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Abstract⎯ Port congestion has become one of the major operational challenges in LPG logistics because it increases vessel waiting 

time, bunker consumption, operating costs, and greenhouse gas emissions. Conventional congestion mitigation often relies on 

infrastructure expansion, which requires substantial investment and long implementation periods. This study aims to develop a Mixed 

Integer Linear Programming (MILP) model that synchronizes LPG vessel arrival with jetty availability through optimal vessel speed 

selection to minimize bunker costs while reducing carbon emissions. A MILP optimization model was developed using operational 

data from Terminal LPG Tanjung Sekong, Indonesia. The model incorporates jetty capacity, vessel schedules, sailing time, processing 

time, fuel consumption, bunker prices, and vessel compatibility constraints to determine whether each vessel should operate at service 

speed or slow-steaming speed. Results show that the proposed model reduces bunker costs by USD 46,675/month, decreases jetty 

waiting time by 3.26 days/month, and lowers carbon emissions by 221.7 tCO₂/month. These findings demonstrate that synchronizing 

vessel arrival with terminal readiness provides a practical operational alternative to infrastructure expansion while supporting 

maritime decarbonization. 
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I. INTRODUCTION 

Maritime transportation plays a fundamental role in 

global supply chains by facilitating the movement of 

commodities across regions. The distribution of liquefied 

petroleum gas (LPG) relies heavily on maritime logistics, 

making efficient vessel scheduling an important factor in 

maintaining supply reliability. However, the continuous 

growth in maritime transportation demand has intensified 

operational pressure on ports and terminals because vessel 

arrivals are increasing faster than available handling 

capacity [1], [2]. This imbalance frequently creates berth 

congestion, resulting in extended waiting times for vessels 

and reduced terminal operational performance [3]. 

Waiting time has become one of the major sources of 

operational inefficiency in port and terminal operations. 

During this period, vessels continue consuming fuel to 

support onboard operations while awaiting berth 

availability, leading to additional bunker costs [4]. 

Besides increasing operational expenses, prolonged 

waiting time also contributes to higher greenhouse gas 

emissions from the maritime sector [5]. Consequently, 

reducing unnecessary waiting time has become 

increasingly important not only from an economic 

perspective but also as part of the maritime industry's 

commitment toward decarbonization. 

Various approaches have been proposed to improve 

port efficiency. Infrastructure expansion, such as 

increasing berth capacity or developing additional 

terminal facilities, can reduce congestion but generally 

requires substantial investment and long implementation 

periods [6]. As an alternative, operational planning 

strategies have attracted increasing attention because they 

can improve system performance without requiring 

significant physical expansion. One of the most widely 

studied approaches is vessel speed optimization, where 

vessel speed is adjusted to better synchronize vessel 

arrival with operational conditions at the destination port 

or terminal. 

Previous research has examined vessel speed 

optimization across a broad range of maritime operational 

settings. Initial studies primarily focused on incorporating 

sailing speed into ship scheduling and shipping service 

planning models [7], [8]. Later research extended this 

concept to support decision-making in berth allocation, 

terminal operations, port management, and congestion 

mitigation by integrating vessel speed with port-related 

activities [9], [11]. More recently, researchers have 

adopted multi-objective optimization approaches that 

evaluate operational cost, fuel consumption, carbon 

emissions, and service quality within a unified 

optimization framework [12]. Collectively, these findings 

suggest that the role and application of vessel speed 

optimization are shaped by the characteristics and 

requirements of the operational environment. 

Despite the extensive development of vessel speed 

optimization models, existing studies are generally 

developed under operational environments that differ 

from LPG terminal operations. Many studies assume 

flexible sailing schedules, integrated berth planning, or 
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dynamic port management decisions. However, LPG 

terminals commonly operate under predetermined vessel 

schedules, fixed service sequences, and limited berthing 

facilities, where excessive waiting time primarily results 

from the mismatch between vessel arrival time and jetty 

availability. Under these operational characteristics, 

vessel speed adjustment serves as an operational strategy 

to synchronize vessel arrival with terminal readiness 

rather than as an isolated optimization problem. 

Although slow steaming has been extensively studied, 

most previous research assumes flexible berth allocation 

or integrated port scheduling. However, LPG terminals 

operate under fixed schedules, limited jetty capacity, and 

strict operational procedures. Consequently, existing 

models cannot be directly applied to LPG terminal 

operations, creating a gap between optimization theory 

and industrial practice. 

