 

4.1. Port development steps 

A recent research report released by Deloitte defines port development steps in four stages 

(generations) (Figure 13).  Most ports are at Phase 3 (logistics/supply chain port, which 

includes the following functions; work-handling using an information system by e-

documentation (in parallel with manual processing), terminal automation, loading/unloading 

using cranes, and RFID-based checking process. Smart ports are at Phase 4 and should be 

able to create a new business model by utilizing various 4IR technologies and solutions that 

are added to phase 3 ports. 

Analysis of ESCAP national reports in 2020 shows that ports of most ESCAP member States 

are at the initial stage of phase 3 and may be formulating a national master plan or roadmap 

for port improvement. 
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Figure 13. Smart ports are the fourth generation in port development30 

 

Figure 14. Port innovation by technological factors31 

 

 

4.2. The fourth industrial innovation and smart ports 

4.2.1. Technical strategy for smart ports 

Ports are a complex operational environment composed of different stakeholders who need 

to work together to maximize efficiencies for the entire supply chain. Digitizing ports is also a 

complex task and stakeholders should work together because they have close relationships. 

That is why a step-by-step approach to implementing smart ports is strongly needed. 

                                         
30 Source: Smart ports’ point of view, Deloitte Port Service, 2017. 
31 Non-exhaustive source: Monitor Deloitte – Deloitte Port Advisory. 
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Figure 15. Steps for implementing smart ports technology strategy32 

 
 

Figure 15 shows the steps for implementing smart ports technology strategy, as defined by a 

Boston Consulting Group (BCG) analysis. These steps are similar to the stepwise approach 

used in general system development. This report suggests a business and technical strategy 

that may be used in implementing smart ports (figure 16). 

 

Figure16. Stepwise approach for implementing smart ports 

 

First, the “pre-plan” stage defines a country's smart port strategy in accordance with the 

national port development strategy. In other words, a country should define in advance a 

masterplan or roadmap for port development. Next, that country's smart port strategy 

should be established according to the defined roadmap or masterplan. 

Second, the “plan” stage involves checking current port business (including the port 

operations) environment, system and facilities and establishing a plan and project schedule 

for smart port construction.  

Third, the "analysis" stage collects information and analyses the problems and requirements 

of the current port. After analysing the challenges, problems, and requirements that need 

improvement, the problem sources and gaps may be found. Most problems are either 

structural, pertaining to some part of the physical operation, or behavioral, caused by port 

users’ preferences for doing things in certain ways.   

Fourth, the "design" stage designs a “TO-BE” model for building smart ports and identifies 

functions in detail. It checks whether the result obtained in the previous stage can be solved 

with smart port technologies. In addition, it finds a suitable solution or a method for 

development. For example, it assumes that real-time traffic flow information is needed to 

reduce traffic congestion. This information can be collected by using sensors installed on the 

road to the port or GPS information from a driver's mobile. Therefore, various methods 

                                         
32 Source: BCG analysis 
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(technologies) should be evaluated and tested, then it should be determined which 

approach would be the best fit in a specific situation. 

Fifth, the "implementation" stage implements services, components, modules and interfaces 

etc., according to the “TO-BE” model designed in the fourth stage. At this point, it is 

necessary to decide whether to purchase off-the-shelf technology for the implementation 

objectives or to develop it as part of the project. 

The final step "deploy", is to operate and maintain the smart ports after testing. It is 

important to reduce trial and error during operation after full and extensive testing. Risk 

management should also be finalized in the operation stage. 

 

4.2.2. Strategy for the digital transformation to smart ports 

Digital transformation is the integration of digital technology into all areas of a business, 

fundamentally changing how it is operated and delivers value to customers. It is also a 

cultural change that requires organizations to continually challenge the status quo, 

experiment and be comfortable with failure. That is why enterprises now use the latest IT to 

innovate existing operating methods and services through digital transformation. 

The International Data Corporation (IDC), a market research company, says that digital 

transformation (DX) means applying new technologies to radically change processes, 

customer experience and value.33 In other words, digital transformation is a continuous 

process by which an enterprise can adapt to, or drive changes in customers and markets by 

using digital capabilities to create new business models, products and services. IBM defines 

digital transformation as a strategy that is changing business models by integrating digital 

and physical elements and is establishing a new direction in industry. Therefore, digital 

transformation is a new flow of change in adapting to new trends in the digital age. This flow 

of changes is not limited to products or services, but must be applied in almost all fields, 

including company organizational culture, business models and business processes. 

The strategy of digital transformation for smart ports should not only be based on the 

implementation of new technological solutions, but also on the integration of these 

solutions in a structural way in order to achieve the business objectives: 

 Digitalization of systems is the implementation of systems with new technologies 

in all areas of port, together with sustainable management of port operations and 

services; 

                                         
33 Source: IDC IT executive program/research/Digital Transformation (DX) 



62 

 

 Implementing an architecture framework that provides a loosely-coupled structure 

and common interface with the external/internal systems in order to make the 

port more efficient, innovative and oriented to user services;  

 The logistics and transport environment needs to be changed based on 

automation and robotization in order to improve the competitiveness of the 

transport and logistics chains. 

4.2.3. Technologies for smart ports  

Technologies needed for smart ports may be applied to developing infrastructure, facilities 

and transport means for cargo handling, managing traffic, ensuring safety as well as a tool 

for energy performance, monitoring energy use etc. Table 14 shows the related technologies 

that are needed for smart ports, including characteristics and the way to apply them. 

Table 14. Related technology needed for smart ports 

Technology Characteristics 
Examples of their 
use in smart ports 

Artificial 
intelligence 

(AI) 

◦ Use a logical way of thinking, learning and judging, like 
humans, on a computer. 

◦ Accumulated experience and a learning-based 
prediction model. 

◦ Based on deep learning and machine learning etc. 

◦ For example (initial): Video and voice recognition, 
translation etc. 

◦ For example (present): Autonomous, recommendation 
service, AI robots etc. 

◦ The best route 
navigation and 
recommendations. 

◦ Finding a new sea 
route. 

◦ Decision-making 
support system 
based on a 
predictive model 
of behavior. 

◦ Port facility 
management with 
drones. 

Robotics ◦ A machine that replaces or supports human work. 

◦ Applied in various fields such as manufacturing, health 
care and agriculture, in terms of productivity and cost 
competitiveness. 

◦ Automated robots (industrial robots), intelligent 
robots and humanoid robots etc. 

◦ Exoskeletons turn workers into human robots in order 
to reduce the work burden and promote safety. 

◦ Performs facility maintenance, defect status check, and 
underwater work etc., on behalf of workers. 

◦ Robotics port. 

◦ Exoskeleton robot 
for workers. 

◦ Unmanned 
transport. robot 

◦ Underwater 
construction 
robot. 

◦ Drone. 

Autonomous ◦ Port facilities or transportation means etc., for 
performing port operations such as loading/unloading 

◦ AGV (automated 
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and transportation, autonomously without manual 
operation. 

◦ Various technologies such as AI, Big Data and Digital 
Twin etc. combined 

guided vehicle). 

◦ ASC (automated 
stacking crane). 

◦ QC (quayside 
crane). 

Digital Twin ◦ Virtualization solution implementation with software. 

◦ Able to improve the efficiency of all processes, from 
design to manufacturing and services, such as asset 
optimization, minimizing accident, and increasing 
productivity. 

◦ Pre-verification through simulation before actual 
operation, making it possible to minimize trial error, 
derive improvement points, increase operational 
efficiency, and reduce costs and time. 

◦ Ship life-cycle 
management. 

◦ Facility 
management. 

◦ Smart ship sailing. 

◦ Smart port 
operation 
management. 

◦ Container status 
monitoring. 

Virtual 
Reality (VR) 

Augmented 
Reality (AR) 

◦ VR: Interact with virtual objects in a virtual situation. 
(environment). 

◦ AR: Virtual images appear overlapping in a real 
environment. 

◦ Emergency measures and evacuation capability 
cultivation. 

◦ Improving job skills and raising safety awareness. 

◦ Supporting remote medical service for ship crews. 

◦ Training for ship crews and port workers. 

◦ 3D modeling. 

◦ Safety training. 

◦ Remote medical 
service. 

Internet of 
Things (IoT) 

◦ An intelligent infrastructure and service technology 
for exchanging and communicating information 
between people and equipment, and between 
equipment by connecting based on ICT. 

◦ Collection of information in real time by attaching IoT 
sensors to containers, cargo, equipment, ships, trucks, 
roads etc. 

◦ Supports ships mooring at the berth by attaching a 
camera (image recognition), IoT sensor etc. to the 
wharf wall. 

