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The Government of Indonesia continues to prove its commitment to 

equitable national development including the electricity sector. Even 

though, Indonesia's geographical condition is the biggest challenge to 

realize the goals of national development. Especially eastern region of 

Indonesia which has a significant disparity compared to other regions 

in Indonesia in terms of electricity supply. Maluku is one of the areas in 

eastern Indonesia that has many challenges to realize the goals of 

national development. Maluku area mainly composed remote islands 
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and has low energy resources. Thus, the energy needs are supplied from 

the other region. Due to the difficulties of energy supply, fuel oil-fired 

power generation technology was utilized, because at first this policy 

was considered most efficient. In fact, the cost of electricity production 

in Maluku is now double or even greater than the cost of electricity 

production in Java or Sumatra caused by the abundant use of fuel oil 

for power generation.  

This study method used scenario analysis to compare scenario on fossil 

fuel power generation technology and carbon emission for power 

generation project in Maluku region by 2024. Scenario analysis is 

important to learn how to achieve the standards both on cost efficiency 

and environmental friendly policies by analyzed the cost of fossil fuel 

transport, the electricity generation costs and the amount of carbon 

emission factors. For cost analysis, this study developed the LCOE to 

include facility cost of possible fuel. The cost of fossil fuel transport, 

the electricity generation costs, and the amount of carbon emission 

resulting per MWh of electricity generated were evaluated.  

The scenario build in this study is divided into 1) baseline which is 

current national fossil fuel mix plan by 2025 and against 2) three fossil 
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fuel mix change scenarios under the principle of low cost and emission 

target. Each scenario alternatives have different combination of fossil 

fuel and technology.  

The objective of this study is comparing scenario on fossil fuel power 

generation technology and carbon emission of power generation project 

in Maluku region by 2024 by apply cost efficiency and carbon emission 

policy targets.  

The results obtained, substitution energy from oil to gas for power 

generation technology policy is recommended. Three fossil fuel mix 

change scenarios described variation impact on cost and carbon 

emission. The more advanced carbon mitigation technology, the more 

expensive it will cost. CO2 emission can be reduced about 16% against 

baseline without CCS technology deploy, while 47% with CCS 

technology by 2024. 

Some steps that policy-makers can take associated with power 

generation project in Maluku region are 1) accelerating the 

development of gas supply infrastructure, especially associated with 

power generation project for Maluku region. 2) preparing and enabling 

environmental policy in term of national climate policy to recognize 
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CCS as a means of CO2 emission reduction thus it can be applying in 

Maluku region. 
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Abbreviations 

 

 

BTU british thermal unit 

BBL barrel of oil 

BCF billion Cubic Feet 

CO2  carbon dioxide� 

Capex capital expenditure 

CCGT combine cycle gas turbine 

CCS carbon capture storage 

CNG compress natural gas 

IGCC integrated gasification combine cycle 

KWh kilowatt-hour� 

LCOE levelized cost of electricity 

LNG liquefied natural gas 

MWh megawatt hours 

MWe megawatt electric� 

O&M  operations and maintenance� 

MMBTU million british thermal unit 
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MMSCFd million standard cubic feet per day 

O&M Operation and maintenance 

OPEX Operating expenditure 

PLN PT Perusahaan Listrik Negara (Persero)  

(national electric utility of Indonesia) 

RUPTL Electricity supply business plan 

tCO2 tonnes of carbon dioxide 
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Chapter 1. Introduction 

1.1 Background 

Indonesia as a developing country has an increasing energy demand. 

These energy needs must be met in a way that ensures supply resilience, 

energy independence and energy sovereignty. Thus, it takes a national 

energy strategy in the form of energy mix. Fossil energy still dominates 

the energy mix target in Indonesia. Based on the National Energy 

Policy1, about 77% of the total national energy mix target in 2025 is 

derived from fossil energy (Government Regulation, 2014). Achieving 

national energy mix targets requires concrete and targeted efforts. This 

requires good support from all energy sectors including electricity 

sector. In the planning of energy mix for Indonesia's electricity sector 

(Fig. 1), fossil fuel still leads as primary energy for the supply of fuel 

generators in most parts of Indonesia (MEMR, 2016). 

As noted earlier, the development of the electricity sector is equal to the 

goal of national development. However, Indonesia's geographical 

condition as the largest archipelago country in the world is a blessing as 

well as a challenge in building energy infrastructure to meet energy 

                                            
1 The National Energy Policy is structured as a guideline for energy management to 
realize independence and energy security as a support system of the national 
development process. 
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needs reliably and evenly throughout the territory of Indonesia and can 

realize the goals of national development. 

Currently, there is still a lack of development in eastern region of 

Indonesia. The electrification ratio in eastern Indonesia is the lowest 

compared to other regions in Indonesia. Thus, the Government of 

Indonesia continues to make distribution of development in eastern 

Indonesia including Maluku area. Maluku is one of the most 

challenging islands. Maluku is one of the archipelago areas in 

Indonesia with low energy resources. Currently, oil fired-plants are the 

major electricity infrastructure in Maluku area. This certainly has an 

impact on the high cost of electricity generation in Maluku area. The 

cost of providing electricity from oil-fired power plants is very 

expensive of around 0.30 USD/KWh by 2015. (MEMR, 2017). The 

high cost of providing electricity which includes the cost of energy 

subsidies for the community will have an impact on the imposition of 

state budget revenues. In addition, there is also a connectivity issues on 

inter-island connectivity in Maluku and between the islands of Maluku 

with other provinces in Indonesia. Surely this challenge is different 

from other parts of Indonesia which is mostly land area. This absolutely 
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will have an impact on logistic costs, especially for the electricity sector, 

where fuel supply is an important factor in the series of power plant 

development projects. To response that issues, the selection of 

appropriate fuel transport technology for the needs of the plant is an 

important consideration in realizing the development of power plants. 

This is the background of selecting Maluku region as the study area. 

One of the purposes of this research is to study the cost of fuel 

transportation in efficient, economical and environmentally friendly 

power plants. 

The electricity sector in Indonesia depends heavily on petroleum. The 

utilization of coal, oil and gas to generate energy makes this sector the 

largest contributor to carbon emissions from the energy sector. GHG 

emissions in the energy sector occur through the burning of fossil fuel 

to generate electricity. Figure 1 shows the composition of fuel mix in 

Indonesia in the future is still dominated by fossil fuel. From the 29% 

of total carbon emission reduction target in Indonesia by 2030, the 

energy sector gets a portion of 314 million tons of CO2 (MEMR, 2016). 

Thus, in order to achieve the target of carbon emission reduction from 

the energy sector, a real effort from the electricity sector in Indonesia is 
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required. Accordingly, the current research area is dominated by fossil 

fuel power plant. If this continues, it will certainly contribute to the 

increase of carbon emissions in Indonesia. 

Indonesia is one of the countries with a strong commitment to reduce 

carbon emissions. Sometimes, efforts to reduce carbon emissions are 

conducted independently. Ideally, these efforts should be integrated 

with other aspects such as the selection of infrastructure. To be able to 

realize a clean environment, an environmentally friendly power plant is 

required. Generally, the selection of economical technologies is also 

one of the considerations in determining power generation candidate. 

Thus, through this study, we tried to compare alternatives or mix some 

alternatives of generating technologies to obtain cost effective and low 

carbon emission to achieve national policy targets. 

1.2 Objectives  

In this study, scenario analysis was conducted to compare scenario on 

fossil fuel power generation technology and carbon emission for power 

generation project in Maluku region by 2024.  

To achieve the standards of cost-efficient technology and low carbon 

emission, the factors such as cost of fossil fuel transport, electricity 



 
 

17 

generation costs and amount of carbon emission were analyzed.  

Geographically, Maluku region is mostly remote areas with low energy 

supply. Fuel for power plant is imported from outside Maluku region. 

Transportation technology is an important issue to be considered since 

the type of fuel supply, the cost of transportation and the supply 

reliability are the determining factors in planning the development of 

power plants. The lowest cost and most efficient energy supply is 

prioritized in this study. 

The purpose of analyzing electricity-generating technology in this 

study is to respond to the issue of high cost electricity production in 

Maluku region. Thus, electricity-generating selection in this study is 

under the principle of lowest cost electricity-generating technology and 

green technologies option. This selection is based on proven technology 

in Indonesia and is conducted to meet policy standards by 2024. 

Carbon emission has become one of the policy makers' concern today. 

They are trying to formulate carbon emission mitigation policies. In 

this study, we conduct scenario analysis to compare scenarios on fossil 

fuel power generation technology and carbon emission mitigation for 

power generation project in Maluku area by 2024. The objectives were 
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to achieve standards on the lowest cost of technology and low carbon 

emission especially in Maluku region.  

Research on power plants in Indonesia is rarely conducted. Some of 

research that have been conducted are Rahmatullah et al (2007) through 

a study of development planning of Java, Madura and Bali electricity 

system based on cost and CO2 emission analysis. Empirical study on 

the relationship between electricity consumption and economic growth 

was presented by Yoo and Kim (2006). Hasan, M. H. et al. (2012) 

reviewed electricity generation technology and carbon emission in 

Indonesia during the period 1987 to 2009. WW. Purwanto et al (2015), 

was study optimization of power generation to achieve both on cost and 

CO2 emission. However, there has been no research on cost of fuel 

transportation for archipelago areas located far from primary energy 

sources with the aim of minimizing the cost of fuel generation as well 

as the selection of environmentally friendly generating technologies at 

economical cost. 
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1.3 Research structure 

Chapter 2 present the general overview of Indonesia which described 

current and future energy condition related the objectives in this study. 

The empirical framework relates it to the factors that we utilized such 

as study of cost on power generation, CO2 emission and cost of fossil 

fuel transport is described in section Chapter 3. The empirical results 

and analysis are presented in Chapter 4, while Chapter 5 present 

discussion related to result of this study and Chapter 6 draws 

conclusion and limitation.   

 

 
Figure 1. National Electricity-Generation (MEMR, 2016) 
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Chapter 2. General Overview of Indonesia  

2.1 Current Condition 

2.1.1 Indonesia 

2.1.1.1 Supply and demand energy 

The Government needs to ensure the availability and equity of energy 

to respond national energy requirement, along with economic growth 

and increasing population of Indonesia. In addition, the distribution of 

energy is essential for sustainable economic activity and concrete steps 

in the realization of distributed development for all Indonesians. 

Indonesia is a rich of energy resources country. There are fossil 

resources and renewable resources. Nevertheless, the exploration of 

energy resources more focused on fossil energy while renewable energy 

has not been widely used. This condition occurs the availability of 

fossil energy, especially crude oil, increasingly rare which causes 

Indonesia is now a net importer of crude oil and its derivative products. 

