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ABSTRACT

Global climate change necessitates deep decarbonization of all economic sectors due to significant greenhouse gas emissions. Indonesia has committed
to reduce emissions by adding the share of renewable energy contribution to the nation’s energy mix. Green Hydrogen (GH,) emerged as a key element
in the energy transition due to its environmentally friendly and diverse applications in energy and industry sectors. This study provides comprehensive
analysis of the GH, adoption in Indonesia. By leveraging the renewable energy potential, Indonesia is economically viable to produce GH, in 2031,
aligning with the National Hydrogen Strategy. The study highlights the potential benefits of GH, including reduction of greenhouse gas emissions,
supporting net zero targets, creating green jobs, and increasing renewable energy integration. Additionally, the analysis emphasizes the importance
of government support in the development of regulatory framework, including establishing a clear national hydrogen strategy, implementing targeted
fiscal policies, and developing GH, production, safety, and certification standards. The proposed regulatory framework emphasizes the importance of
carbon taxation, public awareness campaigns, and fostering a skilled workforce. By addressing existing regulatory gaps and enhancing stakeholder
collaboration, Indonesia can effectively integrate GH, into its energy mix, paving the way for a competitive green hydrogen economy.

Keywords: Decarbonization, Energy Transition, Green Hydrogen, Regulatory Framework, Renewable Energy
JEL Classifications: O13, Q42, Q48

1. INTRODUCTION electricity (IEA, 2023; Kanugrahan et al., 2022). Limiting global

warming requires deep decarbonization of the whole nation’s
economy (Copley, 2023; Nagaj et al., 2024; Wang et al., 2021).
Indonesia should decommission existing fossil fuel power plants

Global climate change is a major international focus due to its
severe consequences including significant economic losses,

depletion of natural resources, and damage to social and cultural
environments (Zhu and Fan, 2021). The Intergovernmental Panel
on Climate Change’s (IPCC) 6™ Assessment Report (AR6) (IPCC,
2022) highlights that the negative impacts and associated damages
worsen with every increase in global temperature. Electricity
and heat production are key sectors influencing greenhouse gas
emissions, accounting for approximately 25-30% of emissions
(IPCC, 2022; Khadra et al., 2024). Electricity generation in
Indonesia has relied mainly on fossil fuels, the coal dominated
about 61% and natural gas contributed around 17% of the

and construct more renewable energy power plants and energy
storage to achieve the net-zero emissions target (Kanugrahan
and Hakam, 2023). Studies indicate that decreased in carbon
emissions directly influence by the increase consumption of
renewable energy, such in the USA and China, where renewable
energy initiatives have been implemented (Feng and Zhao, 2022;
Mohamad et al., 2023).

Indonesia aims to modifying its primary energy mix by
diminishing the proportions of coal and oil and augmenting the
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proportion of renewable energy sources (Hakam et al., 2022;
The World Bank Group, 2023). Indonesia committed to achieve
31.89% reduction in GHG emissions by 2030 (MEMR, 2023b).
The government set targets for the country’s energy transition
under Government Regulation 79/2014 on National Energy Policy.
The aim is to decrease the coal contribution from 43% to 30% by
2025 and 25% by 2050, oil to less than 25% by 2025 and under
20% by 2050, and gas to 22% of the energy mix by 2025 and
24% by 2050 (Indonesian Regulation, 2014). Additionally, the
renewables energy should reach a minimum of 23% of the total
primary energy sources in 2025 and 31% in 2050 according to
Presidential Regulation No. 22/2017 on National Energy Planning
(Presidential Regulation, 2017; Tambunan et al., 2020).

