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Introduction 
Maritime ports are a key element of the national transport system and global supply 

chains. For Vietnam, located at the intersection of important international shipping routes and 
substantially dependent on foreign trade, port infrastructure plays a crucial role not only in 
cargo transshipment but also in integrating production, distribution, and logistics processes with 
world markets. According to industry statistics, in 2025 the container throughput of Vietnam's 
port system reached approximately 34,36 million TEU, about 11% higher than the 2024 level 
[42]. This growth intensifies requirements for the capacity, resilience, and manageability of 
container terminals. 

A container terminal is a complex production and logistics system in which vessel flows, 
the berth front, quay cranes, internal transport, the container yard, the gate complex, and 
hinterland infrastructure function in interconnection. Disruption of synchronisation between 
subsystems leads to bottleneck formation and a reduction in overall terminal efficiency. In these 
conditions, static indicators  berth-front length, equipment count, or design capacity do not 
fully capture actual operational efficiency. Field studies of Vietnamese container terminals 
show that cargo-handling equipment is frequently operated below design levels due to 
operational constraints and subsystem misalignment [30]. 

Analysing such systems requires a tool capable of accounting for the dynamics of 
technological operations, stochastic flows, resource constraints, and the impact of dispatching 
rules. Simulation modelling meets these requirements: the discrete-event approach enables 
description of the operation sequence at the micro-level, agent-based modelling captures the 
behaviour of transport process participants, and system dynamics reflects long-term capacity 
development and feedback loops. The objective of this paper is to systematise approaches to 
simulation modelling of container terminals, assess their applicability to Vietnam conditions, 
and develop a modular DES framework for subsequent applied research. 
 

Literature Review by Research Direction 
 

Foundational review works have established the standard classification of container 
terminal subsystems. Steenken
operational processes across the following subsystems: berth front, quay cranes, internal transport, 
container yard, and gate complex, demonstrating that terminal efficiency is determined by 
subsystem coordination rather than the aggregate capacities of individual elements. Stahlbock and 

formulations. Angeloudis and Bell [12] reveal the particular role of simulation modelling in 

systematise port simulation research across application areas, model scales, and software tools used. 
Carlo, Vis, and Roodbergen [16] establish the interrelationship between quay cranes, internal 
transport vehicles, and the yard. A key methodological principle emerging from these works is that 
the level of model detail must correspond to the research question: analysing handling equipment 
performance requires high granularity at the container and equipment unit level, while capacity 
planning tasks require representation of demand investment throughput relationships. 
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DES is the most widely used method for container terminal modelling. Yun and 
Choi [40] developed an object-oriented model in which the gate complex, yard, quay 
crane, transtainer, and internal tractor are represented as interacting objects. Shabayek and 
Yeung [34] modelled the Kwai Chung terminal (Hong Kong) under high-intensity 

planning, demonstrating the necessity of matching model detail level to the nature of 
managerial decisions. Mayorov, Kirichenko, and Fetisov [6] investigated container 
terminal states using a transport model and simulation, illustrating the characteristic 
tendency of the Russian research school to closely link DES with the technological 
structure of the terminal. 

Research on the berth front and cargo-handling fronts focuses on identifying primary 
terminal bottlenecks. Legato and Mazza [24] applied DES to berth planning and resource 
optimisation. Canonaco et al. [15] constructed a queuing network model for quay crane 
management. Wang et al. [39] assessed the impact of the container inspection zone at Dalian 
Port, showing that auxiliary functional areas can substantially affect the primary cargo-
handling flow. Kuznetsov, Galin, and Popov [3] developed a DES model of cargo-handling 
fronts at a container terminal, examining transshipment operations within the technological 
structure of the port and emphasising interrelationships between the cargo front, equipment, 
and transport flows. A common limitation of this research group is that models describing the 
berth front in isolation, without linkage to internal transport and the yard, tend to overestimate 
efficiency, since quay crane productivity depends heavily on yard throughput and vehicle 
availability. 

Research on the yard and gate complex reveals the mechanisms of bottleneck formation 
within the terminal. Petering [29] analyses the influence of block width and yard layout on 
terminal efficiency. Zhao and Goodchild [41] demonstrate that information on truck arrival 
times can substantially reduce the number of container reshuffles. Guldogan [22] analyses slot-
assignment strategies for containers arriving by sea. Li et al. [25] provide a comprehensive 
assessment of the operational, economic, and environmental efficiency of an automated 
terminal. Bett, Macharis, and Meers [13] developed a simulation-based optimisation model for 
a truck appointment system (TAS). Malikova and Petrova [7] proposed a simulation model of 
the pre-stacking operation at a seaport container terminal, supplementing the research toolkit 
with an instrument for analysing the impact of pre-movement operations on reshuffle counts 
and yard crane productivity. 

