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About ASEAN Green Future

ASEAN Green Future is a multi-year regional research project that involves the UN Sustainable Development
Solutions Network (SDSN), Climateworks Centre and nine country teams from leading universities and think
tanks across Southeast Asia (Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore,
Thailand and Vietnam). The researchers undertake guantitative and qualitative climate policy analysis and
develop net zero pathways to inform policy recommendations and support the strategic foresight of policy
makers.

The Phase 1 country reports present priorities and actions to date, and key technology and policy opportunities
to further advance domestic climate action. The Phase 1 regional report positions Southeast Asia's low carbon
transition pathways within a global context using the country reports and other studies. This series of reports,
produced through a synthesis of existing research and knowledge, builds the case for advancing the region’s
climate agenda. Phase 2 of the ASEAN Green Future project uses modelling to quantitatively assess the
different decarbonisation pathways for Southeast Asia.
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EXECUTIVE SUMMARY

Indonesia is Southeast Asia's largest energy consumer, with electrification reaching 99.78% in
2023, though rural areas still face access challenges (MEMR, 2023). The energy mix is dominated
by coal, which accounted for 66% of electricity generation in 2021. This reliance on fossil fuels
contributes to high greenhouse gas (GHG) emissions, with the energy sector responsible for
45.92% of the nation's total emissions in 2023 (MoEF, 2023). Indonesia is a major coal and gas
producer, but this dependence on fossil fuels poses economic risks as global coal demand declines
as well as significant challenges of phasing-out coal.

Indonesia aims to phase out coal-fired power plants by the 2040s and achieve net-zero emissions
of all sectors by 2060, with some scenarios suggesting 2050 (Ember, 2024). Various policy
documents outline a shift towards renewable energy, with goals to increase new and renewable
energy mix to 21% by 2030, 41.3% by 2040, 64.7% by 2050, and 73.6% by 2060. Despite
ambitious decarbonization targets, coal will still play a role in the energy mix in the short term, with
technologies like carbon capture and storage (CCS) being essential for reducing emissions from
existing coal plants. The production of fossil fuels plus CCS is targeted to be around 6% in 2050
and 22.3% in 2060.

As an effort of enrichment to the existing decarbonization plans published by other institutions,
this study models demand and supply to achieve zero emission in the electricity sector by 2060,
specifically for Indonesia’s case. The modelling employs LEAP (Low Emission Analysis Platform)
and NEMO (New Energy Modelling System for Optimization) as the main tools with four scenarios,
which are Existing Policy Pathways (EPP), More Ambitious Pathways (MAP), optimized-EPP, and
optimized-MAP. The EPP scenario follows current implemented policies in the examined country,
meanwhile, the MAP scenario puts in place higher targets for electrification and power sector
decarbonization. The optimized scenario builds upon the EPP and MAP basic scenarios by
incorporating energy e cost into a least cost optimization procedure.

Key Results

Electricity demand is projected to increase due to GDP growth and population expansion. Under
different scenarios, i.e. EPP and MAP, electricity demand could reach between 465 TWh and 1,007
TWh by 2060, respectively. The demand from industrial sector, currently the second-largest
consumer of electricity after residential, is expected to peak at 139 TWh by 2043 and then decline
to 118 TWh by 2060 under the EPP scenario, due to significant electrification of industrial
processes. Under the more ambitious pathway, industrial demand could quadruple by 2060,
surpassing residential electricity consumption on the second place. The optimized scenario does
not affect the demand side, as all assumptions are held constant.

On the supply side, by 2060, the MAP and optimized MAP scenarios project electricity generation
to reach 1,132 TWh. With the MAP scenario, solar and hydropower will dominate, with solar
producing 370.7 TWh (33% of total) and hydropower 316 TWh (28%). Nuclear power will grow
significantly, contributing 257.96 TWh (23%) by 2060. Under the optimized MAP scenario,
hydropower will account for 50% of the total supply, with nuclear and geothermal each contributing
12%. Solar plays a slightly smaller role, and coal remains in use until 2060 in a minimal capacity.
In contrast, the EPP scenario sees coal maintaining a 36% share of electricity generation by 2060,
due to a lack of early coal retirement plans. The optimized EPP scenario includes full coal plant
retirement by 2030, with natural gas surpassing coal starting in 2019. However, coal re-emerges
in 2033 due to cost efficiency and energy instability - reflecting its reliance on variable renewable
energies. Both EPP and optimized EPP forecast the electricity production to achieve 523 TWh by
2060, suggesting an electricity surplus of 58 TWh. The discrepancy between electricity demand of
465 TWh and electricity supply of 523 TWh is highly affected by transmission and distribution

4



ASEAN GREEMN FU

losses and reserve margin. The transmission and distribution loss at 2060 is estimated to be
around 8%, and the reserve margin is planned to be at 30%. Therefore, the excess production will
serve as a buffer for those technical factors. An increase in efficiency could be achieved if we
assume a more efficient transmission and less reserve margin.

In terms of costs, the optimized MAP scenario offers the lowest levelized cost of electricity (LCOE)
at USD 0.063/kWh, followed by the MAP scenario (USD 0.065/kWh) and the EPP scenario (USD
0.092/kWh). The lower cost in optimized MAP scenario is primarily caused by the increase of solar
PV deployment, which cost is predicted to fall overtime as the technology becomes mature.
Moreover, hydropower also plays an essential role in dragging the cost down, as its deployment is
massive and considerably cost-efficient.

Looking forward to the environmental impact, under the MAP and optimized MAP, Indonesia could
achieve zero-emissions in the power generation sector by 2060, largely due to the elimination of
fossil-based power plants and the growth of renewable energy. The optimized EPP scenario
reduces power generation emissions by 84% compared to non-optimized EPP, while the optimized
MAP scenario achieves only a 17% reduction compared to non-optimized MAP. However, reliance
on fossil fuels in certain sectors, such as industrial process, could still result in emissions on the
demand side by 2060, requiring further policy interventions.

Policy Recommendations

The challenging power sector decarbonization agenda requires a set of policy interventions.
Reflecting on the results of this study, various actions which are potentially effective for supporting
the implementation of the agenda are described.

The government should enforce the implementation of transition plan for coal phase out. Indonesia
has already outlined a coal phase out agenda by committing to retire several coal-fired power
plants earlier than its economic lifetime. However, the execution of this plan has fallen short of
expectations. It is critical to implement a clear and binding timeline to phase out subcritical coal-
fired power plants, starting with the oldest and least efficient. Another pivotal challenge is the
substantial financing required to support this transition, which estimated to be approximately $4.7
billion, a critical barrier to halt the action.

Acceleration of renewable energy deployment in power sector. Raise the targets for renewable
energy capacity in Indonesia’s National Energy Policy and National Electricity Supply Plan. Mandate
that new electricity generation projects prioritize solar, wind, geothermal, and hydropower projects.
Provide stronger incentives for private sector investment in renewable energy.

Promote energy efficiency and electrification implementation in various potential sectors.
Strengthen energy efficiency regulations across sectors, particularly in industries and buildings. It
is also important to promote the electrification of key sectors like transport and industry. Incentivize
the adoption of electric vehicles (EVs) through subsidies and charging infrastructure development.

Initiate investment in energy storage and grid modernization. Energy storage is central element in
renewable energy deployment, particularly for variable RE (VRE). The government could provide
grants or low-interest loans to encourage large-scale storage projects. There is also necessity to
modernize Indonesia’s power grid to integrate more renewable energy. This includes upgrading
transmission and distribution systems and investing in smart grid technologies to enhance grid
flexibility, reliability, and efficiency.

Carbon capture and clean technologies implementation. Invest in carbon capture and storage
(CCS) technologies for sectors that are hard to decarbonize, such as coal plants that will continue
operating in the short term.

Policy alignment and coordination. Integrated policy planning will enable better alignment and
coordination among relevant stakeholders. Align national, provincial, and local energy policies to
ensure a coherent approach to energy transition.

5
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Financing support for the decarbonization agenda. A huge investment of more than USD 150 billion
will be needed to replace coal plants with renewable energy sources by 2050. Hence, financial
assistance from national and international institutions is critically required. It is important to
promote alternative financing instruments such as green bonds to attract capital for renewable
energy projects. Indonesia can also leverage international funding sources, such as the Green
Climate Fund (GCF), to support its decarbonization initiatives. The fossil fuel subsidy policy which
is still implemented should also be removed.
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1. INTRODUCTION

Indonesia's power sector is at a critical crossroads, facing growing energy demands driven by rapid
population growth and urbanization. As the fourth most populous country and the largest energy
consumer in Southeast Asia, Indonesia is a key player in the global energy transition (IRENA, 2022).
Despite an increase in the electrification rate', which reached 99.78% in 2023, challenges remain
in achieving full electrification, particularly in rural and remote areas across its 17,000 islands
(BPS, 2020). Meanwhile, Indonesia’s energy mix is heavily dominated by coal, which accounted for
62% of electricity generation in 2023 (Ember, 2024).