Energy transition is an effort to achieve sustainability, energy
resilience, and independence (Regufe et al., 2021). A key factor
in driving energy transition is the use of zero-carbon emissions
energy (Kolmasiak, 2024). Hydrogen (H:) emerges as a promising
element to support clean energy transition due to its renewability,
storability, and adaptability (Zhu and Wei, 2022). H: is a clean
energy carrier that can be used for power generation, heating,
transportation, and industry (Tarhan and Cil, 2021). Green
hydrogen (GH,), which result in no carbon emissions, is considered
the most preferred option for energy transition (MEMR, 2023a;
Risco-Bravo et al., 2024a). (Zahra, 2023) and (Sulistyo et al.,
2023) explained that GH, is vital in the energy transition and could
decarbonize difficult-to-abate sectors significantly. The integration
of hydrogen production with renewable energy projects could
provide a sustainable pathway for energy transition (Budhijanto
and Pancasakti, 2024a).

Green hydrogen energy transition in Indonesia is faced with
challenges, including uncertainty of supply-demand, unformed
hydrogen policy and market, infrastructure barriers, and limited
Investment (MEMR, 2023b). Despite the challenges, some studies
reveal that GH, production from hydropower, solar energy, and
biomass seems promising in Indonesia (Budhijanto and Pancasakti,
2024a; Fransiscus et al., 2022; Hardana et al., 2024a; Prakoso et al.,
2024a; Susilaningsih et al., 2014; Widarningtyas et al., 2019). The
existing literature of GH, in Indonesia mostly focused on techno-
economic viability of the GH, production. In order to assess the
potential of GH, energy transition in Indonesia, comprehensive
analysis from various point of view was needed. As highlighted by
(Tudor, 2023), the dynamic nature of the GH, market necessitates
comprehensive policy frameworks that can adapt to technological
advancements and global sustainability demands. A clear
regulatory climate provides certainty and stability for industry
players and investors, ensuring fairness and equality for all players
in the market (Cheng and Lee, 2022; MEMR, 2023b; Renewable
Energy Agency, 2024; Rey et al., 2023a).

There is a lack of comprehensive research addressing the knowledge
gaps related to GH, energy transition in Indonesia. Therefore, this
research fills research gap by providing a comprehensive analysis
of the challenges, opportunities, and regulatory framework for
GH, adoption in Indonesia. This research offers strategic insights
to overcoming market, production, and policy barriers, while
exploring the Indonesia’s potential for leveraging renewable

energy sources to support GH, development. Section 2 provides the
literature review for the GH, energy and Section 3 highlights the
GH, development in Indonesia. Section 4 presents the regulatory
framework to support GH, energy transition in Indonesia. Section
5 summarizes key conclusions and recommendations.

2. LITERATURE REVIEW

Hydrogen energy can be categorized based on how it is produced.
Currently, half of the hydrogen comes from natural gas, 30%
from oil, and 15% from coal, which are not always considered
environmentally friendly (Karayel and Dincer, 2024). Gray
Hydrogen produced from natural gas through steam reforming
and releases significant CO, emissions, which are unsuitable
for climate change mitigation (Howarth and Jacobson, 2021).
Blue Hydrogen is produced from natural gas, then the carbon
emissions are captured and stored using Carbon Capture and
Storage technologies. This reduces CO, emissions but requires
substantial investment and infrastructure development (Bauer
et al., 2022). Green hydrogen is a promising technology that
has been gaining attention recently as a possible answer to the
difficulties of moving toward a sustainable energy future (Zahra,
2023). The concept of GH, refers to the process of producing
hydrogen gas through electrolysis, using renewable energy sources
like solar or wind power, resulting in no carbon emissions. It is
considered environmentally friendly and supports the transition
to clean energy (Hassan et al., 2024a; Risco-Bravo et al., 2024b).

