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Abstract

The energy sector in Indonesia dominates fossil fuel use as resources, which reflects
in the electricity sector. Meanwhile, Indonesia's government already set its target for more
renewable energy share in the mix of power generation supply. The national target for
renewable energy share in the overall sector is 23% by 2025 and 31% by 2050. Bioenergy
is renewable energy with vast potential from the forestry industry and municipal waste yet
to achieve its utilization in the electricity sector. Moreover, with the current plan of biomass
co-firing system on the horizon, a comprehensive study is needed to see the impact of its
penetration to the existing power system.
This study aims to provide an alternative planning scenario and policy implication
to achieve the national plan for renewable energy utilization and biomass co-firing systems
and other bioenergy utilization options for electricity planning. With the time frame of
analysis 2019 to 2050, this study applies the LEAP optimization model to analyze the four
different scenarios: Business-as-Usual scenario, Renewable and 5% Co-firing scenario,
Renewable and 10% Co-firing scenario, and Renewable and 15% Co-firing scenario.
The study's key findings and policy recommendations are: First, the implementation
of biomass co-firing and other renewable energy technology in the system did not
significantly decrease the investment cost in which the technology is still considered
expensive compared to the fossil fuels technology. The issue also goes for bioenergy
technology, which has similar efficiency with Coal-based power plants. Hence, the
government should provide more active strategies to increase investment in the renewable
energy-based electricity sector and provide alternative financing options to attract more
sector players.
Second, the feedstock fuel price for bioenergy implementation is still higher than the
fossil fuel price due to the non-existence of the competitive domestic market. Thus, the
iii

government suggested providing regulation that helps speed up the domestic market's
creation while maintaining the commodity's import quantity.
Third, one of the causes of high investment costs for renewable energy installation
is imported technology. Therefore, creating a renewable energy-based technology industry
should be included in long-term government planning to achieve renewable energy
utilization targets.
Lastly, since the biomass co-firing system will require a vast amount of biomass, the
government should start to make the blueprint of the biomass supply plan to maintain future
feedstock, including the utilization of community forests.
The study emphasizes the analysis of including biomass co-firing system into the
long-term electricity planning and more bioenergy option for the power plant, which is yet
to find in other previous studies. Further research should include the effect of COVID-19
on the demand, carbon trading, and cost fluctuation for better analysis, which this study
has omitted.

Keywords: renewable energy, electricity planning, bioenergy, biomass, LEAP, JavaBali power system
Student Number: 2019-20184

iv

Contents
Abstract

................................................................................................................. iii

Contents

.................................................................................................................. v

List of Tables .............................................................................................................. viii
List of Figures ............................................................................................................... ix
Chapter 1

Introduction ............................................................................................... 1

1.1

Research Motivation .................................................................................. 1

1.2

Research Questions .................................................................................... 4

1.3

Research Objective .................................................................................... 5

1.4

Thesis Structure ......................................................................................... 5

Chapter 2

Research Background ................................................................................ 7

2.1

Overview on Indonesia Energy Sector........................................................ 7

2.2

Overview on Indonesia Electricity Sector ..................................................11
2.2.1

Java – Bali Power System ................................................................13

2.3

Indonesia Energy and Electricity Sector Policy .........................................15

2.4

Bioenergy Development in Indonesia Power Sector ..................................16

Chapter 3

Literature Review .....................................................................................18

3.1

Energy Models..........................................................................................18

3.2

Previous Studies .......................................................................................20

Chapter 4

Methodology ............................................................................................23
v

4.1

LEAP Model ............................................................................................23

4.2

Scenario Development and Data Requirement ...........................................24

Chapter 5
5.1

5.2

Chapter 6
6.1

4.2.1

The Current Accounts in LEAP Model .............................................25

4.2.2

Business-as-Usual Scenario..............................................................31

4.2.3

Renewable and 5% Co-firing Scenario .............................................31

4.2.4

Renewable and 10% Co-firing Scenario ...........................................32

4.2.5

Renewable and 15% Co-firing Scenario ...........................................32

Result and Discussion ...............................................................................34
Result Analysis .........................................................................................34
5.1.1

Business-as-Usual Scenario..............................................................34

5.1.2

Renewable and 5% Co-firing Scenario .............................................40

5.1.3

Renewable and 10% Co-firing Scenario ...........................................47

5.1.4

Renewable and 15% Co-firing Scenario ...........................................53

Discussion ................................................................................................59
5.2.1

Capacity Expansion of Power Plant ..................................................59

5.2.2

Electricity Generation and Primary Energy Supply Mix ...................63

5.2.3

Investment Cost ...............................................................................72

5.2.4

Production Cost of Power Generation...............................................73

5.2.5

CO2 Emissions ................................................................................76

Conclusion................................................................................................78
Key Findings and Conclusion ...................................................................78
vi

6.2

Policy Implication and Recommendations .................................................85

6.3

Academic Implication: Limitations and Suggestion for Further Study .......87

Bibliography .................................................................................................................89
Abstract (Korean) ..........................................................................................................94
Acknowledgments.........................................................................................................96

vii

List of Tables

Table 1. Renewable Energy Potential Resources in Java Island and Bali Island (GWe) .15
Table 2. Electricity Consumption and Subscribers for Java and Bali Island in 2019.......26
Table 3. Power Generation Techno Economic Data ......................................................27
Table 4. Reserves of Fossil Fuels by 2019.....................................................................30
Table 5. Renewable Energy Potential Resources in Java Island and Bali Island (GWe) .30
Table 6. Summary of Scenarios ....................................................................................33
Table 7. The Installed Capacity Expansion per Power Plant in BAU Scenario ...............35
Table 8. The Installed Capacity Expansion per Power Plant in RC5 Scenario ................41
Table 9. The Installed Capacity Expansion per Power Plant in RC10 Scenario ..............48
Table 10. The Installed Capacity Expansion per Power Plant in RC15 Scenario ............54
Table 11. Electricity Generation Mix ............................................................................69
Table 12. Primary Energy Supply Mix ..........................................................................71

viii

List of Figures

Figure 1. Total Final Energy Consumption by Sector in 2018 ........................................ 7
Figure 2. Crude Oil Import Dependency Growth............................................................ 8
Figure 3. Gas Export Ratio Growth...............................................................................10
Figure 4. Electricity Production Mix in Indonesia Power Sector....................................12
Figure 5. Power Generation Installed Capacity Mix in Java-Bali System.......................13
Figure 6. Electricity Production Mix in Indonesia Power Sector....................................14
Figure 7. LEAP Model Structure ..................................................................................24
Figure 8 Load Shape in Java-Bali Power System (2019) ...............................................29
Figure 9. Load Duration Curve in Java-Bali Power System (2019)................................29
Figure 10. Installed Capacity Expansion in BAU Scenario (GW) ..................................35
Figure 11. Electricity Generation in BAU Scenario (TWh) ...........................................37
Figure 12. 2050 Primary Energy Supply Mix in BAU Scenario.....................................38
Figure 13. Investment Cost of BAU Scenario (Billion USD) .........................................38
Figure 14. Total Cost of Production in BAU Scenario (Billion USD) ............................39
Figure 15. CO2 Emissions in BAU Scenario (Million Metric Tonnes) ..........................40
Figure 16. Installed Capacity Expansion in RC5 Scenario (GW) ...................................41
Figure 17. Electricity Generation in RC5 Scenario (TWh) ............................................43
Figure 18. 2050 Primary Energy Supply Mix in RC5 Scenario ......................................44
Figure 19. Investment Cost of RC5 Scenario (Billion USD) ..........................................45
Figure 20. Total Cost of Production in RC5 Scenario (Billion USD) .............................46
Figure 21. CO2 Emissions Production in RC5 Scenario (Million Metric Tonnes) ..........46
Figure 22. Installed Capacity Expansion in RC10 Scenario (GW) .................................47
Figure 23. Electricity Generation in RC10 Scenario (TWh)...........................................50
Figure 24. 2050 Primary Energy Supply Mix in RC10 Scenario ....................................50
Figure 25. Investment Cost of RC10 Scenario (Billion USD) ........................................51
Figure 26. Total Cost of Production in RC10 Scenario (Billion USD) ...........................52
Figure 27. CO2 Emissions Production in RC10 Scenario (Million Metric Tonnes) ........52
ix

Figure 28. Installed Capacity Expansion in RC15 Scenario (GW) .................................53
Figure 29. Electricity Generation in RC15 Scenario (TWh)...........................................56
Figure 30. 2050 Primary Energy Supply Mix in RC15 Scenario ....................................56
Figure 31. Investment Cost of RC15 Scenario (Billion USD) ........................................57
Figure 32. Total Cost of Production in RC15 Scenario (Billion USD) ...........................58
Figure 33. CO2 Emissions Production in RC15 Scenario (Million Metric Tonnes) ........58
Figure 34. Total Installed Capacity by Scenarios (GW).................................................63
Figure 35. Total Investment Cost by Scenario (Billion USD) ........................................73
Figure 36. Total Cost of Production (Billion USD) .......................................................75
Figure 37. Total CO2 emissions by scenario (Million Metric Tonnes) ...........................77

x

Chapter 1
Introduction
1.1 Research Motivation
Energy is a crucial role in enabling economic growth in which tightly coupled with
energy availability and energy consumption (Stern, 2011). In many countries, energy
essentially affects the welfare and nation goals for economic development. The demand for
energy supply keeps increasing to support economic activities like industry and commerce,
and household needs. Moreover, not all nations are gifted with an abundance of energy
resources, and the energy demand will often surpass the supply in the future.
Electricity is one of the significant energy transformations that contribute to various
economic activities. As Burke, Stern & Bruns (2018) reported, the advancement of modern
manufacturing and services sectors is derived from electricity access. Electricity is one of
Indonesia's most massive energy consumptions, take second after petroleum fuel 1 and
predicted to increase by 6,45% on average in the next ten years2. In case of that, it will also
indicate the high probability of carbon emission problems from the power generation
sectors. Thus, the diversification strategy of energy resources with low-carbon oriented
could help prevent electricity supply deficiency without threatening the chance of
economic development and environmental sustainability.

1
2
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The utilization of renewable energy as an alternative for power generation has been
majorly opted by many countries. Renewable energy was chosen as a diversification energy
strategy and measure to fight the climate change issue caused by long-run fossil fuel
implementation. Indonesia is one of the countries that has committed to reducing the 29%
of its greenhouse gases (GHG) production by 2030, which equivalent to 314 million metric
tons of CO2 emission from its power sector as part of the Paris Agreement Nationally
Determined Contributions (NDCs)3.
Although Indonesia has abundant renewable energy resources, its penetration as
energy alternatives is not satisfying; the World Data Indicators reported for 1991 – 2015
the growth of renewable energy consumption shares on final energy consumption always
on the negative level. The report could indicate that Indonesia still has a high dependency
on fossil fuels, especially for electricity generations.
Coal power plants take most of Indonesia's electricity sector, reflecting upon the
Electricity Supply Basis Plan (Rencana Usaha Penyediaan Tenaga Listrik-RUPTL) for
2019 – 2028. The domination of coal as energy resources occurred due to its abundant
supply within the country. Indonesia is one of the world's top suppliers and other mature
technology of coal power plants. However, the government data showed that renewable
energy resources also have a tremendous amount of potential, about 443,2 GW, within
varied technologies from geothermal, hydro, solar, wind, bioenergy, and marine sources.
And in commitment to enhance energy diversification, the Indonesian government has set

3

Ministry of Environment and Forestry, 2016

2

a target of 23% and 31% share of total energy consumption supplied by renewable energy
in 2025 and 2050, respectively. The mandate came as National Energy Policy in 2014.
Bioenergy is a promising renewable energy resource that has an abundant potential
reserve for power generation. The government data recorded not less than 30 GW of energy
produced from the bioenergy potential in Indonesia. Official data recorded that until 2019,
bioenergy-based power plant installed capacity in Indonesia is 1,9 GW or only about 6%
of its potential resources. And thus, the achievement is quite far from the target of 5.5 GW
installed capacity by 20254.
The forestry industry and municipal solid waste have vast potential to supply power
generation with biomass as feedstock fuel. Recently in Indonesia, the co-firing biomass
system is under technical trial to be implemented at a coal-based power plant5. The effort
is acclaimed to be one of the government strategies to increase the renewable energy shares
upon the national target mandate.
The co-firing system chosen as the implementation required the least investment cost
and timing for Commercial on Date (COD). The new system plan to override the existing
coal-fired power plant established in the Java-Bali Power System. The Java – Bali power
system notably takes the most significant portion of the electricity demand in Indonesia.
The Java, Madura, and Bali Island, supplied by the network, take upon 59% of the
population in Indonesia and 74% of electricity demand in 2015 (Handayani, 2019). The
study will focus on the Java – Bali power system, reflecting more than half of the national
4
5
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electricity needs. Moreover, this also inclined as the coal-based power plant in which the
biomass co-firing future installation mostly located within Java-Bali Power System.
Hence, a study is required to analyze the long-term planning effect of the new option
of bioenergy implementation as fuel mix for the co-firing system within Java-Bali Power
System and the other renewable energy technology available within the system. The study
aims to provide some possible recommendations upon the plan of implementation to
increase bioenergy utilization for achieving government renewable energy targets.
The research and analysis will utilize the Low Emission Analysis Platform (LEAP),
model. LEAP model is one of the software tools used for energy modeling, which integrates
scenario development to provide complex energy system analysis. LEAP model can
conduct energy analysis for medium to long-term energy modeling. The tool was
completed with the ability to build an optimization model scenario. In which the software
interface is easy to use and well-structured yet comprehensive to help this study.