Historically reliant on its abundant fossil fuel reserves, Indonesia has become the world’s fourth-
largest coal producer (IEA, 2022). However, this reliance poses challenges to both energy security
and sustainability. The energy sector is the country’s largest source of greenhouse gas emissions,
contributing 45.92% of the nation's total emissions in 2023 (MoEF, 2023) where 43% of it is
originated from the power sector (IESR, 2024). The continued dependence on fossil fuels not only
jeopardizes Indonesia's climate commitments but also exposes it to the global decline in coal
demand and the economic risks associated with stranded assets. With global and domestic
pressures to reduce emissions, the Indonesian government has committed to phasing out coal-
fired power plants (CFPPs) by the 2040s (Ember, 2024). Achieving this goal will require substantial
policy adjustments, financial investments, and technological innovation to overcome entrenched
dependencies on coal.

However, managing the energy transition in such a decentralized and fossil fuel-dependent country
presents complex policy and governance challenges (Jamal et al., 2024). Coordination between
national and local governments, streamlining regulatory processes, and ensuring transparency in
energy policies are critical to navigating this transition smoothly.

1.1 Current state of Indonesia's Power Sector

We define the current state or historical periods as the period of 1995—2018, with the simulated
period of 2019-2060.

a) Breakdown of energy sector emission

Global Warming Potential (GWP) of GHG emissions from the energy sector in Indonesia has seen
a steady increase over time, driven primarily by key industries such as electricity generation and
transport. We present the historical 100-Year Global Warming Potential (GWP) GHGs emission from
the energy sector in million metric tons of carbon dioxide equivalent (MtCO,e). Figure 1 shows that
electricity generation makes a significant contribution to energy sector emissions. In 2018,
electricity generation emitted 200.55 million MtCO,e, representing 38.4% of the total energy
sector emissions of 521.88 million MtCO,e. The second-largest contributor was the transport
sector, with emissions of 157.09 million MtCO,e, accounting for 30.1% of the total emissions.

1 The electrification rate indicates number of households with electricity access.

7
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This trend highlights the urgent need to address emissions from these two sectors, which are
projected to grow further unless significant interventions are made. While contributions from
residential and oil refining remain relatively stable, they underscore the importance of targeted
policies in high-emission sectors to achieve Indonesia’s climate goals.
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Million Metric Tonnes CO2 equivalent

100

0
199519961997199819992000200120022003200420052006200720082009201020112012201320142015201620172018

B Agriculture and Fishing ™ Electric Generation ®Industry ® Residential ®Services ™ Transport

Figure 1: Breakdown of emissions from all sectors
Source: Author’s Calculation using GDP value added and Population data by World Bank (2020).
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b) Breakdown of emissions from electricity generation

GHG emissions from Indonesia's electricity generation sector has risen sharply, with coal power
plants driving the majority of emissions. Figure 2 shows a steep increase in total GHG emissions
from electricity generation in Indonesia, reaching nearly 200 million MtCO,e by 2018. Coal
subcritical power plants are the dominant contributors, followed by coal supercritical and coal ultra
supercritical plants. Emissions from natural gas and other sources such as biogas and biomass
remain comparatively small but stable.

Between 1995 and 2018, emissions from coal subcritical plants grew almost fifteen folds, from
10.24 MtCO,e (41% of total electric generation emission) to 155.75 MtCO,e (81.81% of total
electric generation emission). This reliance on coal is a critical challenge, indicating the need for
a strategic shift towards cleaner energy sources and the accelerated phase-out of subcritical coal
plants.

250

N
o
o

150

100

Millions Metric Tonnes CO2 Equivalent

(%)
o

H Biogas Biomass PP m Coal Subcritical Coal Supercritical

m Coal Ultrasupercritical m Diesel PP m Natural Gas CC m Natural Gas PP

Figure 2: Breakdown of emissions from electricity generation sector
Source: Author’s Calculation using IEA World Energy Balances (2020).

c) Trends of electricity demands by sector

Overall, electricity demand has steadily increased over this period, driven primarily by growth in
the residential and industrial sectors.

The residential sector has consistently been the largest consumer of electricity throughout the
historical periods. In 2018, residential electricity demand reached 100.26 TWh, more than
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doubled in ten years. The industrial sector also experienced significant growth, with demand rising
t0 93.54 TWh by 2018, almost doubled from 2008.

Electricity demand in the services sector grew from 6.91 TWh in 1995 to 59.57 TWh in 2018,
reflecting the expanding service economy and urbanization trends. Agriculture, fishing, transport,
and non-specified sectors showed more modest growth, potentially due to alternative energy
sources and efficiency improvements.

300

250

200

150

Thousand Gigawatt-Hours

100

50

B Residential W Agriculture and Fishing  ®Services Industry  ®Transport

Figure 3: Electricity demand by sector.
Source: Author’s Calculation using IEA World Energy Balances (2020)

d) Trends of Technology Mix in Electricity Sector

Overall, generation capacity has increased significantly, driven primarily by coal and natural gas
technologies. CFPPs have been the dominant source of electricity generation throughout the
historical period, likely due to abundant coal reserves and low costs. In 2018, installed capacity
for coal subcritical plants reached 28.18 GW (41.6% of total capacity), while coal supercritical
plants contributed 3.41 GW (5% of total capacity). Natural gas-fired power plants also grew, with
simple cycle plants reaching 5.60 GW (18.1% of total capacity).

Renewable energy technologies saw incremental growth: hydropower capacity reached 5.60 GW
(8.2% of total capacity), geothermal 1.88 GW (2.8% of total capacity), and biomass 1.09 GW (1.6%
of total capacity) in 2018. Despite this growth, renewables remain a small portion of total capacity.
Accelerating the deployment of renewables and modernizing infrastructure to support their
integration will be essential for achieving Indonesia’s long-term energy transition goals.

10
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Figure 4: Installed capacity by technologies
Source: Author’s Calculation using IEA World Energy Balances (2020).

e) Share of electricity generation by source

Overall, electricity generation has increased significantly over this period, driven primarily by CFPPs.

Coal has consistently been the dominant source of electricity generation, followed by natural gas.
While renewable energy sources have grown, they still constitute a relatively small portion of the
overall generation mix.

Coal has consistently been the dominant source of electricity generation, followed by natural gas.
In 2018, coal subcritical plants generated 128.59 TWh, while supercritical plants produced 9.20
TWh. Natural gas combined cycle plants generated 15.19 TWh. Renewable energy contributions
remained limited: hydropower produced 12.26 TWh, and geothermal 9.98 TWh in 2018. These
factors underscore the difficulty of transitioning away from coal, despite ambitious decarbonization
goals. Phasing out unabated coal power will require strategic planning, investment in renewables.

Coal subcritical power generation remains the dominant form of electricity generation in Indonesia
due to several factors. Indonesia has significant coal reserves, making coal a readily available and
economically viable option for power generation. The domestic market primarily uses medium and
low-rank coal, which is abundant and cost-effective (Baskoro et al., 2021). Second, economic
considerations. The cost of coal procurement and the technical aspects of coal blending make it a
preferred choice. Blending different types of coal to meet technical requirements such as calorific
value and minimizing slagging and fouling is a common practice, ensuring cost efficiency (Hariara
et al. 2021).

Third, the growing electricity demand is projected to increase by 56.8% over the next decade. This
necessitates a reliable and scalable energy source. CFPPs are crucial in meeting this demand,

11
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especially in regions experiencing electricity deficits (Devi et al., 2018). Last, continued policy
support. Long-term energy planning in Indonesia continues to favor coal due to its role in ensuring
supply security and economic feasibility. Even with efforts to incorporate renewable energy, coal is
projected to remain a significant part of the energy mix (Khoirunnisa et al., 2020). These factors
contribute to the continued reliance on coal, despite efforts to diversify the energy mix and increase
renewable energy sources.
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0
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M Coal Supercritical ®m Coal Subcritical Solar PV Wind Onshore B Geothermal
M Biomass PP M Diesel PP W Hydropower B Natural Gas CC  ® Natural Gas PP

Figure 5: Electricity generation by sources.
Source: Author’s Calculation using IEA World Energy Balances (2020)

Natural gas-fired power plants have experienced significant growth, particularly in recent years.
Renewable energy sources such as hydropower, biomass, geothermal, solar, and wind have shown
growth, but their contribution to the overall generation mix remains relatively small. Diesel power
plants have declined in importance due to higher operating costs and environmental concerns.
Hydropower has seen a slower growth rate compared to other technologies.