Total primary energy supply by 2016 is 1,075,175 Thousand Barrel Oil 

equivalent or 4.51 BOE per capita. Supply of energy resources by type 

in 2016 is illustrated on table 1.  
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Table 1. Supply of primary energy (HEESI, 2017) 

Type of energy unit Amount 

Oil % 35.19 

Coal % 23.43 

Gas % 17.97 

Hydrothermal % 2.27 

Geothermal % 1.05 

Biomass % 20.06 

Biofuel % 0.04 

 

Based on the table above, up to 2016, energy supply in Indonesia is 

dominating by fossil energy such as coal, natural gas and oil. It also 

illustrated on Indonesia's fuel mix composition for 2015. The 

composition of fossil energy in energy mix is close to 95% (figure 2). 

This condition is relatively little changed in the last decade. 
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             Figure 2. National Primer Energy mix (HEESI, 2016) 
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There was reducing of oil supply in term of energy availability. In the 

past decade, oil consumption decreased by about 16% while the supply 

of coal has increased by 11%. However, there were no many changes in 

the supply of natural gas for national demand. 

Indonesia's dependency on fossil energy has had an impact on domestic 

oil. In 2015, the amount of oil imports is more than 75% towards final 

consumption (figure 3). 

 

Figure 3. Import ratio of fossil fuel toward final consumption, (HEESI, 2016) 

Indonesia's gas production has shown a negative growth trend over the 

last 5 years (HEESI, 2016). The absence of significant gas field 

discoveries is a major cause of the decline in national natural gas 

production. Industrial sector is the biggest consumer in natural gas 
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domestic user while the second place is electricity sector. 

In contrast, trend in oil and gas has decreased production, coal has 

experienced the greatest increase in production compared to other types 

of energy (even exceeding the increase in total energy production), 

driven by demand for coal in the power generation sector. The 

Domestic Market Obligation (DMO) policy also succeeded in reducing 

Indonesia's coal exports by 2015. The ratio of coal imports to national 

consumption shows a slight decrease from about 20% in 2014 to close 

to 18% in 2015 (figure 3). Although still the most exported energy 

commodity, the quantity of coal exports in 2015 fell by more than 71 

million barrels of oil equivalent (BOE) or equivalent to 16 million tons. 

Meanwhile, non-fossil energy production has not experienced 

significant movements. Total renewable energy potential achieved more 

than 400 GW, the utilization of renewable energy in Indonesia is close 

to 2 percent from total potential energy (HEESI, 2016).  

Although the Government has tried optimally in providing energy to 

meet its demand, but the scarcity of energy supply in an area caused by 

disturbance of distribution or increase in energy demand that jumped 

dramatically often occur. The high growth of energy demand in some 
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areas is widening the demand side with the provision of energy, 

potentially in the event of an energy crisis if it does not receive special 

attention from the government. Total energy consumption by 2016 is 

751,314 thousand BOE or 2,90 BOE per capita (HEESI, 2017). 

Energy demand in Indonesia is distinguished according the energy user 

sector which includes industrial sector, household, transportation, 

commercial and other sectors.  

Based on the user sector, the biggest consumer in energy demand by 

2015 is households. The household sector accounts for about 35% of 

total energy consumption in the end user sector. One of the causes of 

increasing energy demand in the household sector is the improvement 

of people access in term of obtain modern energy, such as through the 

increase of electrification ratio. Increased electrification ratio helped 

boost electricity usage in households to 54.3 MBOE by 2015.  

2.1.1.2 Electricity sector condition 

Indonesia's energy resources have a big role for electricity generation. 

Indonesia is abundant with the availability of geothermal, coal, and 

hydro power. However, fact that Indonesia still experiencing shortage 

of electricity supply. This issue happened in Kalimantan, Sumatera 

23% deficit, Sulawesi and Nusa Tenggara deficit 14%, Maluku and 
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Papua deficit 12%. While other areas do not deficit. Thus, additional 

supply is needed to support the equitable supply of electrical energy 

sources.  

Government keep increase the development of installed capacity of 

power generation. By 2016, national installed capacity is 54,664.50 

MW. Fossil fuel mix of installed power plant is as follows 19.856,35 

MW (49,91%) of coal-fired power plant, 9.204,11 MW (23,13%) of 

gas-fired power plant, and 3.353,80 MW (8,43%) Oil-fired power plant 

(PLN Statistic, 2016). 

Based on the data, known that Indonesia’s electricity is still rely on 

coal-based power plants. Total national electricity supply by 2016 

reached 233.9 thousand gigawatt hour (GWh). The household sector 

was the largest consumption compared to other customers (HEESI, 

2016). 

2.1.1.3 Factors analysis: 

A. Fossil Fuel Power Generation 

Until now fossil energy is most energy used as fuel for power plants in 

Indonesia. Based on the fossil energy type, there are three types of 

power plant technology operating in Indonesia, oil-fired power plants 

are commonly identified with diesel power plant, combine cycle power 
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plant by using natural gas as fuel and coal-fired power plant technology. 

Each of these power plants can be described as follows: 

- Oil-fired power plant 

Diesel power plant is a power plant technology that uses diesel engine 

and fueled by high speed diesel oil. Diesel engines work based on 

diesel cycles. The efficiency of this type of plant is known to be low 

even less than 50%. 

The main advantage of utilizing this power generation technology 

recently that it can be operate all times as long as fuel is still available. 

The start time is fast but the fuel cost is quite expensive and it depends 

on world oil prices changes, thus, this technology is commonly used to 

serve the consumer at peak times and remote area only, due to the 

difficulties of energy supply (PLN, 2016). Fact, the cost of electricity 

production in eastern Indonesia, such as Sulawesi, Papua, Maluku, and 

Nusa Tenggara currently stands at 2 to 5 times compared to the cost of 

electricity production in the Java and Bali areas and Sumatera caused 

by the abundant use of diesel power plants. By 2016 the installed 

capacity for oil-fired generating technology is 3.353,80 MW (PLN, 

2016).  
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-  Gas-fired power plant 

The working principle of gas-fired power plant is by utilizing air flow 

pressure to drive turbine. The advantage of using this technology now 

in Indonesia, since this technology can burn with fuel gas. Another 

advantage of using gas-fired power plant is the gas used is practically 

easier to prepare than steam, thus the power plant can start producing 

quickly from 'cold' in minutes, much faster than the coal-fired power 

plant. For the other advantages of this technology is able to increase 

efficiency of generation and environmentally friendly technology. 

Since natural gas fuel is known as very low CO2 emissions, thus gas-

fired power plant is often referred to as 'clean' fuel and have an impact 

in minimalize pollution. By 2016 the installed capacity for gas-fired 

generating technology is 9.204,11 MW (PLN Statistic, 2016).  

- Coal-fired power plant 

The composition of coal as fuel for power plants in fuel mix Indonesia 

has the largest portion compared to other energy (figure 4). This 

situation will continue in the future. It can be seen from the target 

energy mix in Indonesia by 2025, which dominated by coal. The reason 

that coal plants are still dominant is due to good supply stability. Coal 
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energy resources in Indonesia are still abundant and the construction of 

coal plants is easier than other energy. However, the main problem of 

coal-fired power plants is one of the largest contributor to CO2 gas 

pollution. For this reason, various attempts are being made to reduce 

the pollution problem, which is often called clean coal technology. By 

2016 the installed capacity for gas-fired generating technology is 

19.856,35 MW (PLN, 2016). 

 

 

Figure 4. Fuel mix of electricity sector (PLN Statistic, 2016)   
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B. Fossil fuel transportation for power generation 

The distribution of fuel for power generation in Indonesia now consist 

of several methods in accordance with the type of fuel that it carries, 

for instance: 

Oil transport 

To support the distribution of fuel oil, Pertamina as a company in 

charge on distributing fuel in the country currently has 76 units of 

tankers with various sizes to transport crude oil and oil products to 

meet national energy needs. In addition, to serve the distribution of fuel 

and maintain the security of supply throughout Indonesia. Accordance 

to that goal, Pertamina also leased several oil carriers.  

Gas transportation of gas for power plant which is quite popular and 

has been operating in Indonesia now through gas pipelines, and for 

non-pipeline infrastructure, the Government has built various facilities 

to meet gas needs throughout Indonesia. Indonesia's natural gas non-

pipeline infrastructure is divided into three categories, namely LNG 

facilities, CNG facilities, and LPG facilities.  

Compressed Natural Gas (CNG)  

Compressed Natural Gas (CNG) technology is currently utilized to 
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meet the primary energy needs for power plants that are not covered by 

gas pipelines and still use diesel-fueled engines. Existing case in the 

Bawean island, Gresik, East Java. PLN has distributed CNG for gas 

power plants. In the supply mechanism, the gas supply obtained from 

the CNG Gresik terminal, then compressed and stored in the tubes and 

transported by CNG vessel from Gresik across the Java sea which 

located from 80 nautical miles or 120 kilometers to Bawean island. The 

plant on the island of Bawean has a capacity of 3 MW which is to 

replace the oil-fueled power plant that had previously been operating 

on the island. The CNG requirement for the power plant in Bawean is 

about 0.6 MMSCFD. CNG is shipped with tubes from Gresik every 

four days to Bawean with a shipping capacity 2 MMSCF. 

Natural Gas pipeline  

Natural Gas pipeline technology is one of the conventional or most 

common infrastructures in transporting natural gas in Indonesia. 

Natural gas pipelines are usually utilizing for short distance and able to 

carry large volume of natural gas. Based on data as of December 2016, 

the number of transmission pipelines and national distribution reaches 

14,178 km. The existing gas pipeline serves to drain gas from the Arun 
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regasification facility to the Power Plant in Belawan, North Sumatra is 

a pipeline built along 340 km through Aceh and North Sumatera with a 

design capacity 200 MMSCFD (MEMR, 2016). In addition, there are 

also installed gas sub-sea pipeline used to transport gas to power plants 

such as SSWJ I and SSWJ II pipelines which has been operating since 

2007. SSWJ I have a length of 374 km with a capacity of 275-530 

MMSCFD, carrying gas from Pagardewa in South Sumatera to 

Bojonegara, Banten. While the SSWJ II pipeline has a length of 628 km 

with a capacity of 440 MMSCFD, transported gas from Grissik, South 

Sumatra to Muara Bekasi, West Java. Both subsea-pipelines are utilized 

to support power plant Cilegon with total capacity is 700 megawatt 

(MW) which about 240 MW capacity is gas turbine power plant and 

needs gas about 110 BBTUD (PLN, 2017). 

Liquid Natural Gas (LNG)  

Liquid Natural Gas (LNG) transportation technology is generally used 

to transport gas to places that are geographically very difficult to build 

pipeline infrastructure. If the distance from the source of natural gas to 

consumer is far and the volume to be shipped is large, then the 

appropriate mode of transportation is to use LNG, especially the current 
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one that has been done is the delivery of LNG between countries by sea. 