1.2 Research Questions
Based on the research motivation, thus, the study derived the research questions as
follows:
1.

What is the share of bioenergy in the long-term electricity planning for Java-Bali
Power System?

2.

What is the cost impact of bioenergy implementation in the long-term electricity
planning for Java-Bali Power System?

4

3.

How much of GHG emissions that can be reduced by the bioenergy implementation
in the long-term electricity planning for Java-Bali Power System?

1.3 Research Objective
The study investigates the long-term bioenergy utilization plan for electricity
generation in the Java-Bali Power System in Indonesia and evaluates the corresponding
implications. Thus, the study will emphasize and recommend the alternative planning
scenario and policy implication to achieve the national plan for renewable energy
utilization and co-firing biomass system with the least-cost option. The utilization will
reflect the share of biomass in the co-firing system power plant and, overall, the bioenergy
shares within the primary energy use mix. The study will also calculate the CO2 emissions
reduced by bioenergy utilization within the electricity system.

1.4 Thesis Structure
This study consists of six chapters. The first chapter gives an introduction that
elaborates the research motivation, research question, research objectives, and research
structure. The second chapter provides an overview of Indonesia's energy and power sector,
which included the current policies and bioenergy utilization.
Chapter three elaborates on a relevant literature review, including a brief
understanding of the energy model and its approach. The chapter also summarizes the
previous study with similar objectives and methodologies to the research and its findings.
The next chapter, Chapter 4, explains the methods applied by the review, which includes
the description of the LEAP model, the scenarios developed in line with the study's
5

objectives, the data required, and the assumption used to create the scenario.
The fifth chapter explains the result obtained from the run scenarios while also
providing further analysis for each developed scenario. Chapter 6 will be the last chapter,
which concludes the study with some policy recommendations, highlights the study's
limitations, and suggests further analysis.

6

Chapter 2
Research Background
2.1 Overview on Indonesia Energy Sector
Indonesia is the most populous country within the South East Asia region and the
fourth most populous country worldwide. It is the home for approximately 261 million of
its citizens, projected to increase by 319 million in 2045 (BPS, 2019). Indonesia's economic
growth steadily increase by about 5,4% for the last decade (World Data Indicators, 2019).
Figure 1. Total Final Energy Consumption by Sector in 2018
Other Sectors; 2%

Household; 16%

Transportation;
40%

Industry; 36%

Commerce; 6%

Source: NEC, 2019
The total primary energy supply in 2018 was 411,6 MTOE, in which around 64% or
261,4 MTOE of the production was exported (coal and LNG) with the inclusion of 43,2
7

MTOE imported crude oil and petroleum products to fulfill the domestic demand6. With
the exclusion of traditional biomass, the total final consumption in 2018 was around 114
MTOE, as reported by the Indonesia National Energy Council (Dewan Energy National –
DEN, 2019).
The oil and gas industry practically has a long history in Indonesia. At the highest
era of its exploration, Indonesia joined OPEC in 1962 and became one of the industry's
significant international players. Although in 2016, Indonesia opted to exit from the
membership due to the declining oil production7.
Figure 2. Crude Oil Import Dependency Growth

Source: MEMR, 2019
In the last decade, the MEMR reported that crude oil production had been in decline
from 346 million barrels in 2009 to 292 million barrels in 2017. The declining output
majorly causes by the mature oil production wells and the limited new reserves for
exploration. As reported by the Directorate General of Oil and Gas (DGOG) in 2017,
6
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Indonesia's remaining proven oil reserves reached 3,17 billion barrels and probably lasted
only for another ten years.

For the nation to meet the demand for oil refinery, the

government needs to import crude oil from other countries. Reportedly by the DEN,
Indonesia's oil import dependency is around 43% in 2017 (Figure 2). The high import
dependency has created a burden on the nation's expenditure budget in the long term, and
it needs alternative energy sources to avoid the possibility of energy availability issues in
the future.
As for gas production, the DEN recorded in 2018 reached 2,9 TSCF, which used to
fulfill the demand of power plant, city gas, and the industrial sector. Gas is also utilized as
an export commodity in Liquid Natural gas (LNG) and piped gas, with 1,2 million MMSCF
exported in 2018. According to the DGOG, as of January 2017, the conventional natural
gas reserves reached 142,72 TSCF, of which 100.36 TSCF was proven reserves and 42,36
TSCF was potential reserves8. The report assumed the natural gas average production is
2,9 TSCF per year, then the production to a reserve ratio of Indonesia's natural gas will last
only for another 49 years. Since 2017, gas production decrease by about 3%, but its
domestic demand keeps increasing by the year. From 2004 to 2017, the DGOG notes annual
average growth of the domestic market by 7%. Although the natural gas remaining reserves
currently exceeded the crude oil, it needs further analysis and study for its strategic
commercial value to fulfill the domestic energy demand in the future.

8
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One of the dominant fossil fuels that highly consume besides oil in Indonesia is coal.
In Indonesia, coal production predicts to keep increasing to fulfill the great demand for
domestic and overseas. The MEMR recorded that in 2018 the production of coal reached
up to 557 million tons, with 64% of it or about 357 million tons counted as export to India
and China. This high percentage of export established Indonesia as one of the biggest coal
exporters in the world besides Australia.
In the latest statistic report, Indonesia's coal has proven reserves reached 25,07
billion tons, with an annual average production of 616,1 million tons. The reserves predict
to last for 40 years. The production to reserves ratio did not include coal resources, which
reached 149 billion tons.
Figure 3. Gas Export Ratio Growth
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2.2 Overview on Indonesia Electricity Sector
Indonesia is the largest archipelagic country with five main islands and not less than
17.000 small islands within the area. In each of the main islands has a different power
system that distributed the electricity throughout the nation. Due to the geographic
constrain, each of the power systems not interconnected to each other.
The power system, named after each of the main islands in which the system locate
those are the region of Java, Bali, and Nusa Tenggara (Jamali) system, the region of
Sumatera, the region of Kalimantan, region of Sulawesi, and region of Maluku and Papua.
All of the systems operate by the only incumbent of a utility company that provides the
electricity supply nationally, owned by the government, PT. PLN (Persero) (red – PLN).
As of 2019, total national electricity consumption recorded around 245,16 TWh,
which increase about 4,65%9 from the year before. The latest statistics data shown in 2019
alone the electricity consumption per capita nationally is about 1,08 GWh. The largest share
of electricity consumption came from the household sector about 42,25% while the
Industry second in line with around 31,72%, followed by the Business sector with 19,10%
and Others 6,92%. Each of the sectors steadily increases for the last two decades on annual
average by 4,99%.
In Electricity Supply Basic Plan 2019 – 2028, PLN projection of the electricity
demand will reach 433 TWh by 2028 with the addition of new subscribers, about 16,9
million. To fulfill the demand, PLN planned to installed additional power generation with

9
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a total capacity of about 0,4 GW by 2028. Along with the planned, the renewable energy
share is predicted to reach about 7,1 GW in total by 2028 from various available technology.
As of 2019, the Directorate General of Electricity (DGE) reports in total, and there
are about 69,68 GW installed power plants nationwide. The capacity's significant share
came from the Coal-based power plant with 46,9%, followed by the Gas-based power plant
29,47%, Oil-based power plant 6,86%, Geothermal 3,06%, and other Renewable Energy
3,75%.
Similar to the installed capacity, electricity produced from coal fuel also dominant
in the fuel mix share. At least 61,5% of the electricity production by the Coal-based power
plant followed by the Gas-based power plant and Hydropower plant with 26,6% and 5,1%
respectively.
Figure 4. Electricity Production Mix in Indonesia Power Sector

Source: PLN, 2020

12

2.2.1 Java – Bali Power System
This electrical system extends along with Java and Bali islands, connected via
submarine cables within the two islands. It covers seven provinces located in both islands
include the national capital city, Jakarta Capital Special Region. The other provinces are
Banten, West Java, Central Java, Special Region of Yogyakarta, East Java, and Bali.
The Java-Bali power system is currently the most comprehensive as it covers the
nation's most populated area. In 2019, PLN recorded around 47,6 million customers from
Java, Bali, and Nusa Tenggara, making up around 67% of Indonesia's total electricity
subscribers. Within the region, PLN recorded in the last five years' growth of customers
averagely is around 4,7%.
Figure 5. Power Generation Installed Capacity Mix in Java-Bali System

Source: DGE, 2020
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Within the Java-Bali power system, there are around 43,1 GW total installed power
generation capacity as of 2019. Coal-based power plants are dominantly installed in the
system, and the Java-Bali power system has the most amount of coal-based power plants
installed nationally. There are about 24 units of Coal-based plants on Java island, which
plan to be added in the future. Accordingly, the installed capacity affects the leading
electricity producer, which came from the Coal-based power plant, with around 70%
produced electricity.
Figure 6. Electricity Production Mix in Indonesia Power Sector

Source: DGE, 2020
Although dominated by the use of coal and other fossil fuels, on the island of Java
and Bali, there is abundant potential for new and renewable energy resources. There are
approximately 80,22 GWe of renewable energy potential resources within the two islands,
as listed in Table 1.
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Table 1. Renewable Energy Potential Resources in Java Island and Bali Island (GWe)
Municipal
10

Hydro

Geothermal

11

11

Solar

11

Wind

11

Biomass

Solid

Total

Waste11
7,12

6,75

51,95

24,01

7,39

1,82

80,22

2.3 Indonesia Energy and Electricity Sector Policy
In terms of energy policy, the Indonesian government has set up several central
policies as the planning guide for each energy sector. The policies provide the direction of
achievement that is targeted by the end of the planning year. Thus, the target for energy
sector planning will be derived establishment of sub-regulation, which provides more
technical detail and year by year target. The National Energy Policy (NEP) establishes as
the overall guidance, which has become the main theme of national energy for its derivative
policies by prioritizing justice, sustainability, and environmental insight to create
independence and national energy security.
The General Energy Plan (GEP) is a derivative policy from NEP, which covers a
more specific plan for long-term energy planning and the national level energy
management plan, which elaborates the NEP and is cross-sectoral planning.
Concerning specific policy of electricity sector, the MEMR established the National
General Electricity Plan (NGEP), which covers for 20 years plan of the direction of the
national electricity policy, plans for the development of electricity supply systems,
conditions for electricity supply, and investment in electricity supply.
10
11

General Energy Plan
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MEMR also established another guideline with PLN projection as Electricity Supply
Business Plan. The policy covers ten years of PLN projection for the electricity sector
consists of demand projection and future power plan establishment, which review each year.
The policies targeted to achieve the national target of new and renewable energy
utilization with 23% by 2025 and 31% by 2050. The main direction of national strategies
for energy development is to maximize renewable energy utilization, decrease crude oil
use, optimize natural gas and renewable energy utilization, and use coal as the national
energy supply's backbone.

