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Key Messages
• Indonesia has declared a new and
renewable energy (NRE) share target
and declared a coal phase-out plan to
support the CO2 emission reduction
commitment.
• Supporting policies are required to
support the NRE share target and
coal phase-out plan, i.e., carbon
limitation and carbon tax.
• A carbon limitation of 10,087 million
tons with a carbon tax of 67 USD/ton
and a carbon limitation of 8,482
million tons with a carbon tax of 77
USD/ton are required to support the
NRE target and coal phase-out plan,
respectively.

Java–Bali system will significantly affect the national energy
mix because this system holds 74% of national generating
capacity and 72.4% of national electricity consumption.

Introduction
The increase in CO2 emissions
impacts global warming and
climate change. Concern over
this issue has caused various
countries to reduce their emissions by formulating policies,
especially in the electricity sector
[1]. Indonesia also contributes
to climate mitigation through
national energy planning, electricity planning, and other
energy policies. For example,
the Indonesian government's
Regulation (No.79/2014) established a new and renewable
energy (NRE) target of 23% by
2025 and 31% by 2050 [2]. In
addition, the government also
declared a plan to move toward
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net-zero emission by phasing
out coal power plants [3]. However, these policies are not
accompanied by cost-benefit
analysis assessing how to reduce
emissions cost-effectively.
As the implementation year of
coal phase-out is still awaiting
the President’s decision (options
include 2045, 2050, 2060, and
2070), this research assumes
2050 as the implementation year
for coal phase-out. This date
aligns with other existing policy
targets, such as the national energy policy 2050 and the NRE
targets 2050.

1

Indonesia’s power system is
dominated by coal power plants
that have the highest CO2 emission factor. The emission factor
represents the emission produced for each generation of 1
kWh of electrical energy. Therefore, CO2 emissions reduction
can be achieved by replacing
coal power plants with NRE
power plants or adding to the
NRE share in power generation:
NRE power plants have much
lower emission factors than coal
power plants.
However, on average, most NRE
power plants have higher generation costs than coal power
plants, as shown in Figure 1
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For this reason, this policy brief
aims to perform a cost-benefit
analysis of the energy–carbon–
economy nexus through CO2
abatement in long-term generation expansion planning (GEP).
The cost-benefit analysis is helpful in supporting decisionmaking, because it can provide
knowledge of the benefits and
costs that can occur. The result
will help the Indonesian government determine its carbon limitation and establish a penalty
policy.
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[4][5][6]. Therefore, adding to
the NRE share in power generation will probably increase electricity generation costs and
become an obstacle to reducing
CO2 emissions by increasing the
NRE share.
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Figure 1 LCOE based on technologies in Indonesia[4][5][6]
Table 1. The Techno-economy parameter [14][15][16]

Case Study Context
Indonesia is an archipelago with
separate power systems on each
island. The Java–Bali system
emits the most CO2 because
seventy-four percent of Indonesia's power plants are located in
this system, with the total
energy consumed at around
72.4 percent [5]. This system
resulted in CO2 emissions of
approximately 171.5 million tons
in 2019 with an emission factor
of 0.817 tons CO2/MWh [7].
Therefore, this research focuses
on the Java–Bali system as a
case study.

Table 3. Simulation result for three
scenarios: BAU, government NRE target, &
coal phase–out compared to BAU in 2050

Table 2. Fuel Price [7]

LNG: Liquified Natural Gas, HSD: High Speed
Diesel, U3O8: Triuranium Octoxide

Methodology
This policy brief presents a costbenefit analysis based on the
long-term GEP model. The first
step in modelling long-term GEP
is to develop a reference energy
system (RES) depending on the
country's existing characteristics. Moreover, RES is simulated
in OSeMOSYS energy modelling
[8]. OSeMOSYS is an opensource GEP model based on a lin-
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Figure 2. The correlation between LCC, total levelized cost and CO 2 emission

ear programming method to find
the energy generation mix that
provides the least-cost solution
[9].
This research creates multiple
scenarios based on the CO2