1.2 Indonesia’s Decarbonization Targets from Various Documents

Indonesia's decarbonization strategy, as outlined in various documents, centers on achieving net-
zero emissions by 2060, with a few reports targeting an earlier deadline of 2050. This ambitious
goal demonstrates Indonesia's commitment to mitigating climate change while balancing its
economic growth and energy needs. The Long-Term Strategy for Low Carbon and Climate
Resilience (LTS-LCCR) and IEA’s Roadmap to Net Zero Emissions emphasize that reaching net zero
will involve decarbonizing energy, transportation, and industrial sectors through various policy
measures, technological innovations, and renewable energy investments.

A consistent theme across these documents is the massive shift to renewable energy. Renewable
energy sources such as solar, wind, hydropower, and geothermal will play a crucial role in reshaping

12
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Indonesia’s energy mix by 2050. The LTS-LCCR (2021) sets a target for 43% renewable energy by
2050, while more ambitious plans like Institute for Essential Services Reform (IESR)'s Deep
Decarbonization (2021) expect solar PV alone to contribute up to 88% of total electricity by mid-
century. These strategies indicate a steady increase in renewable capacity, with some forecasts
projecting as much as 510 GW of solar and wind capacity by 2060 (IEA, 2022). This will significantly
reduce Indonesia's dependence on fossil fuels, particularly coal.

Different policy documents offer varying projections for Indonesia's power mix by 2050. Based on
Figure 6, the LTS-LCCR targets a mix with 48% fossil fuels, 43.5% renewables, and 8.5% other
technologies such as carbon capture. In contrast, more ambitious scenarios, such as those
proposed by IRENA and the Asia Society Policy Institute (ASPI), envision renewables contributing
83% to 98% of the total energy mix, with fossil fuels accounting for only 2% to 17%. The RUKN and
IEA projections fall between these extremes, with renewables comprising around 81% to 83% and
fossil fuels ranging from 4% to 11%. These varying targets highlight the spectrum of ambition in
Indonesia's decarbonization pathways and underscore the critical need for policy alignment,
technological advancements, and investment in renewable infrastructure.

Comparation of Electricity Mix Target in 2050

IESR EE o mm——
LCDI F s s
S o P L
IEA 12.8%
RUKN 8%
IRENA I A e —
LTS-LCCR 8.5%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Fossil Fuels ™ Renewables Other

Figure 6: Comparative Power Mix Targets for 2050
Source: Author’s Compilation of Various Documents

Despite these aggressive targets, coal remains a key part of Indonesia’s energy mix in the short to
medium term. Several plans anticipate coal being used as a baseload source until the 2040s,
supported by carbon capture and storage (CCS) to mitigate emissions. For instance, the LTS-LCCR
expects 76% of CFPPs to be equipped with CCS by 2050. The challenge lies in gradually retiring
subcritical coal plants, which generated 128.59 TWh in 2018, and replacing them with renewable
capacity.

Electrification of key sectors is another common thread in Indonesia’s decarbonization plans. The
transportation sector is targeted for rapid transformation, with electric vehicles (EVs) expected to
account for nearly all car sales by 2050 in several scenarios. In the IEA’'s Roadmap (2022), 45%
of car sales will be EVs by 2030, progressing towards 100% adoption by 2050. Electrification
extends beyond transport; industrial processes, residential, and commercial buildings will also shift
to electric-powered operations, driven by cleaner electricity. Significant improvements in energy
efficiency across sectors, especially in buildings, are essential to reducing overall energy
consumption, with the goal of lowering energy intensity by 50% by 2050.

13
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To meet its decarbonization targets, Indonesia’s plans also emphasize the importance of
technological innovation. This includes the widespread deployment of carbon capture, hydrogen
fuel for industries, and advanced energy storage systems (ESS) to balance the intermittent nature
of renewable energy. For example, by 2050, fossil fuels with CCS will still contribute a small portion
to the energy mix, while hydrogen and bioenergy will help decarbonize sectors that are hard to
electrify, such as heavy industry and long-haul transportation.

In conclusion, Indonesia’s decarbonization pathway is a multi-faceted approach that integrates
renewable energy expansion, electrification of sectors, coal phase-out, and technological
advancements to reach net-zero emissions by 2060 (or earlier in some cases). These strategies
aim to create a greener, more sustainable energy system while enabling Indonesia to remain
economically competitive.

14
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Documents

Table 1: Review of Documents on Energy Transition in Indonesia

Decarbonization Target

Demand Side

Supply Side

LTS-LCCR (2021)

Emission reduction 540 Mton
CO2e by 2050, compared to
BAU. Net zero emission by
2060.

Electricity demand growth: 5.5%
per year

Share of electric transport by 2050
(of total final transport energy,
including train): 30%

Power generation mix by
2050:

RE 43%, coal 38%, natural
gas 10%, BECCS 8%

Installed capacity of RE by
2050:

Solar PV 113 GW, hydro 68
GW, geothermal 23 GW, wind
17 GW, biomass 13 GW,
biofuel 14 GW, BECCS 23 GW.

76% of cfpp are equipped
with CCS

Coal will remain as baseload
until 2050.

Carbon intensity of power
generation: 104 gram
CO2/kWh

IEA (2022). An Energy
Sector Roadmap to Net
Zero Emissions in
Indonesia

Net zero emissions by 2060

Electricity demand increases by
7% per year in the period to 2030
in the NZE.

Increase energy efficiency for
buildings->Reducing the average
energy

demand per square metre of
cooled floor space from over 60
kWh/m2 today to around

40 kWh/m2 in 2030 and less than
20 kWh/m2 in 2050 in the NZE.

Transport sector->EVs make up
45% of car sales by 2030,

Installed Capacity Targets for
renewables (Year/GW) :
Solar PV and Wind
(2030/100GW,
2040/380GW, 2050/500GW,
2060/510GW)

Hydropower (2030/20GW,
2040/40GW, 2050/70GW,
2060/80GW)

Bioenergy:

(2030/5GW, 2040/20GW,
2050/30GW, 2060/35GW)
Geothermal (2030/10GW,
2040/20GW, 2050/22GW,
2060/25GW)

LCDI Indonesia (2021).
A Green Economy for a
Net Zero Future

Achieve net zero by 2050

100% EV adoption by 2050. 25%
EV production share by 2025.

Improving energy efficiency from
buildings

Share of renewable: 65% by
2030 (remaining share
from coal and natural gas);
85% by 2060 (remaining
share

from nuclear)
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Supply Side

PT PLN (2022). PLN
Strategy for

Net Zero Emissions
by 2060

Emissions from power sector
peak at 2030 of 335 million
tCO2e, and continue to
decrease to zero by 2050

Capacity share by technology:
2030: 32% RE, 20% Gas, 46%
coal

2040: 52% RE, 34% gas, 13%
coal

2050: 60% RE, 31% gas, 3%
Coal

2060: 69% RE, 8% Coal+CCS,
15% Gas

IESR (2021). Deep
decarbonization

of Indonesia’s energy
system

Decrease GHG emission by
92% between 2030 and 2045

By 2050, the electrification for
transport sector is 46%.
Increasing the electrification for
other sector is important as well,
with 70% for heat sector in 2050.

By 2050, solar PV contributes
to 88% of total electricity
generation, followed by hydro
6% and geothermal 5%

The Asia Society Policy
Institute (2023). Getting
Indonesia to Net Zero

Net Zero Emission by 2050
and 2060

Share of electricity on final energy
demand by 2050:

Transport: 70%

Industry and construction: 32%
Residential and commercial
buildings: 75.5%

Agriculture: 29%

Power generation mix by
2050:

RE 98%, with solar PV 72.5%,
others 2%.

Acceleration of unabated coal
phase out, fully implemented
by 2040.

Retirement of 9.2 GW cfpp by
2030 (total net addition of
4.6 GW, assuming 13.8 GW
addition in the pipeline)

50% of power capacity
additions to be renewables by
2030.

IRENA (2022). Indonesia
Energy Transition
Outlook

Emission reduction by 2050

Electricity consumption:
Building: 2025 200 TWh, 2030
310 TWh, 2040 560 TWh, 2050
950 TWh

Industry: 2025 190 TWh, 2030
250 TWh, 2040 320 TWh, 2050
385 TWh (deploying energy
efficient)

Power generation mix:
Installed capacity of 45 GW
from RE by 2025.

RE shares by 2050: 83%
Wind and solar PV 17% by
2030, 72 % by 2050.

Capacity Installed by 2050:
Solar PV: 618 GW
Hydropower: 58 GW
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Documents

Decarbonization Target

Demand Side

Supply Side

Transport: 2030 30 TWh, 2040
150 TWh, 2050 345 TWh

Geothermal: 23 GW
Fossil fuels with CCS: 68.5 GW

RUPTL - RUKN 2021-
2030

Emission reduction in power
sector by 2060

Energy demand:
Total electricity demand by 2060:
1846 TWh

Transport: 100% EV sales by 2040.