2.4 Bioenergy Development in Indonesia Power Sector
Located on the equator, geographically, Indonesia has abundant renewable energy
sources. One of the general provisions of NEP mentioned bioenergy as one of the
renewable energy resources. Indonesia is notably having abundant bioenergy potential
feedstocks with a large industry of agriculture and agroforestry. Bioenergy technology as
energy resources has many applications from household, industry, transportation, and
power generation. Through the study conducted by the MEMR in 2013, there are equivalent
of 32 GW potential energy resources from bioenergy. Based on the NEP, bioenergy
projects to contribute to power generation energy resources as much as 5,5 GW, with
current achievement recorded at 1,9 GW.
Biomass potential in Indonesia mostly comes from the waste of the industrial sector.
In Indonesia, one of the industrial sectors whose waste widely uses as a source of bioenergy
is the palm oil industry. It is inevitable since Indonesia is one of the top palm oil producers
16

in the world. However, the other potential resources also have immense opportunity to be
utilized, such as dedicated biomass plantation. Wood-based biomass is one of ample
bioenergy potential resources, but it is still not widely used for power plant fuel in Indonesia.
The wood-based biomass mostly uses as heat for cooking.
In Indonesia's power sector, bioenergy utilization as feedstock fuel is still
considered more expensive than other renewable energy technology. Since the feedstock
from bioenergy is not yet regulated, the low domestic market makes it hard to compete with
the existing fossil fuel power plant. Although some bioenergy-based power plant is already
established in other regions than Java Island, like in Sumatera or Kalimantan close to the
palm oil or pulp industry, the industry's waste is used for on-use electricity by the industry.
As of 2018, the government published a Presidential Decree No.35/2018 to
accelerate the development of Municipal Solid Waste (MSW) power plant in 12 cities in
Indonesia to increase bioenergy based on waste to energy and reduce the increasing
polemic of urban waste. In 2019, the MEMR and PLN started the technical trial of co-firing
biomass into an established Coal-based power plant and positively moving forward with
possible COD in late 2021.
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Chapter 3
Literature Review
3.1 Energy Models
Energy models represent the existing systems on a small scale, which perform
comprehensive calculations and system analysis of immensely complicated systems and
identify the unnoticed systems dynamics and market subtleties (Hiremath et al., 2005).
Classification of energy models by Hourcade et al. (1995) differentiates energy models
from three points, namely (a) model purposes, (b) model structure, and (c) model input
assumption. Moreover, a study by Grubb et al. (1993) categorized energy models in six
dimensions which including (a) top-down or bottom-up, (b) time horizon, (c) sector
coverage, (d) simulation or optimization techniques, (e) area of coverage, and (f) level of
aggregation. While referring to the study by Van Beeck (1999), there are three general
purposes of energy models:
1.

The forecasting model, which the energy models conditioned to predict future
possibility using the extrapolation and historical data trend which usually used for
short-term analysis.

2.

The scenario analysis model, in which the “top-down” or “bottom-up” approach uses
the scenario analysis to explore more future possibilities. This type of energy models
will compare the analysis result to the actual scenario reference.
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3.

The back-casting model is the objective to create a specific desired future by looking
back at the experienced and analyzed possible changes to achieve the desired future
condition.
The energy model approach is usually used by many studies divided into the bottom-

up model or top-down models, differentiated by their representation of the energy and
economic interactions. The bottom-up model is characterized as more detailed in the energy
resources technologies and demand parameter, while the top-down model is characterized
in detail of energy system effect, trade, and economic growth (Gargiulo & Gallachoir, 2013;
Pandey, 2002).
As energy becomes a vital commodity to economic development, policymakers need
to have insight into future energy planning. Formulation of an energy model will help the
government set proper allocation of various energy technology per the national target plan.
Energy models will allow the policymakers to analyze the different changes in the energy
system through simulation with a specific condition and examine the possible policy
implications (Gacitua et al., 2018). Also, optimization of energy models helps the user to
make the best feasible solution to predefined goals from a set of given alternatives and
imposed constraints (Hiremath et al., 2005).
Utilization of energy model for energy planning is to develop the best energy mix
with an optimized parameter such as costs, emissions, and fuel diversity addresses the
dimensions of economic feasibility, renewable energy penetration, reliability, and
environmental issues. (Thangavelu et al., 2015).
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3.2 Previous Studies
The utilization of renewable energy has been increasing globally, and many nations
have created a long-term plan for its penetration into their power system. Many studies
have conducted using the LEAP model analysis to analyze the long-term impact of
renewable energy penetration with various scenario analyses. This section will elaborate
on the previous study that connected to the objective of the current study.
Shin et al. (2005) examined the effect of Land Fill Gas (LFG) electricity generation
on the energy market, electricity production cost, and the GHG emissions in Korea by using
the LEAP model with base year on 2000 end of projection year in 2015. The study uses
three scenarios that include two alternative scenarios with different technical conditions for
each scenario. The study constrains its scenario with a different maximum capacity for the
LFG utilization than the other power plants, namely gas engine, gas turbine, and steam gas.
The simulation noted that there would be an increase in the electricity output when
technical improvement occurred for the LFG power plant at maximum utilization potential.
The LFG power plant will substitute the other available power plant. Concerning the cost,
utilization of LFG power plant was found to be cost-saving. Simultaneously, the CO2
emissions were reduced by a maximum of 75% compared to the reference scenario.
Wijaya et al. (2009) examined geothermal energy utilization as a future electricity
supply in Java-Bali Power System using the LEAP model from 2006 to 2025. The study
defined three different scenarios, differentiated by geothermal power plants' capacity
addition in each scenario. The study aims to find the total installed capacity, CO2 emissions
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reduction, and Net Present Value, including external cost. The study found that the
geothermal power plant installation will decrease CO2 emissions production. Although it
is also found that the generation costs by including the external costs will be more
expensive than the reference scenario.
Griffin et al. (2014) analyzed the potential biomass co-firing with coal in Malaysia
as an alternative solution to achieve the government target of electricity capacity expansion.
The study provides an analysis of total potential resources along with the location of
biomass sources. The study found that co-firing biomass with coal can minimize coal-fired
power plants' coast and achieve GHG emission reduction.
Kemausour et al. (2015) analyzed the impact of bioenergy implementation in three
sectors, transportation, electricity, and residential, on Ghana's energy system using the
LEAP model. The study will use three different scenarios to conduct the analysis, divided
into the reference scenario and two bioenergy scenarios. The two bioenergy scenarios
differentiate by the penetration level of bioenergy in each sector, namely moderate
bioenergy and high bioenergy scenarios. The study considers the demand analysis and
GHG emissions reduction analysis as the main focus of the study. The study found an
increase in bioenergy utilization in the electricity sector for both scenarios and the biofuel
demand in the transportation sector. The residential sector found that the implementation
of biogas cooking stoves could provide a sizeable safe portion of wood fuel.
Handayani et al. (2019) analyzed the impact of renewable energy implementation
and technological learning for the power plant capacity expansion in the Java-Bali Power
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System from 2016 to 2050 by using the LEAP model. The analysis found that applying the
medium and high technology learning rates in the scenarios will lower the total production
cost compared to the other scenario without technological learning. The scenario also found
that the renewable energy target's fulfillment will decrease CO2 emissions by
approximately 25%.
Most previous studies about electricity planning in Indonesia use the Java-Bali
Power System case study since this power system represents a significant share of
electricity consumption in Indonesia. The Java-Bali power system is located in the
country's most populous area, with about 70% of electricity demand in Indonesia. In the
previous studies, renewable energy planning also has been analyzed mainly for geothermal,
which conducted comprehensively in one study. Some studies also explored all types of
renewable energy technology for electricity planning analysis. However, those studies yet
to include the biomass co-firing system in their chosen technology for analysis and
bioenergy technology did not differentiate by using feedstock options such as wood
biomass or municipal solid waste (MSW). Therefore, this study would be adding to those
previous studies by analyzing the long-term plan of bioenergy utilization for electricity
generation in the Java-Bali Power System in Indonesia and evaluates the corresponding
implications. The study then will emphasize and recommend the alternative planning
scenario and policy implication to achieve the national plan for renewable energy
utilization and co-firing biomass system with the least-cost option.
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Chapter 4
Methodology
4.1 LEAP Model
LEAP or Low Emission Analysis Platform, previously called Long-range Energy
Alternative Planning, is a tool used to create models of the different energy systems with
unique data requirements and structures for each of the models. Based on Heaps (2020),
LEAP provides its user with a range of accounting, simulation, and optimization
methodologies compatible and flexible for modeling the electricity sector generation and
the power generation capacity expansion. At the recently updated version of the software,
LEAP could support the optimization model, which allows the development of the leastcost model of power system capacity expansion, and dispatch included the various potential
constraints12. As the LEAP central concept scenario-based analysis, the scenario could be
created comprehensively about energy consumption, transformation, and production by
region or any economic assumptions for alternative planning (Wijaya, 2009). Figure.7
shows the LEAP model structure.

12

https://leap.sei.org/
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Figure 7. LEAP Model Structure
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4.2 Scenario Development and Data Requirement
The study is carried out by the developed simulation model using the LEAP model
with four main scenarios and several child scenarios within—the scenario developed with
the base year 2019 and the end year target in 2050. The specified main scenarios simulate
by the study are Business-as-Usual scenario (BAU), Renewable and 5% Co-firing scenario
(RC5), Renewable and 10% Co-firing scenario (RC10), and Renewable and 15% Co-firing
scenario (RC15). All the scenarios were run and analyzed with the optimization model in
LEAP in order to find the impacts of co-firing implementation together with other
renewable energy technology.
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4.2.1 The Current Accounts in LEAP Model
The current accounts in the LEAP model specify the current condition or Base Year
condition, which the parameters define before the other scenarios. In this study, current
accounts provide the Java and Bali Island details in terms of demographic data, electricity
consumption, losses of transmission and distribution, reserve margin, load curve, installed
capacity of the power plant, and techno economy data. Included in the resources data are
the reserves of fossil fuel and potential resources of renewable energy.
Java and Bali Islands are the most populated region in Indonesia. It is also where the
nation's capital city, which also the center of economic activity, locates on Java Island. The
same goes for Bali Island, which is globally famous for its tourism. Based on released data
projection from Indonesia Statistic Agency with annual population growth at 1,19%, there
are approximately about 155,3 million people live in Java and Bali Island. Accordingly,
the total household estimated at 41,57 million households.
The electricity consumption divides into four categories of subscribers: Households,
Industrial, Business and Commerce, and Public. In 2019, PLN recorded total consumption
within the Java-Bali Power System reached 173,59 TWh, which is about 70% of total
national electricity consumption. The industrial sector holds a significant share with a total
consumption of 67,23 TWh from 25,698 million subscribers in that sector alone.
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Table 2. Electricity Consumption and Subscribers for Java and Bali Island in 201913
Electricity Consumption

Total Subscriber

(GWh)

(Thousand)

Household

64.963,35

41.038,70

Business and Commerce

67.229,65

25.698,46

Industry

31.135,04

19.558,27

Public

10,263,9

6.471,73

173.591, 95

92.767,17

Sector

Total

Following the demand projection, the transformation branch in LEAP is where the
energy converting details provide. The transformation and distribution losses, reserve
margin, discount rate, and power generation data for Base Year include. For the power
generation section, the data included a list of the power plant type, currently installed
capacity, efficiency, historical production, capacity factor, merit orders, lifetime, capital
cost, fixed and variable operation, and maintenance cost. Based on the PLN latest data, the
losses of transmission and distribution for Base Year set at 8,41% while reserve margin
refers to National General Electricity Plan 2019-2038 set at 35% and the annual discount
rate is 12%. Power generation techno-economic data listed in Table 3 below.

13

PLN Statistics 2019

26

Table 3. Power Generation Techno Economic Data
Variable OM

Fixed OM

Credit

Availability

(Million

Cost

Cost

(%)15

(%)14

USD/MW)14

(USD/MWh)14

(USD/MW)14

33

51

41

2

2.4

23.000

50

33

58

46

2.6

0,08

24.000

30

35,5

100

8015

1.4

0,8

35.600

25

34,8

100

17

0,70

1,2

33.200

25

40,9

100

64

0,77

2,9

65.500

25

56,6

100

8015

0,75

1,2

34.000

Plant

(years)14

(%)14

50

Hydro
Coal Fired
Gas
Turbine
Gas Engine
Combined
Cycle

16

Capital Cost

Efficiency

Mini-

15

Maximum

Lifetime

Hydro

14

Capacity

Power

Directorate General of Electricity, 2020
(Handayani et al., 2019)
PT. PLN (Persero), 2020
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Fuel Cost
(USD)

55,53 USD/ton16
8,37
USD/MMBTU16
8,37
USD/MMBTU16
8,37
USD/MMBTU16

Capacity

Maximum

Capital Cost

Variable OM

Fixed OM

Credit

Availability

(Million

Cost

Cost

(%)15

(%)14

USD/MW)14

(USD/MWh)14

(USD/MW)14

34

100

57

0,8

6,4

46.000

50

33

100

80

3,5

1

27.600

25

25

22

18

0,83

0,416

13.000

30

35

100

80

2,5

1.1

23.800

28

25

35

28

2,2

0.8

55.600

30

30

100

80

1,7

2.4

43.100

77,56 USD/ton17

30

42,7

100

8015

1,6

4,518

40.58018

55,53 USD/ton16

Power

Lifetime

Efficiency

Plant

(years)14

(%)14

Diesel

30

Geothermal
Solar
Biomass
MSW
Wind
Biomass
Non-MSW

Fuel Cost
(USD)
0,73
USD/Liter16

37,276
USD/ton17

UltraSupercritic
al Coal

17
18

Directorate General of NRECC, 2020
US Energy Information Administration, 2020
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The LEAP simulation required the yearly load-shape that describes the hourly load
data of electricity consumption from the Java-Bali Power System. Thus, for 2019 the shape
is shown in Figure 8 and Figure 9. The study assumes the load shape trends will be the
same until the end of the targeted year.
Figure 8 Load Shape in Java-Bali Power System (2019)