In addition, the marine conditions of central and eastern Indonesia 

which in some places contain deep trench, and consists of islands are 

scattered then the use of gas transportation mode with LNG vessel is 

preferred (ESDM, 2016). In line with technological developments, 

LNG infrastructure with small capacity becomes less expensive. Thus, 

the utilization of natural gas for central and eastern Indonesia region 

with LNG mode start to be applied. An example is a small-scale LNG 

project for power plants in Pesanggaran, Bali.  

Coal transport  

To realize the availability of coal supply for power plants, the fleets 

used are Tug and Barge, Self-Propeller Barge and Vessel, in addition 

coal is also transported by ships several partners of sea transport 

companies. Currently, coal carrier vessels operating in Indonesia are 

Kartini Baruna and Kartina Samudra. It transports coal from Bontang 

Coal Terminal and Tanjung Bara Coal Terminal of East Kalimantan, 

with a volume of 3.6 million tons/year for 20 years. The loading 

capacity for KM Kartini Baruna is 75,600 DWT and KM Kartini 

Samudra is 73,600 DWT, and the average speed is up to 13.5 KNOT, so 
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the travel time from loading port to coal-fired power plant Tanjung Jati 

B is about 2.5 days. The operational purpose of the two coal carriers is 

to secure the coal supply requirement for coal-fired power plant 

Tanjung Jati B units 3 and 4 about 3.4 million tons/year. 

C. CO2 emission  

Carbon emissions from the energy sector in Indonesia continue to 

increase, with the largest source of emissions coming from the 

electricity sector (33%), followed by industry (30%), transportation 

(29%), and other sectors (8%) (RUEN, 2015). Utilization of coal for 

the electricity sector, industrial sector, and oil in the transportation 

sector as well, leads to high carbon emissions from the energy sector.  

Utilization of environmentally friendly power generation technology in 

Indonesia is still very low. As an example of CCS technology, up to 

now, CCS technology is still focused on upstream activities. The 

absence of legal certainty and technology to be a barrier CCS 

investment in Indonesia.  
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2.1.2 Maluku Region 

2.1.2.1 General overview 

The study area in this study is the Maluku area covering areas in the 

Province of Maluku and North Maluku (Fig. 5). The total area of 

Maluku and North Maluku is 744,462.19 KM2 while the land is about 

10% of the total Maluku area. According Indonesia statistic agency data, 

the total citizen in Maluku region is about 3,076,615 population. 

2.1.2.2 Energy condition 

Based on data availability of energy supply by region, the potential of 

primary energy source for fuel power plant in Maluku area is very 

small. Based on Indonesia Geology Agency 2014 data, the potential of 

coal in the Maluku region is about 8.22 million tons, while fuel oil for 

power plant in Maluku area is supplied from outside region of Maluku. 

2.1.2.3 Factors analysis 

- Power Generation 

Installed capacity by 2016 is 200.56 MW which consist of 197.13 MW 

are Oil fired power plant and 1.65 MW from Coal Fired Power Plant, 

and others are renewable power plant which is solar energy power plant 

about 1.77 MW. Total electricity consumption reached 874 GWh, 

which most consumer electricity is the household sector (PLN statistic, 
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2017). Thus, the composition of fossil fuel mix for power plant in 

Maluku area is dominated by fuel oil. Meanwhile, the others fuel 

contains less than 2% for each. Decision of oil-fired power plant 

development in this area was initially considered efficient, because it 

can be built quickly and investment cost is relatively less expensive. 

But the maintenance cost of electricity production from diesel is very 

expensive. Moreover, this area is an archipelago thus the cost of fuel oil 

distribution is expensive (PLN, 2015) 

- Fossil fuel transportation for power generation 

To meet energy of power plants in this area, fuel oil for power plant in 

Maluku area is supplied from outside region of Maluku. Fuel 

distribution cost to this island is expensive about 0.15 USD/liter (PLN, 

2015). PT Pertamina is a company that responsible for the distribution 

of fuel oil for power plants in most parts of Indonesia including the 

Maluku area. In its operation, PT Pertamina agreed into a contract with 

oil vessel providers. The distribution of fuel oil derives from oil storage 

in Ambon which supplied from other islands and distributed to about 13 

destinations in Maluku area. The existing fuel transportation 

technology used in this island is oil vessel. The loading capacity of oil 
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vessel is 500 tones oil or mostly depend on volume demand of power 

generation. 

- CO2 emission 

The electricity sector in the Maluku area is heavily dependent 

on petroleum and a small portion of coal to generate electrical energy. 

This condition contributes the increasing carbon emission in the energy 

sector in Maluku. In 2010, the total carbon emissions from the energy 

sector in the Maluku area were 1,296 million tons of CO2-eq. However, 

Maluku area is not included as the largest contributor to emissions in 

Indonesia, but as part of the territory of Indonesia, Maluku should be 

involved in the reduction of the target. Nationally to the regional level 

is obliged to work towards CO2 mitigation targets. 
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        Figure 5. Maluku area coverages (Geoportal-MEMR, 2017) 
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2.2 Future Condition 

2.2.1 Electricity 

Generally, the development of power generation capacity in Indonesia 

is directed to meet the growth of the load and for certain areas in 

priority to meet the shortage of electricity supply. The development of 

generating capacity is also intended to improve supply reliability, 

prioritizing the utilization of local energy sources and prioritizing the 

utilization of local renewable energy. The development of power plants 

for the future is still optimally strived with the principle of least cost, 

while still meeting the adequacy of power and reasonable levels of 

reliability in the power industry. The principle of least cost is to 

minimize all costs of electricity supply consisting of investment costs, 

fuel costs, operating and maintenance costs. In line with the 

government's policy to further develop and utilize renewable energy in 

accordance with the national target energy mix (figure 6), the 

development of renewable energy projects such as geothermal, wind, 

solar, biomass and hydropower are encouraged but still consider to 

price efficiency.  

In RUPTL 2017-2026, Fuel mix target by 2025 illustrate as follows: 

New Renewable Energy mix target is 22.5 percent, coal-fired power 
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plants are targeted to reach 50 percent of total primary energy, and 

natural gas by 26 percent, while fuel oil by 0.4 percent. 

The target of installed capacity of power plants based on RUPTL 2017-

2026 is counted 125 GW by 2025. Currently, the existing plant has 

reached about 60,000 MW. While installed capacity target in Maluku 

area is 978 MW and projected demand 2,763,000 MWh by 2025 

(RUKN, 2015). 

2.2.2 Emission mitigation target 

Utilization of energy resources has social, economic and environmental 

impacts. Especially the utilization of fossil fuels as electrical energy has 

an impact on increasing global warming. This issue has become the 

global concern because it threatens the life and sustainability of the 

earth. A union nations meeting in Paris in December 2015 has been 

agreed that the Earth's temperature rise should be controlled to less than 

2 degrees Celsius. The agreement also applies to Indonesia, where the 

Government of Indonesia has submitted Intended Nationally Determine 

Contribution (INDC) to the United Nations Framework Convention on 

Climate Change (UNFCC) in term of the commitment of Indonesia to 

reduce carbon emissions by 29% at the BAU level and 41% with 

international assistance by 2030. From the 29% total carbon emission 
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reduction target in Indonesia by 2030, the energy sector gets a portion 

of 314 million tons of CO2 (MEMR, 2016). 

 

Figure 6. National fuel mix target (Presidential decree number 79/2014) 
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Chapter 3. Empirical framework 

3.1. Candidate for fossil fuel transport technologies 

The decision on the choice of energy type as a fuel for power plants is 

closely related to the planning of its transport technology. Thus, the 

selection of efficient mode of transportation is usually an important 

factor in planning the development of power plants. 

The transport technology selection in this study is based on proven 

technology which has been developed in Indonesia.  

3.1.1.  Coal transport technology 

Coal fuel is one of the most important energy resources used in power 

plants in Indonesia. However, not every island in Indonesia has coal 

resources. The Maluku region has a substantial coal reserve potential 

around 8.22 million tons (Indonesia geological agency, 2016). To 

anticipate supply shortages and complement the cost justification in this 

study, we also calculated the cost of coal transportation when 

distributed from coal mines from outside the Maluku region, while the 

data collected from PLN that have announced coal logistic zone map 

(RUPTL, 2016). According this issue, the coal facility nomination 

which used for transport coal, we obtained from previous researchers 
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who have compared the type of coal barge to the cost incurred. Thus, 

based on the results of previous researchers, we adjust the conditions of 

energy needs in research area from the aspect of capacity and the least 

cost. Furthermore, we use this data as variables in making calculation 

model associated condition in research area. The data related to the 

calculation of coal transportation in this study as follows: 

a. Coal Barge 

The type of coal transport facility that is used in this research is coal 

barge 300ft. Coal barge of this type has a load capacity of 8000 tons of 

coal or equivalent to 222,226 MMBTU. Detail information in table 2. 
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Table 2. Coal transportation cost 

Barge 300 ft 
Load Capacity Tons  8,000  

 
MMBtu  222,226  

Speed (full) knot  4  

Speed (empty) knot  4.5  
Distance Kalimantan-Maluku 

 

 
NM  939 

 
KM  1,739  

 
Miles  1,081  

Round-trip including Loading 
& Unloading, Kalimantan-
Maluku 

Days  18 

Trip amount/year 
  

Charter Rate USD/Day  51,852  
Charter expense USD  933,333.33  

Operation cost 
USD/Round-
trip 

 36,387  

a. Sea port cost 
  

b. Bunkering cost 
  

c. Lubrication cost 
  

d. Cargo handling cost 
  

Total Transportation cost US$  969,720.56  

 
US$/MMBtu  4.364 
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b. Route  

Route of the voyage can be seen in figure 7. Route is made by 

following the existing vessel shipping route issued by the Ministry of 

Transportation. This assumption is taken with the consideration that the 

groove has met the safety criteria in the vessel voyage. A one-map 

application of the ESDM Ministry is used to make shipping route. A 

route is required to calculate the time of the voyage. 

c. Source 

The coal source in this study refers to the coal logistic zones of coal 

supply for power plant announced by PLN. Zoning is a division of 

some areas that have coal resources to be utilized for the surrounding 

areas that require coal supply. The coal supply zoning for the research 

area comes from the existing coal mines on the island of Borneo. The 

map can be seen in figure 8. 
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Shipping Route, Published by Ministry of Transportation, Indonesia

Coal resource potential  based on Coal Supply Zone, published by 
PLN 

Legend: 

MEMR, Ministry of Energy and Mineral Resources

Coal Shipping Route

 
    Figure 7. Coal transport route (Geoportal-MEMR, 2017)         
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d. Variable cost  

There are two main cost components in the calculation of transportation 

costs in this study, namely the cost of barge rental and vessel operating 

costs. The rental cost of the vessel in this study is calculated based on 

the daily rent, where reference price to the previous researcher 

(Johannes, J., 2010). All the cost data gathered is assumed as an 

operational cost. Operational costs include sea port cost, bunkering cost, 

lubrication cost and cargo handling cost.  

e. Round-trip  

Round-trip is the time required to distribute from sea port of coal mine 

to sea port of consumer then return to sea port of coal mine to send 

back coal to uninterrupted supply. This includes the time it takes for 

ships to sail plus the loading and unloading process of coal. 

f. Transportation cost 

To calculate the transportation cost, the operational cost is calculated 

with the total cost of renting coal barge for one round-trip. Meanwhile, 

to calculate the transportation cost in one year can be done by 

multiplying the cost of the number of roundtrip within a year with the 

total cost of ship rental and operational cost in a year
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                     Figure 8. Coal supply zone (RUPTL-PLN, 2017) 
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3.1.2. Oil transport technology 

Oil transportation technology in this study is an existing condition. 

