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Abstract 

Each container terminal has attempted to improve its performance through effective strategic and tactical management. 

Therefore, performance measurement is needed due to the long waiting time of the service process within container terminal 

operations. We have utilized the system dynamics methodology to assess container terminal performance. Container port 

enterprises have been influenced by governance, environmental and social components, therefore, the management of those 

components has significant impacts on the service port's performance. Therefore, the objective of the research is to model the 

dynamic performance of the container terminal with consideration of environmental, social, and governance components. 

Furthermore, this dynamic model has presented practical value for increasing the performance of the container terminal 

operation under capacity constraints. The case study focused on the Indonesia Port Corporation of Jakarta, Indonesia. As a 

result, the research has identified the influence of container terminal decision variables, such as emissions, employee 

satisfaction, and good corporate governance, on container terminals, implying their significance in reducing berthing time as 

the main indicator of container terminal performance. The novelty of this research is to provide a system dynamic model 

which combines tactical and strategic levels for container terminal operation. 

© 2024 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved 
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1. Introduction  

Due to the growth of international trade, there is an 

amplification of export-import activities, which gives 

significant prominence to maritime logistics. Container 

terminals as a logistic chain, especially in developing 

countries, are dealing with difficulty complying with 

global trade requirements. Sea freight, whether in 

containers or bulk, is generally a slow but cheap option for 

the transportation of mainly low-value, high-volume goods 

[1]. In the last 30 years, the revolutionary development of 

container handling has increased the efficiency of 

worldwide trade (by about 9.5% per year) and will 

continue to do so at an 8% growth rate in the coming years 

[2]. Port terminals are an essential facility for seaborne 

trade and worldwide exchange because more than 80 

percent of international trade by volume is carried out 

through the sea [3]. Considering these facts, port is one of 

the primary factors influencing the logistical performance 

of the country. 

Ports with limited equipment and capacity must deal 

with the build-up of container stacks in the stacking yard, 

which influences the fluidity of container flow. 

Furthermore, capacity limitations determined all operation 

and cost parameters [4].  The main problems of ports 

especially in developing countries are the absence of 

international hub ports, low capacity, and poor port 

performance services[5]. Those problems can be solved by 

optimizing utilization facilities through process 

improvement. Ports and terminals can improve their 

services through work optimization [6]. Process 

improvement has been intensively studied in the literature 

of operations management and industrial organization, 

including process improvement decisions in supply chains 

[7]. Process improvement enables implementation at 

several stages of container movement operations. 

Current growth in container traffic has created strong 

competition among container terminals [8]. Each port 

terminal is trying to give excellent service to satisfy the 

customer and survive the global market competition. In 

this circumstance, port governance is important in 
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constructing excellent services by reducing berthing time 

and the quantity of imported stacked containers. The 

Environmental Social Governance (ESG) study has 

developed into one of the most interesting areas in the port 

paradigm, focusing on environmental goals, social value, 

and the quality of port governance. The ESG concept can 

be defined as a method of evaluating a company’s 

sustainability attributes through ESG performance 

indicators[9]. Enterprises in the maritime sector have been 

persuaded by ESG changes driven by financiers, insurers, 

regulators, and customers[10]. Every intention of ESG 

components is to perform a fundamental function in 

completing container terminal excellent service 

requirements. Moreover, most of the important benefit 

processes have taken place at the strategic and tactical 

levels. Hence, operational management and port policies 

have a substantially influence ESG implementation for 

increasing port performance. So, container terminal 

operation systems are continuously measured to reduce 

berthing time by considering ESG factors. 

Container terminals in developing countries are 

confronting the complexity to give excellent services to 

customers due to the constraints of capacity, longer 

berthing times, and the accumulation of containers in 

stacking yards. Furthermore, developing countries in 

general must meet the energy challenges to achieve the 

requirements of the government strategy for 

comprehensive and sustainable social and economic 

development[11]. Those goals are in line with the ESG 

concept implementation, especially for container terminals 

in developing countries.   

The berthing process is one of the main performance 

metrics because if terminals maintain a rapid berthing 

process, they can fulfill customer demand immediately. 

Likewise, a faster container relocation process flow 

intends to reduce the service time.  Hence, the container 

terminal management strategy performs a major task to 

satisfy customer requirements in the container terminal 

system. Therefore, port operators are continuously making 

strategy adjustments based on the dynamic behavior of 

information related to the positioning of containers in 

vessels and stacking yards. In this circumstance, there is a 

requirement to elaborate on the behavior of yield measures 

like capacity arrangement, information sharing, 

maintenance, berthing time, and the quantity of stacked 

containers. Furthermore, top management is pivotal in 

improving collaboration involving information sharing for 

better sustainability performance[12]. A lot of researchers 

have done a lot of work on the optimization of container 

terminal capacity. However, few researchers have revealed 

the affiliation between strategy and tactical operational 

components. Hence, this article research aims to model the 

dynamic performance of the container terminal operation 

system under the constraint of port limited capacity with 

consideration of ESG components. Furthermore, the 

connections among the operational and strategic variables 

have been exposed in this article. Furthermore, the 

connections between the operational and strategic 

variables have been exposed in this research article for 

making significant contributions to container terminal 

management so that they can improve their performance 

through efforts to accelerate service processes by utilizing 

limited capacity and paying attention to ESG components. 

2. Literature Review 

Sea transportation has always been the most important 

mode of transportation in world trade[13].Approximately 

70.1% of goods shipped by sea transportation have a value 

of $70 [14]. Data showed that more than 80 percent of 

freight is carried out using sea transport, and of these, 80 

percent is done using a container [15]. Container terminals 

are a type of facility that is widely used in ports for export-

import activities involving specific object box containers. 