The research direction concerned with terminal and hinterland transport infrastructure 
integration extends the scope of analysis beyond the terminal itself. Korol and Balalayev [2] 
modelled the railway station seaport system using the Vladivostok transport hub as a case 
study. Rakhmangulov and Muravyov [10] evaluated development directions for seaport dry 
port systems using simulation modelling. For Vietnam, this direction is particularly relevant, 
since bottlenecks frequently form at the gate complex, road approaches, and imbalance of 
import and export container flows, rather than being confined to the berth front. 
 
Table 1. Systematisation of research directions 
 

Research 
Direction 

Representative 
Works 

Methodological 
Contribution 

Limitations for Vietnam 
Application 

Review and 
classification 
studies 

Steenken [36]; 
Angeloudis [12]; 

 

Standard subsystem 
classification; 
rationale for 
simulation in 
stochastic systems 

Provide conceptual framework; do 
not address limited data availability
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Research 
Direction 

Representative 
Works 

Methodological 
Contribution 

Limitations for Vietnam 
Application 

DES  terminal 
operations 
modelling 

Yun & Choi [40]; 
Shabayek [34]; 
Mayorov [6] 

Modelling container 
and vehicle flow 

dynamics; measuring 
waiting times and 

throughput 

Require micro-data: operational 
logs, service-time distributions, 

dispatching rules

Berth, quay 
cranes, cargo 
fronts 

Legato [24]; 
Canonaco [15]; 
Kuznetsov [3] 

Modelling cargo-
handling fronts, crane 

allocation, vessel 
service performance 

Isolated modelling without 
yard/transport linkage misses 

cascading bottlenecks 

Yard, pre-
stacking, gate 
complex 

Petering [29];  
Zhao [41];  
Malikova [7];  
Bett [13] 

Yard layout, slot 
assignment, 

reshuffles, pre-moves, 
TAS optimisation 

Require detailed container position 
data, pickup schedules, truck 

behaviour 

Port railway
dry port 

Korol [2]; 
Rakhmangulov 
[10] 

Extending model from 
terminal level to 

hinterland logistics 
network 

Require transport-network data, 
cargo flows, ICDs, empty-container 

depots 

ABM, SD, 
queuing theory, 
hybrid 

Henesey [23];  
Cheng [18];  
Lempert [5]; 
Shevchenko [11] 

Agent behaviour, 
long-run feedback 

loops, service 
structures, hybrid 

approaches 

Hard to verify without agent-
behaviour data; risk of over-

complication 

 
Research on Container Terminal Operations in the Context of Vietnam 

 
In general, research dedicated to Vietnamese seaports and container terminals can be 

divided into several methodological directions: assessment of equipment performance and 
terminal operational efficiency, forecasting of operational parameters, container terminal 
selection, analysis of berth front operating conditions, and support of design decisions. A field 
study of cargo-handling equipment efficiency across 14 Vietnamese container terminals 
showed that equipment in many cases operates below design levels, forming an important 
empirical basis for parameterising simulation models [30]. Individual studies confirm the 
applicability of simulation modelling to container terminal design in Vietnam [19] and to 
assessment of operational conditions affecting berth occupancy rate selection [27]. However, 
studies based on DEA, OEE, MCDM, and machine-learning methods primarily provide static 
or predictive assessments of individual aspects of port system functioning: enterprise 
efficiency, terminal competitiveness, vessel berthing time, and equipment characteristics [28, 
30, 32, 33]. Their results are significant for setting input parameters and verifying individual 
DES model modules, but have not yet been unified into a comprehensive multi-level 
simulation model capable of describing the interaction dynamics of the berth front, cargo-
handling equipment, container yard, gate complex, and hinterland infrastructure.  
A systematisation of these studies, their methods, contributions, and unresolved issues is 
presented in Table 2. 