◦ Real-time cargo 
flow tracking. 

◦ Cargo and ship 
monitoring. 

◦ Port of data-
centric decision-
making. 

◦ Intelligent wharf 
wall. 

Big Data ◦ Extraction of valuable data (structured, semi-
structured and unstructured data) and analysis of the 
results.  

◦ Uses complex data processing logic and distributed 
processing technology.  

◦ Predicts behavior and pattern, based on analysis 

◦ Analysis of ship 
operation 
efficiency. 

◦ Analysis of 
autonomous ships. 

◦ Disaster 
prevention and 
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results, then suggests predicted information.   

◦ Uses open S/W such as Hadoop, R, NoSQL etc. 

vessel safety 
operation 
connected with 
external 
information (e.g., 
weather 
information). 

Blockchain ◦ Prevents data fabrication and modification by sharing 
transaction details with all users participating in the 
transaction. 

◦ Distributed system to verify each transaction.  

◦ Supports record immutability, transparency, 
encryption verification and privacy protection. 

◦ A smart contract can be deployed in a blockchain.  

◦ Type: Public/private/consortium blockchain 

◦ Maritime trade 
platform. 

◦ Electricity 
platform. 

◦ Shipment tracking 
system. 

◦ Food tracking. 

◦ Supply chain 
monitoring. 

Cloud ◦ Provides resources that are used to interconnect and 
has scalability. 

◦ Able to provide common management of resources, 
cost reduction and operational efficiency 
improvement. 

◦ Iaas34, SaaS35, PaaS36 service model. 

◦ A base for data collection and analysis. 

◦ Data-sharing hub 
platform. 

◦ Smart port sharing 
and collaboration 
platform. 

Edge 
computing 

◦ A method of data processing at device (system) close 
to the network edge where data is generated 

◦ Considers interconnection method with IoT in order to 
reduce traffic and processing time. 

◦ Data load reduction, real-time service guarantee, 
security improvement. 

◦ Collaboration with 5G, Cloud. 

◦ Important in domains such as robotics, drone, 
autonomous driving etc. 

◦ monitoring and 
control system by 
edge computing at 
IoT sensor 

◦ Autonomous 
facility such as 
AGV, QC, etc. 

◦ Drone, smart road 
within a port 

◦ MEC (Multi-access 
Edge Computing) 

5G ◦ Ultra-high speed, ultra-low latency communication 
service. 

◦ Improves data transfer speed and accuracy.  

◦ Considers efficiency of port operations by port 

◦ Remote control 
and monitoring. 

◦ Port infrastructure 
improvement with 

                                         
34 IaaS: Infrastructure as a Service, Host. 
35 SaaS: Software as a Service, Consume. 
36 PaaS: Platform as a service, Build. 
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infrastructure improvements. based on 5G. 

 

4.3. Technology trends for 2021 

Gartner released the top strategic technology trends for 2021 in October 2020 (Table 15) and 

says that Distributed cloud, AI engineering, cybersecurity mesh and composable business, 

etc. drive some of the top trends for 2021. Gartner’s trends are categorized by three themes: 

People centricity, location independence and resilient delivery. These strategic technology 

trends do not operate independently of each other, but rather they build on, and reinforce 

each other. 
 

Table 15. Major Gartner strategic technology for 2021 

Technology Characteristics 

Internet of Behavior 
(IoB) 

◦ The collection and use of data to drive behavior is called the IoB 
◦ IoB uses data to change behavior. 
◦ Gathers Digital Dust of daily life, data that spans the digital and 

physical world. 
◦ Gathers, combines, and processes data from various sources, such as 

commercial customer data, facial recognition, social media and 
location tracking, among others. 

 
Total experience 
strategy 

◦ Combines multi-experience, non-contact interface to avoid COVID-
19. 
◦ Goal: Improve overall experience. 

Privacy-enhancing 
computation 

◦ Technologies to protect data. Trusted environment, processing and 
analytics in a decentralized manner, encryption before processing or 
analytics 
◦ The need to share data while maintaining privacy or security. 
◦ Distributed processing and analytics using machine learning. 

 
Distributed cloud 

◦ Provides public Cloud option in different physical locations. 
◦ Configuration: IoT Edge Cloud, 5G mobile edge, global network edge 

cloud, on-premise public Cloud. 

Anywhere operations 
◦ Allows business to be accessed, delivered, and enabled wherever 

customers, employers and business partners operate in physically 
remote environments. 
Model: Digital first, remote first. 

Cybersecurity mesh ◦ A distributed architectural approach to scalable, flexible, and reliable 
cybersecurity control. 
◦ Approach: Centralizing policy orchestration and distributing policy 

enforcement. 
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Intelligent 
composable business 

◦ Accelerate digital business strategy, then make quick business 
decisions. 

 
AI engineering ◦ Facilitates the performance, scalability, interpretability and 

reliability of AI model. 
◦ Makes AI a part of DataOps, ModelOps, DevOps. should be 

automated 
◦ Responsible AI emerging to deal with trust, transparency, ethics, 

fairness, interpretability and compliance issues. 
Hyper-automation ◦ Hyper-automation is the idea that anything that can be automated   

in an organization, should be automated. 
◦ Digital business requiring efficiency, speed and democratization. 

 

Figure 17. Top Gartner strategic technology trends for 202137 

 

                                         
37 Source: https://www.gartner.com/smarterwithgartner/gartner-top-strategic-technology-trends-for-

2021/ 
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COVID-19 has gradually accelerated digital business, allowing for remote digital priority 

options, while ultra-automation is mandatory now and in the future. For digital operational 

excellence and operational resilience, organizations must digitize documents and artifacts as 

well as business and IT processing workflows. Each organization needs to automate tasks and 

processes, and to coordinate automation across functional areas to create an ultra-

automated environment. 
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5. Smart ports in the context of the smart transport 
systems 

 

5.1. What are smart transport systems? 

During the past few decades, smart transport systems (including intelligent transport 

systems) have gained a growing interest in making transport systems safer, cleaner and more 

efficient in an innovative manner. Smart transport systems entail not just simple hardware 

systems, but also the technologies and strategies that implement the services. Technically, 

smart transport systems use a mix of technologies to monitor traffic conditions and 

communicate with vehicles, centres and facilities to efficiently manage and control traffic 

operations. Thanks to such features, smart transport systems can be fully integrated into the 

overall transport ecosystem as part of vehicle systems, road infrastructure, and management 

and operational strategies.  

Because of the nature of smart transport systems, there are various definitions according to 

the main interests of stakeholders. However, ESCAP has recently defined smart transport 

systems in a grand scheme as “an agglomeration of diverse technologies that enhance the 

sustainability of transport systems in a safer, smarter and greener way.”38 As indicated in the 

definition, smart transport systems can contribute to achieving the goal of sustainable 

transport.  

Furthermore, one of the major reasons that smart transport systems have gained new 

attention is a recent tendency to minimize the provision of new infrastructure, which 

requires huge capital and produces negative environmental impacts. As smart transport 

systems can utilize existing resources and infrastructure sustainably at a modest cost,39 they 

are directly linked to SDGs 7, 9 and 11.40 When considering the greater impact from smart 

transport systems, including the promotion of economic growth and a decrease in 

inequalities, SDGs 5, 8 and 10 are also indirectly related to smart transport systems.41 

Meanwhile, in the intermodal transport sector between maritime and road transport, many 

developed countries have acknowledged the importance of new technologies to implement 

more sustainable transport solutions. Yet, it is noted that the use of new technologies is 

highly fragmented in the Asia-Pacific region, and particular focus needs to be given to 

policymakers and intermodal transport stakeholders. The advantages of smart transport 

                                         
38 ESCAP, 2019, Guidelines for the Regulatory Frameworks of Intelligent Transport Systems in Asia and the 
Pacific.  
39 ESCAP/CTR/2018/6. 
40 https://sdgs.un.org/goals. 
41 Ibid. 



69 

 

systems have also been underestimated due to the misconception that smart transport 

systems are only associated with road transport and can be implemented only in developed 

countries. However, as defined by ESCAP, smart transport systems are broader in nature and 

are tools that can be applicable to the transport system as a whole. Smooth linkages 

between maritime and road transport can bring synergistic effects to address various issues 

in the transport sector which will eventually achieve SDGs. The potential of smart transport 

systems should be revisited from an inclusive perspective, which will promote an increase in 

awareness and understanding of smart transport systems. 

