
 
 

 

DETAILS 

SECTOR | Transport 

STAGE | Operations and Maintenance 

TECHNOLOGIES | Artificial Intelligence, Internet of Things (IoT), GPS, Cameras, Sensors 

SUMMARY 

Autonomous Shipping Ports can utilize some, or all, of the following five main components to deliver more 

efficient, productive and safe port operations: 

1. Automated equipment - Automated equipment can include automated robots, vehicles and cranes (see 

also the Automated Robot Cranes Use Case) that automate processes including ship to shore, yard 

operations, ground transportation, maintenance and gate automation without direct human 

involvement. Sensors and other Internet of Things (IoT) devices are used to perform remote condition 

monitoring of assets and can help inform maintenance activities. 

2. Equipment-control systems – The automated machines described above are controlled via specific 

equipment-control systems. These systems can integrate technologies like Artificial Intelligence (AI) and 

sensors to ensure operations of these machines run smoothly and are continually improved through 

machine learning.  

3. Terminal control tower - Acts as the “brain” of the port by managing all the operations via decision-

making tools, advanced analytics, a digital platform and interfaces with the wider port community and 

its customers. The control tower coordinates the entire port by optimizing tasks like demand 

management, scheduling, workflow management and monitoring and control. Here too, machine 

learning technologies can enable better optimization of operations. 

4. Human-machine interactions - Direct human interaction with the machinery and systems is kept to a 

minimum to ensure safety. The roles humans play in autonomous shipping ports continue to play an 

important role, but in a way that minimised direct interaction with machinery. Staff oversee operations 

and are poised to intervene when required. The introduction of “mixed reality” technologies like virtual 

reality and augmented reality are enabling robots to perform complex maintenance tasks whilst 

utilizing staff experience and judgement (see also the Virtual and Augmented Reality for Training and 

Inspection Use Case).  

5. Interactions with the wider value chain - Implementing interfaces with the wider supply chain to 

exchange data enables the entire supply chain to become more efficient and respond quickly to delays 

and changes. Data coming into the port, e.g. from Smart Shipping Containers (see Smart Containers use 

case), can enable better planning of operations within the port (e.g. up to date ship arrival times) and 

can be used to better inform entities further down the supply chain.  

The movement towards autonomation has been seen in other industries including mining and warehousing, 

where similar repetitive, time-consuming, and often dangerous tasks are undertaken. For ports, the adoption 

rate has been slower. However, today more than 40 ports around the world have installed equipment to 



 
 

 

automate some, or all, of their processes, with 20 of those projects having occurred in the last six years. To date, 

an estimated USD 10 billion has been invested in such projects (including basic infrastructure and automation 

equipment), and an additional USD 10 billion to USD 15 billion is expected to be invested over the next five 

years1.  

Traditional operations at ports involve workers directly controlling machinery which can be time consuming, 

error prone and dangerous. Errors, damage or delays are costly and can cause knock-on effects further down 

the supply chain. Autonomous machines like automated robot cranes and vehicles can optimize the 

performance of specific tasks whilst reducing the risk of mistakes, accidents, injury and delay. Through this 

optimization, cost savings can be made for the operator associated with the reduction in time taken to perform 

tasks, reduction in damage to equipment and cargo, reduction in workforce injuries and enhanced asset 

capacity, which can enable cost savings at every level of the supply chain. They can also create less stressful, 

more comfortable and ergonomic environments for workers who will typically oversee operations from a look 

out post. 

When upgrading a port to autonomous operations a holistic view of port operations is taken, that enables the 

optimization of tasks to be coordinated holistically, rather than siloed.  

In the mining industry, autonomation has resulted in a 20% to 40% improvement in costs and productivity 2. For 

warehousing, a 10% to 30% improvement has been estimated3. Shipping ports are similar settings in that the 

physical infrastructure is fixed and predictable and the activities performed on site are repetitive and 

uncomplicated. The operations can generate a large amount of data that can be collected and processed to 

provide value in efficiency gains and optimization. Furthermore, by introducing autonomous technologies, 

employees can be distanced from high risk activities that often result in accidents and injury. This also 

significantly reduces the number of disruptions or errors. This suggests that ports would be able to benefit from 

similar efficiency gains as demonstrated in the mining and warehousing industries.  