Source: Directorate General of Electricity (2020)
Figure 9. Load Duration Curve in Java-Bali Power System (2019)
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Source: Directorate General of Electricity (2020)
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Typically, the decreasing time on the shape is during the mass national holiday that
occurred after the "Ramadhan" period. At that time, most urban and industrial areas were
put on hold for about a week-long to celebrate "Eid al-Fitr" in their hometown. At the
"Ramadhan" period, the working hour also adjusted from initially about 8-9 hours per day
to only 7 hours with overnight culture's rarity.
In LEAP, the resources branch specified the detail of feedstock fuels used by the
transformation branch. It divides into primary and secondary resources, which the second
means for the primary resources' by-product. In this branch, the fuel cost input is the
indigenous cost for all types of fuel. In the case of fossil fuel resources, it requires inputting
the remaining reserves as of the Base Year, as presented in Table 4, while the potential of
renewable energy resources is included in Table 5.
Table 4. Reserves of Fossil Fuels by 201919
Coal

Oil

Natural Gas

(Million Metric Tonne)

(Billion Barrel)

(Billion Cubic Feet)

37.604,66

7,51

135,55

Table 5. Renewable Energy Potential Resources in Java Island and Bali Island (GWe)
Municipal
20

Hydro

Geothermal

20

21

Solar

20

Wind

20

Biomass

Solid

Total

Waste20
7,12

19
20
21

6,75

51,95

24,01

7,39

Handbook of Energy and Economic Statistics of Indonesia 2019 edition
General Energy Plan
Ministry of Energy and Mineral Resources, 2019

30

1,82

80,22

4.2.2 Business-as-Usual Scenario
Business-as-Usual scenario inherited the current data trends from the current account
and provided the simulation's continuity of such condition. This scenario run with
optimization without the renewable energy penetration target in the Java-Bali Power
System except for the setting of transmission and distribution losses percentage target that
refers to the General Energy Plan at 3,47% at the end of the target year. The result of this
simulation will be the basis comparison for the other scenario.
The projection of demand growth of electricity for each sector is based on the
Electricity Supply Business Plan's assumption through 2019 to 2028, in which the annual
average set to increase about 5,62%. The projection from 2029 to 2040, the yearly average
of demand projection uses the Indonesia Energy Outlook, which is set at about 5,6%. For
the rest planning period, the demand growth refers to the National Energy Council's
estimation, which is set to 4,3% from 2041 to 2050.

4.2.3 Renewable and 5% Co-firing Scenario
The Renewable and 5% Co-firing scenario is a scenario with Business-as-Usual
inherited data and parameters. However, this scenario included the target of renewable
energy penetration within the system with 23% by 2025 and 31% by 2050. In this scenario,
the 5% mix of biomass includes in both coal-based power plants.
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4.2.4 Renewable and 10% Co-firing Scenario
The Renewable and 10% Co-firing scenario is similar to the previous scenario, which
inherited the data and parameters from Business-as-Usual. Moreover, including the
renewable energy penetration target within the system with 23% by 2025 and 31% by 2050.
In this scenario, the 10% mix of biomass includes in both coal-based power plants.

4.2.5 Renewable and 15% Co-firing Scenario
The Renewable and 15% Co-firing scenario is set up with inherited data from the
business-as-Usual and biomass mix for a co-firing system at 15% for both the coal-based
power plant. This scenario also included the target of renewable energy penetration within
the system with 23% by 2025 and 31% by 2050.
However, there is a different set up for the cost required for this scenario. The
IRENA (2012) report that over 10% of the coal-based power plant's biomass mix required
additional retrofit cost around 0,4 million USD/MW and fixed cost of operation and
maintenance value around 2,5% of total capital cost.
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Table 6. Summary of Scenarios
Business-as-Usual

Renewable & 5% Co-firing

Renewable & 10% Co-firing

Renewable & 15% Co-firing

(BAU)

(RC5)

(RC10)

(RC15)

Definitions

The continuity scenario of The 5 percent fuel mix The 10 percent fuel mix The 15 percent fuel mix
current condition in Java-Bali scenario of biomass co- scenario of biomass co-firing scenario of biomass co-firing
Power Systems. The scenario firing system in the Coal- system in the Coal-based system in the Coal-based
used as base of comparison for based Power Plant.

Power Plant.

Power Plant.

the other developed scenarios.
The

scenario

implement

the

did

not The scenario implement the The scenario implement the The scenario implement the

renewable 5 percent biomass fuel mix 10 percent biomass fuel mix 10 percent biomass fuel mix

energy penetration target and in the Coal-based Power in the Coal-based Power Plant in the Coal-based Power Plant
Conditions

any mixed fuel for the biomass Plant and renewable energy and
co-firing systems.
This

scenario

optimization model.

renewable

energy and

renewable

energy

penetration target with 23% penetration target with 23% penetration target with 23%
run

in by 2025 and 31% by 2050.
This

scenario

run

optimization model.

by 2025 and 31% by 2050.

in This

scenario

optimization model.

run

by 2025 and 31% by 2050.
in Additional retrofit cost and
fixed O&M cost applied in
this scenario.
This

scenario

optimization model.
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Chapter 5
Result and Discussion
5.1 Result Analysis
This part of the thesis will explain and summarize the result from simulating each
scenario in the following order: the total capacity expansion of power generation, the total
electricity generation, total investment cost, total production cost, and CO2 emissions.
The electricity projection demand that all scenario analyzes remains the same due to
the different data demand used by all the scenarios. The electricity demand projection
calculates that by the end of the year target of 2050 total population from all sectors will
reach around 890,1 TWh from 199,3 TWh in the base year 2019.

5.1.1 Business-as-Usual Scenario
The total capacity installed expansion of power plant for Base Year (2019) noted at
47,17 GW and increases to 197,07 GW by the year of 2050, as shown in Figure 10. From
a total of 13 listed power plants used in the simulation, only 11 technology installations
meet the Java-Bali Power System's demand. The capacity expansion dominates by the Gasbased power plant, which is the Combined Cycle power plant. The full list of installed
capacity expansion present in Table 7.
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Figure 10. Installed Capacity Expansion in BAU Scenario (GW)
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From the Base Year result, the Bioenergy-based power plant share increased to 1,73%
while the Gas-based power plant takes a significant share with 41%, with majority came
from Combine Cycle power plant. The Combined Cycle power plant installed capacity in
2050 reaches 68,5 GW, followed by the Solar power plant as the second-largest installed
capacity with 46,7 GW. The Coal-based power plant's total capacity installed is 47,8 GW,
with the majority capacity come from the USC power plant. The Bioenergy-based power
plant's total installed capacity is 3,4 GW while the rest of other Renewable Energy-based
power plants, including Hydro-based power plant, sum up to 18,3 GW.
Table 7. The Installed Capacity Expansion per Power Plant in BAU Scenario
Power Plant

Base Year (GW)

2050 (GW)

Large Hydro

2,648

4,031

Minihydro

0,130

0,780

Coal Fired

20,717

19,404
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Power Plant

Base Year (GW)

2050 (GW)

Gas Turbine

2,144

12,286

Gas Engine

0,203

-

Combined Cycle

9,488

68,522

Diesel

0,202

-

Geothermal

1,254

6,748

Solar

0,002

46,755

Biomass MSW

0,016

1,134

Wind

-

6,701

Biomass Non-MSW

-

2,277

USC

-

28,235

36,803

197,072

Total

In this scenario, the total electricity generated increases from 199,3 TWh to around
890,1 TWh, in which the same result will happen for the other scenario as the demand
projection remained the same. As illustrated in Figure 11, in the year 2050, the fossil fuel
power plant covers about 82,12% of electricity production, decreasing from 90,48% in the
base year. The Coal-based power plant electricity production decreases significantly from
69,20% in the base year to 37,35% in 2050. The electricity production doubles up from
20,77% to 44,77% by 2050 for the gas-based power plant—meanwhile the Diesel power
plant decrease from 0,5% to 0% in 2050. Bioenergy-based power plant contributes 0,3%
of total electricity produced or around 2,64 TWh, increasing from 0,06% in the base year.
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The other Renewable Energy-based power plant produced around 156,5 TWh or around
17,58%, which increases from the base year with only 9,46%. This result also reflects the
primary energy supply mix in 2050, in which fossil fuel share reach 75,67% from the total
feedstock, which decreases from 89,05% in the base year. Meanwhile, the renewable
energy primary supply increases to 24,33% from only 10,88% in the base year, as shown
in Figure 12.
Figure 11. Electricity Generation in BAU Scenario (TWh)
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Figure 12. 2050 Primary Energy Supply Mix in BAU Scenario

The cost of power generation capacity expansion considers as the investment cost
within the simulation. The investment cost for the Business-as-Usual scenario shown in
Figure 13 and the run simulation resulted in the cumulative investment by 2050 to reach
215,74 billion USD. The investment cost in this scenario mostly comes from installing the
Combined Cycle power plant and the USC power plant to the system.
Figure 13. Investment Cost of BAU Scenario (Billion USD)
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Following the increases in the demand projection, the total cost projection also
increases, shown in Figure 14, and the cumulative total production cost for this scenario by
2050 would reach 1.085,58 billion USD. The annual average of Levelized Cost of
Electricity (LCOE) of total power generation in this scenario is calculated based on the
total production cost divided by the total electricity production. For the Business-as-Usual
scenario, the annual average of LCOE of total power generation would approximately
67,05 USD/MWh.
By the end of the Business-as-Usual scenario's planning period, the total CO2
emissions released would reach 7.768,01 million metric tonnes, shown in Figure 15.
Figure 14. Total Cost of Production in BAU Scenario (Billion USD)
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Figure 15. CO2 Emissions in BAU Scenario (Million Metric Tonnes)

5.1.2 Renewable and 5% Co-firing Scenario
This scenario used the same data and assumption from the Business-as-Usual
scenario to run the simulation. This scenario also notedly uses the same demand projection
as Business-as-Usual. However, in this scenario, 5% of biomass fuel mix added to Coalbased power plant.
In the optimization plan, this scenario set the target of renewable energy penetration
as 23% by 2025 and 31% by 2050 with the same Base Year result of total capacity
expansion in this scenario reaches 256,72 GW as illustrated in Figure 16. From 13 types of
power plant technology installed in the Base Year, there are only 11 types of power plants
installed by the end of the target year, listed in Table 8.
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Figure 16. Installed Capacity Expansion in RC5 Scenario (GW)

From the Base Year result, the Bioenergy-based power plant share increases to about
3,35% while the Gas-based power plant and Coal-based power plant take significantly
share with 32,50% and 31,42%, respectively. The Combined Cycle power plant installed
capacity in 2050 reaches 74,3 GW, followed by the USC power plant as the second-largest
installed capacity with 61,2 GW. In this scenario, the Bioenergy-based power plant's total
installed capacity is 8,6 GW while the rest of other Renewable Energy-based power plants,
including Hydro-based power plant, sum up to around 84 GW.
Table 8. The Installed Capacity Expansion per Power Plant in RC5 Scenario
Power Plant

Base Year (GW)

2050 (GW)

Large Hydro

2,648

4,031

Minihydro

0,130

2,365

Coal Fired

20,717

19,404

Gas Turbine

2,144

9,097
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Power Plant

Base Year (GW)

2050 (GW)

Gas Engine

0,203

-

Combined Cycle

9,488

74,326

Diesel

0,202

-

Geothermal

1,254

6,748

Solar

0,002

46,755

Biomass MSW

0,016

1,134

Wind

-

24,137

Biomass Non-MSW

-

7,468

USC

-

61,251

36,803

256,716

Total

In this scenario, the total electricity generated increases from 199,3 TWh to around
890,1 TWh, in which the same result will happen for the other scenarios as the demand
projection remained the same. As illustrated in Figure 17, in the year 2050, the fossil fuel
power plant covers about 69% of electricity production, which is a decrease from over
90,48% in the base year; this result will be the same for the other co-firing scenarios as the
target of renewable energy requires to achieve 31% of total electricity production. The
Coal-based power plant electricity production slightly decreases from 69,20% in the base
year to 62,93% in 2050. The electricity production a little bit increases from 20,77% to
22,85% by 2050 for the gas-based power plant—meanwhile the Diesel power plant
decrease from 0,5% to 0% in 2050. Bioenergy-based power plant contributes 5,82% of total
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electricity produced or around 51,8 TWh, increasing from 0,06% in the base year. The other
Renewable Energy-based power plant produced around 205,6 TWh or around 23,10%,
which increases from the base year with only 9,46%. Since this scenario applied a 5%
biomass fuel mix for the co-firing system on all the Coal-based power plants, the scenario
calculated portion of total electricity produced by the Coal-based power plant comes from
the biomass mixture 18,5 TWh.
The result of renewable penetration and biomass co-firing system also reflects the
primary energy supply mix in 2050, in which fossil fuel share reach 65,27% from the total
feedstock, which significantly decreases from 89,05% in the base year. The renewable
energy primary supply also increases to 34,73% from only 10,88% in the base year.
Meanwhile, specifically for biomass utilization increases from 0% in the base year to 3,25%
in 2050, as shown in Figure 18.
Figure 17. Electricity Generation in RC5 Scenario (TWh)
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Figure 18. 2050 Primary Energy Supply Mix in RC5 Scenario

