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ABSTRACT 

This study focuses on optimizing the ship routing for Indonesia’s liquefied natural gas (LNG) 
logistics network using Mixed Integer Linear Programming (MILP). Indonesia's pivotal role 
in the global LNG market underscores the need for efficient logistics, especially given the 
challenges of limited port capacity, infrastructure, fluctuating demand, and environmental 
impact. MILP techniques were applied to address these challenges by optimizing vessel 
routes, minimizing costs, and reducing emissions. The research identified bottlenecks within 
Indonesia's logistics network and proposed optimized shipping strategies that enhance 
cost-effectiveness and operational efficiency. The findings contribute to sustainable energy 
logistics and provide actionable insights for stakeholders managing Indonesia's LNG supply 
chain. 
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 INTRODUCTION 

Indonesia is a key player in the global liquefied natural gas market 

(Rahmawan & Angelina, 2017), and efficient logistics networks are crucial for 

optimizing the transportation of LNG (Zarzuelo et al., 2019). In order to ensure 

Indonesia's competitiveness in the international market, it is crucial to analyze and 

optimize the efficiency of LNG shipping routes. Shipping NG in the form of LNG 

offers gas suppliers the ability to reach distant markets (Mutlu et al., 2014). This 

can be achieved through the implementation of a robust logistics network, including 

advanced technological solutions for route optimization and risk management 

(Zarzuelo et al., 2019). By strategically integrating cutting-edge technologies into 

its logistics framework and prioritizing efficient ship routing strategies, Indonesia 

can elevate the overall efficiency of its LNG supply chain and solidify its position 

as a pivotal player in the global LNG market (Budiyanto et al., 2019). Furthermore, 

by investing in renewable energy sources and exploring new extraction methods, 
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Indonesia could also enhance sustainability within this vital sector. In this particular 

study, our main focus will be on the analysis and optimization of the ship routing 

for Indonesia's LNG logistics network by utilizing Mixed Integer Linear 

Programming techniques. By employing MILP, we aim to minimize costs and 

enhance the overall efficiency of LNG transportation within Indonesia's vast 

archipelago (Rusdianto & Siswanto, 2020).  

This research holds significant potential for improving the country's LNG 

supply chain management and contributing to the sustainable development of 

Indonesia's energy sector. ## Current Challenges in the LNG Logistics Network in 

Indonesia The LNG logistics network in Indonesia currently faces several 

challenges that hinder its efficiency and effectiveness (Bittante et al., 2015).These 

challenges include:  

1. Inadequate port capacities: Indonesia's LNG logistics network faces 

limitations in terms of port capacities, which affects the efficient 

handling and storage of LNG (Budiyanto et al., 2020). 

2. Limited infrastructure: There is a lack of infrastructure, such as terminals 

and storage facilities, in certain areas of Indonesia, making it difficult to 

transport LNG to those regions (Budiyanto et al., 2019). 

3. Demand-supply dynamics: The demand for LNG fluctuates, and it is 

essential to ensure that the supply chain can efficiently respond to these 

fluctuations while maintaining optimal utilization of resources and 

minimizing costs (Budiyanto et al., 2019). 

4. Environmental impact: The LNG logistics network in Indonesia needs to 

address environmental concerns related to emissions and carbon 

footprint (Butarbutar et al., 2022). 

5. Shipping costs: The cost of shipping LNG across Indonesia's archipelago 

can be substantial (Budiyanto et al., 2019).  

Application of MILP in Ship Routing Optimization MILP techniques can be 

applied to optimize ship routing in Indonesia's LNG logistics network by 

considering various factors such as port capacities, shipping costs, demand, and 

supply dynamics (Rahmawan & Angelina, 2017). By formulating the problem as a 

MILP model, we can mathematically represent the decision variables and 

constraints involved in ship routing optimization (Prananda et al., 2022). The 

objective of the MILP model would be to maximize the efficiency and cost-

effectiveness of LNG transportation by determining the optimal routes for shipping 

LNG from supply terminals to demand locations (Jokinen et al., 2015). To achieve 

this objective, the MILP model would consider variables such as vessel capacities, 

routing options, load factors, and transit times (Haoran et al., n.d). To solve the 

MILP model, various techniques such as cluster analysis, heuristic algorithms, and 

optimal transportation rules can be used (Papaleonidas et al., 2020). The MILP 

model would aim to minimize shipping costs by optimizing vessel routing, 

considering factors such as port capacities and demand-supply dynamics (Bittante 

et al., 2015). By incorporating these factors into the MILP model, it becomes 

possible to identify the most efficient and cost-effective routes for transporting 

LNG within Indonesia's archipelago(Lee et al., 2016). Additionally, the MILP 

model can also consider environmental objectives, such as minimizing emissions 
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and reducing carbon footprint(Budiyanto et al., 2019). The MILP model can 

incorporate fuel consumption as a function of payload, fuel price, and freight rate 

to optimize ship routing for minimum total trip duration or minimum total 

cost(Dulebenets, 2018).  

