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Abstract - Gasification of Sulawesi and Maluku power plants 

is part of the MEMR Decree number 13 in 2020. Defining 

the best logistic scheme for this project by exploring all 

possible supply chains to get a suitable solution can be the 

key success factor of the project. It is challenging because 

there are seven power plants in the scattered area, with a gas 

demand of only 17,46 BBTUD for 288 MW power plants. 

The simulation by Python software examines 5,802 routes 

and 42 ships to determine the best option. By Python, the 

optimal logistics scheme uses the Bontang using one LNGC 

17,500 m3. The best route is Badak NGL, PLTMG Baubau, 

PLTMG Kendari, PLTG Gorontalo, PLTMG Seram, 

PLTMG Ambon, PLTMG Namlea, PLTMG Ternate, and 

back to Badak NGL with a total distance of 2,664 NM, total 

CAPEX USD 160,798,153.34, total yearly OPEX USD 

23,285,975.69, and NPV is USD 389,422,252.70. This project 

can make a portfolio of PT Gas in LNG better, especially on 

the small scale of LNG. 
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I.  INTRODUCTION 

 

 The Minister of Energy and Mineral Resources 

(MEMR) release Ministry Decree number 13 of 2020 has 

asked Pertamina to gasify in 52 power plants with the gas 

price limitation is HSD price. But from those numbers, 

only 30 power plants are ready now for gas conversion, 

where only three of them are in Sulawesi (Gorontalo, 

Kendari, and Baubau) and four in Maluku (Ambon, 

Ternate, Namlea, and Seram). The gas demand of 

Sulawesi Power Plants as Table 1 and Maluku Power 

Plants as Table 2.  

 

This research purpose is to get the answer to the 

question “what is the suitable solution for gasification of 

Sulawesi and Maluku power plants?” 
 

TABLE 1.  THE SULAWESI POWER PLANTS GAS DEMAND 

 
 

TABLE 2.  THE MALUKU POWER PLANTS GAS DEMAND

 
 

II.  METHODOLOGY 
 

 The research methodology has figured in a flow 

chart of Figure 1. 

 

 
Figure 1. Flow chart of the research 
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TABLE 3. CAPITAL EXPENDITURE OF ORU (ANTARA, 2017) 

 
 

The capital expenditure (CAPEX) is all investment 

costs to build all facilities in the Onshore Regasification 

Unit (ORU). Capital expenditures consist of jetty 

facilities, LNG offloading facilities, cryogenic pipe, LNG 

storage tank, LNG pump, vaporizer, BOG compressor, 

generator, supporting building and component installation 

(Antara, 2017). Operational expenditure (OPEX) is all the 

cost expenses that expend to support the operation of the 

LNG distribution. OPEX consists of the ORU and 

transportation cost to transport the LNG from the hub to 

the receiving facilities (Antara, 2017). The capital 

expenditure of the ORU is in Table 3. 

 

Refer to Handbook of Liquified Natural Gas 

(Mokhatab, S, 2014), typical LNG receiving terminal 

schematic as seen in Figure2. 

 
Figure 2. Typical LNG Receiving Terminal Schematic (Mokhatab S, 

2014) 

 

Refer to “(1)”, CAPEX is consists of fixed CAPEX 

and variable CAPEX. CAPEX only in ORU. Variable 

CAPEX only for LNG Tank, the fix CAPEX for the other. 

CAPEX each ORU comes from Antara’s data multiplied 

by the amount of equipment.  

 

    Ci =∑ Ni*Pi  

    (1) 

Where: 

Ci = Total CAPEX in ORU I (USD per unit price) 

N = Number of each equipment in ORU i (Unit) 

P = Price of equipment in ORU I (USD) 
 

TABLE 4. THE CAPITAL EXPENDITURE FOR ORU OF SULAWESI AND 

MALUKU POWER PLANTS 

 
CAPEX of ORU based on Table 3 and Figure 1 is in 

Table 4.  CAPEX every path comes from the summary of 

the CAPEX ORUs. CAPEX every path equation refers to 

“(2)”. 
 