The importance of GH, in the global energy mix can be attributed
to its potential to address some of the most pressing challenges
faced by the world today, including climate change, energy
security, economic growth, and sustainable development (Hassan
et al., 2024b; MEMR, 2023b; Rey et al., 2023a). As a clean and
versatile energy carrier, GH, offers a range of benefits that make it
a vital component in our quest to decarbonize the global economy
(MEMR, 2023b). Table 1 summarizes global GH, projects
across various countries, highlighting the different stages of GH,
development. Leading countries like the European Union, United
States, Australia, and China have established strong regulatory
frameworks and are expanding GH, infrastructure, with some
targeting export markets. Leading countries aim to reduce GH,
production costs to $1-$4/kg by 2030. While some countries are at
advance development, others are in the early stages of exploration.
Developing nations, such as the Philippines, Malaysia, India,
Vietnam, and Pakistan, are focusing on integrating hydrogen into
sectors like transportation and industry, supported by emerging
regulatory policies. Overall, the global landscape reflects a diverse
approach to GH, development, driven by each country’s levels of
infrastructure, policy support, and market readiness.

3. INDONESIA’S GREEN HYDROGEN
DEVELOPMENT

Green hydrogen is being harnessed as a clean alternative
across various sectors, including electricity generation, public
transportation, maritime, and aviation industries (Ueckerdt
et al., 2021). Its adoption is crucial in advancing environmental
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sustainability and mitigating carbon emissions, marking a
significant step towards a greener future. Hydrogen demand in
Indonesia is currently around 1.75 million tons per year in 2021,
almost entirely for the chemical and refining subsector, dominated
by use for urea (88%), ammonia (4%), and oil refineries (2%)
(MEMR, 2023b). Most of the hydrogen currently used in Indonesia
comes from natural gas (Hassan et al., 2024b). In electricity,
GH, play roles including co-firing in fossil power plants to
reduce emissions, energy storage for remote areas to support full
electrification, and help mitigate the intermittency of renewable
energy in the national grid (MEMR, 2023b; Susilaningsih et al.,
2014).

The GH, demand expected steadily grows as the increase of
electricity and electromobility demand in Indonesia (MEMR,
2023b). This is also supported by the nation’s policies in promoting
net zero emissions and strategic initiatives to develop hydrogen
economy. Per capita electricity consumption is projected to
increase from less than 1,000 kilowatt-hours (kWh) in 2021
to over 1,500 kWh in 2030, and around 4,400 kWh by 2060
(National Energy Board, 2024). By 2060, transportation will be
the second-largest consumer of electricity. (Siregar and Moller,
2023) shown that transport electrification can only effectively
reduce CO, emissions if its electricity demand is generated from
renewable energy sources. Transport electrification with large

Figure 1: Hydrogen demand projection in NZE model
(MEMR, 2023Db)

700
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3 400
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5 300 ,
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100
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0 ||
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scale integration of renewables could lower the annual costs by
decreasing fossil fuel costs in the transport and electricity sectors.

Based on the Ministry of Energy and Mineral Resources’ Net
Zero Emission modeling, demand for low-carbon hydrogen from
various sectors is projected to grow in 2031-2060. The low-carbon
hydrogen demand growing from around 0.2 PJ (equivalent to
26,000 barrels of oil) in 2031, up to 34.3 PJ in 2040, and peaking
to reach 609 PJ in 2060 as can be seen in Figure 1. The use of
low-carbon hydrogen for transportation begins in 2031 equivalent
to 26,000 barrels of oil or 0.04 TWh (truck transportation)
growing 52.5 million barrels of oil or 89 TWh (shipping and
truck transportation) in 2060. In the industrial sector, the use of
low-carbon hydrogen will begin in 2041, equivalent to 2.8 TWh
to 79 TWh in 2060 (MEMR, 2023b).

Indonesia’s geographical features support energy production
from its abundant renewable energy resources. According to the
National Energy Council Republic of Indonesia, Indonesia has
a 3,687 GW renewable energy potential, made up of 63 GW of
ocean power, 23 GW of geothermal energy, 57 GW of biopower,
155 GW of wind power, 95 GW of hydropower, and 3,294 GW
of solar power (Table 2). Most areas of Indonesia have an annual
solar irradiation intensity of around 1,600 kWh/m?-1,800 kWh/m?.
Wind resources in Indonesia have a speed of 4 m/s-7 m/s, and
technically, the potential reaches 60 GW (onshore) and 188 GW
(offshore). Additionally, Indonesia is an archipelagic country with
huge hydro resource potential (National Energy Board, 2024).
The use of renewable energy sources for GH, production must be
further optimized to increase the overall utilization of renewable
energy in Indonesia, which is currently only 0.3% (National
Energy Board, 2024).