 

 

 

 

RESEARCH METHOD 

In order to analyze and optimize ship routing for Indonesia's LNG logistics 

network, data on various factors such as port capacities, shipping costs, and de-

mand-supply dynamics would need to be collected(Zarzuelo et al., 2019). A thor-

ough analysis of the current challenges in the LNG logistics network in Indonesia 

will also be conducted (Zarzuelo et al., 2019). The methodology for this research 

paper would involve developing a mathematical model using Mixed Integer Linear 

Programming techniques. The mathematical model would incorporate various var-

iables and constraints, such as vessel capacities, routing options, load factors, and 

transit times(Rahmawan & Angelina, 2017). To solve the MILP model, a branch 

and price algorithm as well as a constraint programming model can be developed. 

These techniques would consider factors such as fuel consumption, fuel price, and 

freight rate in order to optimize ship routing for minimum costs or emissions. The 

MILP model would be tested using real-life data and scenarios from Indonesia's 

LNG logistics network. 

Table 1. Vessel specifications 

Vessel Type LNG Carrier 

Capacity 130,000 m3 

Loading Rate 12 knot 

Discharging Rate 10,000 m3/h 

Vessel Speed 10,000 m3/h 

Total Cargo 90% 

Charter Hire 55,029 USD/day 

 

 
Figure 1. Indonesian LNG Liquification & Regasification Plant 
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Table 2. Distance Between Port 
s LQF 1 LQF 2 LQF 3 RGF 1 RGF 2 RGF 3 RGF 4 

LQF 1 - 690.61 1372.3 2516.5 1797.76 1737.34 1685.15 

LQF 2 690.61 - 1011.72 2159.44 1408.19 1352.6 1301.22 

LQF 3 1372.3 1011.72 - 1632.71 907.18 855.86 797.62 

RGF 1 2516.5 2159.44 1632.71 - 1012.19 1027.96 1037.84 

RGF 2 1797.76 1408.19 907.18 1012.19 - 62.82 121.52 

RGF 3 1737.34 1352.6 855.86 1027.96 62.82 - 61.52 

RGF 4 1685.15 1301.22 797.62 1037.84 121.52 61.52 - 

Data Sources 

To effectively analyze and optimize the ship routing for Indonesia's LNG lo-

gistics network, we will utilize real-world data on port capacities, shipping costs, 

LNG demand, and supply across different regions of Indonesia. This will provide 

us with a comprehensive understanding of the current infrastructure and operational 

dynamics within the country's LNG logistics network. 

 

Methodology 

Implementing Mixed Integer Linear Programming models will allow us to 

formulate the optimization problem for ship routing. We can effectively leverage 

optimization software and algorithms to solve the MILP models by mathematically 

representing the decision variables and constraints involved in LNG transportation. 

This will enable us to obtain optimal solutions for ship routing that minimize costs 

and enhance the efficiency of LNG transportation within Indonesia's archipelago. 

 

Variable : 

𝑥𝑖𝑗𝑡 A binary variable indicating whether a ship uses route 𝑖 during time period 𝑡 

for a trip to unloading location j. 𝑥𝑖𝑗𝑡 = 1 if the ship uses route 𝑖 during time period 

𝑡 for a trip to unloading location 𝑗. 𝑥𝑖𝑗𝑡 = 0 otherwise. 

𝑦𝑡 : A binary variable indicating whether a ship is available during time period 𝑡. 

𝑦𝑡 = 1 if the ship is available during time period 𝑡,  𝑦𝑡 = 0 otherwise 

Parameters: 

𝐶𝑖𝑗 : Cost of using route 𝑖 for a trip to unloading location 𝑗. 

𝐶𝑖𝑡 : Production capacity at loading location 𝑖 during time period 𝑡. 

𝐶𝑗𝑡 : Consumption capacity at unloading location 𝑗 during time period 𝑡. 

𝐿𝑖𝑡 : Inventory level at loading location 𝑖 during time period 𝑡. 