 
 
 
 
 



 

186   -2026 

Table 2. Vietnam-focused studies: methods, contributions, and unresolved issues 
 

Authors Subject / Port Method 
Contribution to 

Vietnam Modelling 
Unresolved Issues

Nguyen Duc 
Manh & 
Nguyen 
Minh Quy 
[27] 

Berth 
occupancy rate 

Simulation + 
queuing 
theory 

Justification of 
operational conditions 

and occupancy rate 
role 

Limited to berth level; 
yard, gate, hinterland not 

covered 

Pham & 
Nguyen [30] 

OEE of 
equipment at 
14 terminals 

Field study + 
OEE 

Real equipment 
performance data  

key DES input 
parameter 

Static indicator; system 
dynamics and cascading 
bottleneck propagation 

not described 

Pham et al. 
[32] 

6 major 
terminals: Tan 
Vu, HICT, Cat 
Lai, TCIT, 
SSIT, CMIT 

Fuzzy 
MCDM + 
cumulative 
prospect 
theory 

Comparative terminal-
choice assessment  
basis for selecting 

terminal-level 
performance indicators 

Static method; 
operational dynamics 

not captured 

Pham & 
Nguyen [33] 

Cat Lai Port 
(VNSGN) 

Machine 
learning 
(random 
forest), 

 

Berthing time 
prediction  direct 

input for vessel berth 
module in DES 

Limited to berth level; 
not integrated into 

comprehensive terminal 
model 

Nguyen et al. 
[28] 

Stevedoring 
companies in 
Vietnam 

DEA  
business 
performance 
evaluation 

Overview of relative 
port system efficiency 

 strategic context 

Subsystem bottlenecks 
not identified; 

operational dynamics 
not described 

 
Analysis of the body of Vietnamese research identifies three structural characteristics. 

First, a significant data base has been formed: OEE indicators for 14 terminals [30], 
comparative assessment of terminal-choice and operational-efficiency criteria for six major 
terminals [32], and operational data for Cat Lai Port [33]  this data set constitutes an 
information resource for prospective DES models. Second, static analytical methods (OEE, 
DEA, MCDM) and predictive approaches (machine learning) have reached a significant 
methodological level but have not been integrated with dynamic simulation modelling. Third, 
the research gap lies not in a total shortage of data but in the absence of an integration 
framework and multi-level simulation model capable of unifying disparate data into a unified 
tool for analysing system dynamics. OEE indicators [30] can serve as input parameters for the 
crane module of a DES; predicted berthing times [33] can provide a realistic incoming vessel 
schedule; comparative terminal data [32] can be used for model verification. 
 

Experimental Results: DES Model of the Phuoc Long Logistics Centre 
 

The DES model of the Phuoc Long logistics centre was developed by the author of this 
paper as part of a study on the formation of Vietnam's transport and logistics system [9], as an 
element of an integrated four-stage methodological approach. The model reproduces four key 
groups of operations: (a) loading and unloading operations with seagoing vessels via a gantry 
crane; (b) container transport between the berth front and the terminal by truck tractors; (c) 
container handling within the terminal by forklifts; (d) assessment of the impact of vehicle 
count on container handling throughput. Containers and vehicles are described through chains 
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of events: entry into the system, resource waiting, service, movement, and departure from the 
operational segment. 

Sensitivity analysis results: the dependence of handling throughput on vehicle count 
is distinctly non-linear. When the number of truck tractors increases from 7 to 10 units (with 
the number of forklifts held constant at 6), throughput rises from 163 to 206 TEU/hr. 
However, with a further increase from 12 to 14 tractors, the rate of growth declines, 
indicating a shift of the bottleneck to the forklift and yard crane subsystem. Practical 
conclusions: the saturation phenomenon and bottleneck migration between equipment types 
demonstrate that a strategy of increasing only one type of equipment yields diminishing 
returns. To achieve the target throughput of 260 TEU/hr, a simultaneous and balanced 
increase in both the tractor and forklift fleet is required  a conclusion of experimentally 
substantiated character that can be directly applied in investment decisions regarding the 
expansion of the Centre's capacity. 
 

 
Fig. 1. DES model visualisation  vessel loading/unloading operations at Phuoc Long LC [9]

 

 
Fig. 2. DES model visualisation  container handling within the terminal [9]
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7 truck tractors                                            10 truck tractors 

 

 
12 truck tractors                                              14 truck tractors 

 
Fig. 3. Container handling throughput as a function of vehicle count [9] 

 
The methodological value of these results extends beyond the specific quantitative 

indicators. The model demonstrates that DES can be preliminarily validated in the Vietnamese 
context by comparing simulated throughput with aggregated operational data from the terminal 
operator. It also shows that simulation experiments can partly reduce the need for labour-
intensive micro-level data collection, since model outputs can be validated against known 
aggregate performance indicators.  

Finally, resource-based scenario analysis can support investment decisions on capacity 
expansion, thereby transforming simulation modelling from a purely academic research method 
into a practical tool for managerial decision-making. 