2

emission reduction limit. The
scenarios range from no reduction (i.e., business as usual
(BAU)) to a 50% reduction in
BAU emissions. Based on the
percentage of emission reduc-
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tion in the scenario, emission
production can be obtained that
can be used as a limitation to
support the NRE target and coal
phase-out policies. For example,
the coal phase-out can be
achieved in the 26% reduction
scenario. It means that the
emission limit required is 74% of
the BAU emission. In addition,
based on the 26% reduction
scenario results, the levelized
carbon cost (LCC) and the total
levelized generation cost required to support the phase-out
coal plan can be obtained.
The NRE share is restricted to a
maximum of 80% because the
other 20% supports the flexibility of the system. System flexibility is the ability of the system
to maintain the balance of supply
and demand due to unexpected
situations and variability on the
supply side [10]. High penetration of RE creates high variability
on the supply side. Therefore,
system flexibility is essential
when the energy system has a
high RE share.
The results provide many possible solutions. The optimum solution is evaluated by setting the
model to find the least-cost
solution considering the energy
balance, reserve margin, and
CO2 emission constraint. The
energy balance represents the
balance between demand, supply, and the ability of generators
to produce electricity. Reserve
margin represents the reserve
capacity of the power plant
against peak load to anticipate
forced outages and scheduled
maintenance of the power plant.
The techno-economy parameter
of all power plants in the Java–
Bali system and their fuel price
are shown in Tables 1 and 2.
This research assumes that the
economic parameters of the
power plant and the fuel price
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are fixed in the planning period.
This research does not consider
the uncertainty of costs.
Finally, a cost-benefit analysis is
performed to correlate the
adequacy of the energy supply,
CO2 emissions, generation cost,
and the levelized carbon cost
(LCC). The LCC is a carbon cost
that correctly considers the
value of time and the possible
value of changes in CO2 reduction over time. The LCC calculation is done by dividing the
levelized cost by the levelized
CO2 emission.
The cost of CO2 abatement represents the cost required to
reduce CO2 emissions. Meanwhile, the correlation between
LCC and CO2 emission provides
information on the carbon tax.

Results and Discussion
By conducting a long-term GEP
with multi-scenario analysis, the
correlation between CO2 emission reduction, the NRE target,
coal phase-out, generation cost,
and the LCC in the Java–Bali
power system can be obtained,
as shown in Table 3. Furthermore, the correlation between
LCC, total levelized cost, and CO2
emission is shown in Figure 2.
The correlation between the total
levelized cost and CO2 emissions
provides information on the CO2
abatement cost.
Table 3 and Figure 2 show that
the NRE share of 31% by 2050
can be reached by implementing
a cumulative CO2 emission limit

of ~10,087 million tons and a
carbon tax of ~67 USD/ton. The
cumulative emission limit is the
limit of total emission from 2019
to 2050. This carbon tax is only
implemented when the emission
produced exceeds the limit. If
the emissions produced do not
exceed the limit, the carbon tax
is not implemented. In this scenario, the coal share decreases
from 70% in 2020 to 44% in
2050. Reducing the coal share to
achieve the NRE target required
an additional levelized cost of
3.95 billion USD compared to the
BAU scenario.
Renewable energy resources in
the Java–Bali region are limited.
Based on the Ministry of Energy
and
Minerals
Resources
(MoEMR) data, the potential
resources for hydro, geothermal,
solar, wind, and nuclear are 9.28
GW, 6.18 GW [11], 35.99 GW,
3.5 GW [12], and 12 GW [13],
respectively. In addition, geothermal, solar, and wind energy
incur higher generation costs
due to the high hot steam prices
for geothermal energy and the
low-capacity factor for solar and
wind energy. Due to these obstacles, achieving the NRE target
requires nuclear power plants of
2.09 GW in 2030, as shown in
Table 4.
The results show that the geothermal power plant is not economically developed due to its
high investment costs for geothermal PP, as shown in Table
2, and the high cost of the geothermal exploration phase. High