Hydrogen for truck accounted for
20% by 2060. E-jet fuel up to 45%
by 2060. Low carbon fuel for
vessel from 3036.

Residential and commercial:
Acceleration of cooking
electrification, energy efficiency in
air conditioning and other
appliances.

Industry: 55% electrification by
2060. Hydrogen (H2) for gas
substitute from 204 1. Gradual
biomass conversion.

RE shares:

2025: 23% (23.5 GW)
2030: 31% (58 GW)
2035: 49% (118.5 GW)
2040: 65% (214 GW)
2045: 73% (315 GW)
2050: 81% (423 GW)
2055: 100% (628 GW)

Capacity installed by
technology in 2060 (814 GW):
Fossil fuel: 0 GW
Geothermal: 20 GW
Bioenergy: 34 GW
Hydro: 64 GW

Wind: 65 GW

Solar: 458 GW
Nuclear: 17 GW
Ocean: 2 GW

Pump Storage: 4 GW
ESS: 89 GW

NH3: 38 GW

H2: 23 GW

9.2 GW Cfpp retirement by
2030

For the ambitious
decarbonization target, no
fossil fuel power plant is on
operating after 2050.
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1.3 Funding Needs for Decarbonization

Achieving Indonesia's ambitious decarbonization targets requires substantial investment across
multiple energy sectors. According to Danish Energy Agency & Directorate General of Electricity
(2021), the cost projections for renewable technologies such as solar PV and wind turbines are
expected to decrease significantly by 2050, making them economically viable. However, the initial
capital requirements for these technologies remain high, with solar PV centralized systems
estimated at USD 34.09 million per MW in 2020.

Similarly, transitioning from coal-based power generation to renewable energy will necessitate
substantial upfront investments in infrastructure and technology upgrades. Reports indicate that
the Levelized Cost of Electricity (LCOE) for solar PV and wind systems is already competitive with
fossil fuels, ranging between 4.9 and 6.1 cents/kWh in optimal conditions, excluding land-use
costs (IESR, 2023). Despite these figures, Indonesia faces the challenge of overcoming existing
subsidies for fossil fuels, which distort the economic competitiveness of renewables. Massive
subsidies for fossil fuels, especially coal, have made investment in renewable energy less attractive.
Regions dominated by coal, such as East Kalimantan and South Kalimantan, still rely on this
particular resource to support their economies. For example, the contribution of coal to the Gross
Regional Domestic Product (GRDP) of East Kalimantan was 36.2% in 2022 (National Bureau
Statistics of Indonesia, 2023). One of the main subsidies for coal is domestic price obligation, in
which the CFPPs could buy the coal as low as $70 per ton regardless of its market price globally.

Some progress to diminish the coal lock-in in Indonesia has been made. The Presidential
Regulation 112/2022 has banned coal power plant development after 2030 (with some
exceptions). The regulation also encourages and allows fiscal support for early coal phase-out.
However, early retirement of coal power plants requires around $4.7 billion to compensate for the
book value of the plants (Just Energy Transition Partnership Indonesia, 2023).

Overall, to bridge this financial gap, a combination of funding mechanisms is essential. This
includes:

1. Public Investments: The government must allocate a larger share of its energy subsidies
toward renewable energy development and infrastructure improvements.

2. Private Sector Involvement: Enhanced incentives for private investors, including tax
benefits and guaranteed power purchase agreements (PPAs), are needed to attract foreign
and domestic capital.

3. International Climate Financing: Indonesia could leverage mechanisms such as the Green
Climate Fund (GCF) and bilateral partnerships to secure the required funding for renewable
energy projects.

Estimated Capital Needs: According to the IESR (2023), replacing CFPPs with renewables and
incorporating storage technologies could require investments exceeding USD 150 billion by 2050.
This figure underscores the scale of financial support required to meet the net-zero target and
avoid stranded coal assets (IESR, 2023; Danish Energy Agency & Directorate General of Electricity,
2021).

Technology-Specific Needs:

e Wind Energy: Investment in offshore wind infrastructure will demand USD 5-10 million per
MW due to high initial costs of installation and maintenance.

o Energy Storage: Battery Energy Storage Systems (BESS) are essential for grid stability but
remain capital-intensive, with costs projected to decrease to USD 150/kWh by 2050, down
from current levels of USD 350/kWh.
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This financial commitment highlights the need for strategic planning and alignment across policy,
investment, and technological innovation to ensure the successful implementation of Indonesia’s

decarbonization roadmap.
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2, METHODOLOGY

2.1 LEAP Model

The Low Emissions Analysis Platform (LEAP), formerly known as the Long-Range Energy
Alternatives Planning System, is a scenario-based modelling software developed by the Stockholm
Environment Institute-Boston (SEI-Boston). LEAP is designed for energy planning and greenhouse
gas (GHG) emissions mitigation analysis. Its applications are extensive, covering energy demand,
energy transformation, resource extraction, GHG and local air pollutant emissions, cost-benefit
analysis, as well as sources and sinks of emissions from non-energy sectors.

As a modelling tool, LEAP supports various methodologies, such as transport stock turnover models,
electric sector load forecasting and capacity expansion, as well as econometric and simulation
models. One of its main advantages is the minimal initial data requirement, with most aspects
being optional, making it a flexible tool for a wide range of energy system analysis needs.

Demographics Macroeconomics

\ |
v

Demand Analysis

Statistical Differences

IBC: Impacts
Benefit .
Calculator: Env;rgr:me Transformation Analysis
. Integrated Cost
Mortality, | [oadhes l Benefit Analysis
Crop Losses, (Pollutant
Temperature Emissions) Stock Changes
Change l

Resource Analysis

|

Non-Energy Sector
Emission Analysis

v

Environmental
Externalities

Figure 7: Framework of Low Emission Analysis Platform (LEAP)
Source: Stockholm Environment Institute (2020)
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The foundation of LEAP's framework relies on demographic and macroeconomic inputs. Factors
such as population growth, income levels, and economic activities shape energy demand across
sectors like households, industry, and transportation. This demand analysis is further refined
through statistical adjustments, ensuring that projections are consistent with observed trends or
policy targets.

On the supply side, transformation analysis focuses on energy production processes, including
power generation, fuel refining, and distribution. LEAP evaluates stock changes in technologies,
such as vehicle turnover and appliance replacement, as well as the extraction and utilization of
resources like fossil fuels and renewables. By incorporating these aspects, LEAP captures the
dynamics of both energy demand and supply systems.

An important feature of LEAP is its ability to model non-energy sector emissions, including those
from land-use changes, agriculture, and forestry. These emissions, combined with energy-related
pollutant outputs, contribute to the tool’s Environmental Loadings component, which calculates
GHG and local air pollutant emissions. These environmental impacts feed into the Integrated
Benefits Calculator (IBC), which assesses broader consequences such as health impacts (e.g.,
mortality from air pollution), agricultural losses, and climate effects like temperature change.

The final component of LEAP is the Integrated Cost-Benefit Analysis, which brings together all
previous results to evaluate economic trade-offs and environmental externalities. By assessing
costs, benefits, and sustainability outcomes across different scenarios, LEAP enables
policymakers to identify the most cost-effective and environmentally friendly pathways for energy
development. This holistic approach makes LEAP a valuable tool for governments, research
institutions, and organizations aiming to achieve long-term sustainable energy and climate goals.

2.2 Scope

The study focuses on Indonesia's power sector, encompassing both the supply side (electricity
generation, including renewable and non-renewable energy sources) and the demand side
(electricity consumption across residential, commercial, industrial, and transportation sectors).

Indonesia's historical data ranges from 2000 to 2018, reflecting significant energy transitions and
policy developments in recent decades. The first scenario year begins in 2019 to eliminate the
impact of the Pandemic. The end year of the study is set in 2060, consistent with Indonesia's long-
term energy planning and its carbon neutrality target.

Data for the study is gathered from reliable and context-specific sources, including official
government reports and documents (such as the Ministry of Energy and Mineral Resources' reports
and PLN--Perusahaan Listrik Negara statistics), as well as reports and online databases from
recognized international organizations (such as the World Bank, International Energy Agency, and
Global Data Lab).