The generated electricity from renewable resources powers an
electrolyzer, which splits water (H,O) into hydrogen (H,) and
oxygen (0O,). The resulting hydrogen gas from electrolysis is
collected and stored in a specialized H, tank, which is transported
to an H, pipeline for distribution to end-users (Marouani et al.,
2023Db). The Indonesian Ministry of Energy and Mineral Resources
analyzed the potential location of GH, production in Indonesia,

Figure 2: Map of announced low-emission hydrogen production projects (IEA, 2023)
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Figure 3: Indonesia’s energy policy and planning framework (Asian Development Bank, 2020)

Law 30/2009
on Electricity

Electricity Supply
Business PP 14/2012

Law 19/2003 on
State-Owned Enterprises

Subsidy and Fiscal
Support Various PMK

as shown in Table 3. Nusa Tenggara has the most significant
potential, several provinces are also predicted to be able to produce
GH, far above the national average, such as West Java, Central
Java, East Java, Papua, Riau, and South Sumatra. The nation’s
total GH, production capacity is expected to grow over the years
as the development of the regulatory framework, enhancement
of technology, and infrastructure of hydrogen energy (MEMR,
2023b). International Energy Agency (IEA, 2023) announced
projects on GH, production which classified by technology route
and status, from concept to operation (Figure 2). Based on the
figure, status of GH, production in Indonesia mostly on early
stages. The first GH, Plant in Indonesia was inaugurated in 2023
by PT PLN (Perusahaan Listrik Negara) as the government-owned
corporation. The first GH, plant is powered entirely by solar energy
and can produce 51 tons of hydrogen annually, of this, 43 tons can
fuel 147 cars to travel 100 km daily (National Energy Board, 2024).

Green hydrogen production depends on factors like yield
production of renewable power plants, electrolyzer technology,
and GH, infrastructure readiness. The increase in renewable power
plant yield production may drive down the cost of electricity
production and in turn, reduce the cost of the GH, production.
(MEMR, 2023b) mention that 70 % of GH, price is determined
by electricity price from renewable sources besides the initial
investment of electrolyzer technology. The average selling price of
electricity per kWh in 2022 is IDR 1,137/kWh (7 cents, exchange
rate Rp 16,251.47). In order to achieve price competitiveness in
GH, energy, Indonesia must pay attention to the pricing policy for
renewable energy power plants. The determination of electricity
tariffs by the government is regulated in MEMR Regulation No. 3
0f2020 concerning the Fourth Amendment to MEMR Regulation
No. 28 of 2016 concerning Electricity Tariffs provided by PT
PLN (Persero).

Indonesia’s Hydrogen Strategy mentioned the GH, production
aims to start in 2031. The electrolyzer cost prediction was
reported by previous studies considering factors like scale-up,
manufacturing volumes, and technology improvements. (Reksten
et al., 2022), predicts that the gap in CAPEX between Alkaline
Electrolyzer (AE) and Proton Exchange Membrane Electrolyzer
(PEM) technologies is expected to narrow significantly as plant
sizes increase. For very large plants (greater than 100 MW),
the costs for both technologies will approach 320-400 USD/
kW by 2030. The electrolyzer capital costs will be estimated to

Law 30/2007 on Energy
National Energy Policy
PP 79/2014

National Energy Plan
Perpres 22/2017

National Electricity Plan

MEMR Reg. 143/2019

PLN Business Plan
MEMR Reg. 39/2019

Table 2: Indonesia’s renewable energy power plant
potential and utilization in 2022 (National Energy Board,
2024)