Port operation is an essential element in a supply chain 

distribution system. The speed of service time is an 

indicator for assessing the performance of the port. 

Berthing time is the key variable of the container terminal 

operation.   

The focus of the researcher is gradually increasing on 

the issues that are discussed about ESG. Emissions are an 

indicator used in discussing environmental issues 

[16].Employee services are part of the representation of 

port service quality, which will influence overall customer 

satisfaction[17]. The services provided are greatly 

influenced by employee satisfaction, which is a social 

issue in the ESG component. Prosperous application of the 

strategy to improve port performance has emphasized the 

significance of effective ESG. Ports are important catalysts 

for social change and governance reform in sustainable 

transport contexts[18].Overall variables involving ESD for 

sustainability are the key strategic variables.   

Supply chain management has moved to the integration 

of supply chains system with sustainability growth[19]. 

Many container terminals have problems recognizing 

environmental, social, and governance dynamics. A 

substantial quantity of research articles connected to the 

ESG have been gathered since the concept of port 

sustainability began to be studied. For example, Almaz, 

Altiok [20]have implemented a simulation modeling 

approach to model the performance of the port. Romeike 

[21]has applied simulation methods for ESG risk. 

Wiegmans and Janic [22]have implemented a modelling 

approach for assessing the infrastructural capability of 

freight transport and operational performance. They 

deliberated on the modelling methods based on the 

concepts of measuring performance at the strategic level.  

System dynamics are able to trace the behavior of 

systems in container terminal operation and simulate the 

potential applications of process improvement. 

Furthermore, System dynamics could explore systems on a 

range of different scales [23]. According to [24], authors 

Cheng et.al., (2010) built a System Dynamics (SD) model 

to understand the mechanism of container terminal 

operation, considering the sub-system of the berthing 

process that influences port performance. Meanwhile, 

authors Hou and Geerlings (2016) have applied the SD 

simulation to model the environment of port 

governance[25]. Similarly, Middleton, Bernholdt 

[26]practiced the SD approach to modelling the ESG for 

the metric performance of the enterprise. In accordance 

with [27], authors Mei and Xin developed a SDmodel to 

study port operation systems based on time quality, which 

involved berthing time as an influencing variable of the 

system. Ports are important catalysts for social change and 

governance reform in sustainable transport contexts[18]. In 

connection with ESG components, Li, Li [28]used SD 
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simulation to analyze green cooperative development as an 

environmental factor in the growth of port activity. Van 

den Houten [29]also used the SD model to investigate port 

construction labor as a social component for improving 

port capacity. Meanwhile, Xu, Li [30]developed an SD 

model to determine governance policies through a 

conceptual framework and simulation of congestion 

control. Another researcher studied port governance 

performance assessment of the berthing process through 

policy intervention, which contributes to the improvement 

of service levels within port terminals[31].  

ESG performance goals play a substantial function in 

the success of ESG for this purpose. Nõmmela and Kõrbe 

Kaare [10]developed an ESD framework to design the 

maritime policy framework and evaluate the components 

of ESG goals. Saif-Alyousfi, Saha [32]have utilized this 

method to analyze the dynamic behavior of ESG to 

embrace sustainable finance within enterprises. The ESG 

concept recommends companies develop and implement 

management methods and tools that allow them to measure 

ESG performance goals[33].Additionally, they have 

examined the ESG managerial level using the measuring 

tools to achieve the expected result in port performance to 

increase service quality. Most of the literature examines 

port performance, which reflects ESG factors at the 

strategic level.  

Despite the significant advancements in system 

dynamics methodology, a discernible research gap requires 

further exploration. One notable gap lies in the limited 

attention given to the application of the SD model at the 

tactical level of management. Furthermore, it is observed 

that there is a nascent focus on port ESG, which combines 

strategic and tactical levels through the SD simulation 

model. The novelty of this research is to provide a model 

that integrates the strategic and tactical operation of 

container ports through system dynamics, which 

contributes to increasing container terminal performance. 

3. System Dynamics Modeling  

System Dynamics (SD) is an influential approach for 

scrutinizing the complexity of the system through the 

evaluation of system behavior and information feedback. 

The objective of SD is to recognize the formation of 

causes that carry out the system's behavior and  to increase 

a valuable understanding of dynamic complexity  [34]. In 

system dynamics, description leads to equations of a 

model, simulation to understand dynamic behavior, 

evaluation of alternative policies, education and choice of 

a better policy, and implementation [35]. 

In the research, system dynamics also explored port 

terminals. It was used to develop the port economy model 

from the perspective of the sustainable development of 

dynamic mechanisms[36].  The dynamic model shows 

connectivity between port variables consisting of 

equipment capacity, stacking, berthing time, idle time, 

accurate information, discharge, and loading activity. It is 

also able to solve the problem by updating parameter 

variables, which provide feedback to the indicator variable 

that represents the success of a system. The arrangement of 

variables, flow direction, and interaction among elements 

in the system can be illustrated in a chart known as a 

causal loop diagram, which is the initial stage of model 

development in system dynamics. Based on the causal 

loop diagram, the model development continued to the 

next stage, known as the stock flow diagram. This stage is 

utilized to examine the data and equations designed based 

on the current state of system activity through computer 

simulation. Recently, the system dynamics method has 

been implemented in many disciplines. It includes research 

in the agriculture system [37], Manufacture performance 

[38], supply chain management [39], agriculture modelling 

[40, 41], container marine model [42], banking [43, 44], 

port sustainability [45], health governance [46], 

environmental system [47], social development [48], 

software development [49], politics [50], public 

management [51], sustainable transportation [52, 53], 

economic [54], defense system [55], risk management 

[56], production management [57], environmental social 

governance (ESG) [58] and Covid  context [59, 60]. 