The cost of capacity expansion in the simulation considers as the investment cost.
Due to the renewable energy penetration target into the system, although the scenario runs
in optimization for the least-cost option, more investment cost is applied to installing the
Renewable Energy-based power plants to achieve the target. Meanwhile, the new biomass
co-firing system's implementation follows the coal-based power plant's investment cost in
which the system applies. The investment cost for the Renewable and 5% Co-firing
scenario shown in Figure 19, and the run simulation resulted in the cumulative investment
by the end of year target would reach 321,58 billion USD.
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Figure 19. Investment Cost of RC5 Scenario (Billion USD)

Following the increases in the demand projection, the total cost projection also
increases, shown in Figure 20, and the cumulative total production cost for this scenario by
2050 would reach 1.116,05 billion USD. The case of increases cost has the same reason as
the increases in investment cost due to the more installed Renewable Energy-based into the
system to achieve its target. Meanwhile, the biomass co-firing system implementation's
production cost includes the Coal-based power plant cost. The annual average of Levelized
Cost of Electricity (LCOE) of total power generation in this scenario is calculated based on
the total production cost divided by the total electricity production. For the Renewable and
5% Co-firing scenario, the annual average of LCOE of total power generation would
approximately 68,46 USD/MWh.
By the end of the planning period of the Renewable and 5% Co-firing scenario, the
total CO2 emissions released would reach 6.466,60 million metric tonnes, which show in
Figure 21.
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Figure 20. Total Cost of Production in RC5 Scenario (Billion USD)

Figure 21. CO2 Emissions Production in RC5 Scenario (Million Metric Tonnes)
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5.1.3 Renewable and 10% Co-firing Scenario
This scenario used the same data and assumption from the Business-as-Usual
scenario to run the simulation. This scenario also notedly uses the same demand projection
as Business-as-Usual. However, in this scenario, 10% of the biomass fuel mix added to a
Coal-based power plant.
In the optimization plan, this scenario set the target of renewable energy penetration
as 23% by 2025 and 31% by 2050 with the same Base Year result of total capacity
expansion in this scenario reach 209,5 GW as illustrated in Figure 22. From 13 types of
power plant technology installed in the Base Year, there are only 11 types of power plants
installed by the end of the target year, listed in Table 9.
Figure 22. Installed Capacity Expansion in RC10 Scenario (GW)

From the Base Year result, the Bioenergy-based power plant share increases to about
4,10% while the Gas-based power plant takes a significant share with 36,67%. In this
scenario, the Coal-based installed capacity share only 19,13% of the total installed capacity.
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The Combined Cycle power plant installed capacity in 2050 reaches 67,3 GW, followed
by the Solar power plant as the second-largest installed capacity with 46,7 GW. In this
scenario, the Bioenergy-based power plant's total installed capacity is 8,5 GW while the
rest of other Renewable Energy-based power plants, except the Solar power plant, sum up
to around 37,7 GW.
Table 9. The Installed Capacity Expansion per Power Plant in RC10 Scenario
Power Plant

Base Year (GW)

2050 (GW)

Large Hydro

2,648

4,031

Minihydro

0,130

2,795

Coal Fired

20,717

19,404

Gas Turbine

2,144

9,222

Gas Engine

0,203

-

Combined Cycle

9,488

67,321

Diesel

0,202

-

Geothermal

1,254

6,748

Solar

0,002

46,755

Biomass MSW

0,016

1,134

Wind

-

24,137

Biomass Non-MSW

-

7,417

USC

-

20,537

36,803

209,510

Total
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In this scenario, the total electricity generated increases from 199,3 TWh to around
890,1 TWh by the end of the target year. As illustrated in Figure 23, in the year 2050, the
fossil fuel power plant covers about 69% of electricity production, which is a decrease from
over 90,48% in the base year; this result will be the same for the other co-firing scenarios
as the target of renewable energy requires to achieve 31% of total electricity production.
The Coal-based power plant electricity production significantly decreases from 69,20% in
the base year to 31,13% in 2050. The electricity production increases from 20,77% to 39,94%
by 2050 for the gas-based power plant, making it the majority from the share—meanwhile
the Diesel power plant decreases from 0,5% to 0% in 2050. Bioenergy-based power plant
contributes 5,82% of total electricity produced or around 51,8 TWh, increasing from 0,06%
in the base year. The other Renewable Energy-based power plant produced around 205,6
TWh or around 23,10%, which increases from the base year with only 9,46%. Since this
scenario applied a 10% biomass fuel mix for the co-firing system on all the Coal-based
power plants, the scenario calculated portion of total electricity produced by the Coal-based
power plant comes from the biomass mixture 18,5 TWh.
The result of renewable penetration and biomass co-firing system also reflects the
primary energy supply mix in 2050, in which fossil fuel share reach 65,05% from the total
feedstock, which significantly decreases from 89,05% in the base year. The renewable
energy primary supply also increases to 34,95% from only 10,88% in the base year.
Meanwhile, specifically for biomass utilization increases from 0% in the base year to 3,27%
in 2050, as shown in Figure 24.
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Figure 23. Electricity Generation in RC10 Scenario (TWh)

Figure 24. 2050 Primary Energy Supply Mix in RC10 Scenario

The cost of capacity expansion in the simulation considers as the investment cost.
Due to the renewable energy penetration target into the system, although the scenario runs
in optimization for the least-cost option, more investment cost is applied to installing the
Renewable Energy-based power plants to achieve the target. Meanwhile, the new biomass
co-firing system's implementation follows the coal-based power plant's investment cost in
which the system applies. The investment cost for the Renewable and 10% Co-firing
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scenario shown in Figure 25, and the run simulation resulted in the cumulative investment
by the end of year target would reach 251,27 billion USD.
Figure 25. Investment Cost of RC10 Scenario (Billion USD)

Following the increases in the demand projection, the total cost projection also
increases, shown in Figure 26, and the cumulative total production cost for this scenario by
2050 would reach 1.104,48 billion USD. The case of increases cost has the same reason as
the increases in investment cost due to the more installed Renewable Energy-based into the
system to achieve its target. Meanwhile, the biomass co-firing system implementation's
production cost includes the Coal-based power plant cost. The annual average of Levelized
Cost of Electricity (LCOE) of total power generation in this scenario is calculated based on
the total production cost divided by the total electricity production. For the Renewable and
10% Co-firing scenario, the annual average of LCOE of total power generation would
approximately 67,98 USD/MWh.
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By the end of the planning period of the Renewable and 10% Co-firing scenario, the
total CO2 emissions released would reach 6.736,20 million metric tonnes, which show in
Figure 27.
Figure 26. Total Cost of Production in RC10 Scenario (Billion USD)

Figure 27. CO2 Emissions Production in RC10 Scenario (Million Metric Tonnes)

52

5.1.4 Renewable and 15% Co-firing Scenario
This scenario used the same data and assumption from the Business-as-Usual
scenario to run the simulation. This scenario also notedly uses the same demand projection
as Business-as-Usual. However, 15% of the biomass fuel mix adds to the coal-based power
plant, which causes a change in cost structure due to the higher biomass mix in the system.
In the optimization plan, this scenario set the target of renewable energy penetration
as 23% by 2025 and 31% by 2050, with the same Base Year result of total capacity
expansion in this scenario reaches 207,773 GW as illustrated in Figure 28. From 13 types
of power plant technology installed in the Base Year, there are only 11 types of power
plants used by the end of the target year, listed in Table 10.
Figure 28. Installed Capacity Expansion in RC15 Scenario (GW)

The bioenergy-based power plant share increases to about 3,57% from the Base Year
result, while the Gas-based power plant takes a significant share with 40,15%. In this
scenario, the Coal-based installed capacity share only 16,25% of the total installed capacity.
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The Combined Cycle power plant installed capacity in 2050 reaches 71,1 GW, followed
by the Solar power plant as the second-largest installed capacity with 46,7 GW. The
Bioenergy-based power plant's total installed capacity is 8,5 GW while the rest of other
Renewable Energy-based power plants, except the Solar power plant, sum up to around
35,3 GW.
Table 10. The Installed Capacity Expansion per Power Plant in RC15 Scenario
Power Plant

Base Year (GW)

2050 (GW)

Large Hydro

2,648

4,031

Minihydro

0,130

2,365

Coal Fired

20,717

19,404

Gas Turbine

2,144

12,276

Gas Engine

0,203

-

Combined Cycle

9,488

71,141

Diesel

0,202

-

Geothermal

1,254

6,748

Solar

0,002

46,755

Biomass MSW

0,016

1,134

Wind

-

22,139

Biomass Non-MSW

-

7,417

USC

-

14,362

36,803

207,773

Total
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In this scenario, the total electricity generated increases from 199,3 TWh to around
890,1 TWh by the end of the target year. As illustrated in Figure 29, in the year 2050, the
fossil fuel power plant covers about 69% of electricity production, which is a decrease from
over 90,48% in the base year; this result will be the same for the other co-firing scenarios
as the target of renewable energy requires to achieve 31% of total electricity production.
The Coal-based power plant electricity production significantly decreases from 69,20% in
the base year to 26,27% in 2050. The electricity production doubles up from 20,77% to
45,35% by 2050 for the gas-based power plant which makes it the majority from the
share—meanwhile the Diesel power plant decreases from 0,5% to 0% in 2050. Bioenergybased power plant contributes 5,82% of total electricity produced or around 51,8 TWh,
increasing from 0,06% in the base year. The other Renewable Energy-based power plant
produced around 200,7 TWh or around 22,55%, which increases from the base year with
only 9,46%. Since this scenario applied a 15% biomass fuel mix for the co-firing system
on all the Coal-based power plants, the scenario calculated portion of total electricity
produced by the Coal-based power plant comes from the biomass mixture 23,385 TWh.
The result of renewable penetration and biomass co-firing system also reflects the
primary energy supply mix in 2050, in which fossil fuel share reach 65,58% from the total
feedstock, which significantly decreases from 89,05% in the base year. The renewable
energy primary supply also increases to 34,42% from only 10,88% in the base year.
Meanwhile, specifically for biomass utilization increases from 0% in the base year to 3,22%
in 2050, as shown in Figure 30.
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Figure 29. Electricity Generation in RC15 Scenario (TWh)

Figure 30. 2050 Primary Energy Supply Mix in RC15 Scenario

The cost of capacity expansion in the simulation considers as the investment cost.
Due to the renewable energy penetration target into the system, although the scenario runs
in optimization for the least-cost option, more investment cost is applied to installing the
Renewable Energy-based power plants to achieve the target. Meanwhile, the new biomass
co-firing system's implementation follows the coal-based power plant's investment cost in
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which the system applies. The investment cost for the Renewable and 15% Co-firing
scenario shown in Figure 31, and the run simulation resulted in the cumulative investment
by the end of year target would reach 255,403 billion USD.
Figure 31. Investment Cost of RC15 Scenario (Billion USD)

Following the increases in the demand projection, the total cost projection also
increases, shown in Figure 32, and the cumulative total production cost for this scenario by
2050 would reach 1.115,59 billion USD. The case of increases cost has the same reason as
the increases in investment cost due to the more installed Renewable Energy-based into the
system to achieve its target. Meanwhile, the biomass co-firing system implementation's
production cost includes the Coal-based power plant cost. The annual average of Levelized
Cost of Electricity (LCOE) is calculated based on the total production cost divided by the
total electricity production. For the Renewable and 15% Co-firing scenario, the annual
average of LCOE would approximately 68,60 USD/MWh.
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By the end of the planning period of the Renewable and 15% Co-firing scenario, the
total CO2 emissions released would reach 6.964,61 million metric tonnes, which shows in
Figure 33.
Figure 32. Total Cost of Production in RC15 Scenario (Billion USD)

Figure 33. CO2 Emissions Production in RC15 Scenario (Million Metric Tonnes)
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5.2 Discussion
5.2.1