Table 4. The capacity of new and renewable energy power plants
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investment in the exploration
phase is also revealed from the
statistical data on power generation fuel prices in Indonesia [7],
which shows the price of geothermal hot steam reached
averages of 7.6 cents USD/kWh.
Solar and wind are not economically developed because of high
investment costs and low capacity factors. The high investment
cost is due to low local content.
The lower local content affects
higher import duties and taxes.
The low capacity factor is caused
by the characteristic of solar
irradiation and wind speed in
Java–Bali.
Geothermal, solar, and wind
energy becomes economically
developed in the government
NRE target and coal phase-out
scenarios when hydro and
nuclear energy reach their maximum potency. The order of NRE
power plants in the Jawa-Bali
system based on their economy
is as follows: hydro, nuclear,
wind, solar, and geothermal energy.
Nuclear energy is economically
developed because it has lower
generation costs than geothermal, solar, and wind energy.
Nuclear power plants are the
second cheapest NRE generator

after hydropower plants. Therefore, it is used after all practical
sources of hydro energy are utilized. Nuclear power plants are
currently mentioned in national
energy policy as the last option
in the NRE share. However, developing nuclear energy requires
a strong commitment from the
government.
In the coal phase-out scenario,
CO2 emissions will reduce by
26% (~2,980 million tons of
CO2) compared to BAU. This scenario indicates that the share of
NRE by 2050 will reach 36%. A
cumulative CO2 emission limit of
~8,482 million tons and a 77
USD / tons carbon tax are
required. Coal phase-out required an additional levelized
cost of 15.53 billion USD compared to the BAU scenario.
Similar to achieving the NRE target, the coal phase-out scenario
requires nuclear power plants in
2030.
In addition, because of the limitation of the NRE resources, the
combined-cycle power plant is
used to replace the coal power
plant after all resources of NRE
are used. As a result, the energy
share of the combined-cycle
power plant reaches 19% by
2050 in the BAU and govern-

ment NRE target scenarios. On
the other hand, in the coal
phase-out scenario, the energy
share of the combined-cycle
power plant reaches 62% by
2050.
The
combined-cycle
power plant is fuelled by
Liquified natural gas (LNG).
Therefore, to support the coal
phase-out plan requires 3.26
times LNG consumption compare
to the BU scenario.
The significant increase in LNG
consumption creates a sizeable
increase in costs as well. Therefore, to decrease the cost, an
alternative strategy is needed to
achieve the target of NRE sharing and coal elimination. The
option of interconnection with
Sumatra, Kalimantan and East
Nusa Tenggara islands with
abundant NRE resources is a potential alternative to achieve the
targets. By importing the NRE
through the interconnection line,
it is hoped that the generation
cost can be decreased. In addition, this analysis uses a static
RE cost that does not reflect
possible future cost reductions.
On the other hand, the RE costs
are likely to continue falling.
Therefore this could reduce the
increase in gas power plants.

Recommendations
This research provides several recommendations as
follows:
•

•

•

To support new and renewable energy (NRE)
share target and coal phase-out plan in the
Java–Bali system, the government needs to consider strategic policies relating to CO2 reduction.
Government policies should clearly define the
CO2 emission threshold (carbon limitation) and
implement a carbon tax for electricity generation
companies accordingly.

CCG 2021

10.12.2021 – Version 1.

•

•
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Electricity generation companies should pay
penalties if they produce CO2 emissions that are
greater than the government threshold.
Our research suggests that a cumulative CO2
emission limit of ~10,087 million tons and a
carbon tax of ~67 USD/ton are needed to
achieve the NRE target.
Our research suggests that a cumulative CO2
emission limit of ~8,482 million tons and a
carbon tax of ~77 USD/ton are needed to
achieve the coal phase-out plan.
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•

•

Achieving the coal phase-out and NRE targets
requires strong commitment and an immediate
government decision to utilize nuclear energy.
The government of Indonesia should guarantee
the adequacy supply of Liquified Natural Gas
(LNG) with its economical price to support the
coal phase-out plan

•

It is necessary to look for alternatives to fulfil the
long-term demand projection through interconnection with other islands with immense renewable energy sources, e.g., Sumatra, Kalimantan
and East Nusa Tenggara, to achieve the target
of NRE share and coal phase-out.