    Cpx =∑Cix  

    (2) 

Where: 

Cpx = Total CAPEX of path x (USD) 

Cix = Total CAPEX in ORU i for path x  (USD) 
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The assumption of OPEX of ORU is 5%, according 

to the world bank report, 2015, state that: “In general, the 

OPEX of LNG importing facilities is estimated between 3 

to 5% of the CAPEX”. The OPEX of ORU calculation 

refers to “(3)”. The total OPEX of every path to be “(4)”. 
The yearly fuel cost of LNGC comes from “(5)” and the 

yearly rental price of LNGC comes from “(6)”. 
 

     Oi =5% x Ci 

    (3) 

Where: 

Oi = Total OPEX in ORU i  (USD) 

Ci = Total CAPEX in ORU i  (USD) 

 

    Opx =∑Oix+Rix+ Fix 

   (4) 

Where: 

Opx = Total yearly OPEX of path x  (USD) 

Oix = Total yearly OPEX in ORU i for path x (USD) 

Rix = Yearly rental price of LNGC i path x (USD) 

Fix   = Fuel cost yearly of LNGC i path x (USD) 

 

    Fix =Fd x Fp x D x 24.02 

   (5) 

Where: 

Fix    = Yearly fuel cost of LNGC i path x (USD) 

Fd = Daily fuel consumption (m3/day) 

Fp   = Fuel price  (USD/MMBtu) 

D = Total day in a year (365) 

 

    Rix =∑Oix+Rpx D  

  (6) 

Where: 

Rix = Yearlyrental priceof LNGC i path x 

Rd = Daily rental price of LNGC (USD/day) 

D = Total day in a year (365) 

 

Based on the coordinate of the power plant locations, 

as seen in Tables 1 and 2, the sea distance can be measure 

by Netpas software. For the Hub, PLTMG Ambon will 

use FSRU Ambon as hub, so the Ambon Hub coordinate 

will be the same with PLTMG Ambon. For Badak NGL 

Hub, the coordinate will use the Badak NGL coordinate. 

Power plant distances come from theNetpas online 

software (Guide, U. 2015). The distance matrix is in 

Table 5. 

 

Because of the limitation of those data, to LNGC 

assumption, the LNGC data using the Wartsila products 

(Wartsila, 2021), as shown in Table 6. The Wartsila 

Vessels Data, to develop the estimation of the size, gross 

weight and dimension, and fuel consumption of LNGC. 

The length of all (LOA) and the rental cost of LNGC will 

use the data of Antara, 2017, as shown in Table 7. LNG 

Storage Tank uses a Chart with 500 m3 capacity each. 

 
TABLE 5.  DISTANCE MATRIX (NM) 

 
 

LNGC data is mandatory data to run the simulation. 

In this research, the LNGC sizes are from 2.500 m3 to 

40.000 m3. The gas consumption and the gross tonnage 

(GT) are coming from the interpolation of Table 6. The 

length of all (LOA) and the rental cost of LNGC are 

coming from the interpolation of Table 7. The LNGC data 

from size 2.500 to 40.000 m3 by combining data from 

Table 6 and 7. 
 

TABLE 6. THE WARTSILA VESSELS DATA (WARTSILA, 2021) 

 
 

TABLE 7. THE LENGTH OF ALL (LOA) AND RENTAL COST OF LNGC 

(ANTARA, 2017) 

 
 

From 2,500 m3 until 20.000 m3, the size of LNGC 

for the simulation is gradually every 500 m3 to get the 

optimum size of LNGC. From 20,000 m3 until 30,000 

m3, the gradual changes to be 2,500 m3. After 30,000 m3, 

the gradual change again to 5,000 m3. The total LNGC 

for the simulation is 42 sizes, as shown in Table 8.The 

data processing will use the data both manually and 

automatically. Manual processes analysis executed by 

Microsoft Excel and the automatic process using the 

Python version 3.9.5 software (Manual, 2021). 

 

The best logistic scheme comes from hub 

comparison, optimization of LNGC for all possible 

logistic routes, and LNGC configuration. The vessel for 

cluster Sulawesi and Maluku can have one or two 

LNGCs. All possible schemes are in Figure3.  
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TABLE 8. THE LNGC GENERATED DATA 

 

 
Figure 3. All possible schemes in gasification Sulawesi and Maluku 

power plants 

The NPV of 20 years projects comes from the 

calculation of the total CAPEX and yearly OPEX. Since 

the total of yearly OPEX is annual the same value during 

the project, the net present value (NPV) of the total OPEX 

refers to be “(7)”. 
 