4. Methodology 

This research used System Dynamics methodology for 

developing container terminal operation model. A system 

dynamics model was utilized to assess the dynamic 

behavior of various variables involved in the container 

terminal operation with consideration of ESG components. 

This model captured the variables of vessels, container 

movement, equipment capacity, and time of service, 

considering environment, social, and governance factors. 

The relationship among the various variables was 

determined by making the causal loop diagram (CLD), and 

continuing to the stock Flow Diagram (SFD) using system 

dynamics software [61].  

Simulation model development is shown in Figure 1. 

The first few stages involve process mapping and variable 

identification. This process will elaborate on the existing 

condition of the port operation and identify the influencing 

variables to the port performance. The Research is 

conducted in Indonesia Port Corporation (IPC) Container 

Terminal Jakarta, Indonesia. The next step is designing a 

causal loop diagram, through understanding the 

relationship between factors for minimizing berthing time. 

This step involved overall variables of import, export, 

vessel movement, environment, social, governance, idle 

time, information, and maintenance.  Then the research 

steps continue with interpreting the causal loop diagram 

into a stock flow diagram. The causal loop diagram and 

stock flow diagram was processed using simulation 

software of Anylogic 8.8.0. The stage continues to the 

simulation process through running the model. System 

dynamics can solve complex problems faced by container 

terminals. Basically, the design of container terminal 

operations is complex because manifold factors shake the 

operational performance [62]. The last stage is the 

sensitivity test, which will assess the quantity of error 

when the simulation is running. The last stage is the 

validity test using the Welch t-test method. 
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Figure 1. Flow chart of system dynamics model development 

4.1. Problem Description 

Port ESG is an integration of diverse activities within 

the system. So, the decision to do one activity influences 

another's performance. ESG decisions are especially 

having a greater impact on container terminal 

performance. In container terminals, excellent service, 

which represents the performance of berthing time, plays 

an important function in the accomplishment of the ESG 

target, and because of having a faster berthing time, this 

leads to higher customer satisfaction[63]. Equipment 

capacity plays a vital role in the berthing time management 

of container terminals[64]. Capacity constraints on 

containers consist of the presence of outdated facilities, a 

limited stacking yard area, and the absence of a platform 

that supports more effective information sharing between 

stakeholders. Another component of port performance 

influence is the environmental issue. Most countries worry 

about the recent increase in air pollution from emissions, 

which causes environmental degradation [65].Developing 

countries concentrate their effort to minimize pollutants 

that come from the internal emissions of combustion 

engines[66].Thus, the authors had simulated the impact of 

environmental, social, and governance metrics on the 

performance of the container terminal, and these impacts 

had been analyzed under different simulation scenarios of 

ESG variables. 

4.2. Data Collection 

Data utilized for developing the simulation model were 

primary and secondary data. Primary data were collected 

through interviews or verbal surveys. The questions for 

interview design included open-ended survey questions. 

Implementing face-to-face interviews was preferable in 

this research. This study utilized qualitative method 

through semi structured in-depth interview. Meanwhile, 

secondary data collection was carried out with survey 

activities for obtaining data records from container 

terminal operation platform namely OPUS terminal. Data 

recognized as secondary included spreadsheet data records 

of container terminal activities, annual company report, 

periodically report, press release, container terminal 

layouts, container flow and system introduction report. 

Those data were used to develop system dynamics 

simulation model for observing  leverage and interaction 

among sub-systems. These activities were conducted to 

obtain facts and empowering a significant level of 

secondary data and rational reason for all phenomena in 

the system. This step took six months, as it required 

thorough consideration of the research goals. 

4.3. Data Initialization 

The simulation was built based on the data obtained 

from the IPC container terminal's daily data records. The 

data was recorded in software called ITOS and OPUS. The 

results were converted to Microsoft Excel. The data 

obtained records container terminal activities from 2018 to 

2022. Those daily recorded data were extracted into 

average weekly and monthly data for each variable. 

Finally, data was obtained, which was the average result of 

the entire daily container terminal operation activities for 

five years. A summary of the recorded data can be seen in 

Table 1. 

Table 1. Container terminal data record 

No Variables Min Max Average Daily Units 

1 Discharge Rate (DR) 126 923 347 Units 

2 Gate Out Rate (GOR) 180 834 377 Units 

3 Gate In Rate (GIR) 249 853 552 Units 

4 Loading Rate (LR) 143 744 449 Units 

5 Gross Crane Rate (GCR) 346 559 408 Units 

6 Working Time (WT) 12 24 20 Hours 

7 Idle Time (IT) 1 15 2 Hours 

8 Berth Time (BT) 13 39 22 Hours 

The data in Table 1 was based on the average value of 

each variable that was important in determining the 

continuity of operation of a container terminal. Based on 

those data, a simulation was built. The average discharge 

rate value was 10 points less than the Gate Out Rate 

(GOR) value. The berthing time value showed the berthing 

time was 22 hours. Meanwhile, in export activities, the 
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average Gate in Rate (GIR) value was greater than 

Loading Rate (LR) by 3 points. 

Model development was based on a set of data obtained 

from container movement records at the IPC Container 

Terminal for Ocean Going from 2018 to 2022. 

Experiments were carried out by observing container 

movements for 1,487 vessels and 1,060,372 containers. 