Until now the supply of fuel oil in the research area is distributed using 

oil vessel (figure 9). The data related to oil transportation for the 

Maluku area is summarize in the table 3. 

a. Oil vessel 

PT Pertamina is a company that in charge for the distribution of fuel oil 

for power plants in Maluku area. The distribution of fuel oil derives 

from oil storage in Ambon which supplied from other islands and 

distributed to about 13 destinations in Maluku area. The loading 

capacity of oil vessel in this study is 500 tones oil. Oil vessel used to 

distribute oil fuel in this region is usually associated with volume 

demand of power generation. 

b. Route  

Route of the voyage can be seen in figure 9. Route is based on the 

existing oil vessel shipping route. 

c. Fuel oil source 

Fuel oil source in this study is derives from some existing oil fuel 

storage station in Maluku region. 
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d. Variable cost and transportation cost 

The calculation of transportation costs in this study was based on the 

cost report of fuel oil transportation by a fuel oil shipping company to 

Directorate Oil and Gas of Ministry Energy and Mineral Resources.  
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Shipping Route, Published by Ministry of Transportation, Indonesia
Legend: 

Fuel Shipping Route

MEMR, Ministry of Energy and Mineral Resources

Fuel oil shipping  shipping route
 

     Figure 9. Oil transport route (Geoportal-MEMR, 2017) 
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 Table 3. Oil transportation cost 

Capacity (Liquid Volume) Tones 550 
 MMBtu 23925 
Speed knots 4 
Vessel Charter cost US $/Monthly  63,717  

 US $/years  764,605  
 US$/day 2,094.81  
Distance (total) Miles 207 

Total maneuvering & discharge 
time 

Hours 84.91 

Operation US $/Monthly 29,146.48 
 US $/years 349,757.82 
 a. Vessel movement fuel cost   

 b. Crew Salary   
 c. Other Expense   
Maintenance US $/Monthly 6,535.86 

 US $/years 78,430.37 
  a. Spare Parts   
  b. Docking Cost   
  c. Other expense   

Transportation cost USD/MMBTU 0.69 
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3.1.3. Natural Gas transport technology 

Nowdays, 1/3 of all gas transportation are transported by ship 

(Economides, M. J., 2008). Sea-going natural gas transport basically 

divided into liquefied natural gas (LNG), compressed natural gas 

(CNG), subsea pipelines (PNG), gas-to-liquids (GTL), gas-to-wire 

(GTW) or gas-to-solids (GTS) (Subero, G. et al, 2004), however in this 

study we used three out of six transport technology only. The transport 

technology selection in this study are based on proven technology that 

have been developed in Indonesia such as liquefied natural gas (LNG), 

compressed natural gas (CNG), subsea pipelines (PNG). Supply of 

natural gas in this study is comes from potential gas source and LNG 

Plant in Papua island. Tangguh Train I, II and III Refineries with 

current capacity of 7.6 MTPA operated by BP Berau Ltd is potential 

option for LNG technology supply. 

3.1.3.1. Liquefied natural gas (LNG) 

The data related to the transportation of fuel for electricity needs in the 

study area are as follows: 
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a. LNG Carrier 

Capacity of carrier vessel used in this research is ship with capacity 

50.000 m3, equal to 1,032,950 MMBTU or able to transport about 

302.74 MWh (detail data attached at table 4). The vessel with this 

capacity is assumed to be able to optimize the distribution of LNG for 

electricity needs in the Maluku region. According Maxwell, D., & Zhu, 

Z. (2011), the load capacity will affect the amount of LNG that can be 

transported in a single distribution. The larger LNG tank capacity, the 

more number of locations can be visited. In addition, with a large 

capacity distribution, costs per unit volume of LNG will be cheaper. 

However, with a large load size, the price of LNG carrier rental will 

more expensive. 

b. Speed 

The speed of the vessel greatly affects the time of distribution of fuel 

from the gas source (LNG Plant) to the consumer. Ships with higher 

speeds will take less time to reach the destination. Thus, the round-trip 

time of the vessel will be shorter and the impact on the size of the 

smaller receiver terminal and the operating time of the vessel becomes 

less as well. 
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c. Operational cost 

All the cost data gathered is assumed as an operational cost. Fuel 

consumption is part of the operational costs of LNG tankers which will 

be used in the calculation of transportation costs during LNG 

distribution. In the calculation of transport costs, fuel is a significant 

cost component of LNG transport costs. According to Seddon, 2006, 

the volume capacity of the LNG tanker will be reduced by 5% for use 

as a fuel tanker LNG in the form of boil-off also used to maintain the 

stability of cryogenic temperature of the ship. 

d. Charter cost 

Ship rental is the largest cost component in transportation cost 

calculation. In this study, we adopt the LNG charter mechanism as it is 

assumed to be more flexible to gas projects in the research area, since 

most LNG projects use charter schemes. LNG vessels will be leased for 

a certain period to conduct LNG distribution at the plant. The larger 

size of the vessel will have more expensive rental costs compared to 

smaller sized vessels. LNG vessel rental data in figure 10 is obtained 

from IGU (The International Gas Union) publication. The amount of 

boat rental cost is calculated in units of per day. 
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Table 4. LNG transportation cost 

 LNG Ship M3 50000 

Capacity of LNG MMSCF 1033 

 
MMBTU 1,032,950 

One way distance km 1775.5 

 
miles 1103.3 

 
Nautical Miles 958.74 

Speed knots 14 

Round-trip days 5 

Charter rate USD 20,000 

Charter Cost USD 100,000 

Maintenance cost 4 % capex (USD) 2400 

Operation Cost %5 cargo x 0.1 USD 5164.75 

Transportation Cost USD/MMBTU 0.11 
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In Table 4, the data shows the specifications and details of the ship 

distribution information which then becomes the input data to perform 

the calculation of LNG transportation cost to the power plant in Maluku 

area. 

Distance is made by measuring the existing shipping vessel routes 

issued by the Ministry of Transportation. This assumption is taken with 

the consideration that has met the safety criteria in the vessel voyage. 

LNG vessel route is used one-map application Ministry of ESDM 

(figure 11). 

The supply-chain cost is the cost incurred to transport LNG from a gas 

source (LNG Plant) to the consumer’s location. Variables in calculating 

shipping costs include operational costs in the form of fuel costs 

calculated from the boil-off volume. Transportation costs are calculated 

by summing all operational cost and lease costs of LNG carrier vessels 

in one round-trip since in time charter scheme other operational costs 

are borne by the ship owner. In calculating transportation costs in one 

year can be done by multiplying the cost of vessel rental per day by 365 

days. 

Round-trip time is the time for the ship to transport from the LNG 
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source to consumers and then back again to the LNG source. This 

activity purpose is to keep the gas supply continuity. Round-trip time 

includes the travel time of the ship plus the loading and unloading of 

LNG. Loading LNG is done at the LNG plant while LNG unloading 

occurs when LNG is transferred from ship to receiver terminal. The 

loading time of LNG to the vessel is assumed to be equal to the time of 

unloading the entire LNG charge by using the pump on the ship. 

The LNG supply-chain process are start from LNG plant to LNG 

receiving terminal, thus facilities are needed such as regasification unit 

in order reform LNG to gas then transport it to the power plant. The 

capacity of this facility depends on consumer’s needs. The 

regasification unit facility is usually calculated based on the average 

needs of the power plant. The regasification capacity at the receiving 

terminal is the sum of the gas requirements at the plant being serviced. 

In this study, the regasification capacity used is 3 MTPA, assuming it 

can serve several power plants in the research area. The cost and detail 

of information associated to the regasification facility can be found in 

table 5. Each cost information derived from existing facility or 
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company report in Indonesia experiences and have been summarized in 

National Gas Roadmap of Indonesia. 

 

 
Figure 10. LNG vessels charter rates 
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Table 5. Additional facility of LNG technology 

Nominal capacity  MTPA  3 

 Capital cost  US$/MM  700 

 Construction period  Year  2 

 Operating period  Year  20 

 Operating cost  US$ MM/a  21.27 

 Gas Output  PJ/a  179.51 

 Regasification cost  US$/MWh  0.00047 

  US$/MMBTU  0.48 
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Legend: 
Shipping Route, Published by Ministry of Transportation, Indonesia

MEMR, Ministry of Energy and Mineral Resources

 

   Figure 11. LNG transport route (Geoportal-MEMR, 2017)
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3.1.3.2. Compressed natural gas (CNG) 

In some instances, another issue in the production-gas are the distance 

from gas source location to natural gas consumers, striking geographic 

conditions of both oceans and mountains, densely populated locations, 

remote areas and others, causing pipeline infrastructure in Indonesia 

sometimes not feasible. There are several alternative natural gas 

transport modes besides gas pipeline, such as CNG trucking or shipping.  

Similar with the LNG model, the CNG marine model data used in this 

study are as follows: 

a. CNG Vessel 

Vessel capacity in this research are ships with cargo capacity equal to 

345 MMSCF. 2 CNG vessels are considered in this study to obtain 

optimization in distribution. The total cargo capacity of this CNG 

vessel is equivalent to 690,000 MMBTU or able to carry about 202.3 

MWh (table 7). CNG ship technology used in this research is a ship 

with coselle technology. This technology essentially compresses 

natural gas in a 6-inch pipe roll in a cylindrical tube. One coselle has a 

varying length, ranging from 15-20 meters and 2.5 - 4.5 meters high 

and weighing about 550 tons. (Ketil Firing Hanssen, Dr, 2005) 
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b. Speed 

The speed of the CNG vessel in this study is 18 knots assuming it will 

take less time for CNG distribution from gas source to consumer. 

c. Operating cost 

CNG vessel operating expenses consist of ship maintenance cost, fuel 

cost and estimated labor cost which calculated based from Seddon, 

2005. 

d. Charter cost 

CNG vessel charter cost are still quite expensive. In this study, the 

CNG vessel rent is obtained from previous researchers (Matteo 

Marongiu-Porcu, 2008). The amount of boat rental fee is calculated in 

units of per day. Similar to LNG model, we adopt CNG vessel charter 

schemes which is assumed to be more flexible for the gas project in the 

research area. CNG vessels will be rent for a certain period to conduct 

CNG distribution from gas sources in Papua to the research area. 