𝐷𝑗𝑡 : Demand at unloading location 𝑗 during time period 𝑡. 

𝑇𝑖𝑗𝑡 : Travel time using route 𝑖 during time period 𝑡. 

𝐾 : Number of available ships. 

𝑀 : A large value representing the cost of the shortage of available ships. 

Objective Function: 

∑ ⬚

⬚

𝑖

∑ ⬚

⬚

𝑗

∑ ⬚

⬚

𝑡

(𝐶𝑖𝑗 ∙  𝑥𝑖𝑗𝑡) + 𝑀 ∙  ∑ ⬚

⬚

𝑡

(1 − 𝑦𝑡)  

Minimize Total Cost: The first component of the objective function is to 

minimize the total cost associated with LNG shipping operations. This cost includes 
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the cost of using ship routes from loading to unloading locations, represented by 

𝐶𝑖𝑗⋅𝑥𝑖𝑗𝑡. In this model, we aim to find a combination of ship routes that minimizes 

the total cost, thereby saving operational costs for the company. 

Ship Shortage Cost: The second component of the objective function accounts 

for the cost of ship shortages. This cost is included as an additional cost 

(𝑀⋅∑𝑡(1−𝑦𝑡)) incurred if ships are unavailable during one or more specific time 

periods. By including this cost in the objective function, we ensure that the solution 

generated by the model effectively considers ship availability and does not produce 

solutions where ships are unavailable to meet demand. 

Constraints: 

1. Ships must meet demand at each unloading location: 

∑ ⬚

⬚

𝑖

∑ ⬚

⬚

𝑡

(𝑥𝑖𝑗𝑡  ∙  𝑃𝑖𝑡)  ≥   ∑ ⬚

⬚

𝑖

∑ ⬚

⬚

𝑡

(𝑥𝑖𝑗𝑡  ∙  𝐷𝑗𝑡) , ∀𝑗, ∀𝑡   

2. Ships must choose one route for each trip to the unloading location: 

∑ ⬚

⬚

𝑖

𝑥𝑖𝑗𝑡 = 1, ∀𝑗, ∀𝑡 

3. Ships must consider production and consumption capacities at each location: 

𝐼𝑖𝑡 + ∑ ⬚

⬚

𝑗

(𝑥𝑖𝑗𝑡 ∙  𝑃𝑖𝑡) =  𝐼𝑗𝑡 +  ∑ ⬚

⬚

𝑖

(𝑥𝑖𝑗𝑡  ∙  𝐷𝑗𝑡) , ∀𝑖, ∀𝑗, ∀𝑡 

4. Ships must be available for use in each selected time period: 

∑ ⬚

⬚

𝑡

𝑦𝑡 ≥ 1 

5. Ships can only be used if they are available: 

𝑥𝑖𝑗𝑡 ≤  𝑦𝑡, ∀𝑖, ∀𝑗, ∀𝑡 

6. Limit on the number of available ships: 

∑ ⬚

⬚

𝑡

𝑦𝑡  ≤ 𝐾 

7. Constraint on travel time: 

∑ ⬚

⬚

𝑡

(𝑥𝑖𝑗𝑡 ∙  𝑇𝑖𝑗𝑡)  ≤ 𝐽𝑎𝑑𝑤𝑎𝑙 𝑚𝑎𝑘𝑠𝑖𝑚𝑢𝑚 𝑘𝑎𝑝𝑎𝑙, ∀𝑖, ∀𝑗  

 

Findings and Contributions 

Identification of Bottlenecks and Inefficiencies in the Current LNG Logistics 

Network in Indonesia Through an in-depth analysis of the current challenges facing 

Indonesia's LNG logistics network, it was determined that inadequate port 

capacities, limited infrastructure development, demand-supply dynamics, 

environmental impact considerations, and escalating shipping costs are significant 

impediments affecting the network's efficiency and effectiveness. Consequently, 

these bottlenecks obstruct the smooth transportation of LNG within Indonesia's 

archipelago, resulting in amplified expenses and operational inefficacies. 
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Development of Optimized Ship Routing Strategies 

Applying Mixed Integer Linear Programming techniques has significantly 

contributed to developing optimized ship routing strategies for Indonesia's LNG 

logistics network. By formulating the problem as a MILP model and considering 

variables such as port capacities, shipping costs, demand, and supply dynamics, the 

research successfully determined the optimal routes for shipping LNG from supply 

terminals to demand locations. Furthermore, by incorporating environmental 

objectives into the MILP model, such as minimizing emissions and reducing carbon 

footprint, it has also made significant contributions to promoting sustainable 

logistics practices within the LNG transportation sector in Indonesia. 