Every year, container terminals serviced an average of 294 

vessels and 213,710 units of containers. The terminal's 

container capacity was 7 vessels per week and was able to 

relocate 30 containers per hour. The container terminal had 

two dock facilities and 85 handling equipment. 

4.4. Assumptions 

The authors had deliberated on the following 

assumptions to develop the model: 

 The cost of port operation is not considered 

 Discharge rate and gate rate are counted as inflow 

containers 

  Gate out rate and loading rate are counted as outflow 

container 

 Berthing time is considered the main indicator of port 

performance 

 Emissions volume is considered the metric for 

environment metrics within the ESG framework 

 Employee satisfaction is reflected as the social metric 

within the ESG concept 

 A good corporate governance index is measured as the 

metric of governance aspects of ESG 

 The identification of variables in SD was made 

according to the data recording of the import-export 

container movement from each position within the 

container terminal through Opus terminal software. 

4.5. Variables of the Model 

The dynamic model is a group of variables that 

influence each other over a certain period. The SD model 

consists of stock and flow variables. The stock variable is 

depicted as a rectangle, which illustrates the stock as a 

variable that enters the system flow and exits the flow, 

which is used to represent the accumulation of the system 

(i.e., import arrival, import stack container, import 

departed container). Flow variables are represented as an 

arrow with the lever representing the flow of a system 

between stocks and the amounts of variation in stocks (i.e., 

discharge rate, gate in rate, loading rate). Table 2 shows 

the initial circumstances of variables within the model. 

Table 2. Model variables 

Variable Initial 
values 

Units 

Discharge rate 347 Boxes/day 

Loading rate 449 Boxes/day 

Gross crane rate 450 Boxes/day 

Emission (environment) 1,8 Tons/day 

Employee satisfaction index (social) 0,0115 Daily index 

Governance score 0,264 Daily score 

4.6.  Causal Loop Diagram 

The causal relationship between variables within the 

container terminal operation system and the feedback 

loop’s structure is visually represented in Causal Loop 

Diagram (CLD). It was necessary to highlight the 

relationship among the various variables within the 

dynamics system [61]. The process involves several steps. 

First, the system boundaries within port must be defined to 

concentrate on involved variables. Next, the important 

variables that are significantly influenced by other system 

elements must be identified. Third, cause-and-effect 

relationships between selected variables must be 

established to comprehend how changes in one affect other 

variables. 

The next step which includes feedback loops, whether 

reinforcing (positive) or balancing (negative), must be 

identified by examining interconnected causal 

relationships. Regarding physics comparison, negative and 

positive feedback loops are equivalent to stable and 

unstable equilibrium, respectively [38]. In this model, 

berthing time, idle time, and working time are dynamic 

variables and are represented by circles. The relationship 

between two variables can be classified into positive and 

negative relations. The symbol appears at the end of the 

link arrows. Stock (level) is a state variable of the system 

used to represent accumulation, which is denoted by a 

rectangle. Positive means the enlargement of a target 

variable impacted by the increased value of initial 

variables. Meanwhile, negative indicates the decrease of a 

destination variable influenced by the value reduction of 

the previous variable. The CLD of the container terminal 

operation system is presented in Figure 2. Finally, choose 

variables based on their relevance, influence, and 

significance as drivers within defined system boundaries. 
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Figure 2. Causal Loop Diagram 

4.7. Model Development 

4.7.1. Stock Flow Diagram 

Model development of container terminal considering 

ESD components continues to the construction of a Stock 

Flow Diagram (SFD) which describes the relationship 

among variables represented by a certain symbol. A 

Stock-Flow Diagram (SFD) is a visual representation of 

the accumulation and flow of stocks, flow, dynamic, and 

parameter variables. Berthing time, emission, and 

governance are the dynamic variables that always change 

at a certain time and are described as a circle. The 

variables are chosen according to how important they are 

in expressing the fundamental dynamics of the system. 

Meanwhile, the parameter indicates a fixed fraction, 

which limits the dynamic variables (i.e., export rate, 

import rate). Parameters are determined by the result of 

container terminal activities recorded by the ITOS 

system in container terminal, which is supported by 

expert judgment through interviews conducted. These 

parameters can develop depending on the desired 

research scope, considering that the data obtained varies 

greatly. The simulation experiment was set up in 

Anylogic software, and the output was downloaded in 

Microsoft Excel 2016. Origin’s software was used for 

plotting the graphs[61]. 

Flow variables shown in SFD are the rate of change 

in stocks that are organized by a decision-maker. These 

variables are important components that impact the 

behavior of the system, and it is imperative to include 

them to fully comprehend how stocks grow or decrease 

in the system that is being represented.  

The ESG component is divided into three large 

groups of variables that influence each other. The 

environment is represented by emission variables, Return 

on Equity (ROE), soundness of the level, customer 

satisfaction and throughput. These components relate to 

the loading time by quay crane, revenue, and the variable 

of container movement vessel. Effective scheduling of 

quay cranes can increase throughput and lead to higher 

revenues for container terminals [67].  
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Figure 3. Stock flow diagram 

The second group presents social components, where 

the variables involved are employee satisfaction, 

operational revenue, throughput revenue, and throughput. 

Those variables are continuation of environment group, 

and lead to the quantity of container movement vessel 

variable. Finally, the last group represents governance, 

which involved governance and governance revenue. This 

group is associated with discharge time and environment 

components. SFD of the dynamic model is represented in 

Figure 3. 