The Port of Rotterdam in the Netherlands is one port that has already made the movement towards 

autonomation. It saw a reduction in congestion as a result of eliminating lengthy processes previously 

undertaken4. The Chinese Port of Caofeidian saw a reduction in labour costs by 70% combined with a 30% 

increase in efficiency5. Automation can improve efficiency by increasing the utilization of assets (cranes, trucks, 

berths etc.) and allowing for extended periods of operation. Automated machinery can perform consistently at 

peak performance, minimising distraction and fatigue. 

Autonomous ports also require less space than traditional ports. By reducing the number of staff required on-

site the space needed for facilities such as dining halls, locker rooms etc. is reduced. This space can be utilized 

for another purpose. As tasks like the ship to shore movement of containers can be completed in a reduced 

amount of time, thanks to automation and machine learning, ships will moor at the port for shorter timeframes. 

This will enable more frequent turnover of ships and means the port can have less space designated for berthing 

ships. It also means the idling of ships waiting for a mooring space will be reduced or eliminated, meaning less 

fuel consumption and a reduction in environmental impacts.  

Furthermore, port operations will require less space as safety clearances will be reduced since humans are not 

directly involved. This means, overall the port can be condensed into a reduced space, or the existing space can 

be used to enable an increase in capacity. 

In the future, the port’s role could grow from managing its internal operations, to functioning as an intermodal 

logistics hub that connects all the players in the chain. Autonomous ships and IoT enabled smart containers 

would communicate with the port to provide real time arrival and condition information. Ports would 

communicate with autonomous ships to enable docking in often crowded ports, and optimize unloading, storage 

and onward delivery via the automated cranes and vehicles at the port. Infrastructure for other modes (e.g. rail, 

 
1 “The Future of Automated Ports”, McKinsey, Accessed 30 April 2020. 
2 “The Future of Automated Ports”, McKinsey, Accessed 30 April 2020. 
3 “The Future of Automated Ports”, McKinsey, Accessed 30 April 2020. 
4 “Rotterdam is Building the Most Automated Port in the World”, Loes Witchge, Accessed 30 April 2020. 
5 “The Future of Automated Ports”, McKinsey, Accessed 30 April 2020. 

https://www.mckinsey.com/industries/travel-transport-and-logistics/our-insights/the-future-of-automated-ports
https://www.mckinsey.com/industries/travel-transport-and-logistics/our-insights/the-future-of-automated-ports
https://www.mckinsey.com/industries/travel-transport-and-logistics/our-insights/the-future-of-automated-ports
https://www.wired.co.uk/article/rotterdam-port-ships-automation
https://www.mckinsey.com/industries/travel-transport-and-logistics/our-insights/the-future-of-automated-ports


 
 

 

unmanned aerial vehicles) would be integrated in the hub, enabling automated machines to move freight to the 

next mode/stage in the supply chain more easily as part of their operations. Autonomous vehicles could collect 

freight from ports and transport goods by road (see also the Autonomous Vehicles Use Case), rail, or air and 

could ultimately be delivered to the end customer by a drone (see also the Unmanned Aerial Vehicles for Freight 

and Logistics Use Case). To achieve this holistic system will require collaboration between all players, with the 

terminal operators, trucking companies, railroads, shippers, logistics companies, and freight forwarders 

connected into one ecosystem. 

 

VALUE CREATED 

Improving efficiency and reducing costs: 

• Standardize port operations through automation and review of processes. This will reduce 

inconsistencies and operating costs through the reduction in staff required, minimizing errors, 

accidents and delays. 

• Increase efficiency of port operations by enabling better data driven planning that considers demand, 

scheduling and workflows and increase capacity of port as optimized operations allow for increased 

freight to be handled. 

• Reduce land required for port operations as fewer on-site staff require fewer facilities (e.g. parking, 

locker rooms, dining facilities etc.); less space is required to perform tasks due to faster performance 

by automated machinery and smaller safety clearance requirements; and reduction in space required 

for berthing ships as they will spend less time moored as a result of the reduction in time to unload 

them.  

