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Digitalization of Container Terminals 
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1-1. Container Terminal – Current Challenges
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Smart Port: A strategy that goes beyond the automation and visualization of cargo handling
operations to strategically utilize digital twins, addressing challenges such as improving
efficiency and speed, enabling less-skilled workers, and implementing environmental
measures. Overview of RTG type CT

Global figures 
2024 container traffic volume 

173.38 million TEU*1

2024 container terminal throughput
Approx. 919 million TEU*2

Number of container terminals 
Approx. 1,300*3

Number of automated container terminals 
Approx. 120*4

Sources:
※1 Japan Maritime Center
※2 CONTAINER TERMINAL FORESIGHT 2025 By DS Research
※3 Presentation by HYUNDAI U&I at TECH TOC
※4 Based on industry data (Corrected by Mitsui E&S )

8.4km quay，65 STSCs，210 RTGCs
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1-2. The Ideal and Reality of Data-Driven Operations
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”Help 
meeee!"

出所) Google Geminiを用いて著者作成

In reality, wouldn't you just get swept away and drown in a data wave?
Will AI help us... when the time comes?

"Catch the 
data wave!"

Trend 
Analysis
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1-3. To Ride the Wave of Data in Data-Driven CT
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Three Elements Needed 
to Ride the Wave

Engine

Steering

Chassis

1.System Config. 
for Digital Twin

2. Optimization Logic 
(using AI, etc.)

3. Objectives of the 
Digital Twin

Source: Prepared by the author using Microsoft Copilot.
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Type of Simulations for Digital Twin
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2-1. Digital Twin - AI in the Loop -
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Twinning
Real CT Virtual CT

Vessel information
Operation sequence
Stacking location etc.

TOS Digital SystemOperations

The simulator
predicts the future 

situation for several 
scenarios.

Data

Planner
(Human)

AI
Data Analysis

• Container storage 
location

• Dispatch RTGs and 
yard chassis

Implement Manually
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2-2. Discrete Event Simulator (DES) vs. Stochastic Simulator (SS)
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Stochastic Simulator (SS / Monte Carlo)Discrete Event Simulator (DES)Aspect

Aggregates events into statistical distributions and 
runs many Monte Carlo trials

Tracks individual events (equipment / tasks) 
sequentially over time to reproduce actual 
movements

Basic concept

Captures macro-level bottlenecks such as 
congestion and capacity limits

Reproduces individual equipment behavior and 
physical work interference in detail

Target of 
modeling

Probability distributions (mean / variance); 
uncertainty can be input directly

Confirmed, detailed data (large volume, high 
accuracy required)Input data

Aggregated into distributions (physical interference 
not tracked directly)

Computed one by one (equipment interference and 
sequence explicitly represented)

Handling of
individual events

Coarse (grasped as overall trends and distributions)High (can compute turn time down to each 
individual chassis)

Accuracy 
/ granularity

Runs thousands to tens of thousands of trials fast; 
suited to scenario search

Each case is time-consuming; exhaustive scenario 
testing is difficult

Calculation
speed

Low 
(lightweight, easy to implement)

Extremely high 
(complex programming, large data requirements)

Development 
cost

Early-stage study, investment decisions, and policy-
change impact evaluation before confirmation

Detailed optimization and yard planning after data 
are confirmed;  Trace-back of completed operationBest-suited use
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After operation  

DES

Trace-back for 
trouble shooting
& training

2-3. Division of Roles between DES and SS
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The two simulation methods are complementary, not competing. Along the timeline, roles are divided: 
SS (early study before data are confirmed) → DES (detailed op□miza□on a□er confirma□on).

Days before 
operation  

During 
operation  

After finalizing
operation schedule  

DESSS

Broadly exploring multiple 
scenarios under uncertainty 
to narrow down candidates.

Precise optimization of 
narrowed-down candidates, 
reproducing interference 
among individual devices.

Decision by
the human planner

Input uncertainty (the variance of the distribution) shrinks over time.

Large variance Small variance

Daily operation

Development of CT
Very early stage

SS

Initial planning (layout, 
capacity, etc.) to make 
investment decisions and 
verify policy effects.
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Example of Simulations
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3-1. Example of DES (Simulator)
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Cases
Stacking location, nos. of chassis, spec. of crane etc.

Key Performance Indicators (KPIs)
Crane operation hours, productivity, waiting time
Road chassis turn time, waiting time  etc.
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3-2. Example of DES (Dashboard)
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3-3. How AI Reduces Container Moves (Example) 
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3-4. Example of SS (Simulation model)
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Out-GateIn-Gate

Input data (statistical distribution) can be 
obtained from the digital-twin system
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3-5. Example of SS (Simulation result)
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Q1–Q3: quartiles of 1,000 trials



MITSUI E&S Co., Ltd. 

4. Conclusions
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• Digital Twin is the foundation of data-driven container terminal operations.

• Effective Digital Twin requires three elements: system configuration, optimization
logic (AI), and clear operational objectives.

• AI supports planners' decision-making by presenting simulation results.

• Discrete Event Simulator (DES) and Stochastic Simulator (SS) are complementary
tools, each suited to different planning and operational phases.

• Combining Digital Twin, AI, DES, and SS enables smarter, more efficient, and
resilient container terminals.

“The future of Smart Ports lies in combining Digital Twin, AI, and simulation 
technologies to support better human decision-making.”
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