Ocean 63 0 0.0
Geothermal 23 2.4 10.4
Bioenergy 57 3.1 54
Wind 155 0.2 0.1
Hydro 95 6.7 7.1
Solar 3.294 0.3 0.0
Total 3.687 12.7 0.3

Table 3: GH, production potential in the NZE model
(MEMR, 2023b)

Riau 14,402
North Sumatera 14,384
West Java 10,622
Central Java 10,597
East Java 10,348
Central Kalimantan 8,975

Nusa Tenggara Timur 16,572
Papua 11,681

drop to 88 USD/kW for AE and 60 USD/kW for PEM under an
optimistic scenario by 2050, or 388 USD/kW and 286 USD/kW,
respectively, under a pessimistic scenario (Zun and McLellan,
2023). According to (IEA, 2022), the initial investment of AE
may cost 500-1,400 USD/kW, 1,100-1,800 USD/kW for PEM,
and 2,800-5,600 USD/kW for SOE. Electrolyzer manufacturers
generally agree on the potential for rapidly reducing capital costs
through economies of scale (Rey et al., 2023b).

The average cost of GH, production consists of investment
and operational costs, which are defined using the Levelized
Cost of Hydrogen (LCOH). LCOH accounts for all capital and
operating production costs in a levelized manner over a unit of
produced hydrogen and its derivative (USD/kg) (Zulfhazli et al.,
2024). By 2030, the global LCOH for GH, is predicted to be less
than 5 USD/kg for solar, onshore wind, and offshore wind energy
sources due to lower electrolyzer costs and the Levelized Cost of
Electricity (LCOE) in both scenarios (Zun and McLellan, 2023).
Based on (MEMR, 2023b) calculations by taking three PLN case
studies, the price of hydrogen production is around 4.61-5.45 USD/
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kg in 2030, assuming the cost of a PEM electrolyzer is between
450 and 1700 USD. In comparison, the projected hydrogen
price in Japan is around 5.7-7.7 USD/kg in 2025 (Roos, 2021),
around 5.5-7.7 USD/kg in South Korea (Chu et al., 2022), and
around 4.9-6.5 USD/kg in Singapore (KBR and Argus, 2020).
Despite that, the projected price of GH, in Indonesia is not yet
competitive because it is three times the current average cost of
production. Therefore, the government needs to help the growth
of this sector by making policies, creating an investment climate,
and developing competitive business models. Regarding energy
pricing, (Pratikto et al., 2023) found that more than 95% of non-
subsidized residential consumers in Indonesia are willing to pay
up to 40% higher than the current price for greener electricity. This
willingness to pay increases with the share of renewable energy
in the energy mix. These findings highlight the strong potential
market for greener energy solutions in Indonesia, indicating that
consumers are ready to support and invest in cleaner energy
alternatives.

Benefits of GH, production outweigh the challenges, including
reducing dependence on fossil fuels, being environmentally
friendly, and providing an efficient energy carrier (MEMR,
2023b). (Marchenko and Solomin, 2015) shows that the use of
hydrogen proves beneficial for long-term storage, whereas the
electricity economy is preferable in the case of short-term energy
storage. In the electricity generation sector, GH, serve as an energy
transport medium, becoming an option to meet domestic needs and
expand energy connectivity that is geographically unreachable.
Additionally, GH, can be used as fuel for co-firing, which has the
potential to reduce greenhouse gas emissions by 10,588,235 tons
of CO,-eq (MEMR, 2023b). GH, as a raw material in the fertilizer
supports Indonesia’s potential as the 3%-largest ammonia exporter
in the world.