2.3 Scenarios and Key Assumptions

Underlying Assumptions for Existing Policy Pathway (EXP)

Macroeconomic Assumptions. The macroeconomic assumptions for this study follow the trajectory
of the Shared Socioeconomic Pathways (SSPs) 2 “Middle-of-the-road” scenario. This framework
includes projections for GDP and population growth, assuming moderate developments in
economic and demographic trends. For the GDP, the growth rate is estimated to be around 3% to
6% while the population growth rate is estimated to be about 0.5%--1% (Oliver et al., 2017).
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Demand Sector. Various aspects of residential energy consumption are considered. For lighting,
data from 2021 shows that 52% of households across urban and rural areas have adopted LED
lighting. The Government of Indonesia (Gol) has initiated a program to accelerate the transition
from incandescent to LED bulbs. In urban areas, 65% of households used LED lighting as of 2021,
with the share expected to reach 95% by 2050 (MEMR, 2022). In rural areas, only 20% of
households used LED lighting in 2021, but due to program acceleration, this is projected to
increase significantly to 75% by 2050. For cooking, the Gol introduced an LPG-to-electric stove
conversion program in 2020; however, its implementation has been limited. In urban households,
only 0.76% used electric stoves in 2021, and under current conditions, this share is expected to
grow modestly to 25% by 2050. For rural households, the adoption rate was just 0.4% in 2021 and
is anticipated to reach only 10% by 2050. Meanwhile, the use of wood for cooking is assumed to
remain constant, with the remainder of households continuing to rely on LPG stoves. Other
appliances, such as refrigeration and air conditioning, are assumed to follow historical trends
without significant changes.

Transport sector, the Gol aims to achieve a 5% market share for electric vehicles (EVs) by 2023.
Without additional policy interventions, EV adoption is expected to increase to 15% by 2030 and
50% by 2050. In contrast, energy consumption patterns in the industrial, services, and agricultural
sectors are assumed to remain unchanged under the existing policy scenario.

Supply sector. We align the power generation projection with the National General Electricity Supply
Plan. Renewable energy (RE) is projected to account for 23% of the energy mix by 2025, increasing
to 32% by 2030 and 43% by 2050. However, early retirement of CFPPs is not considered in this
scenario. The additional power capacity needed by 2030 includes 13,819 MW from coal, 3,355
MW from geothermal, 3,844 MW from steam gas, 1,984 MW from gas, 5 MW from diesel, 1,118
MW from micro-hydro, 5,029 MW from hydro, 4,243 MW from tidal energy, 4,680 MW from solar
PV, 1,010 MW from other renewable sources, and 1,487 MW from other technologies.

Underlying Assumptions for More Ambitious Pathway (MAP)

Macroeconomic assumptions. Under the More Ambitious Pathway, we follow SSPs 2 for the
projections for GDP growth, sectoral value added, and population growth. These factors serve as
the foundation for analyzing the development trajectory under ambitious energy transition
scenarios.

Demand sector. Several assumptions are made for residential, transport, industry, and agriculture
energy consumption. For residential lighting, 52% of households used LED (efficient lighting) as of
2021 (MEMR, 2022). The LED market share is projected to grow at a steady compound annual
growth rate (CAGR) of 5% between 2022 and 2032, reflecting a continuous shift toward energy-
efficient lighting solutions. For cooking, electric cooking adoption is expected to significantly
increase, reaching 75.5% by 2050, driven by policies promoting cleaner energy and reduced
reliance on LPG. Regarding refrigeration and air conditioning/cooling, both usage patterns and
energy intensity are assumed to follow historical trends, with no significant shifts anticipated in
energy efficiency or consumption behaviours.

Transport sector. We assume that passenger cars will achieve 100% EV adoption by 2050, with an
interim target of 25% EV market share by 2025 (LCDI, 2021). The overall electrification target for
the transport sector is set at 70% by 2050, supported by policy incentives and technological
advancements (The Asia Society Policy Institute, 2023).

Industry sector. We set the overall electrification target is set at 55% by 2060, reflecting efforts to
integrate renewable energy into industrial processes and reduce dependency on fossil fuels.
Similarly, in the agriculture sector, the overall electrification target is projected to reach 29% by
2060, indicating a gradual shift toward sustainable energy practices in rural and agricultural
operations (The Asia Society Policy Institute, 2023).
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Supply sector. We assume power generation to follow General Plan of National Electricity (2023 -
2060), targeting net-zero emissions by 2060. This roadmap emphasizes the integration of
renewable energy sources and the gradual phasing out of CFPPs to achieve a sustainable and
resilient energy system.

These assumptions under the More Ambitious Pathway illustrate a forward-looking approach,
aiming for substantial electrification and the adoption of renewable energy across all sectors of
the economy.

Underlying Assumptions for Optimized Existing Policies Pathway
(OPT EXP) and Optimized More Ambitious Pathway (OPT MAP)

For the optimization run on both existing policies pathway and more ambitious pathway, we add
the assumption about the costs for each technology.
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Figure 8: Capital Costs for Power Generation Technologies
Source: National Renewable Energy Laboratory (2023)

For the capital costs, we applied the data from National Renewable Energy Laboratory (2023). The
figure compares the capital costs of various energy sources, measured in USD per kW, from 2018
to 2060. Energy sources with high initial capital costs include nuclear, geothermal, and hydro.
Nuclear energy starts as the most expensive option, with a capital cost of USD 9,440/kW in 2018,
gradually declining to USD 6,127 /kW by 2060. Cost reductions are predicted in renewable energy
sources like solar and wind. Solar energy starts from USD 1,291/kW in 2018 to just USD 500/kW
by 2060.
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Figure 9: Fuel Costs
Source: The 7th ASEAN Energy Outlook 2022 (2022)

Other than capital cost, we also assume fuel costs based on the 7th ASEAN Energy Outlook 2022.
The graph illustrates the projected changes in fuel costs (measured in USD/MWh) for various
energy sources between 2018 and 2060.

For coal, it is predicted a declining trend from 9.80 USD/MWh in 2018 to 7.05 USD/MWh from
2030 onwards. Similarly, natural gas is also predicted to decline from 28.40 USD/MWh in 2018
to 27.90 USD/MWh by 2030 and remain constant through 2060. Crude oil is predicted to rise
sharply from 27.60 USD/MWh in 2018 to 61.90 USD/MWh in 2040 up to 2060. Renewable
sources such as biomass and biogas show no variation in costs throughout the projection period,
staying constant at 0.6 USD/MWh and 2.3 USD/MWh. Nuclear energy is expected to increase
starting at 3.8 USD/MWh in 2018 to 10.8 USD/MWh in 2040, 14.4 USD/MWh in 2050, and 17.9
USD/MWh by 2060.
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3. RESULTS

3.1 Key Drivers of Electricity

a) Gross Domestic Product (GDP)

Economic expansion plays a crucial role in driving up energy demand. As Indonesia’s GDP
continues to grow, the nation's industries, services, and household consumption of electricity also
rises. This economic growth is fuelled by the expansion of various sectors, including manufacturing,
services, and technology, all of which require substantial amounts of energy. Indonesia's GDP is
projected to reach nearly USD 14 trillion by 2060, reflecting robust economic development. As GDP
increases, the purchasing power of individuals and businesses improves, leading to greater
consumption of electricity for both personal and commercial uses. This could manifest in the form
of higher ownership of electrical appliances, more sophisticated industrial processes, and the
expansion of digital infrastructure.
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Figure 10: Indonesia’s GDP History and Projection 1995-2060
Source: SSP Projection by The International Institute for Applied Systems Analysis--IIASA (2020)

b) Population Growth

The growth in population is another significant contributor to rising electricity demand. As
Indonesia’s population increases, there is a corresponding rise in the number of households and
the overall consumption of electricity. Despite the slowing down of its growth rate, population
growth and household activities also seem to grow over the year. A larger population means more
homes, schools, businesses, and public services that require energy for lighting, heating, cooling,
and powering devices. Additionally, urbanization, which often accompanies population growth, can
lead to higher energy consumption in cities, as urban areas tend to have more energy-intensive
lifestyles compared to rural regions.
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Figure 11: Indonesia’s Population History and Projection 1995-2060
Source: SSP Projection by IIASA (2020)

3.1 Simulation Results: Existing vs More Ambitious Policies

3.1.1 Final Electricity Demand

In this section, we compare the simulation results of electricity demand and supply under two
scenarios: the Existing Policy Pathway (EPP) and the More Ambitious Pathway (MAP), as explained
earlier (see Figure 12). By 2025, Indonesia's electricity demand is projected to reach 302.7 TWh
under the EPP scenario and 331.22 TWh under the MAP scenario. This corresponds to 1,077 kWh
and 1,179 kWh per capita respectively. Both projections, however, lower than the actual
consumption in 2023, which stood at 1,337 kWh per capita. Meanwhile, as of June 2024, total
electricity consumption has grown by 7.54% compared to the first half of 2023. This discrepancy
highlights potential limitations in the assumptions used for the simulations, particularly regarding
the pace of economic recovery in the post-pandemic period.