• Improve the quality of the freight service offering and potentially reduce customer fees, and the end 

price for consumers, by increasing productivity and capacity through the optimization of tasks within 

the port and the reliability of the overall supply chain. 

Enhancing economic, social and environmental value: 

• Improve safety at ports by eliminating direct human involvement in high risk activities across operations 

and maintenance.  

• Improve resilience of ports to disruptive events like pandemics as automated activities can continue 

keeping essential supply lines running efficiently, whilst enabling staff to work in a safe remote 

environment. 

• Reduce emissions by making ship berthing more efficient and reducing or eliminating the need for ships 

to circle/idle whilst waiting for a berthing space. 

 

POLICY TOOLS AND LEVERS 

Legislation and regulation: Many ports are privately operated and are required to comply with government 

regulation, such as agreed capacity limits (based on several factors such as channel depth and competition with 

other ports). With the increased efficiency of automated ports, some of these regulation may need to be 

revisited, including safety regulations to support the transition to autonomous machinery at the ports. 

Effective institutions: To effectively shift traditional operations to autonomous operations, port operators must 
break down silos that exist between functional areas to enable integration across an end-to-end process chain. 
Existing processes should be examined with this holistic view in mind and should be optimized to ensure they 
are simplified. Data standards should be developed to enable structured, transparent data to be collected and 
analysed across all areas of operations. Finally, a program to deliver the port should be developed which outlines 
key stakeholders and their responsibilities and the port’s new operating model. Key stakeholders will include 
customers, shareholders, labour representatives, operations leaders, the technical team, vendors, and external 
experts. 

Transition of workforce capabilities: A key problem facing ports as they make the transition to autonomous 

operations, is finding resources with the required specialized technical skills to undertake this type of project. It 



 
 

 

can take multiple years to train engineers to meet this need, particularly in the planning and implementation 

phases. Operators should make this a central focus if they intend to transition to autonomous operations. 

Training programs for existing staff, as well as increased efforts to recruit talent should be undertaken. 

Funding and financing: There are several private funds for projects around the world. For example, a private 

company (DP World) invested in the upgrade of Port of Brisbane, Australia. Several private companies have 

partnered to transition the Port of Caofeidian in China to a fully autonomous port. 

 

IMPLEMENTATION 

Ease of Implementation 

 

Many industries have already transitioning some, or all, of their processes to 
autonomous operations, with multiple ports around the world having 
followed suit. Currently, most ports have fragmented operations and IT 
setups which are a barrier to effective autonomation. There is significant 
planning required to overcome these barriers, including the redefinition of 
the operating model, the development of workforce capabilities, and the 
definition of data standards. The shift from manual to autonomous 
operations means there is a need to change the order and allocation of 
responsibilities for operations. There will also be a requirement for digitally 
based tracking and monitoring of processes. This should be recorded in the 
new operating model. Furthermore, variable factors such as the late arrival 
of shipping vessels will remain and must be addressed in port automation 
systems so that they can respond in line with such changes. 

Cost 

 

The initial capital investment to develop an autonomous shipping port is high. 
This includes the installation of autonomous equipment and construction of 
infrastructure. If the new operating model is deployed successfully, ports can 
expect to see reductions in labour costs and improvements in productivity 
which will reduce their operating expenditure.  

Country Readiness 

 

The current trend towards automation at ports is driven by the demand for 
larger container vessels, high labour costs in developed countries and 
competition among ports. Today, Asia Pacific holds the largest share in the 
automated port market, followed by Europe and North America.  

A shift to autonomous ports will create a higher demand for technical skills 
and technologies. A new operating model will be needed, and the employees 
will need to be trained to adapt to and use new technologies.  

Technological Maturity 

 

The technologies have demonstrated their capability in operations through 
already implemented smart automated ports. Port operations should choose 
technologies that reflect their unique business needs (including their 
customer needs) and should look to build and continually refresh their 
technology in line with ongoing developments. Technologies would be 
developed and improved in line with the operator’s specific needs. 

 

RISKS AND MITIGATIONS 

Implementation risk 

Risk: Some ports that have rolled out autonomous technologies across some, or all, of their operations, have 

recognized a reduction in productivity in comparison to their traditional operations. To justify the capital 



 
 

 

expenditure, it is estimated that ports should see at least a 25% reduction in operating expenses or a 30% 

increase in productivity6.   