The economic viability of GH, production in Indonesia seems a
promising opportunity. (Hardana et al., 2024b) mentioned that
GH, production from small hydropower plants in Indonesia is
economically feasible and offers scalability for future energy
production in Indonesia. (Prakoso et al., 2024b) also reports the
economic and technical feasibility of constructing a GH, facility in
Jambi, Indonesia. The finding highlighted Jambi’s projected selling
price for GH, demonstrates competitiveness within the market.
These findings offer valuable insights into the potential profitability
and market prospects of GH,. Additionally, (Budhijanto and
Pancasakti, 2024b) results indicate that the establishment of
hydrogen production in Indonesia using fermentation technology
and agricultural waste is economically viable. Integrating GH, into
Indonesia’s energy mix represents a transformative opportunity to
decarbonize the energy sector and advance sustainability goals.
By critically evaluating various aspects, including scalability,
technological challenges, and socioeconomic implications,
stakeholders can gain a holistic understanding of the potential
benefits and challenges associated with GH,. This information
will aid in making informed decisions and formulating effective
strategies to drive the successful integration of GH, into the energy
landscape (Stockl et al., 2021). The government support through
clearer policy, incentives, and infrastructure readiness is essential
to shape market competitiveness of GH,.

4. REGULATORY FOR GREEN HYDROGEN
DEVELOPMENT

Governments play a critical role in providing policy and regulatory
certainty, ensuring better planning, and supporting effective market
development and business models. Uncertainty in policies results
in adverse risks for public and private sector project development
and can make the costs of providing clean energy prohibitively
high (Barradale, 2010). Government could accelerate the transition
toward GH, energy by developing national strategies, coordinating
local efforts, and accelerating regulatory changes and development.
Those pathways are necessary to facilitate the adoption of
hydrogen as a competitive energy source (Scita et al., 2020). The
national strategies and efforts may include funding and investment,
establishing a clear national H, roadmap, fostering collaboration
and partnerships, promoting regional H, clusters, supporting pilot
and demonstration projects, and developing skilled workforces.
Regulatory changes should focus on standards and certifications,
permitting and licensing processes, market mechanisms,
research and development (R and D) support, and infrastructure
development. H, networks should be planned and developed, with
opportunities to integrate with existing infrastructure to maximize
efficiency and minimize costs (Renewable Energy Agency, 2021).

4.1. Existing Regulation

The Government of the Republic of Indonesia has issued
several regulations to enhanced energy security, availability, and
sustainability especially for the development and utilization of
renewable energy. In principle, the development of GH, has been
addressed within the framework of renewable energy policies
(Table 4). Law 30/2007 on Energy lays out a cascading framework
of energy policy formulation and planning. Figure 3 shows the
linkages with subsidy, fiscal incentive policies, and other direct
government support as administered by the Ministry of Finance
(MoF) (Asian Development Bank, 2020). Subsidies for State-
Owned Enterprises (SOEs) regulate under the Law 19/2003,
which obliges the government to compensate an SOE for the
execution of any government assignment for the public good that
is not profitable (Indonesian Regulation, 2019). For example,
Minister of Finance Regulation (PMK) 116/2016 regulate for
LPG Subsidy (Minister of Finance Regulation, 2016) and PMK
No. 44/2017regulate for Electricity Subsidy (Minister of Finance
Regulation, 2017).

Law 30/2007 authorizes the government to provide facilities and
incentives to companies for renewable energy supply (Indonesian
Regulation, 2007). Law No. 78/2019 regulate tax allowance to
encourage and increase direct investment activities (Presidential
Regulation, 2019). Tax holidays regulate in PMK No. 150/2018,
facilitate corporate income tax reduction, and provides tax
holidays for investment in pioneer industries including economic
infrastructure(Minister of Finance Regulation, 2018), as stipulated
in Investment Coordinating Board Regulation 1/2019 as amended
by 6/2019 (Investment Coordinating Board Regulation, 2019).
Exemption of import duty on machinery, equipment, and raw
materials regulates in PMK No. 176/PMK.011/2009 in junction
with PMK no. 76/PMK.011/2012 in junction with PMK
No. 188/PMK.010/2015 (Minister of Finance Regulation, 2015).
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Table 4: Indonesia’s Renewable Energy Regulations (Indonesian Regulation, 2007; Indonesian Regulation, 2009;
Indonesian Regulation, 2014; MEMR Regulation, 2017a; MEMR Regulation, 2017b; MEMR Regulation, 2020;
Presidential Regulation, 2006; Presidential Regulation, 2017; Presidential Regulation, 2022; MEMR, 2023b)