 

4.7.2. Capacity Improvement Variables 

The ability of cranes to relocate containers within 

container terminals every hour represents in Gross Crane 

Rate (GCR). Effective crane movement can reduce the 

container operation slowdown [68]. This variable is the 

summation of Gate in Rate (GIR) and Discharge Rate 

(DR).  and DR each hour. The relationship between 

variables especially involved Gross Crane Rate (GCR) in 

the container terminal operation system is described in the 

following equation.  
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𝐺𝐶𝑅 =

𝐺𝐼𝑅 + 𝐷𝑅

24
 

(1) 

 GCRO = GCR . GCRF (2) 

 WGCRO = GCRO – (GCRO . IT) (3) 

 IT = 
𝑊𝐺𝐶𝑅𝑂

𝐶𝐼𝑃
 (4) 

Gross Crane Rate Out (GCRO) is a dynamic variable 

that represents the capacity of crane equipment for 

relocating containers out of port every hour. GCRO is 

related to the fraction of GCR (GCRF) and idle Time 

(IT), which are given in the eq. 2 and eq. 3. Container 

terminals, which were able to improve GCR, impacted the 

Capacity Improvement Proportion (CIP) of the port. 

Working Gross Crane Rate Out (WGCRO) is the 

continuity of the GCR formula that represents the working 

capacity of the crane. The division between WGCRO and 

CIP will result in IT. Idle time variable will be used in the 

calculation of Berthing Time (BT). 

4.7.3. Berthing Time and ESG Components 

The basic formula to determine Berthing Time (BT) in 

this model development is the sum of Discharge Rate 

(DR), Loading Rate (LR) and Idle Time (IT) which is 

represented in the following equation.  

 BT = 0.0288 DR + 0.0264 LR + 24 IT 

CI = MR + AIR 

(5) 

(6) 

 AIR = 0.28 CIP + AIRI (7) 

 MR = 0.713 CIP + MRI (8) 

 IT = (1-PR)(III + MIT) (9) 

 

 Capacity Improvement (CI) is the sum of Accurate 

Information Rate (AIR) and Maintenance Rate (MR).  AIR 

influenced by the Accurate Information Reduce Idle 

(AIRI) and Capacity Improvement Proportion (CIP). The 

equation for determining MR is represented in eq. 8, which 

is deliberate CIP, Maintenance Reduce Idle (MRI). 

Meanwhile, the formula for determining Idle Time is 

represented in eq. 9, which is considered Productivity Rate 

(PR), Maintenance Idle Time (MIT), and Inaccurate 

Information Idle (III). CIP regulates the formula for 

inaccurate information and maintenance improvement. 

 
𝐷𝑅 = 0.530 𝐼𝑆𝐶

𝑉𝐵 + 𝑌𝑂𝑅

𝐴𝑅
 

(10) 

 GR = GF (0.0012 DR) (11) 

 VB = 
0.272 .((0.82 .TR + 34.8 .GR)+(57.26 .ER)) (VQ(1 + VQP))

𝐶𝑄𝑉
 

(12) 

Container terminal operation performance, which is 

represented by Berthing Time (BT), is connected to the 

ESG component through the Discharge Rate (DR). This 

variable is also used in the BT determination formula. 

Governance Rate (GR) is a multiplication of Governance 

Fraction (GF) with discharge rate, which is represented in 

eq. 11. The DR formulation can be seen in eq. 11 which 

involves the variables Import Stack Container (ISC), Yard 

Occupancy Ratio (YOR) and Arrival Rate (AR). AR 

describes the flow of the vessel quantities that started to 

berth, while ISC is the quantity of containers stacked in 

stacking yards in units. YOR is the ratio of the utilization 

of stacking yards compared with stacking yard capacity, 

which is expressed in percent. Social and environmental 

variables, which are part of the ESG component, are 

included in the formula for determining the number of 

vessels that dock at the container terminal. This variable is 

referred to as Vessel Berth (VB). The determination of VB 

is influenced by the Emission Rate (ER) variable as a 

representation of the environment component. A vessel 

and head truck within the container terminal is an engine 

that uses fuels,contributing to the temperature and pressure 

in the port environment. Engines and cars largely 

contribute to total pollutant emissions [69]. 

Throughput Revenue (TR) also plays a role in 

determining VB, as a variable that represents employee 

satisfaction which represents the social component. Apart 

from that, VB is also influenced by the variables Vessel 

Quantity (VQ), Vessel Quantity Proportion (VQP) and the 

number of containers in the vessel, which is known as the 

Container Quantity Vessel (CQV). 

4.7.4. Validation and Sensitivity Evaluation of Model 

 

Verification of the simulation model was also 

conducted in this CTO system, considering ESG 

components. The results show that the implementation of a 

running model simulation to run well without any errors in 

the system. Validation has also been conducted on this 

sub-system using the hypothesis test and the Welch T-test. 

The results of the validation are shown in Table 3. 

Table 3.Validation result of model 

  Real Data Simulation 

Mean 18.45 21.02 

Variance 126.64 41.30 

Observations 46 46 

Hypothesized Mean Difference 0  

Df 72  

t Stat 1.346   

P(T<=t) one-tail 0.091   

t Critical one-tail 1.666   

P(T<=t) two-tail 0.183   

t Critical two-tail 1.993   

The t stat value for the validation process is 1.346, and 

the t critical two-tail is 1.993. The T stat value is less than 

the t-critical two-tail, which means both data are 

considered the same. Meanwhile, P(T<=t) two-tail is 

0.183. The value is greater than t-stat, which means there 

is no significant difference between the simulation result 

and real data. Furthermore, this vessel movement model 

was evaluated for sensitivity to see the model's response to 

the scenario implementation, and the results show that if a 

parameter variable has changed, it will automatically 

change all the existing variable outputs. This shows that 

this model is sensitive. 