This study addresses the following research question: 

How can vessel speed be adjusted to synchronize vessel 

arrival with jetty availability in order to minimize bunker 

cost while reducing carbon emissions in LPG terminal 

operations? To answer this question, this study develops 

a Mixed Integer Linear Programming (MILP) model to 

determine the optimal vessel speed alternatives for LPG 

vessels operating at Terminal LPG Tanjung Sekong. The 

proposed model explicitly incorporates operational 

characteristics of the terminal, including vessel schedules, 

processing time, jetty availability, fuel consumption, and 

bunker costs. In addition, the optimized operational 

schedule is used to estimate the potential reduction in 

carbon emissions achieved through the implementation of 

slow steaming. The findings are expected to provide 

practical decision support for terminal operators while 

demonstrating how operational speed adjustment can 

simultaneously improve operational efficiency and 

contribute to maritime decarbonization. 

The novelty of this study lies in: 

• developing a MILP model specifically for LPG 

terminals; 

• integrating vessel speed optimization with jetty 

availability constraints; 

• simultaneously minimizing bunker cost and 

estimating carbon reduction; 

• proposing the Vessel Speed Decision Support 

Framework (VSDSF) for operational 

implementation. 

 

II. LITERATURE REVIEW 

2.1. Vessel Speed Optimization 

 Vessel speed optimization is the process of selecting 

an appropriate sailing speed that enables a vessel to meet 

predefined operational objectives within maritime 

transportation systems [13]. Because sailing speed can be 

adjusted during voyage planning, optimization models 

commonly define it as a decision variable. Variations in 

vessel speed influence travel time, fuel consumption, 

operating expenses, estimated arrival time, and the 

utilization of port and terminal resources [10]. For this 

reason, optimizing vessel speed has become a widely 

adopted approach to enhancing both the operational 

efficiency and environmental sustainability of maritime 

logistics systems [14]. 

The goals of vessel speed optimization are influenced 

by the specific operational conditions and decision-

making requirements addressed in individual studies. 

Within maritime transportation, optimization models are 

commonly developed to reduce fuel consumption, bunker 

expenditure, overall operating costs, schedule disruptions, 

delays resulting from port congestion, and carbon 

emissions [10]. In addition, several studies have adopted 

multi-objective formulations that evaluate economic 

efficiency, service quality, and environmental 

performance simultaneously [12]. These diverse 

applications demonstrate that vessel speed optimization 

has evolved beyond a fuel-saving strategy into a 

comprehensive decision-support framework capable of 

improving operational efficiency while advancing 

sustainability goals 

Early studies primarily investigated vessel speed 

optimization from the perspective of ship scheduling and 

shipping service planning [7], [8]. In these studies, speed 

decisions were mainly used to satisfy sailing schedules 

while minimizing operating costs or improving fleet 

utilization. The optimization process focused on 

determining appropriate sailing speeds that balance 

schedule feasibility and transportation efficiency. 

As research progressed, vessel speed optimization 

began to be integrated into broader port and terminal 

operations. Instead of considering sailing activities 

independently, subsequent studies incorporated vessel 

speed decisions together with berth allocation, quay crane 

assignment, and terminal resource planning [9]–[11]. This 

integration enables vessel arrivals to be coordinated with 

terminal readiness, leading to improved utilization of port 

facilities and reduced operational inefficiencies. 

More recent studies further expanded vessel speed 

optimization into more complex operational 

environments. Vessel speed has been incorporated into 

congestion management strategies to reduce delays 

caused by port congestion and has also become part of 

multi-objective optimization models that simultaneously 

consider operational cost, fuel consumption, carbon 

emissions, and service quality [12]. These developments 

demonstrate that vessel speed optimization has gradually 

evolved from an isolated scheduling problem into an 

integrated decision-making component within maritime 

logistics systems. 

Although these studies investigate vessel speed 

optimization under different operational settings, they 

consistently indicate that the effectiveness of speed 

decisions depends heavily on the operational environment 

in which they are implemented. Consequently, 

understanding the characteristics of the operational 

environment becomes essential before developing an 

optimization model for a particular maritime application. 