Table 7 shows the specification data and detailed ship distribution 

information which then becomes input data to calculate CNG 

transportation cost to Maluku area. 

Similar to the LNG model, distance calculations are performed using 
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the one-map application of the ESDM Ministry that has been integrated 

with existing vessel route information from the Ministry of 

Transportation. 

Variables in calculating transportation costs including operational costs 

in the amount of total CNG vessel rental cost for a one-time round trip. 

Meanwhile, to calculate the transportation cost in one year can be done 

by multiplying the cost of the number of roundtrip within a year with 

the total cost of ship rental and operational cost in a year. The 

assumption of the number of days in a year is estimated to be 365 days. 

As with the LNG model, in the CNG distribution process to the plant, 

additional facilities are required but the facility is not as complex as the 

facilities in the LNG distribution chain. Additional facilities for CNG 

distribution process such as gas compression and pressure reducer 

system (PRS). In this study gas compression capacity used is 5 

MMSCFD and PRS capacity is 100m3/hour. Each cost information 

derived from existing facility or company report in Indonesia 

experiences and have been summarized in National Gas Roadmap of 

Indonesia. The cost of each additional facility in the CNG distribution 

process is in the table 6.  
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Table 6. Additional facility of CNG technology 

Mother Station  

Capacity 5 MMSCFD  6,000,000  USD 

Pressure Reducer System (PRS) 

Capacity 100m3/hour  29,629.63 USD 
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Table 7. CNG transportation cost 

CNG Vessel     

1 Vessel DWT  60,000  

  Coselle Technology      

  Cargo Capacity  690 MMSCF 

  
690000 MMBTU 

2 Distance     

  Papua - Maluku 384.17 Nautical Miles 

    442.1 Miles 

    711.5 KM 

  Papua - North Maluku 354.2 Nautical Miles 

    407.6 Miles 

    656 KM 

3 Speed 18 knots  

  Shipping Papua - Maluku area 1 day 

4 
Shipping Papua - North 
Maluku area 1 day 

5 Charter cost 70,000 USD/days 

  
Charter cost for 2 vessel 
(Vessel) 140,000 USD/days 

6 
Operating Cost (Maintenance, 
Fuel, Labor) 41,972 USD 

7 Total Cost 181,972.60 USD 

 8 Transportation Cost 0.26 USD/MMBTU 
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Legend: 

Shipping Route, Published by Ministry of Transportation, Indonesia

MEMR, Min istry of Energy and Mineral Resources

Legend: 

Shipping Route, Published by Ministry of Transportation, Indonesia

MEMR, Min istry of Energy and Mineral Resources

 

Figure 12. CNG transport route (Geoportal-MEMR, 2017)
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3.1.3.3. Sub-sea pipelines (PNG) 

Gas pipeline is one of the conventional or most common infrastructure 

for transporting natural gas in Indonesia. The utilization of gas pipeline 

is considered to be the most effective and efficient because it does not 

require to build additional infrastructure like liquefaction facilities or 

gas compression. Natural Gas which has been through a series of 

purification and separation processes is then transported through gas 

pipeline to reach consumers. However, gas pipeline has limitations on 

distance. At certain distance, the flow of gas through the pipeline 

becomes inefficient due to the pressure drop. Thus it require 

compressor. In this study the cost of compressor has also been 

considered. 

In this study, the gas pipeline is planned to be built in 2 routes. Natural 

gas transmission pipeline will be built respectively from the same gas 

source in Papua to 2 main land in Maluku area. The calculation of 

transportation costs of natural gas through the pipeline from the gas 

source in Papua to the research area of the Maluku area are as follows: 
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a. Pipeline specification 

The pipeline to be built is a transmission line with a diameter of 28 

inches and a capacity of 400 MMSCFD, such as the data in table 7. 

This data is selected based on the experience of existing sub-sea 

pipeline development in Indonesia. In general, transmission pipeline in 

Indonesia is used to transport large quantities of gas with long distances. 

Generally, the pressure is between 300 - 1,400 psig (RIJTDGBN, 

2015)2. 

b. Distance 

The distance of each gas transmission pipeline is calculated by using 

the application of one map (one map) Ministry of Energy and Mineral 

Resources. The selection of pipeline route is to consider the existence 

of small islands as the placement of the compressor location as in 

figure 10. The alternative route in this study is designed to have the 

shortest route with low water activity, since the research area is a fairly 

dense transportation area. 

c. Transportation cost 

Transportation cost calculation in this study covers the component of 

gas pipeline investment cost and compressor as well as the cost of 
                                            
2 National pipelines roadmap 
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pipeline and compressor operation. Cost references in this calculation 

we obtained from national gas roadmap of Indonesia, 2014 and using 

the assumption of the cost of gas pipeline projects by Seddon, 2006. 

The total cost calculation formulation in this study can simply be 

written as the formula in the equation 1. The total cost is then divided 

per unit capacity of the pipeline that can drain the gas. Thus, the result 

can be the cost of gas transportation through the pipeline (table 10). 

Some researchers argue that the challenges and costs of sub-sea gas 

pipeline will be able to double cost than the construction of ground 

pipes (Thomas, S., & Dawe, R. A. (2003). 

Total Cost = [Invest cost + O&M cost]Pipeline + [Invest cost + O&M 

cost]Compressor………………………………………………………. Eq. 1 
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Table 8a Papua-Maluku Sub-sea pipeline cost Check position 

 Life time  Year  20 

 Distance Papua-Maluku  KM  297.2 

 
 Miles  184.7 

 
 NM  160.50 

 Amount Moved  MMSCFD  400 

 
 MMBTU/d  400,000 

 Pipelines Cost (Capex)  USD/km inch  93,500 

 
 USD 1 222,680,800 

 Pipeline (inch)  d  28 

 Compressors (CAPEX)  USD  17,733,924 

 Compressor-fuel cost (O&M)  USD/year 5 031,062.40  

 Distance between compression  km  50 

 Carriage Cost  USD/MMBtu  1.44 
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Table 8b Papua-North Maluku sub-sea pipeline cost Check position  

 Lifetime  years  20 

 Papua-North Maluku  KM  332.6 

 
 Miles  206.7 

 
 NM  179.62 

 Amount Moved  MMSCFD  400 

 
 MMBTU/d  400,000 

 Pipelines Cost (capex)  USD/km inch  93,500 

 
 USD 

 
1,368,316,400 

 Pipeline (inch)  d  28 

 Compressors (CAPEX)  USD 1 9,846,242 

 Compressor-fuel cost (O&M)  USD/year 5 031,062.40  

 Distance between compression  km  50 

 Carriage Cost  USD/MMBtu  1.61 
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Table 9a. Total capex of Sub-sea pipeline 

Pipelines cost-
CAPEX (USD) 

Compressor cost-
CAPEX (USD) 

Total Capex 
(USD) 

2,590,997,200 37,580,166 2,628,577,366 

 

Table 9b. Total Operating Maintenance of Sub-sea pipeline 

Pipelines – O&M 
(USD 

Compressor – O&M 
(USD) 

Total O&M 
(USD) 

129,549,860 0,062,125 139,611,984.80 
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Legend: 

Shipping Route, Published by Ministry of Transportation, Indonesia

MEMR, Min istry of Energy and Mineral Resources

Legend: 

Shipping Route, Published by Ministry of Transportation, Indonesia

MEMR, Ministry of Energy and Mineral Resources

 

         Figure 13. Natural gas sub-sea pipelines route (Geoportal-MEMR, 2017) 
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3.2. Candidate technologies for electricity generation 

The power generation technology candidate in this study of cost on 

power generation is a combination of existing power plants already 

producing in Indonesia and high-potential power plants candidate to 

operate in the future. The generating technologies in this study are 

divided into three types based on the type of fuel oil, coal and natural 

gas. These technologies are Engine, Ultra-Supercritical, Integrated 

Gasification Combined Cycle (IGCC), and Combine Cycle Gas Turbine 

(CCGT). 

Carbon Capture Storage is a technology to be reckoned with in this 

study. This technology is very potential in reducing carbon emissions 

due to electricity production. The CCS technology will be combined 

with Integrated Gasification Combined Cycle (IGCC) power generation 

technology, and Combine Cycle Gas Turbine (CCGT) to optimize 

carbon emissions reductions and achieve carbon mitigation targets of 

29% by 2030. 

3.3. How to measure policy targets 

The research method used is scenario analysis. Scenario analysis is an 

effective future tool that helps policy makers know what is possible and 
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impossible, as well as to know for sure the elements of uncertainty in 

the organization that can affect the success of the organization 

(Alexander & Serfass, 1998). This leads to a decision that can confront 

uncertainties so that uncertainty is reduced. In addition, this method 

able to provide recommendations for energy policy makers in term the 

appropriate methods to develop a better, measurable and 

comprehensive energy policy, thus it can become a reference in policy 

making. Previous research that has implemented this method is Ryu, H 

et al, 2014. They comparing electricity-generation fuel mixes in two 

countries with multiple energy policy goals and unique circumstances 

by using scenario analysis. W. Cai et al, 2007 assessed the CO2 

emission reduction potential of China’s electricity sector, by employed 

scenario analysis.  

Scenario analysis was conducted in this study to compare scenario on 

fossil fuel power generation technology and carbon emission for power 

generation project in Maluku region by 2024. Factors cost of fossil fuel 

transport, the electricity generation costs and the amount of carbon 

emission was assessed to achieve standards the cost-efficiency of 

technology and 29% carbon emission reduction target of Indonesia by 
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2030 at Business as Usual (BAU) level.  

Comparative analysis among the scenarios build in this study is divided 

into 1) baseline which is current national fossil fuel mix plan by 2025 

and 2) three fossil fuel mix change scenarios under the principle of low 

cost and emission target. Each scenario alternatives have different 

combinations of fossil fuel and technology. For technology cost, we 

utilize levelized cost of electricity (LCOE) into each electricity-

generating technology which have been proven and have a high 

probability introduced in Indonesia. The technologies option associated 

to low cost and low carbon dioxide  

The framework to achieve policy targets is provide as figure 14.
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  Figure 14. Framework to meet policy targets (Authors, 2017)
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3.3.1. Cost 

The strategy used in this research is based on the principle of the lowest 

cost of electricity supply. The lowest cost principle refers to all costs of 

providing electricity such as investment costs, fuel costs, and operating 

and maintenance costs according LCOE method. Many previous 

studies have used LCOE to compare electricity-generating technologies 

cost over the economic lives. The comparison of electricity-generation 

technology costs by 2024 is based on the 2015 Organization for 

Economic Co-Operation and Development (OECD) data (OECD, 

2012). The technology selection is done by calculating the average cost 

of all variables by using the same unit of electricity-generating net 

capacity. 