5.2. Prevailing smart transport applications and emerging  

technologies in the Asia-Pacific region  

To better understand smart transport systems, some applications frequently used across the 

region need to be examined. The four categories of smart transport systems and their 

respective specific applications (table 16) are of note for intermodal transport with maritime 

and road transport. 

Table 16. Types of smart transport systems 

Category Main functions Representative applications 

Advanced traffic 
management 
systems 

Improving traffic operations through 
traffic management centres where real-
time traffic data is collected, processed 
and distributed by diverse 
information/dissemination devices. 

Advanced traffic signal control, 
automatic traffic enforcement, 
electronic toll collection, real-
time traffic monitoring, active 
traffic management 

Advanced traveller 
information systems 

Offering updates with pre-trip and en-
route traffic information to travelers 
through various distributors of processed 
information. 

Mobile/online/roadside traffic 
information, real-time parking 
information, in-vehicle 
information 

Advanced public 
transport systems 

Improving efficiency and reliability of 
public transport services, users’ safety 
and convenience by employing diverse 
information technologies and traffic 
management strategies. 

Automatic fare collection, 
automatic passenger information, 
automatic vehicle location 

Commercial vehicle 
operations 

Improving efficiency of operations and 
activities associated with moving goods 
and passengers by commercial vehicles. 

Fleet/freight administration, 
electronic clearance, hazardous 
material planning and incident 
response, freight in-transit 
monitoring and terminal 
management 

 

With the advent of new technologies, such as artificial intelligence, the Internet of things and 



70 

 

big data analytics, a new era of transport systems is forthcoming. Many countries in the Asia-

Pacific region are thus trying to shift their traditional transport system technologies towards 

more automated ones. In particular, less developed countries or developing countries are 

actively adopting advanced techniques in an attempt to close the gap in their development 

of sustainable transport systems to that of developed countries. Cooperative-intelligent 

transport systems and connected vehicles, autonomous vehicles and smart mobility are the 

most popular concepts discussed in the field of smart transport systems as emerging 

technologies.  

- Cooperative-intelligent transport systems and connected vehicles utilize the concept of 

transport modes, infrastructure and devices communicating with one another to 

overcome limitations with previous smart transport concepts. Technologies which utilize 

wireless data exchange between vehicle-to-infrastructure, vehicle-to-vehicle and vehicle-

to-everything are used to mitigate congestion, reduce fuel consumption and emissions, 

and increase reliability, mobility and road safety.42 

- Autonomous vehicles (also known as self-driving or driverless vehicles) are able to travel 

without human intervention by using satellite positioning systems and diverse sensors. 

The information is collected and interpreted to determine appropriate paths that consider 

obstacles and traffic signage. Autonomous vehicles are able to navigate via wireless 

networks, digital maps, automated controls, communication with smart infrastructure, 

and communication to control centers.43 

- Smart mobility is an advanced form of mobility that encompasses various transport 

technologies, services and modes. It includes a wide range of modes, such as micro-

mobility, public transit, paratransit, autonomous vehicles, and walking, to provide more 

efficient and environmentally-friendly transport services. New types of services including 

ride/car sharing and on-demand services are considered under the concept of smart 

mobility. 

5.3. Importance of smart transport systems in intermodal 

transport for smart ports 

When considering all of the aspects of smart transport systems, the question arises as to 

what extent smart transport systems can provide advantages with intermodal transport, and 

which of these advantages are particularly apparent for smart ports.  

                                         
42 Medium, Connected vehicles (V2I, V2V and V2X). Available at https://medium.com/iotforall/7-
connected-car-trends-fueling-the-future-946b05325531; and 
https://ec.europa.eu/transport/sites/transport/files/2016-c-its-deployment-study-final-report.pdf. 
43 ESCAP, 2018, Policy Framework for the Use and Deployment of Intelligent Transport Systems in Asia and 
the Pacific – Study Report. 
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From a broader perspective, a port can be intrinsically defined as a point of intersection 

between road and maritime transport; that is, a port serves as an important transport hub 

that facilitates the movement of people and goods to and from local and global communities 

through various transport means.44 A smart port is also considered to be part of intermodal 

transport which entails “the concept of transporting passengers and freight on two or more 

different transport modes in such a way that all part of transportation process, including the 

exchange of information, are efficiently connected and coordinated”45. Accordingly, the 

smart port needs to be discussed in the context of intermodal transport when it comes to 

smart transport systems. 

The importance of intermodal transport has been emphasized during the past few decades 

as it can lower costs, maintain consistent capacity, and minimize time while increasing the 

quality, safety and convenience of service. By using smart transport systems, these merits 

can be enhanced in intermodal transport over four aspects (table 17).   

Table 17. General advantages from smart transport systems in intermodal transport 

Aspect Details 

Safety The highest priority in transport safety is to reduce the number of crashes and other 

incidents, and also to eliminate potential hazards which include carrying hazardous or highly 

combustible freight. As there are many countries in the Asia-Pacific region with high casualty 

rates46, the enhancement of transport safety is urgently required. It is not only developing 

countries, but also many developed countries that need to maintain a high level of transport 

safety and a low potential for incidents as part of intermodal transport by using smart 

transport systems.  

Mobility It is true that some areas in both less developed and developing countries still lack transport 

services. This leads to significantly low levels of accessibility in terms of transporting people 

and goods. Even developed countries may experience limited accessibility in some areas as a 

result of the inefficiency of transport services. In this regard, providing better accessibility 

and improved connectivity in intermodal transport through smart transport systems is 

beneficial in achieving efficient mobility.  

Efficiency To relieve operational bottlenecks, smart transport systems offer practical solutions to 

improving efficiency in transport management and operations. Minimizing on road waiting 

times and dispensing with the time needed for loading/unloading are benefits that can be 

achieved through traffic management and monitoring centres. Maintaining the consistent 

capacity between different transport modes is another way to increase efficiency using 

smart transport systems in intermodal transport. 

                                         
44 Available at https://www.epa.gov/community-port-collaboration/ports-primer-21-role-
ports#:~:text=The%20Intermodal%20Transportation%20System%20connects%20goods%20to%20con
sumers.&text=These%20ports%20include%20seaports%20as,different%20kinds%20of%20transport%
20modes. 
45 Muller, G., 1999, Intermodal Freight Transportation, 4th edition, Eno Transportation. 
46 Cambodia (3 per cent), Thailand (3 per cent), Indonesia (2.9-3.1 per cent), and Viet Nam (2.9 per cent) 
in estimated GDP lost due to traffic crashes, according to the WHO report “Global status report on road 
safety 2015”. Available at https://www.who.int/violence_injury_prevention/road_safety_status/2015/en/. 
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Environment Reducing air pollutants including greenhouse gas emissions from the transport sector is an 

important objective in achieving environmental sustainability. Smart transport systems help 

optimize traffic management and operations, reduce empty runs through better route 

planning and increased operational efficiency in transhipment, contributing to reductions in 

greenhouse gases. The benefits of smart transport systems are highly relevant in the 

environmental sphere in addition to mobility and efficiency mentioned above.   

 

With regard to the importance of emerging technologies, connected and autonomous 

vehicles described previously can bring unprecedented advantages to intermodal transport. 

When focusing on freight transport, freight trucks are a key beneficiary of connected vehicle 

technologies. Such technologies can improve overall safety and efficiency during transit by 

providing real time information to truck drivers on the conditions of roads and ports. This 

includes any incidents and route optimization information.  

Truck platooning is another good example of smart transport systems, with pilot runs already 

underway. Truck platooning involves linking multiple trucks in a convoy using connected 

vehicle technology. Once connected, the trucks will maintain a predefined distance between 

each other for as long as they are connected. The truck in the front takes the lead with the 

connected trucks reacting automatically to changes in the movement of the lead truck. 

Minimal to no intervention is required from the drivers following the lead truck. Truck 

platooning can lower carbon dioxide emissions as trucks following the lead truck in a platoon 

consume less fuel as a result of reduced air resistance. Platooning could also improve safety 

as connected vehicles respond instantaneously to any changes in speed by the lead vehicle.  

Autonomous vehicles are currently being tested and piloted in several countries. The full-

scale deployment of autonomous vehicles in intermodal transport can improve safety by 

reducing potential risks as a result of driver error, fatigue and speeding. Freight transport 

efficiency could improve as autonomous vehicles could operate 24 hours a day and they 

could be tracked, monitored and even rerouted via a central command center. Furthermore, 

autonomous vehicles may also bring down operational costs for fleet operators. 