5. Results and Discussion 

Marine ports play an important role in logistical 

activities by serving as a link between suppliers and 

manufacturers. The Port of Tanjung Priok (PTP) is 

Indonesia's main port and is in the north of Jakarta, the 

capital city of Indonesia. This port was chosen because of 

its strategic position and significant role in transportation 

routes. PTP provides a wide range of logistical services for 

import and export operations, particularly in the west 

region of Indonesia. This port has a volume of more than 

50% container freight transport access[5]. The strategic 

location with a hinterland, which is the area with the 

activity of trade and industry, makes the Port of Tanjung 

Priok the main port on the island of Java[70]. This port 

also has two functions, namely as a destination port and a 

transit port that connects two continents, namely Asia and 
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Australia. Export-import process of container terminal 

within PTP area is operated by Indonesia Port Corporation 

(IPC). This company is a government-owned company that 

first served container transport in the region. 

Research conducts the modeling process because the 

modeling makes it possible to handle experiments by 

providing solutions at the model level with minimum risks. 

There are six types of modeling such as mental models, 

boxes connected with line models, physical models, 

formula models, excel spreadsheets, and simulation 

models[71]. Mental models, formulas, and spreadsheets 

can be the best alternatives for simple model, because they 

usually have a small quantity of parameters with linear 

dependability characteristics. Simple models involved two 

or three parameters which indicate small quantity of 

parameters.  Meanwhile, this container terminal model 

involved ten parameters, which indicates big quantity of 

parameters. Variables involved in this model was 74 

variables. The quantity of variables indicates that the 

operation in container terminal is a complex system. The 

relationship among each variable is non-linear. 

Furthermore, there is an indication that some variables 

have uncertain conditions, such as idle time, break down 

maintenance and arrangement of stacking process. In such 

a case, simulation modeling is the right choice, because all 

the characteristics of the system are well-matched with the 

characteristics of the container terminal operation. 

Furthermore, system dynamics simulation is compatible 

method for a case with a complex system [72]. 

This model had been simulated based on the daily time 

motion units for 365 days through the Anylogic 8.8.0 

simulation software. This study implemented several 

experiment simulation scenarios by considering emission, 

employee satisfaction, and governance, which enlarge 

linearly. As shown in Figure 4, berthing time was affected 

by the variation of emission. When emissions were 

decreased from 3.32 to 2.95 tons/day. The berthing time 

was reduced from 27 to 20 hours per vessel. Variations in 

the Emission Rate (ER) reduction percentage values are 

due to changes in Capacity Improvements (CI), which 

have an impact on increasing throughput values. The 

import stack container value will also increase in line with 

increasing throughput. The throughput rate will affect the 

Discharge Time (DT), so it has a direct impact on reducing 

the Berthing Time (BT) value. The average BT rate will be 

10% faster if the ER value is reduced by 20%. Faster 

berthing times indicate better service performance. 

Similarly, Figure 5 shows the effect of employee 

satisfaction on berthing time. Average berthing time was 

5% and getting faster due to an increasing rate of 

employee satisfaction of 20% as a social metric. Variations 

in social values were due to improvements in capacity, 

which had an impact on productivity because of changes in 

the value of employee satisfaction. This is also in line with 

the decrease in idle time caused by maintenance activities. 

Breakdown maintenance is often carried out, considering 

the condition of old equipment. Berthing time will reach 

19.12 hours per vessel if it has an employee satisfaction 

rate of 0.145. Berthing time is getting shorter due to an 

increasing rate of employee satisfaction as a social metric. 

Finally, Figure 6 represents the influence of governance on 

berthing time. The increasing governance index leads to a 

decrease in berthing time. 

 
Figure 4. Effect of emissions on berthing time 

 
Figure 5. Effect of employee satisfaction on berthing time 
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Finally, Figure 6 represents the influence of governance 

on berthing time. The 20% increase in governance index 

rate led to an average change in berthing time 11% faster 

than before. The percentage variation that resulted in a 

decrease in governance values was caused by an 

acceleration of discharge time, which directly impacts 

increasing employee satisfaction rate. An increase in this 

rate will cause an increase in productivity figures, thus 

affecting the throughput and overall container terminal. 

Berthing time will reach 19.12 hours per vessel if it has a 

rate of governance of 0.345. 

Berthing time, as the main indicator of port 

performance, was used as the basis for the ideal output, 

which describes the results of the combined rate derived 

from emission, employee satisfaction, and governance 

variables. For evaluating various berthing times, 12 

scenarios were selected. The scenarios created must be 

based on the dynamic scenario planning system which 

consider the assumption and limitations of model[23]. The 

parameters of scenarios were based on the difference in 

import rate and capacity improvement rate, which will 

change the values of ESG components that affect the 

berthing time. The number of scenarios was determined 

based on changes in the value of ESG components, where 

each component (environment, social, governance) had 4 

scenarios, bringing the total to 12 scenarios. The value 

change level for each parameter component was 20%, 

40%, 60%, and 80%. These four levels represent changes 

in scenarios based on low, medium, high, and extremely 

high levels. The plan was prepared based on scalable 

scenario simulation planning [73]. Simulations based on 

the selected scenario were based on testing the model by 

changing parameters by trial and error, which produced the 

main output variables in accordance with the main target 

of model development. This was done because system 

dynamics modeling is a participatory activity in which one 

learns by trial and error and practice[35]. 