Capacity Expansion of Power Plant

Compared to the other conditioned scenarios, the Business-as-Usual follows the
current account requirement with no renewable energy target by the end of the planning
year. The total capacity installed during the Business-as-Usual scenario reaches 197,07 GW,
consisting of only 11 power plant technology types. This trend of power plant technology,
also followed by the result of the other scenarios simulation. In the Business-as-Usual
scenario, the Gas-based power plant dominantly installs to meet electricity demand. While
there are two options for the Gas-based technology power plant installed by the end of the
target year, the Combined Cycle power plant takes a significant share of installed capacity
with 68,5 GW (34,77%). The Coal-based power plant installed capacity is about 24,27%,
with the USC power plant installed capacity 28,4 GW and Coal-fired power plant is 19,4
GW. As the only Oil-based power plant in the simulation, the diesel power plant did not
have any installed capacity by 2050. For the Bioenergy-based power plant, there is about
3,4 GW (1,73%) capacity installed by 2050. The other renewable energy-based power
plants, led by the Solar, Wind, Geothermal, and Hydro-based power plants, cover 46,7 GW,
6,7 GW, 6,7 GW, and 4,8 GW total installed capacity, respectively.
In the Renewable and 5% Co-firing scenario, with optimization and renewable
energy penetration target set as 23% by 2025 and 31% by 2050, the total installed capacity
is 256,7 GW with a similar power plant type mix as the Business-as-Usual. These trends
also occurred for the other Renewable and co-firing scenario. The Gas-based power plant's
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capacity is not slightly different from the previous scenario, which still dominant for about
32,50% of total installed capacity. The Combined Cycle power plant installed capacity in
this scenario increases compares to the Business-as-Usual scenario from 68,5 GW to
74,3 GW. A very significant increase in this scenario for the USC power plant compared
with the Business-as-Usual scenario, which for 28,4 GW to 61,2 GW. The Bioenergy-based
power plant at its full potential installed capacity, which results in about 8,6 GW. The other
Renewable Energy-based power plant that increases in this scenario are Wind power plant
and Minihydro with 24,1 GW, and 2,3 GW compare to 6,7 GW and 0,8 GW
Business-as-Usual scenario, respectively. Simultaneously, the Solar power plant,
Geothermal power plant, and Large Hydro power plant stay the same as the Business-asUsual installed capacity with 45,7 GW, 6,7 GW, and 4,3 GW in this scenario, respectively.
The simulation calculated some coal-based power plant share as renewable energy
qualified due to the 5% biomass fuel mix. Thus, to achieve the 31% target of renewable
energy penetration, the simulation chooses USC power plant, Wind power plant, Biomass
Non-MSW power plant, and Minihydro power plant added in a significant amount. As the
other renewable energy option might run out of its potential to have additional installation
and those power plants are the next least-cost options to install.
The Renewable and 10% Co-firing scenario used a similar approach from the
Renewable and 5% Co-firing scenario, which differentiate with the mix share of biomass
in the Coal-based power plant. It has also installed 11 types of power plant technologies
from 13 types offered in the Base Year with a total installed capacity of 209,5 GW. The
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Gas-based power plant is still a significant share for installed capacity in this scenario round
up to 36,5% of total installed capacity or 76,5 GW. the Combined Cycle power plant
slightly decrease about 1,73% or 67,3 GW compare to the Business-as-Usual which also
happened to the Gas Turbine which decreases from 12,3 GW to 9,2 GW. In this scenario,
the USC power plant did not significantly increase due to the higher share fuel mix of
biomass in the biomass co-firing system, categorized as renewable resources. In terms of
Coal-based power plants, the system does not require installing a significant amount of this
power plant to increase the electricity generated by renewable resources. The USC power
plant installed in this scenario slightly decrease from the Business-as-Usual scenario from
28,4 GW to 20,5 GW in the Renewable and 10% Co-firing scenario. The Bioenergy-based
power plant only slightly different from the previously discussed scenario in which the total
installed capacity 8,5 GW, which 7,4 GW comes from

Biomass Non-MSW power plant,

compared to 3,4 GW in the Business-as-Usual scenario. The Minihydro power plant also
increases more from other scenarios with 2,8 GW than the Business-as-Usual scenario with
only 0,8 GW. The Solar power plant, Geothermal power plant, and Large Hydro power
plant stay the same as the Business-as-Usual installed capacity with 45,7 GW, 6,7 GW, and
4,3 GW in this scenario, respectively. The overall analysis for capacity expansion in
Renewable and 10% Co-firing scenario to achieve 31% of renewable energy penetration
by 2050, the Wind power plant, Biomass Non-MSW power plant, and Minihydro power
plant pick by the scenario simulation to be installed in a significant amount.
As the last conditioned scenario, the Renewable and 15% Co-firing scenario has
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almost similar results with the Renewable and 10% Co-firing scenario. Akin to the other
scenarios, the Gas-based power plant shares the majority mix of installed capacity, about
40,15% or 83,1 GW, which increases from the Business-as-Usual scenario, 80,8 GW. The
Combined Cycle power plant takes the lead with 71,1 GW, which increases about 3,82%
from the Business-as-Usual scenario. A significant drop happened to the USC power plant,
which in this scenario total installed capacity in 2050 is 14,3 GW compared to the 28,4 GW
in the Business-as-Usual scenario. In this scenario, the Wind power plant was installed not
as much as the previously discussed scenario with 22,1 GW but still significantly higher
than the Business-as-Usual scenario with 6,7 GW by 2050. The Bioenergy-based installed
capacity is 8,5 GW increases compared to the 3,4 GW in the Business-as-Usual scenario,
led by Biomass Non-MSW power plant with 7,4 GW. The Solar power plant, Geothermal
power plant, and Large Hydro power plant stay the same as the Business-as-Usual installed
capacity with 45,7 GW, 6,7 GW, and 4,3 GW in this scenario, respectively. Hence, due to
the higher biomass fuel mix for the biomass co-firing system within the Coal-based power
plant, the simulation chooses other least-cost options to meet the demand projection while
still installed preferred Renewable Energy-based technology to achieve the 31% renewable
energy penetration target by 2050.
Furthermore, this could note that the setup scenario with a combination of renewable
energy penetration target and the biomass co-firing system did not significantly reduce
fossil-fuel power plant installation. The optimization model will pick the least-cost option
among the technology. Nevertheless, accordingly, the target helped to increase the
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renewable energy-based power plant capacity expansion. The total capacity of each
scenario in 2050 show in Figure 34.
Figure 34. Total Installed Capacity by Scenarios (GW)

5.2.2 Electricity Generation and Primary Energy Supply Mix
The total electricity generation in the Base Year was 199,3 TWh produced by ten
power plant technologies22. In the Base Year, the Coal-fired power plant generated about
137,93 TWh (69,20%) which followed by the Combined Cycle power plant with 37,40
TWh (18,77), Large Hydropower plant with 9,59 TWh (4,77%), Geothermal power plant
with 8,78 TWh (4,41%), other Gas-based power plants with total 3,99 TWh (2%), Diesel
power plant with 1,01 TWh (0,51%), Biomass Non-MSW power plant with 0,12 TWh
(0,06%) and lastly the other renewable energy-based power plan with total 0,56 TWh
(0,28%).

22

USC, Biomass Non-MSW and Wind not installed nor generated any electricity to the system in the Base
Year
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The Base Year's primary energy supply mix consists of 73,56% Coal, followed by
14,98% Natural Gas, 5,78% Hydro, 5,04% Geothermal, and 0,57% Diesel.
As the simulation runs for with the Business-as-Usual scenario, the electricity
generated by 2050 reach 890,1 TWh. The share breakdown as Combined Cycle power plant
generates

395,6 TWh (44,44%), USC power plant with 199,3 TWh (22,39%), Coal-

fired power plant with 133,2 TWh (14,9%), Solar power plant with 73,7 TWh (8,28%),
Geothermal power plant with 47,3 TWh (5,31%), Large Hydro with 14,5 TWh (1,63%),
Wind power plant with 16,1 TWh (1,81%), Minihydro power plant with 4,9 TWh (0,55%),
Gas Turbine power plant with 2,9 TWh (0,33%), and Biomass Non-MSW 2,6 TWh
(0,30%). There is no electricity produced by the Diesel power plant at the end of the target
year.
The Business-as-Usual scenario’s primary energy supply mix consists of 42,14%
Coal, followed by 33,53% Natural Gas, 14,76% Solar, 3,23% Wind, 2,96% Geothermal,
2,94% Hydro, and 0,44% Biomass.
Since the scenario's demand projection remained the same for the other scenarios,
the total electricity will also be the same, but the share mix will be different in each scenario.
The result expects to be different from the Business-as-Usual since the other scenario's
renewable energy penetration target set up.
In the Renewable and 5% Co-firing scenario, the USC power plant generates
429,2 TWh (48,22%) followed by Coal-fired power plant with 130,9 TWh (14,71%), Solar
power plant with 73,7 TWh (8,28%), Combined Cycle power plant with 72,5 TWh (8,15%),
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Wind power plant with 58,9 TWh (6,62%), Biomass Non-MSW power plant with 51,8
TWh (5,82%), Geothermal power plant with 47,3 TWh (5,31%), Large Hydro with 14,5
TWh (1,63%), and lastly Mini-hydro with 11,3 TWh (1,27%). By the end of the target year,
no electricity produces by the Diesel power plant since there is no capacity installed. By
implementing a 5% biomass fuel mix for the biomass co-firing system within the Coalbased power plant, the simulation calculated 18,5 TWh electricity produced by the Coalbased power plant that qualified from renewable resources. This scenario simulation results
out that the renewable energy penetration target and biomass co-firing implementation by
5% is undoubtedly decreasing the Fossil Fuel-based power plant's electricity.
In terms of primary energy supply, Coal as feedstock fuel increases to 4,20 billion
GJ compared to the Business-as-Usual scenario that reaches 3,03 billion GJ. A significant
drop happened to Natural Gas consumption, with only 0,47 billion GJ than the Businessas-Usual scenario with 2,41 billion GJ. In this scenario, biomass used as a mix in the cofiring system brought a significant increase in biomass consumption, which reach 0,23
billion GJ from 0,03 billion GJ in the Business-as-Usual scenario. However, almost all
other renewable energy resource supply increases compared to the Business-as-Usual
scenario from 1,72 billion GJ to 2,26 billion GJ. This result indicates that the renewable
penetration and co-firing system with biomass eventually increases renewable energy share
in the primary energy supply mix.
The Renewable and 10% Co-firing scenario has similar results from the previous
scenario, which big difference happened by the mix share of the Combined Cycle power
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plant and the USC power plan total power generation. In this scenario, the Combined Cycle
power plant produces 355,5 TWh of electricity, increasing drastically from the previous
scenario, while USC power plan production dropped to 143,9 TWh. The other power plant
produces a similar amount as the previous scenario. Although the share of electricity
produced by Coal-based power plant slightly increase, which similar to the Business-asUsual scenario. By implementing a 10% biomass fuel mix for the biomass co-firing system
within the Coal-based power plant, the simulation calculated 18,5 TWh electricity
produced by the Coal-based power plant that qualified from renewable resources is the
same as the previously discussed scenario. This scenario simulation also shows that the
renewable energy penetration target and biomass co-firing implementation by 10% is
undoubtedly decreasing the Fossil Fuel-based power plant's electricity.
In terms of the Renewable and 10% Co-firing scenario's primary energy supply, Coal
as feedstock fuel decreases to 2,31 billion GJ compared to the Business-as-Usual scenario
that reaches 3,03 billion GJ. A slight drop happened to Natural Gas uses, with 2,33 billion
GJ, then the Business-as-Usual scenario with 2,41 billion GJ. In this scenario, biomass and
other renewable energy resource consumption amount similar to the Renewable and 5%
Co-firing scenario. However, almost all other renewable energy resource supply increases
compared to the Business-as-Usual scenario from 1,72 billion GJ to 2,26 billion GJ in this
scenario by the end of the target year. This result indicates that the renewable penetration
and co-firing system with biomass eventually increases renewable energy share in the
primary energy supply mix.
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The Renewable and 15% Co-firing scenario followed the same trend as the
Renewable and 10% Co-firing scenario in electricity production. In this scenario, the
Combined Cycle power plant also ranked up as a major electricity producer with