Acknowledging such importance, various attempts have been noticed with respect to 

implementing smart transport systems including emerging technologies in intermodal 

transport. Considering the significance of moving goods in intermodal transport, noticeable 

cases in freight transport are presented table 18 to reaffirm the benefits from smart 

transport systems.
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Table 18. Examples of the use of smart transport systems in freight transport 

Application Country Case 
Intelligent 
truck parking 
system 

Sweden Information obtained from intelligent truck parking systems about available parking spaces can be distributed to heavy goods vehicle drivers, which also supports 
parking areas and facilities management. Given that prolonged searching for parking spaces for heavy goods vehicles can expend fuel and induce fatigue in drivers, 
intelligent truck parking systems can offer positive economic benefits. As a result of applying this system in Sweden, 378,000 Euros in driving time costs, 326,000 
Euros in distance-based vehicle costs, 105,000 Euros in fuel savings for searching for parking areas, and 89,000 Euros for fatigue-related crashes could be reduced 

annually.47 

Intelligent 
freight 
management 
system 

Thailand In 2015, the Department of Land Transport initiated a project called “Nationwide Confidence with GPS Onboard”. The project ai ms to install GPS units on all trucks 
in Thailand to monitor freight transport in various traffic conditions and air quality. As of 2017, GPS units were installed on 23.2 per cent of the targeted 

trucks/trailers. The GPS units send data to the authority’s database every minute through the 3G wireless mobile network and the Internet. The collected data 
includes a timestamp, device ID, latitude, longitude and speed.48 

New 
Zealand 

There is significant potential for intelligent freight movements in supply chain logistics. This can provide optimized logist ics and supply chain movements which is 
particularly relevant for the distribution of fast-moving consumer goods such as non-durable household goods. The supply chain of fast moving consumer goods 

includes line-haul (“transporting goods from the manufacture to a distribution centre”) and distribution (“transporting goods from a distribution centre to a 
destination”).49 Although the concept of intelligent freight movements is in its early stages, it is estimated the efficiency of freight can be improved from between 7 
per cent to 10 per cent equating to a saving of around a total of $19 billion to 2050 (around $576 million per year on average).50  

United 
States 

To optimize hazardous materials transport, heavy truck operation and maintenance, ICT has been widely applied in intermodal f reight transport through mobile 

communications, GPS, radio frequency identification, sensors and the Internet. The U.S. Department of Transportation tested wireless communications and GPS 
tracking technologies to improve the movement of hazardous materials.51 It was found that such technologies could produce savings from $80 to $309 per month 
by reducing empty freight miles. 

Autonomous 
vehicles 

Australia With respect to mine site haulage, the Autonomous Haulage System has been in use since 2008. With this technology, more than one billion tonnes of ore and 

waste material has been moved within the mine haul road networks of five mine sites in the Pilbara. It was estimated that on average, each autonomous haul truck 
could work about 700 hours more than the previous non-autonomous haul trucks used in 2017, equating to a 15 per cent reduction in load and haul unit costs.52  

United In 2016, a self-driving truck was used to deliver 45,000 cans of beer to a warehouse, after traveling over 120 miles with no driver at the wheel53. 

                                         
47 Mbiydzenyuy, G. and Persson, J. A., 2010, “Benefits related to Intelligent Truck Parking, Part V (D5)”. Available at 
http://denver.bth.se/com/intelligent_truck_parking.nsf/attachments/Del_5_Benefits_pdf/$file/Del_5_Benefits.pdf 
48 Nattaphon Chankaew, Agachai Sumalee, Treerapot Siripirote, Thanunchai Threepak, H.W. Ho, William H.K. Lam, 2018, Freight Traffic Analytics from National 
Truck GPS Data in Thailand. 
49 Deloitte, 2018, Unlocking Commercial opportunities from intelligent transport systems. 
50 Ibid. 
51 Available at https://www.itsknowledgeresources.its.dot.gov/ITS/benecost.nsf/ID/BFA8EF7426B4324C85257BFD00649B08?OpenDocument&Query=Home 
52 Available at https://im-mining.com/2019/08/06/pilbara-leads-way-haul-truck-
automation/#:~:text=Rio%20Tinto%2C%20in%202018%2C%20said,load%20and%20haul%20unit%20costs.%E2%80%9D 
53 Uber's Otto hauls Budweiser across Colorado in self-driving truck. Available at: https://www.reuters.com/article/us-uber-trucking-beer/ubers-otto-hauls-
budweiser-across-colorado-in-self-driving-truck-idUSKCN12P13N 
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States 

Connected 
vehicles 

United 
States 

Freight Advanced Traveller Information Systems (FRATIS) is a representative example of connected vehicle technologies in freight transport, which has two main 

components – freight-specific dynamic travel planning and performance, and drayage optimization.54 Based on the preliminary assessment results for the LA-
Gateway case, the daily mileage per order has dropped from 39.9 miles/order to 25.9 miles/order within less than one year. 55 

                                         
54 United States Department of Transportation, Intelligent Transportation Systems Benefits, Costs, and Lessons Learned – 2017 Update Report (Washington, 
55 Available at https://dot.ca.gov/-/media/dot-media/programs/research-innovation-system-information/documents/final-reports/ca16-2987-finalreport-a11y.pdf. 
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5.4. Applicable technologies and best practices for a smart port 

5.4.1. Possible technologies for smart ports utilizing smart transport systems 

Given that a variety of technologies exist in the field of smart transport systems, it is logical to 

categorize them according to their applicability in smart ports. Only technologies that have 

been frequently used in the Asia-Pacific region have been considered following a preliminary 

screening procedure. Considering four separate domains, table 19 illustrates how each 

technology can be applied in a smart port. For each technology, the relative applicability is 

assigned based on a three-level scale. Depending on the features of each technology, its 

suitability is also determined with respect to how well it can be a feature of passenger and 

freight transport. The level of relative applicability might be subject to the details of each 

technology and each country’s situation.  

Table 19. Relative applicability of smart transport technologies on a smart port 

Domain Technology  

Applicability 

Passenger 
transport 

Freight 
transport 

Smart port 

Advanced 
traffic 
management 
systems 

Advanced traffic signal control √ √ ★★ 

Automatic traffic enforcement √ √ ★★ 

Electronic toll collection √ √ ★★ 

Real-time traffic monitoring √ √ ★★★ 

Active traffic management √ √ ★★★ 

Advanced 
traveller 
information 
systems 

Mobile/online/roadside traffic information √ √ ★★★ 

Real-time parking information √ √ ★★★ 

In-vehicle information √ √ ★★★ 

Advanced 
public 
transport 
systems 

Automatic fare collection √  ★★ 

Automatic passenger information √  ★★ 

Automatic vehicle location √ √ ★★★ 

Commercial 
vehicle 
operations 

Fleet/freight administration  √ ★★★ 

Electronic clearance  √ ★★★ 

Hazardous material planning and incident 
response 

 √ ★★★ 

Freight in-transit monitoring and terminal 
management 

 √ ★★★ 

Terminal/port information and communication  √ ★★★ 

Note: √ = applicable area, ★★★ = high applicability, ★★ = medium applicability, ★ = low applicability. 

 

Most technologies in commercial vehicle operations can be used for smart ports as they are 

intrinsically related to transporting goods. Some of the technologies in the domain of advanced 

traffic management systems would be useful for a smart port. These include real-time traffic 

monitoring and active traffic management. Although advanced traveller information systems 
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are mainly used for passenger transport, they are also applicable to freight transport as well as 

to a smart port. Technologies in these domains can contribute to overcome the limitations in 

ports by increasing the efficiency in port operations, offering on-demand services, enhancing 

intermodality and reducing environmental impacts. 

5.4.2. Study cases of using smart transport systems in smart ports 

Although only leading countries have devoted their efforts into developing smart ports, best 

practices that utilize smart transport technologies in the development of ports can be found 

across the globe. The summary of these best practices is presented in table 20. 

Table 19. Best practices of the use of smart transport systems in smart ports 

Region Country Summary of details 

Relevance of smart transport 

Involvement 
level 

Technology 
applied 

Asia and 
the 
Pacific 

China56 With support from the Ministry of Transport and the 
National Development and Reform Commission, China 
targets to achieve progress for green, smart and safe 
development of major ports by 2025. Further, by 2035, 
there is an aim for major ports to be at a world-class 
level. Intelligent logistics is included as one of the major 
tasks listed within their guidelines to achieve this goal. 

Medium 
Intelligent 
logistics 

Singapore57 Transportation of containers inside a port will be 
carried out by driverless automated guided vehicles 
equipped with fully electric drivetrain. The vehicles are 
charged by a network of fast-charging portals using 
intelligent fleet management and an optimization 
system. Intermodal traffic is assisted by a GPS-based 
traffic monitoring system that monitors truck traffic, 
notifies terminals of arrivals in advance and provides 
directions on how to proceed. Furthermore, the Just in 
Time planning and coordination system makes various 
port information accessible for all stakeholders, which 
allows them to minimize idle time.   