Further transport costs are also considered in this study. Low 

transportation costs and efficient fuel transportation is the main priority 

in considering the type of power plant for the study area by 2024. 

3.3.2. Carbon Emission 

In order to respond to the global warming issue, at the 21st meeting of 

the Conference of the Parties (COP) held in Paris in December 2015, 

the President of Indonesia expressed Indonesia's commitment to reduce 
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carbon emissions by 29% in 2030 with own business or by 41% 

international assistance. From the 29% figure, the energy sector gets a 

portion of GHG emission reduction of 314 million tons of CO2. This 

momentum is the basis for the change of targets for the reduction of 

carbon emissions in Indonesia. 

In the energy sector list, the largest carbon emission contributing sector 

in Indonesia comes from the electricity sector. Based on this matter, in 

this study puts the scenario of carbon emission reduction as a target that 

will be achieved to participate and support the Government of 

Indonesia's efforts to mitigate carbon emission. 

In this study, we have targeted to achieve carbon emission reduction of 

at least 29% before 2030. This effort is done by making effective 

scenario in the form of fuel mix change strategy and selection of 

environmentally friendly power generation based on technology cost 

and fuel transportation. The alternative technology data and carbon 

emission potential is derived from Intergovernmental Panel on Climate 

Change (IPCC) and strengthened by reference from previous 

researchers (Ryu, (2014). 
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3.3.3. Scenario Analysis 

3.3.3.1. Baseline 

The baseline is the basis for measuring the changes generated by the 

determined alternative scenarios. In this study, the achievement of 

optimal primary energy mix in 2025 is the baseline that is used as the 

basis of measurement in this study. Energy fuel mix target is at least 

23% for new energy and renewable energy provided that it met the 

economy, less than 25 % of petroleum, minimum 30% of coal and 

minimum 22 % of natural gas. However, this study focuses only on 

fossil fuel mix. Thus, the composition of fuel mix at baseline in this 

research is 39% of coal, 32% of oil and 29% of gas. 

The power generation technology structure at this baseline follows the 

composition of our specially modified fuel mix fossil fuel and is the 

most reliable generator technology in Indonesia. These technologies 

include fuel composition by 39% for IGCC generation technology, 

32% for engine technology and 29% for CCGT technology. 

3.3.2.2. Alternative Scenarios 

Alternative scenarios in this study focus on reducing carbon emissions 

to achieve the 30% target before 2030. The scenario development 
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strategy in this research is optimally strived with the principle of low 

cost of electricity supply supported by the lowest cost and efficient of 

fossil fuel transportation as well as environmentally friendly of power 

generation technology. 

Some alternative scenarios are to be applied in the Maluku area by 

replacing the composition of fuel oil and some fuel coal into gas fuel, 

introducing CCS technology for coal-fired power plants and gas. 

Replacing fuel oil and coal to fuel gas is one way to diversify energy. 

Experts believe that gas plays an important role in the transition of 

fossil energy into renewable energy. However, introducing CCS 

technology is one of three alternatives to reduce CO2 emission (Haug, 

2004). Greater beneficial of CCS technology adoption is for coal and 

gas producing and consuming countries while anticipating from climate 

change effect (OECD, 2012).    

The first alternative in replacing fuel oil and some of the coal fuel into 

gas fuel is a way that is expected to contribute significantly to the 

reduction of carbon emissions through fuel composition strategy. Many 

experts argue that gas has an important role in the transition of fossil 

energy to renewable energy. 
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The second alternative is to introduce CCS technology for coal fuel. 

These alternatives are expected to contribute better in reducing carbon 

emissions and in focusing on the impact of costs incurred. The CCS 

technology is classified as a technology dependent on high value of 

reduced carbon emission (Gallagher, 2006). However, regulatory and 

technological uncertainty remains a barrier to investment. This issue 

should be considered as well. 

The third alternative is introducing CCS technology for coal fuel, as 

well as for gas-fuel technology. This is to see how much the 

contribution of carbon emission reduction and how much it costs 

compared to the baseline. 
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Chapter 4. Result and Analysis  

4.1. Result 

To achieve policy targets which carbon emission reduction target, at 

least 29% before 2030 and at initial cost, we rank every factor such as 

transportation cost, power generation technology cost and CO2 

emission and used them into models. Next, models option used to build 

alternative scenarios.  

4.1.1. Cost 

4.1.1.1. Transportation technology 

Based on the calculations summarized in (table 11), the ranking is 

obtained based on transportation type and unit cost (US $/MWh) (table 

11). The ranking analysis results are as follows: 

- Coal barge  

Coal option appears to deliver the highest cost among the transportation 

technologies (table 11). Thus, the mine mouth power plant is highly 

recommended. This will be more efficient if the placement of coal fuel 

plants is placed near the coal mine. In this study, we consider also the 

potential of local resources, which in this case the potential of coal in 

the research area. Due to the high cost of coal fuel logistics, we 
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recommend the utilization of limited coal-fired power for areas with 

coal mines. 

- Sub-sea pipelines  

Sub-sea pipelines cost is the cheapest among the transportation 

technology alternatives. However, installation of sub-sea pipeline 

sometimes is even higher than prediction, depending on the terrain such 

as seabed flatness and depth. This reason has been confirmed from 

Pertamina as one of gas pipeline operator in Indonesia which optimizes 

gas utilization using pipelines, transmission and distribution. These 

method are not economical to be developed in eastern Indonesia 

because the scale of the gas requirement is still marginal or due to low 

gas demand (Pertamina, 2013).  

- LNG 

In the same storage volume, the amount of transported LNG will be 

higher than CNG, which makes LNG transport costs less expensive 

than CNG in accordance with the cost of calculation in this study (table 

11). Reduced storage costs and reduced freight frequencies are factors 

that can reduce the cost of gas transport in this study. Furthermore, 

LNG value chain is currently able to compete with pipelines. The 
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alternatives of vessel size are one of the technical progress that has 

brought down cost in the LNG supply chain (Engelen, S. 2010). The 

current technology has evolved with the variation of LNG vessel 

capacity which can be used to transport LNG according the variation of 

requirement. LNG is the most strategic solution to bridge between 

supply conditions, demand and geographical conditions and the 

distance between the gas supply point and the demand point in the 

region.  

Thus, in this study we concluded that the best option is LNG. In fact, in 

this study we found pipeline cost is less expensive than LNG. However 

based on previous studies and literature, we excluded the pipeline for 

further analysis in this study for several reasons based on previous 

study experience and expertise. This can certainly be a further research 

in developing this study. 

Besides that, we also compare each of the generating technologies 

combined with the fuel transportation technology (figure 15). The 

results of our analysis are as follows: 

a. Combine Cycle Gas Turbine technology (CCTG) is the most 

economic technology combined with LNG or pipeline. However, 
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there are some challenges to install sub-sea pipeline that need to 

be considered, especially in research area. 

b. Coal Fired Power Plant combined with coal barge 300ft is the 

most expensive technology compared to the chosen power 

generation technology for research area 

c. Oil Fired Power Plant (Engine) technology combined with oil 

vessel technology is the second expensive option.  

 

Table 10. Fossil fuel transportation technology cost 

Rank Transport 
Cost 

(US$/MWh) 

1 Coal Barge 300ft 14,889 

2 Oil Vessel 2,367.6 

3 CNG 899.83 

4 LNG 360.6 

5 Pipeline 26.91 
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Table 11. Fossil fuel transport cost summary 
GAS OIL COAL

Fossil Fuel Transportation Tech
Pipeline North Maluku Pipeline Maluku CNG LNG Vessel Barge 300ft

Capacity 400 MMSCFD 400 MMSCFD 690 MMSCF 50000 m3 550 Ton 8,000 Ton

Equal to 1033 MMSCFD 647.06 KL 234,461 GJ 

Volume, MMBTU 400000 MMBtu/d 400000 MMBtu/d 690000 MMBtu 1,032,950 MMBtu 23,495 MMBtu 222,226 MMBtu

Volume, MWh 117.23 MWh 117.23 MWh 202.23 MWh 302.74 MWh 6.89 MWh 65.13 MWh

Transportation cost 1.61 USD/MMBtu 1.44 USD/MMBtu 0.26 US$/MMBtu 0.11 US$/MMBtu 0.69 US$/MMBtu 4.36 US$/MMBtu

Transportation cost 14.19 USD/MWh 12.72 US$/MWh 899.83 US$/MWh 360.6 US$/MWh 2,367.6 US$/MWh 14,889 US$/MWh

CAPEX

New Build 1,388,162,642 US $ 1,240,414,724 US $

Charter 140,000 US $ 100,000 US $ 10,474.04 US $ 933,333 US $

OPERATING COST 69,408,132 US $ 62,020,736 US$ 41,972.6 US $ 9165 US $ 5,829.30 US $ 36,387 US $

TOTAL COST 2,760,006,234 
US$ 

181,972.6 US $ 109,165 US $ 16,303.34 US $ 969,720.56 US $

Additional Infrastructure

- Regasification Facility (Land base) 
3MTPA 700 MM US$

Regasification cost 0.00047 USD/MWh

- Mother Station 5 MMSCFD 6,000,000 US $

- Pressure Reducer System (PRS) 
100m3/h 29,629.63 US $
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 Table 12. Selected technology of power generation rank 

Rank Fuel type Technology CO2 (TC) 
per MWH

Net
Capacity 
(Mwe)

Investment cost
(US$/MWh) 

Fuel Cost 
(US$/MWh)

O&M cost
(US$/MWh)

Total Cost
(US$/MWh)

1 Oil Engine 0.2785 4.7 143.94 63.74 36.29 243.97

2 Natural 
Gas CCGT with CCS 0.0276 387 32.76 65.08 6.22 104.06

3 Coal Ultra-supercritical 0.6700 704 27.91 35.91 18.52 82.34

4 Coal IGCC with CCS 0.0407 380 42.63 24.15 11.31 78.09

5 Coal IGCC 0.3391 550 29.16 19.63 8.37 57.16

6 Natural 
Gas CCGT 0.2303 550 13.24 36.9 4.65 54.79
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             Figure 15. Power generation cost and fuel transportation cost (Authors, 2017) 
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4.1.1.2. Electricity-generating technology 

The projected cost of electricity technology in this study is based on the 

2015 Organization for Economic Co-operation and Development 

(OECD) data which has been calculated in units of LCOE per MWh. 