Looking further to 2060, the two scenarios diverge significantly. Under the MAP scenario, electricity
demand is projected to rise to 1,007 TWh, equivalent to 3,151 kWh per capita. In contrast, the
EPP scenario forecasts a much lower demand of 465 TWh, or 1,454 kWh per capita. Both
projections, however, fall significantly below the targets outlined in Indonesia’s 2023-2060
National Electricity Supply Plan (RUKN), which estimates total electricity consumption to reach
1,813 TWh by 2060, or approximately 5,038 kWh per capita. The lower demand projections under
EPP and MAP are primarily attributed to assumptions in the SSP2 Middle of the Road scenario,
which forecasts a modest annual GDP growth rate of 2-3%. In contrast, the RUKN assumes a more
ambitious growth trajectory, alongside accelerated electrification particularly in industrial sector.
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Figure 12: Final electricity demand by sector of Existing Policies Pathway (top) and More Ambitious
Pathway (down) scenario.
Source: Author’s Calculation

The industrial sector, Indonesia’s second-largest energy consumer after the residential, accounted
for 32% of total electricity consumption in 2022, highlighting its pivotal role in shaping long-term
demand. Under the EPP scenario, the electricity demand in industrial sector is expected to peak at
139 TWh by 2043 and then decline to 118 TWh by 2060, contributing to only 25% of total electricity
demand. This decreasing trend driven by limited electrification. Consequently, the service sector is
projected to overtake industry as the dominant driver of electricity demand by 2060, accounting
for 41% of total electricity consumption.

In contrast, under the MAP scenario, industrial electricity demand is projected to quadruple
compared to the EPP scenario, reaching 504 TWh (50% of total electricity demand) by 2060. This
significant increase is driven by the extensive electrification of industrial processes, which
enhances energy efficiency and productivity. These advancements are expected to stimulate
industrial development, particularly in sectors such as electric appliances and electric vehicles,
with annual growth rates of 5% in transportation and 2% in residential sectors. Meanwhile, the
agriculture and fishing sectors remain unchanged due to their low reliance on electricity.
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Although MAP scenario represents a more ambitious pathway for Indonesia's energy sector, both
EPP and MAP fall short of the RUKN projections, raising several important considerations. First,
there is the question of achievability. Meeting the 1,813 TWh demand outlined in the RUKN would
require massive investments in generation capacity, transmission networks, and grid reliability.
Second, the risk of underestimating future demand as reflected in both projections cannot be
overlooked. Slower infrastructure development could constrain economic growth, particularly in
energy-intensive industries. Lastly, addressing the gap between simulation results and the RUKN
projections will require better alignment with national objectives for economic growth, energy
security, and sustainability.

3.1.2 Final Electricity Supply

The intense electricity demand under the MAP scenario will necessitate a significant expansion of
power generation, including an increased reliance on renewable energy sources. Total power
supplied in 2060 under this scenario is forecasted to reach 1,132 TWh. By that year, solar power
plants are projected to dominate the electricity supply, with tremendous annual growth rate of 39%
from 2025 to 2030. It is expected to reach 370.7 TWh, accounting for 33% of the national
electricity supply in 2060. Hydropower plants, following in the next position, are projected to grow
at an average annual rate of 6%, contributing approximately 316 TWh of electricity, which equates
to 28% of the total power supply by 2060. Moreover, nuclear power is expected to operate in 2030
and grow at 25% annually to reach 257.96 TWh in 2060, accounting for 23% of total power
generation.

A key driver of higher RE adoption is the increasing competitiveness of resource production cost
(see Figure 13). For instance, the global solar photovoltaic (PV) market has experienced
remarkable growth due to the rapid decline in solar technology costs, making it a more viable and
attractive option for energy generation. This economic shift is facilitating the early retirement of
coal power plants. Under this scenario, CFPPs usage in electricity supply is expected to decline by
10% annually after 2020, leading to their total retirement by 2060.

In contrast, under the EPP scenario, CFPPs are expected to maintain a significant share of
electricity generation. Total electricity supply is just a half of which in MAP scenario, accounting for
523.93 TWh by 2060. As of 2020, coal power plants accounted for 61% of the total electricity
supply. Despite government efforts to promote renewable energy, coal's share is anticipated to
decline gradually but will still contribute 36% of national electricity by 2060. This persistent reliance
on coal can be attributed to two primary factors. First, the 2023-2060 National General Electricity
Plan (RUKN) does not incorporate the early retirement of CFPPs, ensuring their continued operation.
Second, coal utilization remains economically advantageous due to existing technologies, which
help to lower electricity generation costs. Meanwhile, in term of cost efficiency, the MAP scenario
imposes lower LCOE than the EPP scenario (see Figure 14), suggesting that the MAP is more cost-
efficient. Although, total cost of the MAP scenario is higher because of larger production than its
counterpart. Installation of solar and hydropower in large scale, which has decreasing cost over
time, is central to bring the LCOE down under the MAP scenario.
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3.1.3 Capacities
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Figure 15: Power plants capacities by technology of Existing Policies Pathway (top) and More Ambitious

Pathway (down) scenario.
Source: Author’s Calculation
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Figure 16 illustrates the estimated power plant capacities by technology under two scenarios: the
Existing Policies Pathway (top) and the More Ambitious Pathway (bottom). Under the Existing
Policies Pathway, power generation capacity increases gradually, reaching approximately 450
thousand megawatts by 2060. Solar PV will be the dominant source by 2060, followed by coal-
based technologies, although with a slower growth trajectory. Wind onshore, hydropower, and
geothermal energy also expand moderately, while natural gas and diesel power plants maintain
relatively stable contributions.

The More Ambitious Pathway presents a more rapid increase in power plant capacities, with total
capacity around 700 thousand megawatts by 2060. This scenario features a more aggressive
deployment of renewable energy technologies, particularly solar PV, which account for around 400
thousand megawatts by 2060 (or around 66% of the total power plants capacity). Coal-fired power
plants, especially subcritical and supercritical types, are progressively phased out, reflecting a
stronger commitment to decarbonization. Additionally, nuclear power is introduced after 2035, a
development not observed in the Existing Policies Pathway. Overall, the More Ambitious Pathway
illustrates a clear shift towards a low-carbon power sector driven by renewables and supported by
emerging clean technologies.
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Figure 16: Power plants retired capacities by technology of Existing Policies Pathway (left) and More
Ambitious Pathway (right) scenario.
Source: Author’s Calculation

To explore the difference between the two scenarios’ capacities, Figure 16 depicts the retirement
of power plants capacities by technology. The main difference between these two are the
retirement of CFPPs. The retirement of CFPPs in the existing policies pathway is non-existent, while
for the more ambitious pathway, the CFPPs is estimated to be retired starting 2035 of around
1,500 megawatts per year. Natural gas and diesel power plants is also retired in both scenarios.

3.1.4 Environmental Implications

The adoption of renewable energy (RE) positions Indonesia to significantly reduce its greenhouse
gas (GHG) emissions, as depicted in Figure 17. Both the MAP and EPP scenarios demonstrate a
decline in emissions following the implementation of RE. However, the extensive industrial
electrification under the MAP scenario enables Indonesia to achieve zero emission in the power
sector by 2060. In contrast, the EPP scenario falls short of this target, with Indonesia still producing
29.7 million tonnes of CO2 equivalent (MTCO2-eq) in 2060. Nevertheless, it is important to note
that the current model assumes no direct emissions from RE power plants. As such, GHG emissions
in both scenarios are exclusively attributed to power plants utilizing coal, gas, and diesel.

31



Optimizing Indonesia’s Power Sector Decarbonization | February 2025

Despite the zero-emission generated on the supply side under the MAP scenario, cumulative
emissions from both supply and demand will rise in both scenarios (see Figure 18). This is primarily
caused by a substantial hike of the emission on the demand side, driven by continued reliance on
fossil fuels, especially in industrial processes. Under the MAP scenario, total emissions from
electricity supply and demand are projected to reach 706 MTCO2-eq in 2060, 30% lower compared
with EPP scenario which is expected to produce 1,004 MTCO2-eq in 2060. This reduction
underscores the critical role of renewable energy in mitigating emissions. Achieving NZE by 2060
will therefore require additional policy interventions on the demand side, particularly measures to
phase out coal utilization in industrial power generation.
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Figure 17: Power sector emissions of Existing Policies Pathway (top) and More Ambitious Policies (down)
scenario.
Source: Author’s Calculation
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More Ambitious Pathway (down) scenario.
Source: Author’s Calculation
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3.2 Optimization Results: Existing vs More Ambitious Policies

In this section, the simulation results of EPP and MAP scenarios with optimization to reach NZE by
2060 will be presented.

3.2.1 Optimized Existing Policy Scenario Results

As mentioned in previous section, EPP scenario projects that coal continues to play a significant
role in Indonesia’s future energy mix until 2060 by contributing to 36% of total power generation.
This scenario does not account for the early retirement of coal-fired power plants, which limits the
adoption of RE.
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Figure 19: Final electricity supply by sector of Optimized Existing Policies Pathway.
Source: Author’s Calculation

In the optimized scenario, natural gas surpassed coal in electricity generation in 2019, producing
43.2 TWh more. This prominence is due to established capacity and ability to provide a reliable
baseload power supply. Over time, however, the expansion of solar and hydropower technologies,
coupled with their declining costs, leads to a gradual reduction in the reliance on non-renewable
sources, particularly gas. Under this optimized scenario, national power generation is expected to
produce 523.06 TWh in 2060, closely similar to non-optimized EPP scenario.