 
Directions for Developing Simulation Modelling of Container Terminals in the 

Context of Vietnam 
Based on the review conducted and the research-gap analysis, this paper proposes the 

development of a modular DES model of a container terminal adapted to Vietnamese 
conditions.  

AnyLogic is recommended as the modelling environment, providing joint 
implementation of DES, ABM, and SD within a single modelling platform, which allows 
flexible switching between levels of model detail and has been tested for tasks of a similar class 
[11]. Arena and Python SimPy may be considered as alternative solutions in the event of 
restriction to pure DES. 
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Table 3. Modular structure, input data, and proposed verification strategy 
 

Module 
Modelled 
Processes 

Priority Input Data 
Output 

Indicators 
Verification 

Strategy 

Vessel and 
berth 

Vessel arrival, 
waiting, berth 
allocation, 
service time 

Vessel call schedules 
(VMA, MRA); berthing 

time prediction [33]; 
distributions from [34, 40] 

Vessel waiting 
time, berth 
occupancy 

rate, 
turnaround 

time 

Compare 
calculated 

occupancy rate 
with Maritime 
Administration 
industry data

Quay cranes 
and cargo 
handling 

Lift cycle, crane 
allocation, idle 
time 

ZPMC/Liebherr technical 
specs; OEE data for quay 

crane group from [30] 

Handling 
throughput, 

crane 
utilisation, 

vessel service 
time 

Compare 
calculated crane 
throughput with 

international 
benchmarks 
(moves/hr)

Internal 
transport 

Tractors/vehicles 
between berth 
and yard 

Fleet size, speed, cycle 
time; transport OEE from 
[30]; adjusted by Phuoc 

Long LC results [9] 

Equipment 
utilisation, 

waiting time 
at berth/yard, 

transport 
bottlenecks 

Cross-verification 
with Phuoc Long 
LC model results 

[9] 

Container 
yard 

Storage, 
retrieval, pre-
stacking, 
reshuffles 

Yard capacity (port 
technical docs); yard crane 
OEE from [30]; reshuffle 

norms [7, 29, 41] 

Yard 
occupancy, 
reshuffle 

count, service 
time 

Compare 
calculated yard 
occupancy with 
terminal design 
capacities from 

[32]

Gate 
complex and 
road 
transport 

Truck arrival, 
waiting, 
processing, 
entry/exit 

Lane count; processing 
time from [13]; flow 
intensities from Cat 

Lai/CMIT gate congestion 
data 

Truck 
turnaround 
time, gate 

queue, gate 
utilisation 

Compare 
calculated 

turnaround time 
with logistics 
company data 

Hinterland 
infrastructure 

Links with ICDs, 
empty container 
depots, 
road/water/rail 
transport 

Vietnam Ministry of 
Transport regional 
transport schemes; 
Vietnam Seaport 

Association ICD statistics 

Congestion 
beyond port 

gate, transport 
time, terminal 

impact 

Stage 1: sensitivity 
analysis. Stage 2: 
verification using 
operator-partner 

data
 

The transition to hybrid modelling should be determined by the research question rather 
than a desire for model complexity. DES+ABM integration is appropriate when studying the 
behaviour of trucking companies, dispatchers, or shipping lines. DES+SD integration is 
justified when analysing long-term cargo throughput growth, capacity investments, or regional 
logistics network planning. In both cases, each integration level must be accompanied by a 
corresponding verification strategy. 

 
Conclusion 

 
The study has demonstrated that discrete-event simulation can be considered the most 

methodologically grounded core for analysing container terminal operations at the micro-level, 
as it enables accounting for the sequence of technological events, resource competition, 
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queuing, idle time, and the impact of dispatching decisions. Agent-based modelling and system 
dynamics are appropriate as supplementary levels of analysis: the former for capturing the 
behaviour of transport process participants, the latter for evaluating long-term capacity 
development and feedback loops in the transport and logistics system. 

With respect to Vietnamese conditions, it has been established that the further 
development of simulation models is constrained not only by limited micro-level data but also 
by insufficient integration of already available empirical results into a unified dynamic model. 
The experimental illustration based on the DES model of the Phuoc Long logistics centre 
confirms the feasibility of applying the simulation approach to resource constraint analysis and 
bottleneck migration identification between subsystems. The scientific and practical 
contribution of the paper consists in the proposal of a modular DES framework for a container 
terminal in Vietnam's maritime transport and logistics system, which can serve as a 
methodological basis for subsequent applied research, contingent upon expanding the 
operational database, refining service-time distributions, and comparing model results with 
actual performance indicators of specific port facilities. 
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