Medium 

Intelligent fleet 
management and 
optimization 
system; traffic 
monitoring 
system 

India58 Chennai port succeeds in reducing congestion through 
the introduction of their radio frequency identification 
system. It allows the port authority to easily collect 
basic information on cargo, drivers and trailers. The 
collected information is processed, and lead times and 
traffic volumes of trailers are shared on a website to 
alleviate traffic congestion. This measure can improve 
the port efficiency significantly including trailer queuing 

Low 
Radio frequency 
identification 
system 

                                         
56 Available at https://www.portstrategy.com/news101/world/asia/china-to-accelerate-port-development. 
57

 Available at https://www.straitstimes.com/singapore/tuas-port-to-be-worlds-largest-fully-automated-terminal-
when-completed-in-2040-pm-lee; https://www.rivieramm.com/news-content-hub/news-content-hub/smart-
technology-enables-ports-of-the-future-57505; https://www.rivieramm.com/news-content-hub/news-content-
hub/smart-technology-enables-ports-of-the-future-57505; https://www.bcg.com/publications/2018/to-get-smart-
ports-go-digital; https://www.csc.gov.sg/docs/default-source/default-document-library/smw.pdfx 
58 Available at http://ocdi.or.jp/en/wp-
content/uploads/sites/2/2018/03/2db5a5141ef2b352bcb880175eb2d79b.pdf 
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outside the port, and a reduction in the lead time of 
export containers and the processing time at ports. 

Republic of 
Korea59 

In Busan Port, various advanced port management 
systems are implemented which include location 
tracking systems for trucks and harbor traffic 
information systems. 

Medium 

Truck  
tracking  
system;  
harbour traffic  
information  
systems 

Australia60 Australia has truck appointment systems which monitor 
truck movements via mobile phone applications in real-
time. They can reduce truck congestion and turnaround 
times, manage and reduce truck queuing, improve yard 
safety, manage arrivals, validate pre-arrival trips and 
process approaching trucks, all of which results in 
improved traffic management and capacity planning.  
 
The recently developed Victoria International Container 
Terminal is the first fully automated terminal in 
Australia which utilizes automatic container carriers 
and automatic stacking cranes. The stacking cranes use 
built in auto-truck handling technology and weigh 
sensors which provide accurate load weights. Other 
smart transport technologies include two-way running 
(the combined drop-off and pick-up of boxes) to 
optimize trips by booking available slots in advance and 
a paperless booking system for 24-hour terminal entry 
and exit processed through a mobile phone application. 

High 

Traffic  
management 
system, truck 
appointment  
system, 
automatic 
container  
carrier and  
automatic  
stacking cranes 

Europe Germany61 In Hamburg, any driver can benefit from the real time 
navigation system that encompasses traffic information 
inside and around the port as well as other 
infrastructure information such as parking and closures 
of moveable bridges. Parking for trucks is one of many 
issues for port logistics. A parking management system 
enables the optimum use of parking spaces for existing 
and future trucks in the port. The system can detect 
and manage parking spaces, thereby relieving pressure 
in neighboring city district. Empty truck trips not only 
reduce logistics efficiency but also increase carbon 
footprints. A cloud-based system called a virtual depot 
enables packing companies to optimize truck traffic in a 
way that reduces empty containers. 

High 

Real time  
navigation  
system, virtual d
epot,  
system and  
parking  
management  
system 

Estonia
62

 The Port of Tallin introduces traffic flow management 
systems that automate pre-check in, and check-in and 
line management to reduce waiting times. The system 
automatically detects the front and back vehicle 
registration numbers and takes the necessary 
measurements of the vehicle. The data is then cross-
checked with the vehicle’s booking for identification. 

Medium 

Truck  
platooning  
matching  
system 

                                         
59 Available at 
https://www.gdln.or.kr/sgControls/sgCommon/sgDownload_v1.6.asp?strFolderName=board&strFileName=
3.%20Lecture%20Materials%200626.pdf 
60 Available at https://www.bcg.com/fr-fr/publications/2018/to-get-smart-ports-go-digital; 
https://www.containerchain.com/au/en_gb/customer-solutions/warehouses/; 
https://www.vict.com.au/about-us/our-technology/; https://www.porttechnology.org/technical-
papers/victoria_international_container_terminal_where_technology_and_community_in/ 
61 Available at https://balticcluster.pl/?page_id=7876 
62 Available at https://www.hansab.com/en/traffic-management-system-port-tallinn-0 

https://www.vict.com.au/about-us/our-technology/
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The system then guides the driver to a designated 
parking space while ensuring the safe movement of 
cars. 

Netherlands63 In the Port of Rotterdam, a truck matching application 
facilitates the formation of truck platoons. It entails one 
or more platoons of three to five trucks driving behind 
each other which are automatically in sync with actions 
of the lead truck. The system reduces fuel consumption 
and CO2 emissions, while improving safety and traffic 
flow on the motorway.   

Medium 

Traffic  
monitoring  
system and  
route planning s
ystem 

Italy
64

 In the Port of Livorno, it is expected that a corridor real-
time monitoring and control system could improve 
mobility and reduce environmental impacts by using 
advanced logistics. In addition, a cargo tracking and 
truck appointment system could reduce traffic 
congestion and decrease air pollution while making the 
whole logistics process more transparent. 

High 

Real-time  
monitoring  
and control  
corridor  
system,  
cargo tracking a
nd truck  
appointment  
system 

Sweden65 The Port of Gothenburg has a parking management 
system which aims to increase efficiency of traffic flow 
through the harbour. The parking management system 
has an infra-control function that enables dynamic sign 
guidance for each driver to the nearest parking space. 

Medium 
Parking  
management  
system  

North 
America 

Canada66 Smart fleet initiatives by the Port of Vancouver include 
installing global positioning systems on all port-licensed 
trucks for tracking and collecting turnaround and 
waiting times. This is used to ensure fair payment to 
drivers. 

Medium 
Traffic  
monitoring  
system 

United 
States67 

Real-time data on traffic conditions is collected at 13 
container terminals in Los Angeles-Long Beach to allow 
an optimum assignment of fleet vehicles. It contributes 
to reducing the turnaround times from an average of 
close to 90 minutes to less than 50 minutes. 

Medium 

Traffic  
monitoring  
and fleet  
assignment  
system 

 

Some meaningful points can be extracted from best practices: 

 Although the extent of the use of smart transport systems varies by each case, it is clear 

that the importance of controlling road transport in and around ports is acknowledged 

to some degree. As a consequence, some smart ports have adopted smart transport 

systems as part of their plans.  

 Although some notable cases are found of using smart transport systems in smart ports, 

their utilization is still limited mostly to traffic monitoring or truck management systems. 

                                         
63 Available at https://www.portofrotterdam.com/en/news-and-press-releases/time-for-truck-tinder-matching-
app-for-truck-platoons 
64

 Available at https://www.ericsson.com/4a0630/assets/local/cases/customer-
cases/2020/ericsson_portofthefuture_report.pdf 
65

 Available at https://www.nedapidentification.com/cases/infracontrol-and-nedap-ensure-smooth-traffic-flow-at-
port-of-gothenburg/ 
66

 Available at https://www.portvancouver.com/truck-rail/truck/smart-fleet-trucking-strategy/ 
67 Available at https://www.joc.com/port-news/us-ports/port-los-angeles/la-ge-working-smart-terminals-better-
react-surges_20170307.html; https://www.adventemodal.com/applications.html 
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When considering the variety of applications in smart transport systems, more 

applications (particularly related to freight transport) could be deployed for smart ports 

from the intermodal perspective. 

 Nonetheless, different approaches are noticed from best practices that produce 

variations in the types of technology use to achieve the same objective. Although the 

individual circumstances and challenges for port management can differ widely between 

countries, international standardization with some acknowledgement of variability to 

suit the dynamics of each country would be beneficial to the future expansion of smart 

ports. 

 The objectives of smart transport systems in smart ports are limited in their 

understanding and are mostly confined to increasing the efficiency of port operations. 

Given the various advantages of smart transport systems related to safety, mobility, 

efficiency and the environment, diverse objectives can be considered by adopting smart 

transport systems in smart ports. 

 Limited efforts are observed in the use of smart transport systems in smart ports in the 

Asia-Pacific region when compared with ports in Europe and North America. In 

particular, such cases are rarely found in the Pacific islands where the role of ports is 

very important in their social and economic activities. 