Mitigation: There are several major barriers to achieving the expected return on investment. These include 

workforce capabilities, data quality, siloed operations and the management of exceptional events. Considerable 

planning and effective management are required to ensure these barriers are addressed in order to see the 

desired outcome.  

Social risk 

Risk: The implementation of autonomous technologies may result in redundancies for existing employees.  

Mitigation: With the new technologies installed, work at the port will become more technical. There is an 

opportunity to upskill some employees to meet this need. Furthermore, as automation will reduce the cost of 

shipping, an increase in shipping can be expected. This could offset job losses.  

Safety and (Cyber)security risk 

Risk: Autonomous shipping port operations are heavily reliant on data to optimize their processes. There is a 

cybersecurity risk to the system which puts the data collected at risk as well as operations and employees on 

site, who may be injured should the machinery be interfered with. 

Mitigation: Operators should ensure their systems are robust to minimise the risk of cybersecurity breach. 

Furthermore, governments should set legislative frameworks to outline the requirements of these systems to 

repel cybersecurity attacks. 

 

EXAMPLES 

Example Implementation Cost Timeframe 

Port of 
Rotterdam 

The world’s first automated 
container terminal 
(Maasvlakte II), which 
includes unmanned cranes 
and Electrical Automated 
Guided Vehicles (AGVs). The 
terminal is run by 10 – 15 
staff each day.  

The 2004 – 2013 Maasvlakte 
II expansion of the port cost 
EUR 3 billion. The terminal 
has an initial annual capacity 
of 2.7 million TEU, which 
increased to 4.5 million TEU.  

The terminal became fully 
autonomous in 2015. In 
2019, the operator began 
developing a digital twin of 
the port, based on sensor 
data, in preparation for 
enabling the port to 
communicate directly with 
other autonomous systems 
e.g. autonomous ships. They 
hope to host such ships by 
2030. 

Port of 
Newcastle  

The Port of Newcastle has 
developed the concept for 
an automated container 
terminal development at its 
Mayfield site. The site has 
capacity for a 2 million TEU 
per annum container 
terminal, coupled with a 
shipping channel that can 
accommodate vessels up to 
10,000 TEU. 

An estimated AUD 1.8 billion 
development to be entirely 
funded by private investors. 
It is expected to add AUD 6 
billion to the New South 
Wales (NSW) GSP by 2050 
and save NSW consumers 
AUD 4 billion in freight costs 
by 2050. 

The concept was developed 
in 2019.  

 
6 “The Future of Automated Ports”, McKinsey, Accessed 30 April 2020. 

https://www.nbcnews.com/mach/science/how-europe-s-busiest-port-helping-make-autonomous-ships-reality-ncna978041
https://www.nbcnews.com/mach/science/how-europe-s-busiest-port-helping-make-autonomous-ships-reality-ncna978041
https://www.portofnewcastle.com.au/newcastle-container-terminal/
https://www.portofnewcastle.com.au/newcastle-container-terminal/
https://www.mckinsey.com/industries/travel-transport-and-logistics/our-insights/the-future-of-automated-ports


 
 

 

Port of 
Singapore  

The new port will utilize 
technologies including 
automated wharf and yard 
functions and full-electric 
automated guided vehicles.  
When complete, the port is 
expected to be the largest 
fully autonomous terminal in 
the world and will integrate 
with other modes including 
aerial modes.  

The entire project is 
expected to cost more than 
SGD 20 billion (USD 14.5 
billion). With the port's 
capacity almost doubling, 
more jobs are likely to be 
created despite the 
automation. 

The port is being developed 
in four phases. Construction 
is currently in Phase 2 that 
began in July 2019. The port 
is expected to be completed 
by 2040, with the first berths 
scheduled to open in 2021.  

 

CONTACT INFORMATION 
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https://www.mpa.gov.sg/web/portal/home/media-centre/news-releases/mpa-news-releases/detail/a2860498-ff4f-4e9c-88ac-139653ae7541
https://www.mpa.gov.sg/web/portal/home/media-centre/news-releases/mpa-news-releases/detail/a2860498-ff4f-4e9c-88ac-139653ae7541