 

2.2. Research Gap 

Despite the significant development of vessel speed 

optimization, previous studies have been developed under 

decision environments that differ considerably from LPG 

terminal operations. Existing studies commonly formulate 

speed decisions within the context of ship scheduling, 

fleet planning, integrated terminal operations, berth 

allocation, or port congestion management. These 
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operational environments generally assume flexible 

operational planning in which multiple decisions can be 

optimized simultaneously. 
TABLE 1  

RESEARCH GAP COMPARISON TABLE 
Author Objective Method Limitation Gap 

Yu et al 

(2022) 

Terminal 

Efficiency  

Integrated 

Optimization 

Container 

terminal 

Not LPG 

Environment, No 

Emission 

calculation 

Guo et 

al. 

(2024) 

Schedule 

reliability 

Optimization 

Model 

General port Not LPG 

Environment, No 

Emission 

calculation 

Wen et 

al. 

(2024) 

Total Cost Multi-

objective 

Optimization 

Maritime 

System 

Transportation 

Not LPG 

environment, not 

deep in 

operational aspect  

This 

study 

Total Cost & 

Emission 

Reduction 

MILP LPG Port New contribution 

 

In contrast, LPG terminal operations are characterized 

by predetermined vessel schedules, fixed processing 

sequences, limited jetty capacity, and relatively 

deterministic operational procedures. Under these 

conditions, waiting time mainly arises from the mismatch 

between vessel arrival time and jetty availability rather 

than from dynamic congestion or berth allocation 

decisions. Therefore, the role of vessel speed shifts from 

optimizing an entire transportation network toward 

synchronizing vessel arrival with terminal readiness. 

 
Figure 1 Terminal LPG Tanjung Sekong Distribution Network 

Based on these operational characteristics, this study 

formulates vessel speed optimization as an operational 

planning problem in which alternative sailing speeds are 

determined to reduce waiting time before berthing while 

minimizing bunker costs. Furthermore, since bunker 

consumption directly contributes to carbon emissions, the 

optimized operational schedule is also evaluated in terms 

of its potential environmental benefits through emission 

reduction. This decision distinguishes the present study 

from previous research while maintaining the 

fundamental concept of vessel speed optimization as the 

primary operational decision. 

III. CASE STUDY 

Tanjung Sekong LPG Terminal serves as a critical 

logistics hub within Indonesia's LPG distribution system, 

handling the receipt, storage, and redistribution of LPG 

delivered from domestic refineries and import sources 

(Figure 1). The terminal supplies receiving terminals 

throughout Southern Sumatra, Western Java, and Central 

Java, while maintaining nearly 35–40% of the national 

LPG inventory. Owing to its strategic role, efficient 

terminal operations are fundamental to sustaining a secure 

and uninterrupted LPG distribution network 

The transfer of LPG distribution services from STS 

Teluk Semangka has resulted in a notable rise in vessel 

movements at Tanjung Sekong LPG Terminal. This 

increase has intensified the use of critical terminal 

resources, including berths, storage tanks, and jetty 

facilities. Since infrastructure capacity has remained 

largely unchanged, berth congestion has become 

increasingly common, with vessel waiting time emerging 

as a key operational issue that affects terminal 

performance. 

Operational records indicate that vessel waiting time 

at the terminal is primarily caused by two factors: next 

employment (39%) and jetty availability (26%) (Figure 

2). Although next employment represents the largest 

contributor, it is mainly determined by external 

operational decisions, including cargo readiness at the 

next destination and downstream distribution planning.  

 
Figure 2. Drivers of Port Congestion at the Tanjung Sekong LPG 

Terminal 

Consequently, opportunities for operational 

improvement from the terminal perspective remain 

limited. In contrast, waiting time associated with jetty 

availability is directly related to terminal operations and 

can potentially be reduced through better synchronization 

between vessel arrival and terminal readiness. 

Several alternatives may be considered to reduce jetty-

related waiting time (Figure 2). Expanding terminal 

infrastructure by constructing additional jetties can 

increase handling capacity but requires substantial capital 

investment and long implementation periods. Modifying 

the master vessel schedule may improve berth utilization 

but could disrupt upstream supply planning and 

downstream material balance. Improvements in loading 

and unloading activities are also constrained by strict 

safety regulations and fixed operational procedures 

governing LPG handling. Therefore, among the available 

alternatives, vessel speed adjustment before arrival 

represents the most practical operational intervention 

because it can improve the synchronization between 

vessel arrival time and jetty availability without requiring 
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infrastructure expansion or changes to the existing 

distribution schedule. 