Table 13 summarizes the selected technology of power generation and 

is ranked based on LCOE cost per MWh. Gas-fired electricity-

generating plant technology is the least cost technology compared with 

other electricity generating plants. Next, is IGCC technology. The 

highest cost of electricity technology is the engine oil fired technology 

(figure 16).  
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                  Figure 16. Selected technology of power generation (Authors, 2017) 
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4.1.2. Carbon emission mitigation by electricity-

generating technology 

Table 13 summarizes the total carbon per MWh based on the IPCC 

inventory guidelines (IPCC, 2005) data, on each of the electricity-

generating technologies. CCS technology has a significant impact on 

the reduction of emissions generated by power plants. However, the 

addition of CCS technology to each of the coal and gas-fueled 

technologies resulted 50% cost increase compared to without the CCS 

application. 
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          Table 13a. Carbon emission of alternatives technologies 

Fuel Source CandidateTechnology
CO2 (TC) 
(per MWh)

Coal Ultra-supercritical 0.6700

IGCC 0.3391

IGCC with CCS 0.0407

Gas CCGT 0.3403

CCGT with CCS 0.0276

Oil Engine 0.2785
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Table 13b. CO2 emission of power generation technologies rank 

Rank CO2 Emission (MT/MWh)

1 Ultra-supercritical

2 CCGT 

3 IGCC

4 Engine

5 IGCC with CCS 

6 CCGT with CCS 
 

 

4.2. Analysis 

In this study, the analysis is divided into two stages namely model 

analysis and scenario analysis. Model analysis is used to build a 

scenario, while scenario analysis is the way to achieve targets. 

4.2.1. Model 

Therefore, it is necessary to rank each factor that can contribute in 

achieving the expected target in this study. These factors include 

carbon emissions of each generation technology, the cost of each 

transportation technology and power generation technology (table 10, 

12, and 13b). Models designed can be explain as follows. Each model 

designed by each the lowest factors. Model 1 with CCGT technology 

has the lowest cost of technology and transportation either but produce 

a little bit higher emission than IGCC. Model 2 with IGCC has one 

level higher than CCGT in terms of cost and carbon emission. Model 3 
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with IGCC combined with CCS has good carbon emission mitigation 

but had an impact on cost. Model 4 with the combination of CCGT and 

CCS has the lowest emission mitigation among the other models, but it 

is relatively high cost. Model 5 and 6 has the highest impact both on 

emission and cost among the other models. Figure 14 illustrates how 

model arranged based on CO2 and cost indicator. Table 15 shows 

scenarios designed by model selection that used for calculation in this 

study. 
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Model 1
(CCGT)

Model 2
(IGCC)

Model 3
(IGCC+CCS)

Model 4
(CCGT+CCS)

Model 5
(Engine)

Model 6
(Ultra Supercritical)

Cost

CO2 Emission

Low
 

 Figure 17. Model selection (Authors, 2017)  

     Table 14. Scenarios designed by model selection 

BASELINE SCENARIO 1 SCENARIO 2 SCENARIO 3

ü Model 1 (CCGT)
ü Model 2 (IGCC)
ü Model 5 (Engine)

ü Model 1 (CCGT)
ü Model 2 (IGCC)

ü Model 1 (CCGT)
ü Model 3 (IGCC+CCS)

ü Model 1 (CCGT)
ü Model 3 (IGCC+CCS)
ü Model 4 (CCGT+CCS)
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4.2.2. Scenarios 

The basic principles of scenario development have been described in 

chapter 3. Basically, we combine several models established under the 

principle of low cost and emission (figure 17 and table 14). To achieve 

energy policy targets in this study, we developed a scenario strategy of 

fuel mix changes and power generation technologies. The scenario’s 

design as follow: 

- Fuel mix change  

Fuel mix change in this study applied for baseline which based on 

National Fossil Fuel Mix Change Target by 2025 and alternative 

scenario which changed from baseline. Baseline composed by 39% of 

coal, 32% of oil and 29% of gas, while Scenario 1, 2 and 3 are arranged 

by 10% of coal and 90% of gas (figure 18).  

- Technology change 

Technology change gives impact to carbon emission and cost of 

electricity project in Maluku area. Table 15 summarizes the 

calculations of Projected Cost and Carbon Emission of electricity 

project in Maluku area. Cost calculation presented in table 16 is based 

on projection of electricity demand by 2024 that is 2,763,000 MWh.
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29%

90% 90%

65%

32%

39%

10% 10%

10%

25%

BASELINE SC	1_(LNG) SC	2_	(COAL	CCS) SC	3_(CCGT	CCS)

ELECTRICITY-GENERATION	FOSSIL	FUEL	MIX	CHANGE
IN	MALUKU	AREA

CCGT	with	CCS

IGCC	with	CCS

IGCC

Oil	Fired	Plant	(Engine)

CCGT

 
                      Figure 18. Fossil fuel mix and power generation technology change in Maluku region (Authors, 2017) 
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The analysis of each scenarios provided as follows: 

Baseline scenario, which is a base on the calculation for measuring the 

change induced by fuel mix change. The baseline used in this study is 

electricity fossil fuel mixed for 2025 keeping the business as usual 

(BAU). The total cost required to meet demand in Maluku in 2024 is 

approximately 18,426.18348 MM USD / MWh. This total cost has 

estimated the distribution cost of coal fuel from outside the Maluku 

region. However, if the coal fuel comes from local mines in Maluku 

then the projected cost will decrease to 2,382.2439 MM USD/MWh. 

This cost reduction is quite significant since the high logistic costs for 

the distribution of coal fuel from outside the Maluku island area. 

The carbon emissions generated based on this baseline scenario are 

796,175,028 TC/MWh. This amount is quite high because the 

composition of fuel mix for oil and coal in this baseline scenario is 

quite dominant. Oil and coal have high emission factors. Detail basic 

data calculation of Projected Cost and Carbon Emission of electricity 

project in Maluku area are summarized as table 15. 

The cost calculation presented in table 15 is based on the projection of 

electricity demand in 2024 that is 2,763,000 MWh. Projected demand 
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data in Maluku region based on data from PLN is obtained from RUKN 

2015 - 2024.  

Scenario 1 is called LNG scenario. This scenario approach is 

substituting oil fuel and most of the coal fuel to LNG or gas fuel. The 

fuel mix portion for this scenario is 90% of gas fuel and 10% of coal 

fuel. Gas-fired generating technology is CCGT while coal-fired power 

plant technology is IGCC. The approximate cost for this scenario is 

about 5,010.5079 MM USD / MWh or about 896.6775 MM USD / 

MWh with coal scenario from local coal mine. The total average 

technological cost was reduced by 62% against the total cost of the 

baseline. 

Switching from fuel oil and reducing fuel coal majority to LNG using 

CCGT technology has an impact on reducing carbon emissions by 

16 % from the baseline. Scenario one is the cheapest scenario, where 

the policy maker only prepares the technology with the lowest cost 

principle, but has not prioritized more advanced technology in the 

relation of carbon emission mitigation. 

The introduction of CCS technology is a strategy applied to this 

scenario 2. This scenario imposes a cost for adopting CCS technology 
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on a 10% portion of coal-fired technology in this scenario 2. The 

projected total cost of power generation technology due to the addition 

of the CCS technology is 5.010.5080 MM USD/MWh against the total 

cost in scenario 1. However, if the local coal potential is utilized then 

the total cost projection becomes 896.6773 MM USD/MWh. The 

increase did not have a significant impact due to the small fuel 

utilization of coal in the fuel mix composition in scenario 2. 

In contrast to the cost issue, the impact caused by the small addition of 

CCS technology costs for coal-fired technology using IGCC 

technology proved to contribute quite well to the reduction of carbon 

emissions. The reasonably good combination in scenario 2 is the impact 

of reducing carbon emission by 31% compared to the baseline scenario. 

Scenario two is a moderate cost scenario, where policy makers can 

prepare technology with carbon mitigation principles for the most 

dominant fuel in increasing carbon emissions. 

In Scenario 3 we also introduce CCS technology for gas-fired 

generating technology. Scenario 3 is using a combination of technology 

that is more varied, namely the addition of CCS technology for coal-

fired power plant technology and in this scenario also combined CCS 
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technology on gas-fueled technology by 25% of total gas fuel mix. The 

cost projection for this scenario 3 is 5010.5081 MM USD/MWh for 

coal import and total cost of 896.6774 MM USD/MWh when utilizing 

local coal potential. 

The addition of CCS technology to CCGT power plants technology is 

able to contribute in reducing carbon emissions by 47% against the 

baseline.  

Scenario three is the highest cost scenario but has the greatest impact in 

terms of carbon emissions reduction in the electricity sector. Policy 

maker can prepare advanced carbon mitigation technology. 

Technology and fuel mix change in Maluku area by 2024 will 

contribute for reducing carbon emission in Indonesia up to 47% against 

the baseline. The figure 14 shows the alternatives scenarios percentage 

of emissions produced when the electricity production in the Maluku 

area is created based on energy mix and power plant selection. 

Alternatives scenarios have been in line with the Indonesia's 

Government commitment in a global agreement to climate change 

response by reducing carbon emissions by 29% in 2030 from BAU 

level.
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             Figure 19. Technology cost and CO2 emission based on alternative scenarios (Authors, 2017) 
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Table 15. Projected cost of electricity generation cost and CO2 emission of Maluku region 

Scenario Fuel Mix Technology

COST CO2 (TC) 
(per MWh)

MWh unit*

Power 
Generation 

Cost 
(USD/MWh)

Transportation 
Cost (USD/MWh)
(with coal import)

Transportation 
Cost (USD/MWh)
(with local coal 

resource)

Total Cost
(USD/MWh

(with coal import)

Total Cost
(USD/MWh

(with local coal 
resource)

Total

Baseline 29%	Natural Gas CCGT	 801,270	 1 54.79 58,826,701.44	 58,826,701.44	 58,826,756.23	 58,826,756.23	 184,532.48	

39%	Coal IGCC 1,077,570	 1	 57.16 16,043,939,559	 0 16,043,939,616	 57.16 365,403.99	

32%	Oil Engine 884,160	 22 5,367	 2,093,309,135	 2,093,309,135	 2,093,314,502	 2,093,314,502	 246,238.56	

Scenario	1 90%	Natural	Gas CCGT	 2,486,700	 1 54.79 182,565,625.2	 182,565,625.2	 182,565,680	 182,565,680	 572,687.01	

10%	Coal IGCC 276,300	 1	 57.16 4,113,830,656.1	 0	 4,113,830,713	 57.16 93,693.33	

Scenario	2 90%	Natural	Gas CCGT 2,486,700	 1 54.79 182,565,625.16	 182,565,625.16	 182,565,680	 182,565,680	 572,687.01	

10%	Coal IGCC with	
CCS 276,300	 1	 78.09 4,113,830,656	 0 4,113,830,734	 78.09 7,625.88	

Scenario	3 65%	Natural	Gas CCGT 1795950 1 54.79 131,852,952	 131,852,952	 131,853,006	 131,853,006	 413,607.29	

10%	Coal IGCC+CCS 276300 1 78.09 4,113,830,656	 0	 4,113,830,734	 78.09 11,245.41	

25%	Natural	Gas CCGT	with	
CCS	 690750 1 104.06 50,712,674	 50,712,674	 50,712,778	 50,712,778	 19,064.70	
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Chapter 5. Discussion 

In general, the results obtained from this study lead to the policy of gas 

fuel diversification. This is an appropriate step to implement in the 

research area. Efforts to implement this step have a result on two things 

1) electricity production costs reduction and 2) environmentally 

friendly energy. 

