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Conference Paper

STRATEGIC PATHWAYS FOR INDONESIA’S
RENEWABLE ENERGY TRANSITION: GEOPOLITICAL
POSITIONING, CRITICAL MINERALS, AND NET-ZERO

AMBITIONS

Eko Supriyanto
Universiti Teknologi Malaysia, Johor Bahru, Malaysia

Abstract.

Renewables are now playing a major role in shaping global energy security
and climate diplomacy, as well as economic resilience. The energy transition
of the world is accelerating under the influence of market changes,
competition for critical resources and rapid technology development, the
transition is presenting both opportunities and challenges. Through the lens
of legislation, future electricity generation mix and the role of critical minerals,
this study undertakes a qualitative content analysis to assess Indonesia's
strategic position in the renewable energy transition. Indonesia has a
significant comparative advantage since the nation has a plentiful nickel,
cobalt, and potentially lithium reserves and abundant renewable resources.
By 2050, under the projected energy scenarios, the contribution of solar power
generation will rise to more than 30%, while the use of coal will have fallen
dramatically to 5-10%. But the country has structural problems, that are
geopolitically vulnerable supply chains, expensive storage, regulatory hurdles,
reliance on foreign technology. Faster downstream mineral processing, local
technical capacity R&D, regional energy integration, and regional technical
partnerships of this kind need to take place in order to avoid these pitfalls.
Indonesia can establish itself as the regional leader in sustainable energy and
critical mineral supply, seize on the energy transition to cost-effectively work
towards net zero emissions by 2045 with early strategic action.
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Introduction

Renewable energy has been widely believed to have played
an influential role in the global energy security, diplomacy, and
economic development (1,2). Opportunities and challenges are
emerging from the global energy transition as new technologies
and market forces redefine the strategic landscape, but the
trajectory away from carbon is also an environmental imperative.
The geopolitical shake-up determine which countries will dominate
in the decades to come (3,4). Renewable energy provide a smart
strategy for Indonesia to enhance economic resilience, contribute
to climate diplomacy and gain energy sovereignty (5). As countries
make energy through solar, wind, hydrogen and new-generation
energy sources like fusion and space-based solar power, the
global picture is evolving rapidly. From a cost perspective, solar
photovoltaic power will even outpace nuclear and fossil fuels by
2045 and can be earlier if supplemented by battery storage (4,6).
In this momentum, Indonesia has a unique opportunity to use
critical minerals and abundant renewables to become a major
player in the energy economy of the 215 century.
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Figure 1. Electricity Price (USD/KWH)
Source: Supriyanto (2025)

Literature Review

Theoretical Studies

The energy transition follows a global framework in which
many countries aim to achieve net-zero emissions by the mid-
century (7). The demand for fossil fuel will be in high position
before 2050, after adoption of renewable energy between 2030
and 2060. A lot of countries also pursuing different strategies to
reduce dependence on fossil fuel imports, diversify energy
sources, and improve system resilience (8). Renewable energy
enhances diversification, reduces vulnerability to supply
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disruptions, and contributes to decarbonization and economic
growth. Renewable energy attracts investment, stimulates
technological innovation, and strengthens human capital (9-11).
Climate diplomacy has become an important dimension of the
renewable energy transition, with initiatives like the “Just Energy
Transition Partnership” mobilizing significant funding for coal
retirement and renewable energy expansion (3,4). Countries also
use renewable energy leadership to build soft power through
mechanisms like green hydrogen trade corridors and carbon
border adjustment measures.

Primary energy demand (Exajoules)
P

Figure 2. Energi Transition Framework
Source: Supriyanto (2025)

The economics of renewables depends on access to critical
minerals (12). Electric vehicles, wind turbines and solar panels all
need lithium, nickel, cobalt and rare earth metals are expected to
multiply fourfold by 2030. Indonesia is positioned as one of the
important suppliers because the country has been proved to have
large copper, nickel, cobalt, and other key mineral reserves
(13,14). Yet, as the Chinese domination of battery, solar panel and
hydrogen electrolyser capacity proves, relying on a concentrated
supply chain has risks. These condition underscore the importance
of regional production, diversified sourcing, and technical
autonomy (3,4).

Empirical Studies

Global trends indicate diverse national pathways in the
implementation of renewable energy (15,16). Germany is on target
to reach net zero by 2045, thanks to its leadership on climate
change. China's goal is 2060, and they are focusing on their
industrial strategy and manufacturing capacity. Indonesia wants to
have 23% of its energy come from renewable sources by 2060
(17). The US, India, Saudi Arabia, and Russia all have distinct
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schedules based on what is important to them. In 2023, solar and
wind power overtook gas generation for the first time, showing that
renewable energy might become the biggest source of electricity
in the European Union. (3,4).
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Figure 3. Percent Renewable Energy in Electricity production
Source: Supriyanto (2025)

Efforts from local community is needed for renewable energy
initiatives to work (18,19). In Indonesia, projects that give distant
villages solar mini-grids and water pumps have given communities
more control over their own lives, expanded access to electricity
for more than 14,000 people, and created new business
opportunities (3,4). There are several similar initiatives on
Denmark's Samsg Island that show the possibility to make
renewable energy systems that are 100% owned by the
community. Community-based programs garner increased public
support, alleviate energy poverty, and empower marginalized
groups through training and employment (20).

However there are challenges remain. High storage costs,
limited green financing, permitting delays, and inadequate public
awareness hinder renewable energy expansion (3,4,21-23).
Geopolitical risks comprise of concentration of supply chains, price
volatility in critical minerals, trade tensions, and environmental
concerns from resource extraction and manufacturing processes.