Nevertheless, vessel speed adjustment should not be 

implemented independently. Excessive speed reduction 

may increase sailing time and fuel consumption during the 

voyage, while insufficient speed adjustment may cause 

vessels to arrive before the jetty becomes available, 

resulting in unnecessary waiting time. Therefore, 

determining an appropriate vessel speed requires 

consideration of multiple operational factors, including 

vessel schedules, sailing time, processing time, jetty 

availability, waiting time, bunker consumption, and 

bunker cost. Since fuel consumption is directly associated 

with carbon emissions, vessel speed decisions also 

influence the environmental performance of terminal 

operations. 

To address this operational problem, it is first 

necessary to understand how these operational factors 

interact within the terminal system. Therefore, an 

influence diagram is developed to represent the causal 

relationships among the key operational elements 

involved in LPG vessel operations at Terminal LPG 

Tanjung Sekong (Figure 3). As illustrated in the influence 

diagram, vessel speed is determined based on the planned 

vessel schedule while considering the expected 

availability of the destination jetty. Once the speed is 

selected, it determines the sailing time, which 

subsequently affects the Estimated Time of Arrival 

(ETA). The resulting ETA is then compared with the 

actual jetty availability, which is influenced by the 

completion of ongoing loading and unloading activities 

and is therefore dependent on the processing time of 

vessels with different characteristics. If a vessel arrives 

before the jetty becomes available, waiting time is 

generated before berth. 

 
Figure 3 Influence Diagram from Terminal LPG Tanjung Sekong 

System Element 

 

The influence diagram further distinguishes fuel 

consumption into two operational phases. During the 

sailing phase, LSFO consumption is determined by the 

sailing time, fuel consumption rate, and prevailing LSFO 

price. During the waiting phase, the vessel consumes B40 

fuel while operating auxiliary engines before berthing, 

with the corresponding bunker cost determined by the 

waiting time, B40 consumption rate, and prevailing B40 

price. The total bunker cost is therefore obtained by 

combining fuel costs incurred during both sailing and 

waiting activities. This causal structure reveals the 

fundamental trade-off addressed in this study: reducing 

sailing speed may decrease waiting time but increase fuel 

consumption during the voyage, whereas increasing 

sailing speed may shorten the voyage but result in higher 

waiting time and additional fuel consumption at the 

terminal. Building upon this conceptual representation, a 

Mixed Integer Linear Programming (MILP) model is 

developed to determine alternative vessel speeds that 

synchronize vessel arrival with jetty availability, thereby 

minimizing total bunker cost while estimating the 

potential reduction in carbon emissions resulting from the 

implementation of slow steaming. The proposed model is 

expected to provide a practical decision-support tool for 

terminal operators to improve operational efficiency while 

supporting environmental sustainability objectives within 

LPG maritime logistics. 

 

IV. METHOD 

4.1 Research Design 

This study adopts a quantitative optimization approach 

using a case study of Terminal LPG Tanjung Sekong, one 

of Indonesia's major LPG receiving terminals. The 

research focuses on vessel speed optimization as an 

operational strategy to reduce bunker cost by improving 

the synchronization between vessel arrival and jetty 

availability. The developed model evaluates alternative 

sailing speeds while considering operational constraints 

encountered in LPG terminal operations. Since the study 

aims to assess operational improvement based on an 

existing terminal system, it can be classified as a 

descriptive-evaluative study. 

 

4.2 Optimizatization Model 

Based on the conceptual system developed through the 

influence diagram, a Mixed Integer Linear Programming 

(MILP) model is formulated to determine the optimal 

sailing speed for each LPG vessel. MILP is selected 

because the problem involves both binary and continuous 

decision variables. Binary variables are required to 

represent discrete operational decisions, including vessel 

speed selection, jetty assignment, and vessel service 

sequencing, while continuous variables describe 

operational time components such as sailing time, 

estimated time of arrival (ETA), berthing start time, 

waiting time, and bunker cost. 

The objective of the proposed model is to minimize 

the total bunker cost incurred during both sailing and 

waiting operations. The optimization considers various 

operational parameters, including vessel schedules, vessel 

type, sailing distance, processing time, fuel consumption 

rate, bunker prices, and jetty availability. These 

parameters are incorporated into a series of operational 

constraints representing actual terminal conditions, 

including speed selection, jetty allocation, vessel 

sequencing, service precedence, and compatibility 

between vessel type and jetty facilities. 