 

Contribution to the Existing Body of Knowledge 

This research significantly contributes to the existing knowledge of logistics 

optimization by demonstrating the practical application of MILP techniques in the 

context of LNG transportation in Indonesia. By addressing the identified 

bottlenecks and inefficiencies in the current LNG logistics network and developing 

optimized ship routing strategies, this study advances the understanding of effective 

solutions for enhancing the overall efficiency of LNG transportation, thereby 

contributing to the sustainable development of Indonesia's energy sector. The 

findings and methodologies presented in this research provide valuable insights for 

stakeholders and decision-makers involved in LNG logistics network management 

and optimization. 

 

RESULT AND DISCUSSION 

Optimized Routes and Schedules 

After applying the Mixed Integer Linear Programming model to optimize ship 

routing for Indonesia's LNG logistics network, the following optimized routes and 

schedules have been obtained. Using some previous assumptions, the results show 

that the LNG logistics network receives cargo from plants LQF 2 and LQF 3, and 

the cargo is delivered to four unloading locations: RGF 1, RGF 2, RGF 3, and RGF 

4, as detailed in the following distribution table. From this table, it can be concluded 

that with the excess liquefaction capacity in Indonesia, the LNG produced not only 

meets domestic needs but the surplus can also be exported to various LNG con-

sumer countries. 

 

Table 3. represent number of cargo shipped from 

 Liquification plant to Regasification plant 
 RGF 1 RGF 2 RGF 3 RGF 4 DM 

LQF 1 0 0 0 0 8 

LQF 2 0 0 1 0 1 

LQF 3 3 3 3 3 0 

To obtain the optimal solution for ship route selection, a simulation of ship 

voyages from two loading locations to three unloading locations was conducted 

with various combinations of the number of ships and compared with the inventory 

levels at each location. If the inventory level at a liquefaction location exceeds its 
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capacity, it will result in the location ceasing production. Conversely, if the 

inventory level at a regasification location falls below its minimum threshold, that 

location will also cease operations. These factors are key parameters for the success 

of this study. 

 
Figure 2. Scenario using 1 vessel 

 
Figure 3. Scenario using 2 vessel 

 
Figure 4. Scenario using 4 vessel 

After simulating the inventory levels at each loading/unloading location, the 

following values were obtained: 

Table 4. Inventory level for each plant for every scenario 

SCENARIO 
LQF 

2 

LQF 

3 

RGF 

1 

RGF 

2 

RGF 

3 

RGF 

4 

CHARTER 

HIRE 

1 VESSEL 4 22 15 7 7 16 55,029 

2 VESSEL 4 16 5 6 7 7 110,059 

3 VESSEL 4 12 3 6 0 0 165,088 

 

With the conclusion that inventory levels can be controlled by creating 

various shipping route scenarios and determining ship capacities, the study 

highlights the importance of strategic planning in logistics management. By 
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simulating different routes and adjusting the number of ships, it is possible to 

balance supply and demand effectively, ensuring that production sites do not exceed 

their storage capacities and that consumption sites maintain adequate supplies. This 

approach not only optimizes operational efficiency but also minimizes the risk of 

production halts or supply shortages, thereby enhancing the overall reliability and 

cost-effectiveness of the LNG logistics network. 

 

CONCLUSION 

The optimized routes and schedules obtained from the MILP model offer sev-

eral implications and benefits. Firstly, these routes minimize shipping costs by ef-

ficiently utilizing vessel capacities and considering factors such as port capacities 

and demand-supply dynamics. This leads to cost-effectiveness in LNG transporta-

tion within Indonesia's (Siahaan et al., 2020) archipelago. Moreover, the optimized 

schedules ensure timely delivery of LNG from supply terminals to demand loca-

tions, meeting the demand and other operational constraints effectively. This en-

hances the overall efficiency of LNG transportation within Indonesia and addresses 

the challenges identified in the current LNG logistics network. In conclusion, the 

optimized routes and schedules derived from the MILP model offer significant ben-

efits in terms of cost-effectiveness, customer satisfaction, and operational efficiency 

for Indonesia's LNG logistics network. These findings provide valuable insights for 

stakeholders and decision-makers involved in LNG logistics network management 

and optimization (Qiu et al., 2017). 
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