 Similarly, it is noted that the majority of the ports mentioned above are categorized as 

having low or medium levels of involvement. Given the breadth of technologies that 

could be utilized to create intermodal smart ports, there might be limited cooperation, 

collaboration and information sharing among countries with successful operations that 

can be further promoted the Asia-Pacific region. 

 Obviously, while the development of emerging technologies is in an initial stage, some 

efforts to use them are noticed in freight transport with autonomous and connected 

vehicle technologies. However, cases are rarely found in the field of smart ports. 

 

5.5. Challenges and opportunities 

The cycle of development of smart transport systems is fast and still relatively difficult to follow 

up in some countries in the region. Some challenges still interrupt the wider deployment of 

smart transport systems in intermodal transport including smart ports.  

First, there is a wide gap in the development of smart transport-related policy and technology 

among countries in the region. For the successful operation of smart transport systems in 

intermodal transport and smart ports, proper expertise and technological fundamentals are a 

prerequisite. Although there are world-renowned leading countries in this field, many other 

countries still need more experiences, expertise and technological backbone to utilize smart 

transport systems in intermodal transport and smart ports. 
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Second, the current applications for intermodal transport and smart ports need to be more 

harmonized and coordinated with proper standards. Given that cross-border logistics services 

are part of freight transport, harmonization and coordination of smart transport systems are 

necessary to ensure streamlined logistics services among countries. To date, it is true that many 

smart transport-related projects are designed and pursed locally without an overall strategy or 

direction from a regional perspective. The lack of interoperability and compatibility between 

different systems for moving goods among countries will eventually hinder maximizing the 

benefits of smart transport systems in intermodal transport and smart ports. 

Third, countries are pursuing different approaches to utilize emerging technologies in the 

transport sector. Even though there are still limited attempts to materialize emerging 

technologies, such as connected vehicles and autonomous vehicles, with respect to intermodal 

transport and smart ports, inclusive and comprehensive regulations, policies and plans need to 

be strengthened to accommodate such emerging technologies into current ones. 

Together with the challenges faced in this region, there are opportunities that need to be 

considered by stakeholders in smart ports. 

In general, the younger generation tends to adopt new technologies. It is known that the Asia-

Pacific region has a high percentage of younger people. Particularly, a high proportion of the 

labor force working in the freight transport industry in the region is still relatively young and can 

be easily exposed to new technologies. The increasing number of smartphone users, which is 

expected to reach 1.81 billion by 2021, supports this fact. Another example is that more than 

half of the world’s population using the Internet live in the region – e.g., Japan (at 82.3 per cent) 

and the Republic of Korea (at 87.8 per cent). These countries have a high level of Internet 

penetration throughout their total populations.  

Although smart transport systems are regarded as one of the most cost-effective tools, they 

require a certain amount of initial costs to implement them. This is one of the difficulties facing 

developing countries in the region. However, there are many financial supporting opportunities 

in the region for smart transport-related activities from official development assistance 

agencies and multilateral development banks. Such opportunities can help initiate the adoption 

of smart transport technologies for intermodal transport and smart ports in some countries 

which need financial assistance. Countries in the Asia-Pacific region that have minimal 

investment in smart port technology seek to gain significantly with the addition of such 

technology. Other ports in the Asia-Pacific region – Singapore and China –offer classic successful 

examples of the benefits of value creation associated with smart international intermodal 

shipping hubs. 

Also, various efforts to build up transport connectivity, such as the Asian Highway network, the 

ASEAN Highway network, and the Belt and Road Initiative, are other opportunities to bolster 
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transport-related investments that will forge increased collaboration in smart transport 

technologies in intermodal transport and smart ports among countries.  
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6. Stepwise approach to planning system implementation 
for a smart port with technology strategies 

 

As mentioned in the previous chapters, the global trade and logistics environment is changing, 

and the 4IR technologies are developing. Therefore, it is timely to actively apply them to 

maritime transport, transitioning to  smart ports in order to increase national and port 

productivity and competitiveness, and to create new services and new industries. 

Figure 18 shows the goal of smart ports, and this report recommends two actions needed to 

switch to smart ports. One action is that ESCAP member States should aim to innovate ports 

through automation and intelligence of port operations, and the other is that ESCAP should 

continue its assistance by offering guidelines and capacity-building activities to support ESCAP 

member States and enhance their capability of creating smart ports. 

Figure 18. Goals of a smart port 

 

 

When developing smart ports, the three aspects mentioned in table 21 should be considered. 
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Table 2120. Considerations for smart port development 

Aspects Description 

Regulation 

◦ Define a national level policy (or strategy). 

◦ Define new laws or revise current related laws, regulations etc. for 

smart ports.  

◦ Set up a taskforce with the related stakeholders. 

Methodology 

◦ Follow a stepwise approach.  

◦ Design a “TO-BE” model with analysis maturity, process innovation 

and operation digitalization. 

Technology 

◦ Adopt the 4IR technologies. 

◦ Design a service platform with a sustainable and flexible structure 

and common interface. 

 

In addition, the infrastructure and service platform of smart ports must be constructed using 

the advanced technology such as the 4IR technologies (e.g., an ultra-high-speed network, high-

density GPS, autonomy etc.). Next, port equipment and facilities should be improved in order to 

reduce the logistics process and costs as well as provide a safe working environment. Instead of 

human workers, the use of autonomous vessels, vehicles, cranes etc., that can be operated in 

an unmanned environment as well as drones, robots etc. that can respond to dangerous 

environments, should be developed, to ensure a safe port. 

6.1. Preliminary requirements for starting a smart port development 

The following general requirements need to be considered when starting towards development 

of smart ports: 

 

Table 2221. Prerequisites for smart port development 

Dimension Preliminary requirements 

Environmental and 
policy perspective 

◦ Conformation with national policies and strategies; 

◦ Analysis of environmental changes in the maritime transport 

industry; 

◦ Analysis of technical requirements according to changes in an 

industrial environment. 

 
 
 
 
 
 

◦ Revise legacy laws, regulations, policies etc. for a smart port if 

necessary;  

◦ Develop a national-level masterplan or roadmap for port 

improvement; 

◦ Secure budgets such as AIDs (ODA) or national funding needed for 
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Strategic  
perspective 

smart port construction; 

◦ Organize a task force that includes the public sector, private sector, 

academics and related institutions; 

◦ Secure required resources (system, equipment, site, manpower etc.); 

◦ Review the related international regulations and standards; 

◦ Secure professional manpower through high-level training. 

Port process 
innovation 
perspective 

◦ Port operation optimization – eliminate duplicated or unnecessary 

processes through AS-IS analysis; 

◦ Ensure transparent port business transactions by process re-

engineering 

Technical 
perspective 

◦ Develop technologies needed for eco-friendliness, improvement of 

transport efficiency and unmanned port operation; 

◦ Secure end-to-end visibility through datafication, and provide 

prediction and on-demand services; 

◦ Develop technology for port security and safety; 

◦ Ensure interoperability, sustainability, reliability etc.; 

◦ Ensure data accuracy and conformance;  

◦ Provide an easy method (interface or module) to migrate legacy 

systems (facilities or equipment) to new systems 

Standard and 
structured 

methodology 
perspective 

◦ Define goals, implementation strategies and action plans for smart 

ports through analysis maturity methodology; 

◦ Take a strategic approach to giving priority to action plans; 

◦ Design an architectural framework that is a hierarchical and 

module-based structure; 

◦ Design an architecture framework with a flexible structure that can 

be easily integrated with additional requirements, and which can 

minimize the legacy modules modification, and be easily expanded. 

 

The development of a smart port is to respond to demand by reflecting new technologies while 

making the most of the information resources of the existing system, and because it involves 

changes in the overall port ecosystem, a firm vision and continuous support from the 

management are essential. In addition to these prerequisites, one of the important factors is 

the participation and cooperation of all stakeholders, as the support and involvement of 

members of the port community, including private sectors, is the basis for further facilitating 

the transition to a smart port. 

 

6.2. Stepwise strategy by port level for smart ports  

Many countries are interested in smart ports, and their number is increasing as they recognize 

how to implement and use smart ports to enhance port competitiveness. Therefore, it is 

necessary to analyse and diagnose the port environment to determine the implementation 
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strategy, such as what to prepare and how to implement the smart ports (figure 19). 