 

4.3 Model Implementation 

The mathematical model is implemented using 

LINGO to obtain the optimal solution under the 

operational constraints of Terminal LPG Tanjung Sekong. 



International Journal of Marine Engineering Innovation and Research, Vol. 11(3), Sept. 2026. 1118-1125                           

(pISSN: 2541-5972, eISSN: 2548-1479)  
1122 

 

 

Model verification is performed by ensuring that the 

mathematical formulation accurately represents the 

operational logic identified in the influence diagram, 

whereas validation is conducted by comparing the model 

behavior with the actual terminal operating conditions. 

Following model validation, scenario analyses are carried 

out to evaluate the effectiveness of alternative vessel 

speed decisions in reducing bunker cost and waiting time. 

The optimized operational schedule is subsequently used 

to estimate the corresponding reduction in carbon 

emissions resulting from the implementation of slow 

steaming. 

 

V.  MATHEMATICAL FORMULATION 

This section presents the mathematical formulation of 

the proposed optimization model. The model is 

formulated as a Mixed Integer Linear Programming 

(MILP) problem to determine the optimal vessel speed 

while minimizing the total bunker cost incurred during 

LPG vessel operations at Terminal LPG Tanjung Sekong. 

The formulation consists of sets and indices, parameters, 

decision variables, objective function, and operational 

constraints representing the actual terminal operating 

environment. 

 

5.1 Set and Indices 

The optimization model employs several sets and 

indices to represent vessels, speed alternatives, jetty 

facilities, and vessel sequencing relationships. These sets 

form the basis for defining mathematical formulation and 

are summarized below. 

𝑖 ∈ 𝐼 : LPG vessel index {𝑖 = 1, 2, 3 … , 77} 

𝑠 ∈ 𝑆 : Speed option index {𝑠 = 1, 2} 

𝑘 ∈ 𝐾 : Jetty index {𝑘 = 1, 2} 

(𝑖, 𝑗, 𝑘) ∈ 𝐿 : Set of vessel pairs for sequencing, were   

  𝑖 < 𝑗 at jetty 𝑘  

 

5.2 Parameters 

The model parameters describe operational 

characteristics that are predetermined prior to 

optimization. These parameters include vessel schedules, 

sailing duration, processing time, fuel consumption rates, 

fuel prices, and jetty assignment restrictions. All 

parameter values are obtained from historical operational 

data and contractual vessel specifications. The complete 

list of parameters is presented below. 

𝑇𝑝𝑖  : Processing time of vessel 𝑖 after berthing 

𝑇𝑑𝑖  : Departure time of vessel 𝑖 
𝑅𝑓𝑠𝑖𝑠 : LSFO fuel consumption rate of vessel 𝑖 at sailing  

  speed 𝑠 

𝑇𝑠𝑖𝑠 : Sailing duration of vessel 𝑖 at speed 𝑠 

𝑅𝑓𝑖𝑖 : LSFO fuel consumption rate of vessel 𝑖 during  

  idle condition 
𝑅𝑏𝑖𝑖 : B40 fuel consumption rate of vessel 𝑖 during idle  

  Condition 
𝑃𝑓 : LSFO fuel price 

𝑃𝑏 : B40 fuel price 

𝐽𝑓𝑖 : Fixed jetty assignment for vesseil i 
 

5.3 Decision Variables 

The proposed MILP model contains binary decision 

variables representing vessel speed selection, jetty 

assignment, and vessel service sequencing. These 

variables determine the operational decisions optimized 

by the model and are summarized below. 

𝑥𝑖𝑘 ∈ {0,1} : Equal 1 if vessel 𝑖 is assigned to jetty 𝑘 

𝑦𝑖𝑠 ∈ {0,1} : Equal 1 if vessel 𝑖 if vessel i selects speed  

  option 𝑠 (slow steaming) 

𝑧𝑖𝑗𝑘 ∈ {0,1} : Equal 1 if vessel 𝑖 is served before vessel 𝑗  

  at jetty 𝑘 

 