A key difference from the non-optimized scenario is the increased use of hydropower, which
substitutes solar. Hydropower eventually emerges perhaps due to its higher capacity factor and
ability to provide consistent baseload power. While the presence of clouds (weather) impact solar
and the amount of rainfall (precipitation) impact hydropower, hydropower’s capacity factors,
ranging from 40-60%, significantly surpass solar’s by 10-25% (International Energy Agency, 2020).
This reliability makes hydropower the most attractive option under resource constraints and in
scenarios requiring consistent power generation. By 2060, hydropower plants are projected to
dominate the national power generation, contributing 42% of total electricity output, doubling the
shares in EPP scenario.
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Interestingly, the optimized EPP scenario projects the complete retirement of coal power plants by
2030, followed by a limited reintroduction into the national power generation mix in 2033. As this
situation happen in the optimized scenario, the reintroduction is possibly caused by the cost
efficiency of a small share of coal-based electricity. Nonetheless, several factors might also drive
towards this particular condition, such as:

1. Energy Instability: Reliance on intermittent renewables like solar and wind creates periods
of instability, necessitating coal as a backup or peaking power source during times of low
renewable energy production.

2. Delays in Renewable Infrastructure Deployment: Challenges under existing policies may
slow the scaling of renewable energy infrastructure, complicating the transition.

3. Energy Storage Limitations: Slow progress in scaling up energy storage technologies, such
as batteries or pumped-storage hydropower, hinders the effective storage of renewable
energy, requiring a strategic reliance on coal for a more stable grid supply. For battery
storage, it tends to have short lifespan, and the treatment of the waste should be
accounted for (Uman et al., 2022). The supply chain of energy storage system is also not
well established as the market is also relatively new in Southeast Asia, and therefore
require collaborative efforts among public, private, and international stakeholders (Yoo and
Ha, 2024).

500.0

450.0

400.0 I
350.0 I

300.0

250.0 I I I

200.0

Thousand Megawatts

150.0

100.0 I

| ]
50.0 --.._.

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Natural Gas PP B Natural Gas CC W Hydropower Diesel PP
M Biomass PP B Geothermal H Wind Onshore Solar PV
M Coal Subcritical B Coal Supercritical B Coal Ultrasupercritical B Tidal_Power

Figure 20: Power Plant Capacities for Optimized Existing Policy Scenario
Source: Author's Calculation

Figure 20 presents the projected power plant capacities under the Optimized Existing Policy
Scenario from 2000 to 2060. This scenario reflects an improved implementation of current energy
policies, aiming to enhance efficiency and integrate a greater share of renewables without
introducing entirely new or ambitious policy measures. The total installed capacity grows steadily
over the decades, reaching approximately 475 thousand megawatts by 2060. Solar PV
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demonstrates the most significant increase, becoming the dominant source of capacity after 2030
and continuing its rapid expansion throughout the projection period.

Coal technologies, particularly subcritical, supercritical, and ultra-supercritical types, remain
prominent in the energy mix until around 2040 but begin to decline slightly thereafter. Natural gas-
fired power plants (both PP and CC) show consistent but limited growth, maintaining a stable
presence. Meanwhile, renewable sources such as wind onshore, hydropower, biomass, geothermal,
and tidal power experience gradual expansion. Compared to the standard Existing Policies Pathway,
this optimized scenario achieves a more balanced and efficient energy mix by accelerating the
deployment of solar energy while gradually reducing dependence on coal.

3.2.2 Optimized More Ambitious Policy Scenario Results

Aligned with the optimized EPP, the optimized MAP scenario also demonstrates an increase in
electricity supply from renewable energy sources, particularly hydropower. By 2060, the national
power generation is projected to produce 1,132 TWh of electricity. Hydropower plants will
contribute to 50% of the total supply, followed by nuclear and geothermal energy, each accounting
for 12%. Meanwhile, solar energy is just under both technologies, making it a remarkable
difference compared to the non-optimize MAP scenario.

However, CFPPs will continue to contribute to the national electricity supply. This persistence is
driven by factors previously discussed, such as reliance on CFPPs during periods of renewable
energy intermittency and challenges in scaling energy storage technologies. Nevertheless, further
analysis is needed to comprehensively identify and understand the underlying driving factors.

In addition, the optimized MAP scenario facilitates the increasing utilization of nuclear power plants.
This expansion leverages nuclear energy’s capacity to generate clean, large-scale, and consistent
energy, addressing the demand for reliable baseload power while supporting Indonesia's transition
toward achieving net-zero emissions by 2060. The integration of nuclear energy within this
scenario highlights its role as a critical component of the national energy strategy, complementing
other renewable sources in meeting future energy demands sustainably and efficiently.
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Figure 21: Final electricity supply by sector of More Ambitious Policies Pathway
Source: Author’s Calculation
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Figure 22: Power Plant Capacities for Optimized More Ambitious Policies
Source: Author’s Calculation

Figure 22 illustrates the projected power plant capacities. This scenario reflects a strong policy
commitment toward clean energy transition and carbon reduction, supported by optimized
planning and technology deployment. The total installed capacity rises sharply, surpassing 750
thousand megawatts by 2060. Solar PV exhibits the most dramatic growth, dominating the energy
mix from 2030 onward. The contributions of wind onshore, hydropower, biomass, geothermal, and
tidal power also expand substantially, indicating a broad diversification of renewable sources.
Notably, nuclear power is introduced after 2040, reinforcing the shift toward low-carbon baseload
energy. Meanwhile, coal-based technologies begin to decline steadily after 2030, with subcritical
and supercritical coal nearly phased out by 2060.

Furthermore, the implications of the optimized scenario for achieving zero-emission in power
sector by 2060 on the cost of electricity are relatively minimal, as illustrated in Figure 23. The
Optimized MAP scenario imposes the lowest energy cost among others, accounting for USD
0.063/kWh. Despite the ambitious transition to renewable energy sources and the integration of
advanced technologies such as hydropower, geothermal, and nuclear energy, the cost of electricity
remains stable due to several factors, one of them is the downfall trend of the technical cost of
several RE technologjes in the long-term.

The optimization towards power sector’'s zero-emission by 2060 has bigger implications for
resource production cost and electricity generation cost. The decline of renewable energy
technologies cost, particularly solar and wind, plays a crucial role in offsetting the expenses
associated with phasing out fossil fuels. Global advancements in manufacturing and economies of
scale have made these technologies more cost-competitive compared to traditional energy sources.

On the other hand, the optimized scenario leverages a diverse energy mix, balancing intermittent
renewables like solar with reliable baseload sources such as hydropower and geothermal. This
strategic integration minimizes the need for expensive energy storage systems, which is required
to accommodate the intermittency of solar PV, and mitigates the volatility of electricity prices.
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The transition to a sustainable energy system under the optimized scenario demonstrates that
achieving zero emission in power sector by 2060 is feasible without imposing a significant financial
burden on electricity consumers. This highlights the potential for Indonesia to meet its climate
goals while ensuring energy affordability and accessibility for its population. However, it is essential
to note that policy incentives and investment in grid infrastructure under the optimized scenario
contribute to maintaining cost efficiency. These measures enhance the reliability and efficiency of
electricity distribution, reducing transmission losses and operational costs.
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Figure 23: Cost Benefit Analysis on Optimized and Non-Optimized Scenarios
Source: Author’s Calculation

3.2.3 Environmental Implications of Optimized Scenario

The optimization of both scenarios to achieve zero emissions in the power sector by 2060 will have
a substantial positive environmental impact, particularly in reducing emission from power
generation sector (see Figure 16). Nevertheless, the impact magnitude of optimized and non-
optimized scenario is different for both EPP and MAP. The optimized EPP will reduce the total
emission from electricity supply up to 84% compared to non-optimized scenario. This significant
reduction is primarily driven by the retirement of CFPPs due to cost inefficiency as a result of
increasing resource cost. It, further, facilitates a substantial increase in renewable energy
utilization. The phasing out of CFPPs is a critical factor in lowering emissions, as these plants are
among the largest contributors to carbon emissions in the energy sector.