400,8

TWh in 2050, which slightly increases compared to the Business-as-Usual scenario 295,6
TWh. Contrary to the other scenarios, the Coal-fired power plant was the second-biggest
share production at 133,2 TWh, which was the same as the Business-as-Usual scenario.
Meanwhile, the USC power plant drops to 100,5 TWh than the 199,2 TWh in the Businessas-Usual scenario. Meanwhile, the amount of electricity produced by Bioenergy-based
power plant and other renewable energy-based power plant remained the same as the
Renewable and 10% Co-firing scenario. Except for the Wind power plant, which slightly
decreases to 53,9 TWh, the result is still highly increases compared to the Business-asUsual scenario with only 16,1 TWh. Hence the difference met by the increase of the
electricity produced from the biomass co-firing system within the Coal-based power plant
as the simulation calculated about 23,4 TWh electricity produced by the Coal-based power
plant qualified from renewable resources this scenario. Since the same result occurred, this
scenario also concluded that the renewable energy penetration target and biomass co-firing
implementation by 15% is undoubtedly decreasing the Fossil Fuel-based power plant's
electricity.
Following the electricity generation mix result, the primary energy supply by 2050
dominates with the Natural Gas consumption with 2,65 billion GJ, which increases about
1% from the Business-as-Usual scenario. The Coal consumption in this scenario concluded
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at 2,09 billion GJ, which decreases from 3,03 billion GJ in the Business-as-Usual scenario.
The utilization of biomass and other renewable energy resources takes the same amount as
the previously discussed scenario, notably increases from the Business-as-Usual scenario.
Same with the other renewable and co-firing scenarios, this result indicates that the
renewable penetration and co-firing system with biomass eventually increases renewable
energy share in the primary energy supply mix.
Hence, the scenario result concluded that the renewable energy penetration target
swiftly cuts some electricity generated by Fossil Fuel-based power plant to the Renewable
Energy-based power plant. The use of biomass in the Coal-based power plant helps increase
the primary energy supply mix of renewable energy, especially biomass utilization.
Although to reach more of the share of the renewable energy-based power plant, it will
always consider the availability of its potential resources. The electricity generation mix
and primary energy supply mix of each scenario shown in Table 11 and Table 12.
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Table 11. Electricity Generation Mix
Electricity Generation Mix by Scenario (%)
Power Plant

Base Year

BAU

RC5

2019

RC10

RC15

2050

Large Hydro

4,77%

1,63%

1,63%

1,63%

1,63%

Mini-hydro

0,28%

0,55%

1,27%

1,27%

1,27%

Coal Fired

69,20%

14,97%

14,71%

14,97%

14,97%

Gas Turbine

1,60%

0,33%

-

-

-

Gas Engine

0,40%

-

-

-

-

Combined Cycle

18,77%

44,44%

8,15%

39,94%

45,03%

Diesel

0,51%

-

-

-

-

Geothermal

4,41%

5,31%

5,31%

5,31%

5,31%

Solar

0,002%

8,28%

8,28%

8,28%

8,28%
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Electricity Generation Mix by Scenario (%)
Power Plant

Base Year

BAU

RC5

2019
Biomass MSW
Wind
Biomass NonMSW
USC

RC10

RC15

2050

0,06%

-

-

-

-

-

1,81%

6,62%

6,62%

6,07%

-

0,30%

5,82%

5,82%

5,82%

-

22,39%

48,22%

16,17%

11,31%
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Table 12. Primary Energy Supply Mix
Primary Energy Supply Mix by Scenario (%)
Fuel Type

Base Year

BAU

RC5

2019

RC10

RC15

2050

Natural Gas

14,98%

35,53%

6,62%

32,66%

36,69%

Diesel

0,57%

-

-

-

-

Coal

73,56%

42,53%

58,65%

32,39%

28,89%

Solar

-

14,76%

14,81%

14,90%

14,68%

Wind

-

3,23%

10,56%

10,63%

10,47%

Hydro

5,78%

2,94%

3,13%

3,15%

3,11%

Geothermal

5,04%

2,96%

2,97%

2,99%

2,95%

0,07%

-

-

-

-

-

0,44%

3,25%

3,27%

3,22%

Municipal Solid
Waste
Biomass
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5.2.3 Investment Cost
The total investment cost for each scenario present in cumulative value show in
Figure 35. The required investment for all energy planning in Business-as-Usual would be
about 215,74 billion USD. While the Renewable and 5% Co-firing scenario costly at
321,58 billion USD until the end of the planning horizon, which is the most expensive
investment cost compared to the other renewable and co-firing scenarios. The Renewable
and 10% Co-firing scenario investment cost reach 251,27 billion USD, which the lowest
investment cost within the co-firing scenario. Moreover, the Renewable and 15% Co-firing
scenario sets as a middle ground with a total investment cost of the whole plan at

355,40

billion USD.
Implementing biomass co-firing to the coal-based power plant over the 10% required
additional retrofit cost, which will also impact the investment cost planning, making the
Renewable and 15% Co-firing scenario higher in cost compared to the Renewable and 10%
Co-firing scenario. Meanwhile, the high investment cost of Renewable and 5% Co-firing
scenario triggered by the more power plant installed in the scenario. Especially for the USC
power plant, it becomes one of the least-cost options picked by the simulation to meet the
target 31% of renewable energy penetration, which one of the significant points is the 5%
biomass co-firing system implemented in the power plant. The penetration of renewable
energy target also could affect how all the other scenarios total investment cost higher than
the Business-as-Usual.
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Figure 35. Total Investment Cost by Scenario (Billion USD)

5.2.4 Production Cost of Power Generation
The total cost of production generates by the scenarios consists of capital cost, fixed
operation and maintenance (O&M) cost, variable O&M cost, and feedstock fuel cost. The
total cost of production over the planning period shows in Figure 36.
In the Business-as-Usual scenario, the total cost of production value at
1.085,58 billion USD. The cost breakdown is 316,79 billion USD of capital cost,
67,86 billion USD of fixed O&M cost, 42,34 billion USD of variable O&M cost, and
658,59 billion USD of feedstock fuel cost. Moreover, the analysis noted that the annual
average LCOE of total power generation for the Business-as-Usual scenario around 67,05
USD/MWh.
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The Renewable and 5% Co-firing scenario's total production cost approximately
value at 1.116,05 billion USD. The cost breakdown is 389,72 billion USD of capital cost,
75,58 billion USD of fixed O&M cost, 43,33 billion USD of variable O&M cost, and
607,42 billion USD of feedstock fuel cost. The annual average of LCOE of total power
generation for this scenario is approximately 68,46 USD/MWh.
The Renewable and 10% Co-firing scenario total cost of production would
approximately value at 1.104,45 billion USD. The cost breakdown is 374,11 billion USD
of capital cost, 72,86 billion USD of fixed O&M cost, 42,26 billion USD of variable O&M
cost, and 615,25 billion USD of feedstock fuel cost. The annual average of LCOE of total
power generation for this scenario calculates at 67,98 USD/MWh.
In the last scenario, the Renewable and 15% Co-firing scenario, the total production
cost approximately value at 1.115,60 billion USD. The cost breakdown is 379,90 billion
USD of capital cost, 71,91 billion USD of fixed O&M cost, 40,75 billion USD of variable
O&M cost, and 623,03 billion USD of feedstock fuel cost. The annual average of LCOE
of total power generation for this scenario is approximately 68,60 USD/MWh.
Based on all scenarios' simulation, the capital cost and feedstock fuel cost take a
large portion of the production cost. Bioenergy is the only renewable energy that requires
feedstocks to utilize as fuel for power plants. Thus, making the biomass co-firing system
implementation and other renewable energy technology penetration does not significantly
decrease the plant's feedstock fuel. The biomass co-firing system cost competitiveness with
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other alternative fuels like natural gas could see the result of Renewable and 15% Co-firing
scenario in which additional capital cost and fixed O&M required by Coal-based power
plant to operate. Another reason for the Renewable and 15% Co-firing scenario is more
expensive than the Renewable and 10% Co-firing scenario is the extensive installation of
the Combined Cycle power plant that the feedstock fuel more costly than other fuel.
Meanwhile, the Renewable and 5% Co-firing scenario's high production cost
occurred due to more power plant capacity installed to the system than the other scenarios,
which undoubtedly increases production cost.
Figure 36. Total Cost of Production (Billion USD)
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5.2.5 CO2 Emissions
The total CO2 emissions produced by the scenario during the study's planning period
shows in Figure 37.
The CO2 emissions during the study for Business-as-Usual scenario, Renewable and
5% Co-firing scenario, Renewable and 10% Co-firing scenario, and Renewable and 15%
Co-firing scenario would reach 7.768,05 million metric tonnes, 6.466,60 million metric
tonnes, 6.736,20 million metric tonnes, and 6.964,61 million metric tonnes, respectively.
Based on the result compared to the Business-as-Usual scenario, the biomass cofiring system's implementation and the renewable energy penetration within the Java-Bali
system could reduce the CO2 emissions.
Implementing the Renewable and 5% Co-firing scenario will reduce CO2 emission
by about 16,75% from the Business-as-Usual scenario, with the cost of CO2 emission from
this scenario is 23,41 USD/metric tonnes of CO2. The Renewable and 10% Co-firing
scenario application will reduce CO2 emission by about 13,28% from the
Business-as-Usual scenario, with the cost of CO2 emission from this scenario 18,32
USD/metric tonnes of CO2. Meanwhile, if the Renewable and 15% Co-firing scenario
applied will reduce CO2 emission by about 10,34% from the Business-as-Usual scenario,
the cost of CO2 emission from this scenario is 37,36 USD/metric tonnes of CO2. The
Renewable and 15% Co-firing scenario takes less reduction than other renewable and cofiring scenarios due to higher Fossil Fuel-based power plant installed within the scenario.
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Figure 37. Total CO2 emissions by scenario (Million Metric Tonnes)
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Chapter 6
Conclusion
6.1 Key Findings and Conclusion
This study analyzed the long-term electricity planning in Indonesia Power System,
specifically the Java-Bali Power System. As the current statistical data, Indonesia's
electricity sector heavily relies on fossil fuels as the power plant's feedstock fuel. The coal
power plant has been the backbone of Indonesia's power system, with no less than 24 units
installed within the Java-Bali Power System. The share of electricity generation is
dominated by coal-based power due to its mature technology and lower fuel cost than the
other fossil fuels.
Following that national commitment, the government has established a policy target
of renewable energy source utilization as a national direction to future energy development.
Based on the National Energy Policy, the nation targeted to increase the renewable energy
share on the primary energy supply mix by 23% in 2025 and 31% in 2050.
Despite national mandate and abundant renewable energy resources, renewable
energy utilization does not increase significantly. As the first target year is getting close, a
report by MEMR in 2019 noted the renewable energy share in the national primary energy
mix currently reached 12,2%, which still halfway through the 23% target in another five
years.