 

Figure 19. Port-level analytics maturity model based on the 

Capability Maturity Model Integration 

 

 

This report recommends that ESCAP member States check their current port level by analysing 

the port environment with the port level analytics maturity model based on Capability Maturity 

Model Integration (figure 19). It may be more efficient to implement smart ports using a 

stepwise approach (figure 20) in accordance with the current port level. The stepwise approach 

enables a clear understanding of the current port level and the definition of the future target 

level based on the results of analysis. 
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Figure 20. Stepwise approach to developing a smart port, depending on port level 

 

 

 First phase – port information: 

◦ Use paper documents, manual processing; 

◦ Less systematic port procedures; 

◦ Willingness to transform to computerized port. 

 Second phase – automatic port: 

◦ Paperless transactions by e-documents; 

◦ Use of an information system, such as port-EDI and TOS, to handle port operations; 

◦ Willingness to change semi-automated port operations to fully automated. 

 Third phase – digital port: 

◦ Construct an automated port using RFID, sensors, cameras etc.; 

◦ Use port collaboration model such as Single window, PCS etc.; 

◦ Willingness to interconnect with other organizations or countries for information 

sharing; 

◦ Prepare a nation-wide logistics masterplan or roadmap for smart ports. 

 Fourth phase – smart port: 

◦ A fully automated port that uses nascent, automation and innovative technologies; 

◦ Digital transformation with the 4IR technologies; 

◦ Objective is an optimized, unmanned and autonomous port; 

◦ Comply with international regulations and/or standards. 

 

It is necessary to check the current port level based on the port level analysis maturity model in 

figure 19 and to define detailed activities as shown in figure 20, depending on the results. In 
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proceeding with the smart port, this report strongly recommends checking the preliminary 

requirements described in previous section 6.1 and verifying the state of readiness according to 

the stated content. 

It is important to check the current port level using the port level analysis maturity model, 

which explains it with examples. 

If the port currently uses paper documents and port operations are carried out by manual 

processing, the level corresponds to step 1. Therefore, an effort should be made to reduce the 

use of manual processing and paper documents. In other words, e-documentation (EDI or XML) 

should be introduced for paperless logistics in the port operations and an information system 

should be implemented to efficiently process the port operations. 

If port operations are handled through e-documents and information systems for some tasks 

and some port facilities have been modernized, the port can be considered as semi-automated, 

thus corresponding to step 2. Therefore, an effort should be made to expanded port facility 

automation to reduce operation time and costs, and to increase port efficiency. 

If the port operation is improved by port facility modernization or paperless transactions (step 

2), access should be diversified as the port environment changes. Step 3 should provide various 

access methods, such as WEB and Mobile, for users as well as interconnection for information 

sharing with the related organizations or neighbouring countries. In addition, it is effective to 

push ahead with the national Single Window and PCS for national internal collaboration. 

 

6.3. Computerization of the recommendation system 

Smart ports are considered to be a tool for facilitating global change by applying digital 

technology to transforming maritime transport and logistics. Smart ports must be more 

sustainable, efficient and socially responsible as well as intelligent and connected ports. 

To realize a future-oriented smart port where technology and humans, nature and the 

environment, logistics and the economy co-exist, ESCAP member States need to establish a 

national-level roadmap or masterplan as well as select and promote detailed projects for each 

sector. 

The related systems or facilities (including equipment) of smart ports may be implemented in 

accordance with the development methodology shown in figure 20; however, specific steps 

may vary, depending on user requirements and port environment. To ensure its stability and 

trustworthiness, an implemented system or facilities (including equipment) should be tested 

and validated before going live for actual service.  

It will be possible to improve the efficiency and safety of marine logistics and reduce logistics 

costs through automation of the marine logistics infrastructure and the intelligent port 
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operation system if realizing smart ports by incorporating the 4IR technologies with maritime 

transport. 

6.3.1. Efficient IT resource management: Enterprise architecture 

Enterprise Architecture (EA) was introduced to efficiently manage complex IT resources and to 

design systems suitable for strategic enterprise management (SEM) concepts. With EA, it is 

possible to (a) minimize trial and error in the decision-making stage through strategic 

information planning, (b) consider standardization and interoperability through information 

resource sharing, and (c) prevent repetitive development of information systems. The 

architecture should be independent of the hardware system and should be extensible in the 

structure and reusable as much as possible. Table 23 describes the requirements for designing 

an enterprise architecture needed for smart ports. 

Table 22. Requirements of enterprise architecture 

Requirements Activities  

Integration of 

business and 

technology 

 Layered structure of system 

design.  

 Design an interface to easily add, 

delete or modify. 

 Component-based design. 

 Interface specification. 

 Define data format. 

 Design architecture framework. 

 Design an interface between systems, 

and between systems and facilities 

(equipment), and applications etc. 

 Data format for exchanging 

information for internal/external 

interface. 

Flexible 

structure 

 Loosely-coupled structure. 

 Independent structure between 

modules. 

 Consider interconnection with various 

systems (facility or equipment). 

 System designed for easy module 

modification/expansion within a 

system. 

Intelligent 

system 

 Define mechanism for data 

collecting, monitoring and control, 

external interconnection, etc. 

 Define control method based on 

the collected data 

 Define rules for optimized port 

operations. 

 Secure comparison data groups by 

collecting source data in advance for 

various situations. 

Rule-based 

risk 

management  

 Define a categorization layout to 

enable rule-based management of 

risk 

 Configure problems and faults 

detection, and notification method. 

 Implement a monitoring system 

 Build a repository for rule-based 

monitoring and data control 

(problems, causes, countermeasure 

etc.) 
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The ISO/IEC/IEEE 42010 standard defines an architectural framework and details the 

requirements for an architectural framework. The architecture framework is a standard meta-

model for specifying the components to be expressed and the relationships between 

components as well as the rules, principles and practices for describing the architecture 

established within a specific application domain and/or community of stakeholders. Figure 21 

shows the architecture framework for smart ports that was designed for this report as an 

example by referencing the ISO/IEC/IEEE 42010 standard. 

Figure 21. Example of an architecture framework for a smart port 

 

 

6.3.2. Minimizing trial and error (spatial constraints): Digital Twin 

Digital Twin and AR/VR technologies may be used to implement real-world machinery, 

equipment and objects in a virtual world on a computer. These technologies can be widely used 

for cargo management, cargo or transport tracking and logistics system design. They are also 

the best tool for improving production quality, reduce operating costs and shorten the 

development period. In the logistics industry, Digital Twins can be applied in various ways to the 

entire process, such as container management, cargo tracking and logistics system design. 

In addition, the simulation model with Digital Twin and AR/VR collects raw data from various 

sources (systems, facilities or equipment) and uses that data to understand the current state, 

respond to changes, and make improvements. Digital Twin can be used for logistics 

optimization and risk management; this makes it possible to minimize risks that may occur in 

port operation and management as well as reduce trial and error in actual implementation (or 
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work). 

 

6.3.3. Pressure on productivity: Robot chatting, AI, Big Data, Blockchain 

Big Data analysis technology using AI can automatically perform what was judged by humans 

through machine learning. It can predict and analyse the future through analysis of large 

amounts of data and patterns, and can suggest appropriate alternatives. The port industry has 

many uncertainties and variables, so AI and Big Data can be applied to accurately predict 

demand, cargo volume and port activities, perform efficient management and reduce logistics 

costs.  

Blockchain systems can enhance work efficiency by sharing real-time information 

(transportation information for inter-terminal transportation (ITT), container information etc.) 

among the related stakeholders of port operations. It can increase transportation efficiency and 

efficiency of yard operation, and shorten the dispatch time by utilizing the following service – 

grouped allocation of cargo, block hauling, terminal information retrieval etc. Operational 

reliability can be greatly increased with transparent transactions. In addition, productivity can 

be improved by overcoming the dangers and limitations of port operations through 

transforming the unmanned port with the use of robots and AI. 

6.3.4. Cost reduction (fiscal limitations): IoT, AI, Empowered Edge, Distributed 

Cloud 

Drones, AI and IoT can be used to monitor port operations and resources in real time, and to 

check operational status. If smart ports play a role as the central body of the national logistics 

network with the connections between ports, external logistics resources will be strengthened, 

and logistics costs reduced across the country by the logistics system becoming digital and the 

implementation of information interconnection. 

Edge computing with autonomy is the processing of data near the edge of the network where 

data are generated. IoT, which responds sensitively to human behaviour and weather 

conditions, is efficient when processing tasks on processing near the attached place to reduce 

traffic and latency. If the ultra-high speed 5G, Cloud and the empowered edge that are installed 

in the port are combined and operated as a complementary model, it will play a key role in the 

autonomous environment in the port. 