5.4 Objective Function 

The objective of the proposed optimization model is to 

minimize the total bunker cost incurred throughout vessel 

operations. The total bunker cost consists of three cost 

components, namely LSFO consumption during sailing, 

LSFO consumption while idling, and B40 consumption 

during waiting before berth. The mathematical 

formulation of the objective function is expressed as 

follows: 

min 𝐶 = (∑ ∑ 𝑃𝑓 ∙

𝑠∈𝑆𝑖∈𝐼

𝑅𝑓𝑠𝑖𝑠 ∙ 𝑇𝑠𝑖𝑠 ∙ 𝑦𝑖𝑠)

+ (∑ ∑ 𝑃𝑓 ∙

𝑠∈𝑆𝑖∈𝐼

𝑅𝑓𝑖𝑖 ∙ 𝑇𝑤𝑖)

+ (∑ ∑ 𝑃𝑏 ∙

𝑠∈𝑆𝑖∈𝐼

𝑅𝑏𝑖𝑖 ∙ 𝑇𝑤𝑖) 
(1) 

where the first term represents the fuel cost incurred 

during sailing, the second term represents LSFO 

consumption during idle operation, and the third term 

represents B40 consumption while waiting for jetty 

availability. 

 

5.5 Model Constraints 

The speed selection constraint ensures that each vessel 

selects exactly one sailing speed from the available 

alternatives, namely service speed or slow steaming. 

∑ 𝑦𝑖𝑠

𝑠∈𝑆

= 1 
(2) 

 

The jetty allocation constraint guarantees that each 

vessel is assigned to exactly one available jetty for loading 

or unloading activities. 

∑ 𝑥𝑖𝑘

𝑘∈𝐽

= 1 

(3) 

 

The estimated time of arrival (ETA) is determined by 

combining the vessel departure time with the sailing 

duration corresponding to the selected sailing speed. 

𝐴𝐸𝑇𝐴𝑖 = 𝑇𝑑𝑖 + ∑ 𝑇𝑠𝑖𝑠 ∙ 𝑦𝑖𝑠

𝑠∈𝑆

 
(4) 

 

The berthing start time is constrained to occur after the 

vessel arrives at the terminal and before the maximum 

allowable waiting time. 

𝑆𝑇𝑖 ≥ 𝐴𝐸𝑇𝐴𝑖 (5) 

𝑆𝑇𝑖 ≤ 𝐴𝐸𝑇𝐴𝑖 + 𝑀𝑊𝑖 (6) 

 

Waiting time is calculated as the difference between 

the actual berthing start time and the vessel's estimated 

time of arrival. 
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𝑊𝑖 ≥ 𝑆𝑇𝑖 − 𝐴𝐸𝑇𝐴𝑖  (7) 

 

The sequencing constraint prevents overlapping vessel 

services at the same jetty by determining the order of 

vessel handling using binary sequencing variables. 

𝑆𝑇𝑗 ≥ 𝑆𝑇𝑖 + 𝑃𝑖 − 𝑀(1 − 𝑧𝑖𝑗𝑘) − 𝑀(2 − 𝑥𝑖𝑘 − 𝑥𝑗𝑘) (8) 

𝑆𝑇𝑖 ≥ 𝑆𝑇𝑗 + 𝑃𝑗 − 𝑀 ∙ 𝑧𝑖𝑗𝑘 − 𝑀(2 − 𝑥𝑖𝑘 − 𝑥𝑗𝑘) (9) 

 

The initial assignment constraint specifies the initial 

operational condition by fixing the first vessel to the 

designated jetty. 

𝑥11 = 1 (10) 

 

This constraint ensures that vessels with specific 

operational characteristics are assigned only to compatible 

jetty facilities. 

𝑥𝑖2 = 1 | 𝐽𝑓𝑖 = 1 (11) 

 

Finally, the domain constraints define binary variables 

and ensure that all time-related variables remain non-

negative. 

𝑥𝑖𝑘 , 𝑦𝑖𝑠 , 𝑧𝑖𝑗𝑘 ∈ {0,1} (12) 

𝑆𝑇𝑖 , 𝐴𝐸𝑇𝐴𝑖 , 𝑊𝑖 ≥ 0 (13) 

 

VI. RESULTS AND DISCUSSION 

 The model was tested using operational data from 

LPG vessel movements at Terminal LPG Tanjung 

Sekong. Two main scenarios were evaluated: the 

condition without a slow-steaming option and the 

condition with a slow-steaming option. In the scenario 

without slow steaming, vessels operate based on the 

existing service-speed condition. This scenario represents 

the current operating practice where vessel speed is not 

optimized to match jetty availability. Under this 

condition, vessels may arrive earlier than the available 

berthing slot, resulting in waiting time and additional fuel 

consumption during idle periods. 