References
[1] Wang H, Chen W. Modeling of energy

[9] Sarjiya, Budi RFS, Putranto LM. Achieving New and
Renewable Energy Target : A Case Study of JavaBali Power System , Indonesia. 2020 2nd Int. Conf.
Smart Power Internet Energy Syst., 2020, bl 1–6.
https://doi.org/10.1109/SPIES48661.2020.924298
4.

transformation pathways under current policies,
NDCs and enhanced NDCs to achieve 2-degree
target. Appl Energy 2019;250:549–57.
https://doi.org/10.1016/j.apenergy.2019.05.009
[2] President of the Republic of Indonesia. Republic of
Indonesia Government Regulation No 79/2014
concerning National Energy Policy (Peraturan
Pemerintah Republik Indonesia No 79/2014 tentang
Kebijakan Energi Nasional) 2014.

[10] Impram S, Varbak Nese S, Oral B. Challenges of
renewable energy penetration on power system
flexibility: A survey. Energy Strateg Rev 2020;31.
https://doi.org/10.1016/j.esr.2020.100539.

[3] State Electricity Company (PT.PLN (Persero)). Coal
Transformation Towards NRE, PLN’s Strategy
Towards Carbon Neutral 2060 (Transformasi
Batubara Menuju EBT, Strategi PLN Menuju Carbon
Neutral 2060). Jakarta: 2021.

[11] Directorate General of New Renewable Energy and
Energy Conservation. Statistics of New and
Renewable Energy and Conservation Energy 2016.
2016.
[12] Center for Energy Studies UGM. Roadmap for the
development of new and renewable energy in
power plants in Indonesia. 2018.
https://doi.org/10.2307/1964837.

[4] Arinaldo D, Pujantoro M. Levelized Cost of
Electricity in Indonesia. Jakarta: 2019.
[5] PT.PLN (Persero). Statistik PLN (Statistic of State
Electricity Company) 2019. Jakarta: 2019.

[13] National Nuclear Energy Agency of Indonesia.
Indonesia Nuclear Energy Outlook (INEO) 2014.
2014.

[6] International Energy Agency. Projected Costs of
Generating Electricity - 2020 Edition. Paris: 2020.

[14] NEC. Technology Data for the Indonesian Power
Sector - Catalogue for Generation and Storage of
Electricity 2017:1–140.

[7] State Electricity Company (PT. Perusahaan Listrik
Negara). Electricity Supply Business Plan (Rencana
Usaha Penyediaan Tenaga Listrik) 2019 - 2028.
Jakarta: 2019.

[15] IESR (2019). A Roadmap for Indonesia’s Power
Sector: How Renewable Energy Can Power JavaBali and Sumatera 2019:64.

[8] Howells M, Rogner H, Strachan N, Heaps C,
Huntington H, Kypreos S, et al. OSeMOSYS: The
Open Source Energy Modeling System. An
introduction to its ethos, structure and
development. Energy Policy 2011;39:5850–70.
https://doi.org/10.1016/j.enpol.2011.06.033.

[16] Gielen D, Saygin D, Rigter J. Renewable Energy
Prospects: Indonesia, a REmap analysis. 2017.
https://doi.org/10.1145/347642.347800.

Notes
Climate Compatible Growth (CCG) programme: CCG

Author Information

is funded by the UK’s Foreign Development and Commonwealth

Office

(FCDO)

to

support

investment

in

Affiliations

sustainable energy and transport systems to meet devel-

1

opment priorities in the Global South.

Universitas Gadjah Mada

Department of Electrical and Information Engineering,

2 Department of Mechanical and Industrial Engineering,
Acknowledgements

Universitas Gadjah Mada

The authors would like to thank the Department of Elec-

All authors: Center for Energy Studies, Universitas

trical and Information Engineering and Center for Energy

Gadjah Mada

Studies, Universitas Gadjah Mada, for the support.

*corresponding author
Email: sarjiya@ugm.ac.id

CCG 2021

10.12.2021 – Version 1.

5

www.ClimateCompatibleGrowth.com (#CCG)