Methods

The study use a qualitative content analysis approach,
defined as a research method for deriving replicable and valid
inferences from textual data (24,25). The paper addresses
Indonesia’s strategic positioning in the global perspective of
transition power plant as well as by reviewing regulatory
frameworks, national energy roadmaps, anticipated generation
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mixes, and mineral resource mapping. All of the secondary
studies, as well as government energy plans, ASEAN regional
integration documents, international agency reports, and
comparison country case studies conducted during the last 20
years would be considered primary sources. The selection criteria
focus on how relevant something is to deploying renewable
energy, ensuring that there is a stable supply of crucial minerals,
and the geopolitical implications of diversifying sources of energy,
with an emphasis on Indonesia’s aspirations to achieve net-zero
emissions. The unit of analysis centres on state-led strategies,
infrastructure development plans, and technology adoption
measures in balancing declining fossil fuel reliance with renewable
energy expansion. Data credibility is maintained through
triangulation of official statistics, scenario projections, and cross-
referencing with peer-reviewed and institutional sources.

Results and Discussion

Evaluation of projected mixes of electricity generation has led
to an intense decrease in the use of coal in numerous countries
where coal use is intended to be phased out completely by 2050.
Coal’s share is predicted to drop to 5-10% by 2050 and solar will
increase from less than 1 per cent in 2000 to more than 30%.
Malaysia has only a small share of coal, Singapore goes for nil,
and Germany gets rid of it all. The comparative data confirm that
renewable energy adoption is accelerating globally, but the pace
varies by national level (3,4).

Table 1. Projected Electric Power Mix (% of Total Generation)
Source: Supriyanto (2025)

Other
Country / Year Coal Gas oil Nuclear Hydro Solar/Wind Renewables

Indonesia 2000 55-60% 20-25% 10-12% 0% 10-12% <1% <1%
Indonesia 2025 40-45% 20-25% 2-3% <1% 15-20% 10-12% 2—3%
Indonesia 2030 35-40% 20-25% 2—-3% <1% 15-20% 10-15% 2—-3%
Indonesia 2050  5-10% 15-20%  <1% 2-5% 25-30% 30-35% 10-15%
Malaysia 2000 40-45% 35-40% 10-12% 0% 10-12% <1% <1%
Malaysia 2025 35-40% 35-40% 2-3% <5% 10-15% 8-10% 2-3%
Malaysia 2030 30—-35% 35-40% 2-3% <5% 10-15% 10-15% 2—-3%
Malaysia 2050  5-10%  30-35% <1%  10-15%  15-20% 25-30% 5-10%
Singapore 2000 <5% 85-90% 5-10% 0% <1% <1% <1%
Singapore 2025 0% 95% <1% 0% <1% 3-5% 1-2%
Singapore 2030 0% 90-95% <1% 0-5% <1% 5-10% 2-3%
China 2025 55-60% 10-15% <1% 5-10% 10-15% 15-20% 2-3%
China 2030 45-50% 10-15% <1% 5-10% 10-15% 20-25% 2—3%
India 2000 65-70% 2—-3% 2—-3% 2-3% 20-25% <1% <1%
India 2025 60—-65% 5-10% <1% 3—-5% 10-15% 12-15% 2—-3%
India 2030 55—-60% 5-10% <1% 3—-5% 10-15% 15—-20% 2—-3%
india 2050 10-15% 10-15% <1% 10-15% 20-25% 30-35% 5-10%
JUSA 2000 50-55% 15-20% 2-3% 18—-20% 7-9% <1% <1%
USA 2025 18-22% 35-40% <1% 18—-20% 5-10% 25-30% 2—-3%

15—20% 35—40% <1% 15—20% S 10% 30—35% 2—3%

c 2000 ,f_?zmqm. Coax <% |
ermany 2025 15—20% 20-25% <1% o% 5-10% 40—45% 5-10%
ERMANY 2030 5-10% 20-25% <1% 0% 5-10% 50-55% 10-15%
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Indonesia’s strategic advantage lies in combination of
abundant renewable energy resources and critical minerals
essential for clean technology production (13,14). Indonesia is
already the world’s top producer of nickel and could become even
more so if the nation finds more lithium sources. However, relying
on foreign technology and industrial skills is less safe. Technology
is still occurring mainly in countries such as China, the United
States, Germany and Japan, where the number of publications and
the amount of state funding is several times greater than in
Indonesia. If Indonesia want to alter this trajectory, the nation must
invest in research and development here in the United States, train
our workers, and work with others to share technology (15-17).

Table 2. Countries Holds the Strongest Strategic Position
Source: Supriyanto (2025)

Factor Leading Countries
[Materials China, Australia, Chile, DRC, Indonesia
Technology China, Germany, USA
IMarket Size China, USA, India, Indonesia
Human Capital Germany, USA, India
Financing Power USA, EU, Japan, UAE

Geopolitical positioning will depend on how well we can
diversify our energy sources and partners, make sure that vital
minerals are always available, and connect renewable energy to
regional power systems. ASEAN linkages can make energy
security stronger for everyone and let Indonesia be both a provider
and a transit centre for renewable electricity and green hydrogen.
(3,4).

Conclusion

Renewable energy is not only a means to reduce carbon
emissions, however also helps make countries more energy
independent, gain greater geopolitical power and drive inclusive
development. Nations that act firmly can shape the power of the
future, capture wealth and enhance their position in the world. To
accomplish the net-zero emissions milestone in 2045, Indonesia
must accelerate the downstream processing of minerals, rely more
heavily on renewable energy, develop new technologies and have
robust financial systems in place. By working with international
partners and making things in Indonesia, while also going digital,
Indonesia can lead in the global renewable energy economy.
Decisive strategy will impact Indonesia’s ability to realize vision for
a sustainable, innovative, and prosperous energy future.
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