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Abstract:Natural gas is one of fuel utilization alternatives besides diesel. As a country that has 
a huge amount of natural gas reserves, Indonesia should utilize its fuel optimally. In addition, 
gas fuel for trains (locomotives) is more environmentally friendly compared to locomotive 
diesel fuel. The goal of this study is to conduct supply chain analysis of fuel in Java Island – 
Indonesia, through cash flow modeling system. This system will be applied for locomotive fuel 
usage that is efficient, effective and economical. The methodology of this study is conducting 
survey to calculate demand data and existing facilities, estimating the investment cost which is 
needed to apply LNG technology in the rail sector (locomotives), and conducting simulation of 
economical calculation to get the fee for each supply chain. Based on calculation, diesel 
consumption for train sector in Java Island is 162,961 KL per year or equivalent to 8.80 
MMSCFD of natural gas consumption.  The pattern of LNG distribution on the supply chain for 
locomotive sector that is suitable to be applied in Java Island consists of two types, LNG 
distribution pattern using LNG resource from outside or inside Java Island (by constructing 
mini LNG plant). By doing economical calculation, the result of LNG price for the train 
(locomotive) sector ranges from 19.51 to 26.51 US$/MMBtu, depending on distribution pattern 
type and conversion percentage.  

Keywords: LNG, locomotive, supply chain 

1. Background 

Trains have more energy efficiency compared with other modes of land transport due to its ability to 
transport passengers in large numbers. The following table shows the comparison of fuel consumption 
per person of several modes of transportation 

Table 1:Energy Consumption in Various of Transportation Modes 
 

No Transportation Mode Capacity (man) Energy Consumption (1/km) 

1 Train 1500 3 liter 

2 Bus 40 0,5 liter 

3 Flight 500 40 liter 

4 Ship 1500 10 liter 

Source: Directorate General of Railways Ministry of Transportation 2012 
 

PT Kereta Api Indonesia (KAI) is the only company that operates trains in Indonesia. In 2012, PT KAI 
fuel consumption reached 170,000 kiloliters and increased 9 % in 2013 as a result of operational 
improvement. As the quality of service of PT KAI increased, operational related consumption and fuel 
consumption also rose. 

This need has to be anticipated by finding and developing new alternative fuel usage for freight trains. 
Liquid Natural Gas (LNG) is an alternative fuel which is worth to be considered because the level of its 
production in the country is quite high. This study was conducted to determine the pattern of LNG 
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Demand of LNG is estimated based on locomotive consumption of High Speed Diesel 
(HSD) using the following basic assumptions: 
 Heating value of LNG is 1.000 btu/scf 
 Calorific value of equality : 1 kiloliter of HSD = 0.0364 mmscf natural gas 
 There are two scenarios to implement LNG technology: 

o Converting all locomotives using dedicated gas engines 
o Using converter kits for all of locomotives which decreases demand to 80% 

compared to full dedicated demand 
 Equation to estimate demand of LNG/Gas 

݀݊ܽ݉݁ܦ	ܩܰܮ ൌ 	݊݋݅ݐ݌݉ݑݏ݊݋ܿ	ܦܵܪ ൈ  ݕݐ݈݅ܽݑݍ݁	݂݋	݁ݑ݈ܽݒ	ܿ݅ݎ݋݈ܽܥ
 

1. Determine the pattern of LNG supply chain for locomotives and infrastructure 
development capacity. 
The pattern of LNG supply chain for locomotives is determined based on the LNG source 
in which the availability of locomotives and gas facilities is considered as a constraint. The 
infrastructure facilities which are being considered as constraints to determine the pattern 
of LNG supply chain consist of: 
 Domestic Train station 
 Domestic Train Depot 
 Domestic LNG plant 
 Domestic LNG Receiving Terminal 
Afterward, the infrastructure development capacity is calculated by considering technical 
aspects and estimating previous LNG demand. 
 

2. Economic calculation for infrastructure development. 
Phases for conducting economic calculation include: 
 Estimating the capital expenditure (capex) and operational expenditure (opex) 
 Simulating cash flow calculation to estimate economical product price 

3. Determine LNG economical price structure for locomotives 

3. Result and discussion 

Potential demand of LNG/gas which is calculated during the study is8.80 mmscf for full dedicated 
scenario and 7.04 mmscf for retrofit scenario (80% converted). The following table shows potential 
demand of LNG/gas for each region: 

Table 2:Potential LNG Demand 
 

REGION FULL DEDICATED 
(MMSCFD) 

RETROFIT (80:20)  
(MMSCFD) 

JAKARTA 3.54 2.84 
CIREBON 0.55 0.44 
SEMARANG 0.49 0.39 
YOGYAKARTA 1.14 0.91 
MADIUN 0.31 0.25 
SURABAYA 2.77 2.22 
TOTAL 8.80 7.04 

 
 There are 2 patterns of LNG supply chain for locomotives that are feasible to be applied in 
Indonesia: 

 Sources from outside Java island  
In this pattern LNG will be provided from outside Java Island. The potential sources of LNG include 
existing domestic LNG plants and imported LNG from spot markets. LNG from these sources will be 
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4. Conclusion 

 The LNG supply chain patterns for locomotives that arefeasible to be implemented in 
Indonesia consist of two types based on origin of source: outside Java Island and inside 
Java Island. 

 Based on economical calculation, the economical price of LNG for locomotives is within 
range of US$ 19.51/MMBtu– US$ 26.51/MMBtu. 
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