The simulation result of the container terminal 

operation considering ESG components is shown in Table 

3. Simulation result showed that the 12thscenario was the 

best scenario because it has the smallest berthing time 

value. This value can be obtained if emission is 2.21 tons 

per day, social is 0.145, and governance is 0.345. 

This system dynamics model evaluated for sensitivity 

to see the model's response to the scenario implementation, 

and the results show that if a parameter variable has 

changed, it will automatically change all the existing 

variable outputs. This shows that this system dynamics 

model is sensitive. Furthermore, simulation model 

verification was also conducted in this container terminal 

operation considering ESG components. The results 

showed that implementation of running model simulation 

was able to run well without any error of the system. 

Validation also has been conducted on this sub-system 

using hypothesis test and Welch T-test. The t stat value for 

the validation process was 1.346, and the t critical two-tail 

was 1.993. T stat value was less than t critical two-tail, 

which means that both data are considered the same. 

Meanwhile, P(T<=t) two-tail was 0.183. The value was 

more than t stat, which means there was no significant 

difference between simulation result and real data. Those 

results indicate that the model was valid.  

Table 3.Simulation scenario results (mean) 

Scenario 

Berthing 

Time Emission 

Employee 

Satisfaction Governance 

 

Hours / 

vessel (Environment) (Social) 

Daily Index 

score 

  

Tons/day 

Daily index 

score 

 1 26.83 3.32 0.073 0.201 

2 19.77 2.95 0.128 0.251 

3 19.99 2.26 0.149 0.343 

4 19.12 2.21 0.145 0.345 

5 21.97 2.61 0.097 0.282 

6 20.58 2.73 0.113 0.261 

7 19.77 2.94 0.129 0.250 

8 19.12 2.21 0.145 0.345 

9 26.83 2.61 0.085 0.268 

10 22.12 2.61 0.085 0.268 

11 21.09 2.23 0.112 0.307 

12 19.12 2.21 0.145 0.345 

 
Figure 6. Effect of governance on berthing time 
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There is a research gap in developing berth allocation 

system dynamics models for the port capacity constraint 

that explicitly incorporates environmental, social, and 

governance (ESG) components. Existing literature 

primarily focuses on operational efficiency, with limited 

attention to how berth allocation strategies can be aligned 

with sustainability goals, social responsibility, and 

governance principles. The SD model designed for the 

container operation system combines strategic and tactical 

management levels. The strategic level includes the ESG 

component as a variable that affects container terminal 

performance. The environmental component focuses on 

emission measurements as a basis for achieving pollution 

reduction. The resulting emissions are highly dependent on 

the length of the operating process. The longer the 

operating process lasts, the greater the emissions produced. 

According to the scenario result in Table 3, the higher the 

emission value, the longer the berthing time. The faster the 

container relocation service was able to reduce emission. 

Therefore, the berthing speed certainly affects the 

emissions generated from port activities.  

The social component focuses on employee satisfaction 

measurements as a basis for supporting labor rights and 

achieving human well-being goals. Increasing employee 

satisfaction will have an impact on productivity, which 

will improve the performance of the port. According to the 

scenario result in Table 3, the higher the social rate score 

impacted, the faster the berthing time is. 

The last component is governance. This ESG 

component was taken from the good corporate governance 

index, which represents operational performance for 

achieving the goals of a strong institution. The scenario 

result in Table 3 shows that the higher governance daily 

index score was influenced by the faster berthing time. An 

increase in the score index of the social components, 

which are represented by employee satisfaction and 

governance index, will be able to reduce the quantity of 

berthing time. Improvement to the governance score will 

influence better performance of container terminal. 

Observations made during the COVID-19 pandemic 

showed that the pandemic did not have a significant effect 

on the performance of the container terminal. Throughput 

was only reduced to 6%. Related to the governance, which 

has a lot of influence on performance, is the contractual 

relationship with the shipping line. The company should 

boost the performance of the commercial department so 

that it can reopen cooperation with large shipping lines and 

improve the company's operational performance. Good 

performance will attract the attention of the shipping line 

and have an impact on the smooth process of opening 

charter contracts between container terminals and large 

shipping lines. 

We use the Welch T-test in the validation process 

because, in principle, this test can compare the output 

parameters between the existing condition variables and 

the results from the simulation so that we can see the level 

of relationship between the two variables. A small loss in 

statistical power can occur, depending on the shape of the 

distributions. Welch's t-test provides better control of type 

1 error rates when the assumptions are met [74]. 

The speed of service from the container terminal is the 

result of a tactical decision strategy, where the faster 

berthing time is affected by the increase in the flow of 

container movement leaving the port to the consignee. 

Regarding the tactical management level for the SD 

model. Lu and Park [75]revealed that the most sensitive 

factors designated as critical for container terminals are 

terminal cranes, yard trucks, quay cranes, and yard areas. 

Fast service for vessel berthing indicates that the container 

is stacked in the yard for a short period of berthing time. 

This condition allows the container terminal to accept new 

vessels for berthing. Venturini, et. al [76] observed that the 

minimization of time spent at ports by prompt berthing of 

vessels can offer a counterbalance to negative economic 

consequences for shipping companies.  

The large amount of berthing time caused by the piling 

up of containers in the stacking yards boils down to 

regulations set by the government that regulate the length 

of the container storage process in the port area. If the 

government reduces the time interval for placing 

containers in stacking yards, it will certainly have an 

impact on consignee awareness and port governance 

management's compliance with these regulations. 

Therefore, tactical decision management for increasing the 

volume of containers leaving the stacking yard to the 

consignee will improve the performance of port services. 