NPVx = Opx[ (1 + r) 
n - 1

 ] / [ r (1 + r) 
n
 ]  

 (7) 

Where: 

NPVx = NPV of OPEX for logistic scheme path x 

Opx = Total yearly OPEX of path x 

r = Interest rate 

n = number of year 

 

The NPV of each path gets from the total capital 

expenditure added with the present value of the total 

OPEX, refer to “(8)”. 
 

NPVtx =NPVx+Cpx    

    (8) 

Where: 

NPVtx = NPV total for logistic scheme path x 

NPVx= NPV of OPEX for logistic scheme path x 

Cpx  = Total CAPEX of path x 

 

To check the availability of the route using 42 

LNGCs. Then, it will be simulated automatically using 

Python software. The flowchart is in Figure4. 

 

 
 

Figure 4. Flow chart of logistic scheme simulation 

 

In running Python, power plants and potential hubs 

shall be index. The index of the power plant and hub is in 

Table 9. 
TABLE 9. INDEX OF POWER PLANTS AND POTENTIAN HUBS 

 

 
 

III.  RESULTS 
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Route selection is generated automatically by the 

program with the lowest NPV as cost value. The principal 

is to maximize the profit or to meet the HSD price at the 

plant gate. The simulation contains 5,802 possible routes 

multiplied by 42 LNGC with come 243,484 simulations. 

The program result of the best route is in Figure5. 

 

 
 

Figure 5. The program result of the best route 

 

Based on Figure5, the best scheme is the 3rd scheme, 

toservegasificationSulawesiandMalukupowerplantfromBo

ntanghubusing a single LNGC (no. 31), with the route 

(8,2,1,0,4,6,5,3,8) with a distance of 2,664 NM. Itmeans, 

the sequence of route or path is Badak NGL, PLTMG 

Baubau, PLTMG NiiTanasa (Kendari), PLTG Maleo 

(Gorontalo), PLTMG Seram, PLTMG Ambon, PLTMG 

Namlea, PLTMG Ternate and back to Badak NGL, as 

seen in Figure6. 

 

 
Figure 6. Route selected of Sulawesi and Maluku power plant 

 

The selected route has the smallest distance, 2,664 

NM, and optimum LNGC, with Vessel number 31st, as 

code refers to Table 8 is 17,500 m3. It means the smallest 

LNGC will not always be selected because the LNGC 

shall meet the minimum capacity to bring LNG to some 

areas with the minimum for the trip duration multiplied 

with the total volume of the served. When the minimum 

size of LNGC is not meet, there will not be considered as 

choices, even though less NPV, because the supply chain 

shall be reliable. 

 

Total CAPEX for the selected route is USD 

160,798,153.34, total yearly OPEX USD 23,285,975.69, 

and NPV for 20 years is USD 389,422,252.70.  

 

IV.  DISCUSSION 

 

 The jetty length can be optimized when the draught 

LNGC and sea data are available. In this assumption, the 

jetty length in all areas defines manually to serve LNGC 

with 10 m draughts because the sea data are not available. 

 

     The LNGC speed is assumed 10 knots due to sea 

wave data is not available. Faster LNGC speed will result 

in the same route, with a smaller LNGC size, effect cost 

reduction. But, the speed also will consider the fuel 

consumption, due to the fuel as cost function. 

 

V.  CONCLUSION 

 

1. The best logistic scheme using LNG Badak NGL to 

serve Sulawesi and Maluku power plants using one 

LNGC LNGC 17.500 m3 through route Badak NGL, 

PLTMG Baubau, PLTMG NiiTanasa (Kendari), 

PLTG Maleo (Gorontalo), PLTMG Seram, PLTMG 

Ambon, PLTMG Namlea, PLTMG Ternate and back 

to Badak NGL with distance 2.664 NM, total CAPEX 

USD 160,798,153.34, total yearly OPEX USD 

23,285,975.69, and NPV are USD 389,422,252.70. 

 

2. Ambon hub price will significantly increase the 

CAPEX and OPEX of the logistic scheme from 

Ambon hub rather than Bontang. Higher CAPEX can 

not be compensated enough by the closer distance of 

the Ambon hub to the Sulawesi and Maluku power 

plants because the total demand is small. 
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