Based on the conditions described in chapter 2, the current condition in 

research area is dominated by fossil fuel plants. In the power plant cost 

structure, fuel costs hold the largest share of expenditure in the average 

electricity production cost, about 70% of the total electricity production 

cost, especially for the research area which has dominated by oil-fired 

power generation has suffered due to high operational cost. The 

percentage of fuel utilization on power generation will greatly affect the 

cost of electricity production, which further determines the amount of 

electricity subsidy that will ultimately be Government responsibility. 

Therefore, it is necessary to solve the problem through the solution 

scenario. 

Comparative analysis between scenarios is resolved by verifying 

changes majority became gas-fired power generation. This step will 
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have an impact on reducing the operational costs of the power plant 

because an indicate fuel costs reduction. 

The utilization of fossil fuels on power plants was a contributing factor 

that increase carbon emissions in Indonesia. Thus, efforts to support the 

government's commitment to reduce carbon emissions in accordance 

with law No. 16 of 2016 on the approval of the Paris agreement in 

Indonesia can be pursued by applying the dominance of gas fuel 

composition in study area. In addition, the selection of green power 

generation technologies will also contribute significantly to carbon 

mitigation compared to fuel mix change only. The plan to use Carbon 

Capture Storage (CCS) technology to significantly reduce carbon 

emissions has also been considered in future power development plans 

(PLN, 2017). However, the absence of legal certainty and technology to 

be a barrier in CCS investment in Indonesia. 

Additionally, natural gas is an important commodity in fulfilling current 

domestic utilization. Several regulations have been published to 

accommodate the utilization of natural gas for domestic needs. 

Indonesia has natural gas reserves of 151.33 TSCF (status by January 

2015). However, gas demand from electricity sector in the same year is 
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about 26% of total gas demand in Indonesia. This is due to many 

obstacles in the utilization of gas for electricity sector in Indonesia, one 

example lack of gas infrastructure. For LNG commodities, it requires 

an infrastructure that converts natural gas into liquid, transport, and 

storage facilities and regasification facilities to convert back to gas 

before it can be used for power generation. The complexity of this 

supply chain certainly requires good planning for the utilization of 

LNG as fuel for power plants in order to obtain the economical price of 

electricity production. 

Based on National gas balance 2015-2030, Tangguh train 3 in Papua 

estimate will be on stream by 2020. Thus, gas availability will 

contribute up to 3,8 MTPA. The utilization of gas from Tangguh will be 

a solution of gas supply continuity for power generation in eastern 

Indonesia especially Maluku area.  
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Chapter 6. Conclusion 

6.1 Overall Conclusion 

The development of the electricity sector is equal to the goal of national 

development. However, Indonesia’s geographical condition became a 

challenge in providing electricity to meet energy needs reliably and 

evenly throughout the territory of Indonesia to realize the goals of 

national development. Currently, eastern of Indonesia has a significant 

disparity compared to other regions in Indonesia in terms of electricity 

supply. To respond to this issue, currently, Government focused to 

develop eastern part of Indonesia. 

Maluku region which located in eastern Indonesia is a challenging area. 

Maluku area is mainly composed by remote islands with low energy 

resources. Thus, the energy needs are supplied from the other region. 

Due to those issues, fuel oil option was considered the most efficient 

energy because of several reasons 1) take the least time to start up and 

2) has light and fast fuel delivery system. No wonder fuel oil-fired 

power generation technology become the majority installed. However, 

this mechanism is no longer viable now, because the electricity 

production cost is quite expensive. The cost of electricity production in 
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Maluku region currently could be double or even higher compared to 

the cost of electricity production in the Java and Sumatera caused by 

the abundant use of oil. 

Scenario analysis was conducted in this study to compare scenario on 

fossil fuel power generation technology and carbon emission for power 

generation project in Maluku region by 2024. Factors cost of fossil fuel 

transport, the electricity generation costs and the amount of carbon 

emission was assessed to achieve standards the cost-efficiency of 

technology and 29% carbon emission reduction target of Indonesia by 

2030 at Business as Usual (BAU) level.  

Comparative analysis among the scenarios build in this study is divided 

into 1) baseline which is current national fossil fuel mix plan by 2025 

and 2) three fossil fuel mix change scenarios under the principle of low 

cost and emission target. Each scenario alternatives have different 

combinations of fossil fuel and technology. For technology cost, 

levelized cost of electricity (LCOE) was utilized.  

The results obtained, substitution energy from oil to gas for power 

generation technology policy is recommended. Several advantages 

using fuel-gas technology for power generation 1) similar with oil-fired 
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power plant, gas-fired power plant technology take the least time to 

start up, 2) less contribution on carbon emission impact and 3) able to 

reduce electricity production cost. Three fossil fuel mix change 

scenarios described variation impact on cost and carbon emission. The 

more advanced carbon mitigation technology, the more expensive it 

will cost. CO2 emission can be reduced about 16% against baseline 

without CCS technology deploy, while 47% with CCS technology by 

2024. 

In terms of achieving the objectives on cost-efficiency and carbon 

emission reduction policy targets, policy maker need to focus on 

conducting energy conversion program from fuel oil to fuel gas to be 

applied for power plants in the Maluku region. This step certainly 

cannot be done in the short term and cannot be overcome with just one 

single policy. This policy must go through several stages of evaluations 

and good synergize among relevant agencies and communities. Some 

steps the government can take (i) accelerate the development of gas 

supply infrastructure in the form of LNG supply chain design in terms 

of meeting energy needs at power plants in Maluku area. (ii) preparing 

and enabling national environmental policy to recognize CCS as a 
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means of CO2 emission reduction then it can be applied in the study 

area.  

6.2 Limitation 

The scenario built in this study is not an optimal solution that can be 

referenced, but the results of this study are more likely to discuss 

mitigation criteria to achieve the carbon emissions and lowest cost 

targets under the national policy directions. There is no guarantee of 

optimal results for technological studies due to the high possibility of 

changes in circumstances or emerging technology will continue to grow. 

However, the most reliable thing is this study predicts the cost of 

technology by 2024 in accordance with current conditions. 

This study only focuses on fossil fuel, has not considered the potential 

of renewable energy in the study area. Although renewable energy still 

plays a minor role as supply in Indonesia, the government is committed 

to achieve the energy mix target for renewable energy of 23% by 2025 

and it requires real action and effort. For further research, renewable 

energy may be developed by taking into consideration local renewable 

energy potentials in making policy direction. 
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Application of the framework in this study can be used as a reference 

for the Indonesian government, especially to be implemented in other 

regions in the territory of Indonesia. 
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국문 초록 

 

인도네시아 정부는 균형잡힌 국가 발전을 달성하기 위해 전기산업 

발전 등 지속적인 노력을 펼치고 있다.  그럼에도 불구하고, 인도네

시아의 지리적 조건은 국가 발전의 목표를 실현하는데 가장 큰 어

려움을 주고 있다. 특히 인도네시아의 동부 지역인 말루쿠 지역은 

전력 공급 측면에서 인도네시아의 다른 지역과 심각한 격차를 나타

내고 있다. 말루쿠 지역의 대부분은 외딴 섬으로 이루어져 있으며, 

보유하고 있는 에너지 자원은 적어 필요한 에너지를 다른 지역으로

부터 공급 받고 있다. 에너지 공급의 어려움 때문에, 이 지역에는 

연료 연소 발전기술이 이용되고 있다. 이는 과거 이 방법이 가장 효

율적으로 여겨졌기 때문이다. 그러나 말루크 지역의 전력 생산 비용

은 자바나 수마트라 지역과 같이 풍부한 연료를 보유하고 있으며, 

이를 사용하고 있는 지역의 두배 이상이다.  

본 연구에서는 시나리오 분석을 사용하여 2024년까지 말루쿠 지역

의 발전 프로젝트를 위한 화석 연료 발전 기술 및 탄소 배출 시나

리오를 비교하였다. 시나리오 분석을 위해서는 화석 연료의 운송 비

용, 발전 비용 및 탄소 배출 요인의 양을 분석함으로써 비용 효율성

과 환경 친화적인 정책 모두에서 표준을 달성하는 방법을 배우는 
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것이 중요하다. 비용 분석을 위해, 본 연구는 가능한 연료의 시설 

비용을 포함하는 LCOE를 개발하였다. 화석 연료 운송 비용, 발전 

비용 및 발생한 전기 MWh당 발생하는 탄소 배출량이 평가되었다. 

본 연구에서 도출한 시나리오는 2025년까지 현재 국가 화석 연료 

혼합 계획인 1)기준선과 2)저비용 및 배출 목표의 원칙에 따라 화

석 연료 혼합 3개의 시나리오로 구분된다. 각 시나리오 대안은 화석 

연료와 기술의 다른 조합을 가지고 있다. 

이 연구의 목적은 비용 효율과 탄소 배출 정책 목표를 적용하여 

2024년까지 말루쿠 지역에서 화석 연료 발전 기술과 발전 프로젝트

의 탄소 배출 시나리오를 비교하는 것이다. 

분석 결과, 발전 연료로 석유 사용을 가스로 대체하는 것이 권장된

다. 세개의 화석 연료 혼합 변화 시나리오는 시나리오별 비용과 탄

소 배출의 변화를 보여주고 있다. 탄소 감축 효과가 높은 기술을 사

용할 수록, 발전 비용은 높아지게 된다. CCS기술을 사용하지 않을 

경우 CO2배출은 기준 시나리오 대비 16%감소할 수 있으며, CCS기

술을 사용할 경우 2024년까지 47%가 감소할 수 있습니다. 

정책 입안자들이 말루쿠 지역의 발전 프로젝트와 관련하여 취할 수 

있는 정책들은 다음과 같다. 첫째, 말루쿠 지역의 발전 프로젝트와 

관련한 가스 공급 인프라 개발을 가속화 하는 것이다. 둘째, CCS를 
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CO2배출 감소의 수단으로 인식하고 이를 말루쿠 지역에 적용될 수 

있도록, 국가 기후 정책의 방안을 준비하고 활성화 시키는 것이다.  

 

키워드:(탄소 배출 감축, 발전 기술, 화석 연료 운송) 
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