78

Bioenergy, categorized as renewable energy, has vast supply power generation with
biomass as feedstock fuel from the forestry industry and municipal waste. The potential
resources of bioenergy not less than 30 GWe, although the current utilization for electricity
only 1,9 GW.
As part of accelerating the renewable energy share, the government has started the
plan to implement the co-firing biomass at the established Coal-based power plant. The
technical trial has started in the second semester of 2019, with COD planned for 2021.
Based on those issues, a comprehensive study is needed to analyze the long-term
planning effect of the new option for bioenergy implementation as the fuel mix in the cofiring system within the Java-Bali Power System and its impact on the other renewable
energy technology that available within the system. The study aims to provide an
alternative planning scenario and policy implication to achieve the national plan for
renewable energy utilization with a co-firing biomass system with the least-cost option.
The study conducted using LEAP for optimization model analysis. Four scenarios
were developed for this study with the setup condition to help the analysis process, which
is Business-as-Usual scenario, Renewable and 5% Co-firing scenario, Renewable and 10%
Co-firing scenario, and Renewable and 15% Co-firing scenario. The Business-as-Usual
scenario mirrors the current condition of the Java-Bali Power System with no renewable
energy target set up in the optimization nor the biomass fuel mix within the Coal-based
power plant. The other three scenarios are co-firing scenarios with targeted renewable
energy deployment and mix percentage of biomass into the Coal-based power plant.
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The study's simulation results and key findings discussed in terms of installed
capacity expansion, electricity generation and primary energy supply mix, investment cost,
cost of production, and CO2 emissions.
A. Capacity Expansion of Power Plant
The total installed capacity of Business-as-Usual will reflect the projection plan for
from Base Year (current condition). In this scenario, the total installed capacity reaches to
197,07 GW by 2050. In the co-firing scenarios, the total installed capacity expansion in
2050 is 256,72 GW in Renewable and 5% Co-firing scenario, 209,50 GW in Renewable
and 10% Co-firing scenario, and 207,77 GW in Renewable and 15% Co-firing scenario.
Through all the scenarios, the Gas-based power plan takes the majority in the share
of installed capacity. The Combined Cycle power plant dominated the installed capacity
for all scenarios. The Bioenergy-based power plant installed capacity achieves its potential
electricity capacity in the renewable and co-firing scenario, especially for Biomass NonMSW with about 7,4 GW installed capacity. In contrast, Biomass MSW capacity remained
the same throughout all scenarios with a total installed capacity of 1,13 GW. The other
renewable energy-based power plant also steadily increases for Geothermal and Solar
power plant, reaching its full potential capacity with 6,7 GW and 46,75 GW installed
capacity in all scenarios, respectively. Another significant increase of Wind power plant in
all the renewable and co-firing scenarios which multiple by around four times from the
Business-as-Usual installed capacity.
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Furthermore, this could note that the target of renewable energy penetration in the
co-firing scenario did not significantly reduce fossil fuel implementation. However, the
renewable target penetration combined with the biomass co-firing implementation helped
increase the renewable energy-based power plant expansion.
B. Electricity Generation and Primary Energy Supply Mix
The total electricity generated in the Business-as-Usual scenario will reflect the
projection plan for from Base Year (current condition). In this scenario, the total electricity
generation reaches 890,1 TWh by 2050. The scenario's demand remained the same for other
scenarios; thus, the scenarios' total electricity followed the Business-as-Usual result.
Although the total electricity generation is the same for all the scenarios, the power
plant's mix generated by electricity is different. Following the capacity expansion trend,
the Gas-based power plant also dominated to be dispatched by the system in all scenarios.
The Gas-based power plant in the Business-as-Usual scenario generated electricity in
398,50 TWh with the breakdown of 395,59 TWh from the Combined Cycle power plant
and 2,92 TWh from the Gas Turbine power plant. The Bioenergy-based power plant
produced about 2,64 TWh in the Business-as-Usual scenario. In comparison, the Coalbased power plant produces around 332,48 TWh of electricity. The remaining electricity
generation comes from the Hydro-based power plant with 19,35 TWh. The other renewable
energy-based technology combined has installed capacity at 137,14 TWh, led by the Solar
power plant.
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In all the renewable and co-firing scenarios, a Bioenergy-based power plant
generates electricity in total, approximately 51,80 TWh. The USC power plant electricity
production slightly decreases at 355,5 TWh and 400,8 TWh in Renewable and 10%
Co-firing scenario and Renewable and 15% Co-firing scenario. The drastic decrease of
USC power plant electricity production happened in Renewable and 5% Co-firing scenario,
which followed the trend from capacity expansion with 72,5 TWh while the USC power
plant highly increased its production 429,2 TWh by this scenario. The other renewable
energy-based power plant produced an almost similar amount of electricity for all scenarios.
Although the Wind power plant significantly increases in all renewable and co-firing
scenarios with more than 50 TWh electricity generated from it, while in the Business-asUsual scenario, the production remained at around 16,1 TWh.
The biomass fuel mix implementation in the Coal-based power plant increases
biomass utilization in all the renewable and co-firing scenarios with a total consumption of
0,23 billion GJ compared to the Business-as-Usual scenario of only 0,03 billion GJ. As a
result of the primary energy supply mix, natural gas and coal dominated the fuel resources,
which decreased after the more renewable energy use and biomass in the co-firing system.
Moreover, the scenario result concluded that renewable energy penetration target
swiftly cuts some electricity generation to the renewable energy-based power plant. The
use of biomass in the Coal-based power plant helps increase the primary energy supply mix
of renewable energy. Although to reach more of the share of the renewable energy-based
power plant, it will always consider the availability of its potential resources.
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C. Investment Cost
The total investment cost in the Business-as-Usual scenario would be about
215,74 billion USD. While the Renewable and 5% Co-firing scenario costly at
321,58 billion USD, which consider the most expensive investment cost compare to other
scenarios. The Renewable and 10% Co-firing scenario investment cost reach 251,27 billion
USD and the Renewable and 15% Co-firing scenario at 255,40 billion USD. The result
indicates that the higher deployment of renewable energy will require more investment cost
than the Business-as-Usual. Moreover, for the biomass co-firing system, the additional
investment for retrofit also needed when the mix percentage higher than 10%.
D. Cost of Production
The total production cost for power plant resulted from the simulation in Businessas-Usual scenario, Renewable and 5% Co-firing scenario, Renewable, and 10% Co-firing
scenario, and Renewable and 15% Co-firing scenario are 1.085,58 billion USD,
1.116,05 billion USD, 1.104,49 billion USD, and 1.115,60 billion USD, respectively.
Moreover, the annual average of LCOE of total power generation in Business-as-Usual
scenario, Renewable and 5% Co-firing scenario, Renewable and 10% Co-firing scenario,
and Renewable and 15% Co-firing scenario are estimated at 67,05 USD/MWh,
68,46 USD/MWh, 67,98 USD/MWh, and 68,60 USD/MWh, respectively. The simulation
result found that the capital cost and feedstock fuel cost take a large portion of the total cost
of production. Bioenergy is the only renewable energy that requires feedstocks to utilize as
fuel for power plants. Thus, making the biomass co-firing system implementation and other
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renewable energy technology penetration does not significantly decrease the power plant's
feedstock fuel. The biomass co-firing system cost competitiveness with other alternative
fuel, like natural gas, could be seen upon Renewable and 15% Co-firing scenario in which
additional capital cost and fixed O&M required by Coal-based power plant to operate.
E. CO2 Emissions
The total CO2 emissions produced during the study period for Business-as-Usual
scenario, Renewable and 5% Co-firing scenario, Renewable and 10% Co-firing scenario,
and Renewable and 15% Co-firing scenario reach 7.768,05 million metric tonnes,
6.466.60 million metric tonnes, 6.736,20 million metric tonnes, and 6.964,61 million metric
tonnes, respectively.
Implementing the Renewable and 5% Co-firing scenario will reduce CO2 emission
by about 16,75% from the Business-as-Usual scenario, with the cost of CO2 emission from
this scenario is 23,41 USD/metric tonnes of CO2. The Renewable and 10% Co-firing
scenario application will reduce CO2 emission by about 13,28% from the
Business-as-Usual scenario, with the cost of CO2 emission from this scenario 18,32
USD/metric tonnes of CO2. Meanwhile, if the Renewable and 15% Co-firing scenario
applied will reduce CO2 emission by about 10,34% from the Business-as-Usual scenario,
the cost of CO2 emission from this scenario is 37,36 USD/metric tonnes of CO2. Based on
the result compared to the Business-as-Usual scenario, the biomass co-firing system's
implementation and the other renewable energy technology within the Java-Bali system
could reduce the CO2 emissions.
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6.2 Policy Implication and Recommendations
The study aimed to analyze the impact of the co-firing system and the
implementation of Bioenergy-based power plants and other renewable energy power plants
to develop long-term electricity plans that followed the national energy development
direction Java-Bali Power System.
This study expects to provide alternative planning scenarios and policy implications
to achieve the national plan for renewable energy utilization target with a co-firing biomass
system and other bioenergy utilization options for electricity planning. Based on the
objectives and analysis result, these are the following policy implication and
recommendations:
First, from the result analysis, it is found that the implementation of renewable
energy needs high investment cost since most of its technology classified as new
technology and still growing for future development. Although the technical efficiency is
closed to the most prominent fossil fuel technology like Coal-fired in terms of bioenergy
technology utilization, its investment cost is still considered expensive. Even with the cofiring system with a Coal-based power plant, the additional retrofit cost for a higher mix
percentage could be a hidden barrier when the target is to limit the investment cost of
renewable energy utilization. For the other renewable energy technology, a couple of
technologies are already competitive in terms of capital cost but still low in efficiency and
shorter lifetime, except for geothermal. Hence, the government should provide more active
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strategies to increase investment in the renewable energy-based electricity sector and
provide alternative financing options to attract more players, accelerating Indonesia's
higher utilization.
Second, the bioenergy implementation share in the power sector still not satisfying,
which this study found one of them due to the fuel cost issue. Most biomass products such
as wood pellets or wood chips do not have a competitive market domestically; thus, the
price still higher than the other fossil feedstock fuels. With that, the study suggests that the
government create policies requiring a competitive domestic market to reduce the fuel cost
gap with the fossil feedstocks. In the short-term, the government must regulate the biomass
feedstock production and distribution to speed up the domestic market's creation while
maintaining the commodity's import quantity.
Third, most renewable technology, other than Solar power plants, is still imported
from overseas, which eventually increases the investment cost for the renewable energybased power plant installation. Creating a renewable energy-based technology industry
should be included in long-term planning to achieve renewable energy utilization targets.
The government should encourage academics to research renewable energy technology and
the local industry practitioner to develop the renewable energy-based industry. Although
the effect will not feel short-term, the outcome will be more long-lasting to decrease
renewable energy utilization cost, which could be supposed in the energy and economic
sectors.
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Lastly, the implementation of biomass in the co-firing system will require a massive
amount of biomass feedstocks. Thus, the government should start to make the blueprint of
the biomass supply plan to maintain future feedstock while considering the environmental
issue. The development of biomass supply by utilizing community forests will also help
create new economic activities in the region and be the alternative option of a supply
availability plan.

6.3 Academic Implication: Limitations and Suggestion for
Further Study
The study emphasizes the analysis of including biomass co-firing system into the
long-term electricity planning and more bioenergy option for the power plant, which is yet
to find in other previous studies. This study tried to contribute to bioenergy utilization of
electricity planning to support renewable energy targets.
Despite achieving its objective to investigate the long-term plan of bioenergy
utilization for electricity generation in the Java-Bali Power System in Indonesia and to
evaluate the corresponding implications, for further study, there is some aspect of analysis
that could develop regarding:
1.

This study did not consider the demand fluctuation of electricity during the pandemic
of COVID-19 or any energy efficiency. Thus, all the simulation scenarios run based
on before the COVID-19 pandemic occurred. The future study could consider included
the demand-side management caused by the mentioned.
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2.

The study also omitted the unit cost of CO2 emissions since no carbon trading scheme
currently establish in Indonesia. Although for further study, once the scheme
implemented in Indonesia should consider to be analysis.

3.

The study did not consider the fluctuation of cost due to data availability limitations.
This parameter should consider future studies with the high possibility of decreasing
renewable energy-based power plants' investment costs
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Abstract (Korean)

인도네시아의 전력부문은 화석연료를 주된 발전연료로 하고 있다. 인도네
시아 정부는 전원믹스에서 재생에너지 비중을 확대하는 정책을 추진 중이며, 재
생에너지의 국가 목표를 2025 년까지 23%, 2050 년까지 31%로 설정하였다.
재생에너지 중에 바이오매스는 임산물과 도시폐기물 형태로 풍부한 잠재량을
지니고 있음에도 불구하고, 전력부문에서는 아직 이렇다 할 활용사례가 없다.
이에 바이오매스혼소(biomass co-firing)에 대한 정부의 계획수립을 앞두고
바이오매스

보급이

기존

전력 시스템에 미치는 영향을 파악하기 위한

종합적인 연구가 필요하다.
본 연구는 바이오매스혼소(biomass co-firing)를 중심으로 재생에너지
보급 정책을 달성을 위한 4 가지 대안 시나리오를 설정하고 LEAP 모형을 활용,
비용과 편익을 분석하였다. 본 연구의 주요 발견사항과 결론, 정책함의는
다음과 같다.
첫째, 바이오매스 혼소 및 재생에너지기술 도입은 발전비용을 크게
줄이지 않았다. 주된 이유는 바이오매스와 재생에너지의 초기투자 비용이
기존 화석연료에 비해 높기 때문이다. 따라서 인도네시아 정부는 재생에너지
발전설비에

대한

투자효율성을 증대시키기 위한

보다

적극적인 전략을

개발하고, 더 많은 이해당사자들을 끌어들이기 위한 정부보조 및 금융지원을
제공해야 한다.
둘째, 바이오매스의 공급가격이 화석연료에 비해 여전히 높고, 이것이
발전비용 상승을 유발한다. 따라서 정부는 국내 공급량을 확대하면서 안정적
수입원 확보 내지는 유지하기 위한 전략이 필요하다.
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셋째,
때문이다.

재생에너지
따라서

설비투자가

재생에너지

높은

기술개발

이유 중
및

하나는

기반산업을

수입기술이기

육성하는

것은

재생에너지 보급 목표를 달성하기 위한 정부의 장기계획에 포함되어야 한다.
마지막으로,

바이오매스

혼소

시스템은

대규모

바이오매스

공급을

필요로 하기 때문에 정부는 바이오매스 공급 계획의 청사진을 작성하고
지역공동체의

임산자원

활용을

포함,

미래

바이오매스

공급원

확보에

주력해야 한다.
본 연구는 전원믹스에서 하나의 대안으로 장기전력수급계획에서 재생에
너지 및 바이오매스 혼소 시스템의 확대를 제안한다. 본 연구는 COVID-19의
영향, 탄소거래, 비용변화는 고려하지 않았고, 이러한 것들은 향후 연구분석에
서 다뤄져야 할 것이다.

주요어

:

바이오에너지,

바이오매스,

인도네시아 자바-발리 전력 시스템
학

번 : 2019-20184
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전력수급계획,

LEAP,
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