On the other hand, the optimized MAP scenario shows a relatively modest reduction in total
emissions from power generation, with only a 17% decrease compared to the non-optimized MAP
scenario. This particularly due to both optimized and non-optimized MAP scenario already enable
early retirement of CFPPs.
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Figure 24: Power sector emission of Optimized EPP (left) and MAP (right) scenario
Source: Author’s Calculation

When considering total final emissions, the optimization has a more significant impact on the EPP
scenario. The optimized EPP scenario reduces final emissions by 14% compared to the non-
optimized scenario, primarily within the electricity supply sector. Conversely, the optimized MAP
scenario results in final emissions levels that are nearly identical to the non-optimized scenario,
driven by moderate reduction on supply side emission.
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4. SUMMARY AND
RECOMMENDATIONS

The study aims to scrutinize potential decarbonization pathways in the Indonesia’s power sector.
By employing LEAP as the main tool, the analysis simulates electricity demand and supply through
four set of scenarios, namely EPP, MAP, optimized-EPP, and optimized-MAP. The results of the
model are described below.

On the demand side, Indonesia's electricity demand is projected to reach 302.7 TWh under the
EPP scenario and 331.22 TWh under the MAP scenario by 2025. This corresponds to 1,077 kWh
and 1,179 kWh per capita respectively. Both projections, however, are lower than the actual
consumption in 2023, which stood at 1,337 kWh per capita. Furthermore, the two scenarios
diverge significantly by 2060. Under the MAP scenario, electricity demand is projected to rise to
1,007 TWh, equivalent to 3,151 kWh per capita. In contrast, the EPP scenario forecasts a much
lower demand of 465 TWh, or 1,454 kWh per capita. Additionally, under the MAP scenario,
industrial demand is projected to increase up to 504 TWh by 2060, driven by extensive
electrification of industrial processes, shifting it as the largest electricity consumer. It is important
to note that the optimized scenario does not affect the demand side, as all assumptions are held
constant.

Despite the MAP’s ambitious targets, both scenarios fall short of the National Electricity Supply
Plan (RUKN) projections, which estimate 1,813 TWh of total demand by 2060. Achieving this would
require major investments in generation capacity and grid infrastructure, with risks of
underestimating future demand potentially limiting industrial growth. Aligning projections with
national goals for economic growth, energy security, and sustainability is crucial.

Seeing closer on the supply side, total electricity in 2060 is forecasted to reach 1,132 TWh in both
the MAP and optimized MAP scenarios. Under the MAP scenario, solar power is projected to
dominate by 2060, growing at 39% annually from 2025 to 2030 and generating 370.7 TWh (33%
of total supply). Hydropower will also expand, contributing 316 TWh (28%), while nuclear power will
start operating by 2030 and grow 25% annually to produce 257.96 TWh (23%). Coal-fired power
generation is expected to decline by 10% annually, leading to total retirement by 2060.

On the other side, under the optimized MAP scenario, hydropower contributes 50% of the total
supply by 2060. Nuclear and geothermal power also play important roles, each contributing 12%.
Meanwhile, solar energy is slightly under both technologies. The utmost remarkable difference
compared to the non-optimize MAP scenario is that coal continues to be used until 2060, although
in a minute proportion. Nuclear power is highlighted as a key baseload energy source for meeting
zero emissions by 2060.

In contrary, the EPP scenario sees coal maintaining a significant share, accounting for 36% of
electricity generation by 2060. This continued reliance on coal is due to the lack of early retirement
plans in the National General Electricity Plan and coal's economic advantages, despite efforts to
increase renewable energy. Both the EPP and optimized EPP scenarios project a national power
generation of 523 TWh in 2060. However, in the optimized EPP scenario, natural gas surpasses
coal starting in 2019, producing 43.2 TWh. The optimized scenario includes the full retirement of
coal plants by 2030, but coal re-emerges in 2033, likely due to cost efficiency, energy instability,
and renewable infrastructure or storage limitations.
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In terms of electricity cost, optimized MAP scenario has the lowest LCOE among all, that is USD
0.063/kWh, followed by MAP and EPP scenario, which stand at USD 0.065/kWh and USD
0.092/kWh, respectively.

Despite the hike of electricity generation, both the MAP and EPP scenarios demonstrate a decline
in emissions following the implementation of RE, particularly emission which is generated from
electricity production. The extensive industrial electrification under the MAP scenario enables
Indonesia to achieve zero emission in the power sector by 2060—from the supply side, while EPP
scenario still producing 29.7 million tonnes of CO2 equivalent (MTCO2-eq) in 2060. Meanwhile,
both optimized scenarios lead to substantial emission reductions compared to the non-optimised
one. The optimized EPP scenario achieves an 84% reduction in power generation emissions,
primarily due to the retirement of CFPPs. In contrast, the optimized MAP scenario achieves only a
17% reduction. However, emission from demand sectors will continue to rise across all scenarios
due to sustained assumption of fossil fuel usage.

Policy Recommendations

1. Phasing out coal with structured transition plan

It is critical to implement a clear and enforceable timeline to phase out subcritical CFPPs, starting
with the oldest and least efficient. The government should offer financial incentives for early
retirement of coal plants, combined with programs to support workers displaced by this transition.
Additionally, the government could also establish a dedicated fund to support coal-dependent
regions in transitioning to renewable energy. This fund can support infrastructure development,
retraining programs for workers, and social protection measures.

The current policy on phasing out coal seems to be on hold. The option to mobilize state budget
for early coal retirement plan is also amended. Despite this, the government still communicates
their commitment to the transition plan, while the market become more sceptic about the success
of the plan. One example was the government revised their renewable energy mix target from 23%
to 17% in 2025.

2. Accelerating renewable energy deployment

To accelerate RE deployment, the government may need to increase renewable energy capacity
targets in Indonesia’s National Energy Policy and National Electricity Supply Plan, contingent on
the national energy and economic dynamics. It is critical to mandate that new electricity generation
projects prioritize solar, wind, geothermal, and hydropower projects, as the most potential RE in
Indonesia. Stronger incentives for private sector investment in renewable energy needs to be
provided. This could include tax breaks, feed-in tariffs, or guaranteed power purchase agreements
(PPAs) to reduce investment risks. The plan should also incorporate the expansion of microgrids
and off-grid solutions for rural and remote areas. Policies should promote decentralized renewable
systems, such as solar PV and mini hydropower, to improve access to clean electricity in
underserved regions.

3. Promote energy efficiency and electrification

Strengthening energy efficiency regulations across sectors, particularly in industries and buildings,
helps in achieving larger decarbonization target. This includes setting ambitious efficiency targets
for appliances, industrial machinery, and residential buildings. Additionally, it is also required to
promote the electrification of key sectors like transport and industry. Allocating incentive for the
adoption of electric vehicles (EVs) through subsidies and charging infrastructure development.
Similarly, provide grants for industries to electrify their operations and adopt energy-efficient
practices.
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4. Investing in energy storage and grid modernization

Battery energy storage systems (BESS) are crucial for addressing renewable energy intermittency.
The government could provide grants or low-interest loans to encourage large-scale storage
projects. Various sources of funding, such as multinational development banks (MDBs), donors,
and foreign private funds, could be tapped in from international grants focusing on energy
transition. Moreover, modernization of Indonesia’s power grid is necessary to integrate more
renewable energy. This includes upgrading transmission and distribution systems and investing in
smart grid technologies to enhance grid flexibility, reliability, and efficiency.

5. Carbon capture and clean technologies implementation

As a part of larger power system, investment in carbon capture and storage (CCS) technologies
should be taken seriously, particularly for sectors that are hard to decarbonize such as coal plants
that will continue operating in the short term. Policies should support R&D in CCS and create
incentives for industries to adopt these technologies. However, the carbon capture technologies
are still expensive, and the existing program implemented is still pilot projects (Ramadhan et al.,
2024). The government and other relevant stakeholders shall also facilitate the adoption of
emerging clean technologies such as green hydrogen and bioenergy for industries that are hard to
electrify, including heavy industry and long-haul transportation.

6. Policy alignment and coordination

An integrated policy planning will enable better alignment and coordination among relevant
stakeholders in terms of energy policy. National, provincial, and local energy policies should be
alighed to ensure a coherent energy transition. Fostering public-private partnerships (PPP) will
accelerate investment in renewable energy infrastructure, grid modernization, and electrification
projects. This can attract foreign capital and expertise into the national’s energy sector.

7. Financing support

To support the energy transition agenda, substantial investments will be required, particularly in
renewable energy infrastructure and technological innovations like energy storage and CCS.
Estimates suggest that over USD 150 billion in investments will be needed to replace coal plants
with renewable energy sources by 2050. It is important to promote alternative financing
instruments such as green bonds to attract capital for renewable energy projects (ADB, 2022).
Indonesia can also leverage international funding sources, such as the Green Climate Fund (GCF),
to support its decarbonization initiatives. Another important action to take is to reform existing
fossil fuel subsidies. The government should gradually phase them out while redirecting funds
towards renewable energy projects. This would improve the economic competitiveness of
renewables and reduce reliance on coal.
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