Blockchain has many advantages, such as ensuring reliability, reducing potential costs and 

shortening transaction time. If blockchain technology is used for port operations, it will be 

possible to ensure safety throughout the supply chain through transparent transactions and 

tracking functionality. In other words, it will be possible to eliminate paperwork in port 

operations as well as reduce the cost and time spent on resource saving and port management. 
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6.4. Port cybersecurity 

The physical environment, including ports and roads, will evolve into a smart space where 

people and surrounding objects interact through various sensors and sensory channels. 

Although smart spaces have various advantages, new threats to cybersecurity may arise. 

Therefore, smart space privacy, digital ethics and security issues are considered to be very 

important.  

Smart ports are also a smart space where people and surrounding objects interact with each 

other, so port cyber security is seen as important. Smart ports should be responsible for 

responding to digital security threats by implementing a platform for cyber security to collect 

and analyse all digital information occurring in information security, physical security, and 

security systems. 

A recent report68 released by the European Union Agency for Cyber Security (ENISA) describes 

the possible impacts of cybersecurity challenges on smart ports: 

 Shutdown of operations, port paralysis; 

 Sensitive and critical data theft; 

 Theft of cargo; 

 System damages or destruction; 

 Loss of competitiveness; 

 Environmental disasters.  

The report also describes the following security measures that ports can implement: 

 Define clear governance around cybersecurity with all business entities related to 

smart ports; 

 Raise awareness of cybersecurity matters at the port level and introduce a 

cybersecurity culture through training; 

 Recommend the enforcement of the technical essentials of cybersecurity, such as 

network segregation, management updates, password hardening, segregation of rights 

etc.; 

 Apply security for designing applications to protect systems or exchanged data, 

message level security and communication level security. In addition, physical security 

can be considered; 

 Enforce detection and response capabilities at the port level in order to react 

cyberattacks. 

With the development of ICT and the spread of smart technologies in the maritime transport 

                                         
68 Source: European Union Agency for Cyber Security, 2019, Port cybersecurity – good practices for 
cybersecurity in the maritime sector,  
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domain, the demand for security and equipment safety management continues to increase in 

ports, as there are many malfunctions of image and detection sensors due to ocean wind etc. 

Safety against accidents can be prevented by utilizing the 4IR technologies, and the work 

environment of port workers can be improved by preventing accidents caused by human 

negligence, such as by minimizing exposure to dangerous work by controlling and managing 

equipment. 
Port logistics resources are linked to each other using technologies such as IoT, Big data, and 

sensor networks, and by collecting and analyzing information generated in real time and using it 

for decision making, the efficiency of port operation will be greatly improved.. However, 

vulnerabilities that can be attacked, due to highly connected systems such as IoT, Cloud and 

virtual space, can increase exponentially. Therefore, it is necessary to focus on system 

protection, security defense technology improvement, and prediction and prevention of cyber-

attacks based on AI technology. 

The security of IT protects digital information and IT assets from malicious and accidental 

threats from inside and outside the system. This includes threat detection, prevention and 

response methods using security policies, software tools and IT services. If security is weak, 

systems or data may be damaged by malicious or unintentional internal threats. 

Information security, also known as "infosec", includes a broad range of strategies for 

managing processes, tools and policies aimed at preventing, detecting and responding to

threats to digital and non-digital information assets. 

Table 23. Security needed for smart ports 

Security Description 

Physical security 

 Prepare for access attempts by unauthorized users or intrusion 

from outside when operating smart ports. 

 Constructed so that data can be safely stored, even in the event of a 

physical shock or natural disaster. 

 Smart ports can be accessed only by authorized users or 

administrators through biometric recognition and card key etc. 

Network/communication
 security 

 Activities to defend or prevent access by unauthorized users, 

intrusion through the network, Distributed Denial of Service 

(DDOS), malicious code intrusion etc. 

 Applies a reliable communication protocol to prevent modification 

during data transmission. 

 Firewalls, IDS (Intrusion Detection System), WS-Security, etc. 

Information security  Keep data safe without damage from unauthorized access or 
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modification threats on transmitting data. 

 Sensitive data, such as personal information or personal health 

information etc., must be encrypted then stored. 

 Application of encryption/decryption, digital signature etc. 
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7. Conclusion 
 

Dramatic change is occurring around the world; the 4IR technologies are being developed and 

increasingly used and applying them to the maritime transport domain is crucial as the shipping 

industry plays a key role in global trade. Transition to smart ports through digitalization and use 

of 4IR technologies is a proven way to ensure productivity, efficiency, greater safety against 

accidents and more environmentally friendly performance. 

A move towards smart ports with the aim of innovation through the automation and 

intelligence systems of port operations is particularly advisable for ESCAP member States who 

are seeking to increase national and port productivity and competitiveness, and to create new 

services and industries. 

7.1. Measuring the impact of the transition to smart ports 

Smart ports can provide numerous advantages for strengthening the competitiveness of 

maritime logistics as well as for increasing the overall efficiency of supply chain management. 

The following results of the transition to smart ports could be expected and should be 

measures as part of the tracking the impact of the reforms. 

Table 25. Tracking the impact of smart port development 

Economic performance Social Performance Environmental performance 

 Improve national or ports 

competitiveness by sharing port 

related information among 

stakeholders, maritime logistics 

domain, or cross-border 

countries etc. 

 Securing visibility in the 

connectivity of all resources 

(cargo, people, equipment, 

facilities etc.) in the port, and of 

external resources (ships, 

external trucks, bridges, traffic 

etc.) outside the port 

 Contributing not only to 

retaining existing customers but 

also to attracting new 

customers by improvement of 

satisfaction levels. 

 Greater reliability of port 

services as a result of the 

increased capacity to prevent 

 Data-centric accident prediction 

and prevention ability 

 A rapid response technology in 

preparation for natural 

disasters such as earthquakes, 

epidemic and strikes 

 The ability to ensure the 

visibility of resources in the 

port as well as the reliability of 

business transaction data by 

port cybersecurity or 

blockchain technology, for 

example. 

 Eliminating the risk of industrial 

accidents for port workers by 

introducing unmanned 

automation in the port 

 The prevention of accidents 

with the use of automation of 

work, using remote control, 

unmanned systems, robots, AI, 

 Reduction of port operation 

environmental impact by 

increasing port efficiency  

 Reducing the congestion in port 

and terminals, and related 

emissions by minimizing 

waiting time for ships and 

trucks 

 Supporting greater intermodal 

integration in favour of a more 

environmentally sustainable 

modal split in the hinterland 

connection of the ports 

 Lowering the risks of 

environmental damages caused 

by safety accidents in ports 

 GHG reduction through 

optimization of intra-premises 

transport and cargo handling 

 Optimize equipment placement 

and reduce power consumption 
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disruption of logistics flow in 

advance by smart ports 

development. 

drones etc. 

 Improve port sustainability by 

increasing port safety 

 Relocation of port workers 

using a smart platform and 

reinforcement of industrial 

safety through education and 

training  

using sensor networks 

 Contributing to the 

improvement of the 

environment in port city 

through efficient monitoring 

and management of pollutants 

generated in port sector 

 

7.2 National and regional cooperation on smart port development 

Countries need to develop a roadmap or masterplan and secure the needed budget and 

resources for smart ports in advance. A crucial element in this work is accurate assessment of 

the port development level at the beginning of the process in order to define the most suitable 

action plan for a smart port. Before proceeding with the implementation of a smart port project, 

it is recommended checking the preliminary requirements identified in this report and verifying 

the state of readiness according to the stated content. 

First, at the national level a smart port roadmap is needed, together with a comprehensive 

analysis of the industrial ecosystem, such as the direction of vessel development, changes in 

the global economic structure, the transshipment port and the trade structure of the port’s city. 

Then countries should define a detailed strategy and action plan as well as an analysis of which 

technologies are useful to a smart port. 

Second, strong leadership and a close relationship between the Government and the related 

organizations are needed. This includes the continued support from ESCAP, as it works with its 

member States on deeper understanding of the benefits of smart ports and on mobilizing 

sufficient political will to implement necessary reforms. As countries face resource constraints 

and other difficulties, such as a lack of experience and experts for analysis or technical review in 

establishing a development plan and transition to a smart port, dedicated analytical materials 

and intensive capacity building programme are needed.  

ESCAP member States could incorporate the general guidelines and recommendations of this 

report into their port development master plan, but detailed guidance is needed for practical 

application. ESCAP continue implementing research and pilot projects to develop detailed 

guidelines for smart port development and support their practical implementation. Experiences 

and lessons learnt from real-world examples of the transformation to, or development of smart 

ports will both serve as a reference model for related projects in ESCAP member States and an 

opportunity to enhance the capabilities of experts in the relevant fields.  