A. Result of MLIP Running 

In the scenario without slow steaming, vessels 

operate based on the existing service-speed condition. 

This scenario represents the current operating practice 

where vessel speed is not optimized to match jetty 

availability. Under this condition, vessels may arrive 

earlier than the available berthing slot, resulting in waiting 

time and additional fuel consumption during idle periods. 

TABLE 2  

COST CALCULATION WITHOUT SLOW STEAMING OPTION 

 
 

The next scenario involves the option of slow steaming. 

In this scenario, a decision must be made regarding 

whether to optimize service speed or slow steaming using 

MLIP, with the aim of minimizing total costs while 

satisfying existing constraints 

 
TABLE 3  

COST CALCULATION WITH SLOW STEAMING OPTION 

 
 

B. Operation & Cost Analysis 

  From an operational perspective, the analysis 

compares sailing time and waiting time. Table 3 outlines 

the operational parameters for both the normal scenario 

and the slow steaming scenario. Implementing slow 

steaming results in longer sailing times for each vessel, as 

they operate at speeds below their standard service speed. 

However, as shown in Table 4, the decision to adopt slow 

steaming aims to reduce waiting times at Tanjung Sekong 

caused by jetty congestion; with this approach, the jetty 

waiting time is 3.26 days per month. This measure helps 

address one of the major waiting-time issues at TLPG 

Tanjung Sekong. 

 
TABLE 4  

SAILING AND WAITING TIME COMPARISON 

 
 

 Comparison of bunker consumption and costs with the 

slow steaming option is presented in 

Table 5. As shown in the table, the slow steaming option 

offers potential savings on LSFO and B-40 bunkers. This 

is because the slow steaming option would be selected for 

vessels highly likely to face jetty waiting times; this 

reduces LSFO consumption during the voyage and 

minimizes the waiting time during which B-40 bunker is 
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consumed. Implementing the slow steaming option 

presents a potential bunker cost saving of $46,675 per 

month, as indicated in 

Table 5  
TABLE 5  

CONSUMPTION AND TOTAL COST COMPARISON 

 
 

C. Carbon Reduction. 

Optimizing vessel speed through slow steaming 

offers potential carbon savings. This potential is derived 

from the reduced consumption of LSFO and B-40 bunker 

fuel, as shown in table 6. The carbon emission saving 

coefficients are 3.114 for LSFO and 3.48 for B-40. table 

6 presents the calculation of carbon emission savings 

achieved through slow steaming. Based on these figures, 

the slow steaming method offers a potential carbon 

emission saving of 221.7 tons per month. 

 
TABLE 6  

CARBON REDUCTION CALCULATION 

 
 

D. Feasibility for Implementation via Vessel Speed 

Decision Support Framework (VSDSF) 

 The Vessel Speed Decision Support Framework 

(VSDSF) is proposed to integrate the optimization model 

into operational planning by supporting vessel speed 

decisions based on operational schedules, fuel 

consumption, bunker prices, estimated arrival time, and 

potential waiting time. The framework incorporates the 

model into the existing planning process, enabling re-

optimization when operational conditions change while 

maintaining clear functional responsibilities. A phased 

implementation roadmap is introduced to facilitate pilot 

deployment, system integration, and continuous 

improvement, providing a practical pathway for 

organizational adoption of optimization-based vessel 

speed management. 

VII. CONCLUSION 

 This study demonstrates that the proposed Mixed 

Integer Linear Programming (MILP) model can 

effectively support vessel speed decisions for LPG 

transportation at Tanjung Sekong LPG Terminal by 

integrating sailing speed selection with berth availability 

and vessel operational constraints. The model minimizes 

total bunker cost while maintaining operational feasibility 

under actual terminal conditions. The optimization results 

indicate that implementing the recommended speed 

strategy reduces sailing and waiting bunker consumption, 

leading to monthly bunker cost savings of approximately 

USD 46,675. The optimized schedule also decreases 

vessel waiting time by 3.26 days per month and lowers 

estimated CO₂ emissions by 221.7 MT per month. These 

findings suggest that integrating speed optimization with 

berth scheduling can improve operational efficiency, 

reduce fuel expenditure, and support more sustainable 

LPG terminal operations. 
TABLE 7  

SUMMARY OF CONCLUSION 
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