This research was limited to container terminals, which 

have three berths for ships with a limited stacking yard 

area. Apart from that, this research also did not consider 

aspects of the costs incurred when the operation is carried 

out. Another limitation is the existence of old facilities, so 

there was a lot of maintenance activity and limited 

information exchange platforms between stakeholders. 

Those facts are supported by research results, which 

revealed that the main idea behind maintenance was to 

make the parts and machines ready to do what was 

required within the time and sizes allocated with fewer 

amounts of resources[77]. 

Efficient berthing time is an essential factor in 

enhancing the container terminal's operational efficiency. 

By minimizing turnaround times for ships, the terminal 

can handle a greater volume of vessels, resulting in 

increased throughput and revenue. Furthermore, reducing 

berthing time also reduces idle time for both vessels and 

terminal resources, leading to significant cost savings. 

Faster berthing times improve customer satisfaction as 

shipping lines and clients experience a quicker turnaround 

for their vessels, fostering enhanced relationships. 

Container terminals with minimized berthing times gain a 

competitive advantage in the industry, attracting more 

shipping lines and alliances.  

Effective maintenance is a crucial activity to ensure the 

longevity of terminal equipment and infrastructure. This 

approach can extend the lifespan of equipment and reduce 

the frequency of breakdowns and unplanned downtime. 

Furthermore, it will minimize disruptions to operations. 

The simulation represents the influence of maintenance on 

idle time, which is the main variable in determining 

berthing time. Observation results showed that a large 

amount of idle time was caused by machine breakdowns 

for maintenance activities. This is in line with other 

studies, which interpret maintenance as an effort to 

anticipate the failure of the machine [78]. One of the 

maintenance goals in the operation process is the system's 

accomplishment of the environment, safety, and efficiency 

of utilizing the resources [79]. Moreover, effective 
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maintenance practices play a key role in ensuring 

environmental compliance and promoting sustainability 

within the container terminal. 

Improved information sharing within the container 

terminal fosters collaboration among different departments 

and stakeholders, leading to better decision-making. 

Information sharing between chain actors plays a pivotal 

role in supply chain management for enhancing 

sustainable performance relationships [12].Timely and 

accurate information sharing facilitates real-time decision 

support, enabling managers to respond more effectively to 

changes in demand, vessel schedules, and other 

operational factors. Enhanced information sharing also 

enables better risk assessment and management, as 

managers have a comprehensive view of operational data, 

allowing them to identify potential challenges early on and 

to implement proactive measures to mitigate risks. 

The impact of minimizing berthing time, maximizing 

maintenance activity, and increasing information sharing 

results in a more efficient, and competitive container 

terminal operation. The results of this research can be 

applied practically and managerially to container terminals 

with limited capacity in developing countries. This is in 

line with the increasing number of seaport development 

projects in the Southeast Asia region, where countries 

compete to secure the leading position in the container 

transport system[80]. These countries include Brunei 

Darussalam, Cambodia, Indonesia, Lao People's 

Democratic Republic, Malaysia, Myanmar, the 

Philippines, Singapore, Thailand, Timor-Leste, and Viet 

Nam. 

The problems faced are related to service and berthing 

processes [81]. This can be done by increasing crane 

capacity through improvements in maintenance 

management and providing an effective information 

sharing platform. Furthermore, improvements carried out 

at this port will also have an impact on operational 

activities and scheduling at ports that are directly 

connected, such as Singapore Port and Klang Port in 

Malaysia, which are geographically close to the port of 

Tanjung Priok. 

 The connectivity between environmental, social, and 

governance factors creates a framework for a container 

terminal to achieve sustainable and high-performance 

operations through the performance improvement 

activities. By considering those factors, container terminals 

can navigate challenges, enhance stakeholder 

relationships, and driving positive outcomes for its overall 

performance and sustainability. 

6. Conclusions 

The article proposed a systematic SD model of 

container terminals to analyse the influence of ESD 

components on port performance, which was represented 

by a change in the berthing time value as a dynamic 

variable. The simulation was carried out using Anylogic 

8.7.7 software, followed by validation through the 

sensitivity analysis. The system approach can identify 

significant variables that play a role in accelerating 

performance improvements from container terminals, 

where container ports are complex systems that are 

compatible with system dynamic methods.  

This model can discover the strategy for reducing 

berthing time as the main indicator of port performance 

and evaluate the fluency of container movement within the 

port, with the limitations of not considering cost factors, 

having old equipment facilities, and a limited stacking 

yard area. Reducing berthing time within a container 

terminal involves a combination of computer simulations 

to test different scenarios and identify potential 

improvements, collaboration through synchronizing 

information sharing, equipment efficiency, and 

environmental consideration. 

The ESG component influences strategic decisions in 

management. The environment component indicates that a 

faster service process can reduce emissions. The 

integration of the environmental approach in the industries 

has become more essential in the last 

years[19].Meanwhile, an increase in the score index of the 

social components, represented by employee satisfaction 

and governance index, will reduce the quantity of berthing 

time. The speed of service from the container terminal is 

the result of a tactical decision strategy, where the faster 

berthing time is affected by the increase in the flow of 

container movement leaving the port to the consignee. The 

novelty of this research is to provide a model for 

improving complex port system that associates operational 

and strategic levels through system dynamic modelling.  

Container terminal operation models are effective for 

maritime ports with limited capacity. In advance, the SD 

model can be extended for further study in increasing 

gross crane rate through the strategy of preventive 

maintenance assignment. Moreover, this model can be 

extended to various container terminals by considering the 

variables of sharing information and innovation to speed 

up port services. 
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