Indonesian Regulation

Presidential Regulation No. 5/2006

Law No. 30/2007

Law No. 30/2009

Government Regulation No. 79/2014
MEMR Regulation No. 12/2017
Presidential Regulation No. 22/2017
MEMR Regulation No. 50/2017 amended
by No. 53/2018

Draft Bill on New and Renewable Energy

MEMR Regulation No. 9/2020

Presidential Regulation No. 112/2022

National Hydrogen Strategy 2023

Description

National Energy Policy, direct efforts to the creation of sufficiency of domestic energy supply.
Energy concern, emphasizes energy security, sustainable development, energy resilience, and
environmental preservation.

Regulates planning and governance in the electricity sector, prioritizing the development of new and
RE sources.

National Energy Policy, promotes the use of RE and curbs the use of fossil energy sources. It sets
RE mix targets from 2020 to 2050.

Guideline for State Electricity Company (PT PLN) in purchasing electricity from a power plant that
utilizes RE sources.

National Energy General Plan, plan for RE development up to 2050, including a general action
plan for hydrogen development, such as regulatory framework preparation, technology and
manufacturing capacity development, and provision of incentives.

Utilization of RE sources for the provision of electricity was passed to accelerate the development
of RE for the benefit of national electricity. It is necessary to rearrange the provisions regarding the
mechanism and purchase price of electricity by PT PLN which utilizes RE sources.

Regulates RE development, including pricing, incentives, etc., In the latest draft, hydrogen is
recognized as a new energy source.

Improve efficiency in the electricity supply business of PT PLN, it is necessary to regulate

a target-setting mechanism and realize electricity supply efficiency in the form of electricity
generation efficiency and electricity network efficiency.

Increasing investment and accelerating the achievement of RE mix targets in the appropriate
national energy mix with the national energy policy and reduction of greenhouse gas emissions, it is
necessary to regulate the accelerated development of power plants from RE sources.

Indonesian government aims to implement three key measures covering diversification on energy

supply sources, expansion of domestic demand, and creation of export market for hydrogen.

Additionally, Indonesia’s government may directly fund renewable
energy development with Special Allocation Fund from the State
Budget (APBN) or implement public-private partnership (PPP)
(Asian Development Bank, 2020).

Although Indonesian government has introduced various policies
and regulations to promote renewable energy, further concrete
actions are needed, particularly in implementing and providing
clearer incentives to stimulate the growth of the GH, energy sector.
Effective GH, development policies should include setting clear
targets, offering incentives, establishing detailed implementation
policies for GH, deployment procedures, encouraging international
cooperation for technology and knowledge transfer, providing
funding for hydrogen R and D, streamlining the permitting process
for hydrogen projects, and encouraging private investment in
hydrogen infrastructure through international partnerships (Dewi
etal., 2023). The legal framework governing GH, in Indonesia is
indeed complex, involving commitment and dynamic interplay
between multisectoral stakeholders.

4.2. GH, Regulatory Framework

The Green Hydrogen policy approach should have four central
pillars, including a National Hydrogen Strategy to define ambitions
and pathways for hydrogen development, Policy Priorities that
focus on high-value applications of GH,, Guarantees of Origin to
ensure transparent carbon emissions labeling across the hydrogen
lifecycle, and Governance system and enabling policies that
integrates GH, into the broader energy system with involvement
from civil society and industry (International Renewable Energy
Agency, 2022). Indonesia’s National Hydrogen Strategy highlights
the current condition of hydrogen utilization in Indonesia, as
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well as the direction and objectives of hydrogen development.
Indonesia planned to introduce GH, across four key economic
sectors including transportation, industrial feedstock, power
generation, and commodity (MEMR, 2023b). Policy priorities of
GH, deployment in Indonesia should be focused on incentives and
fiscal policies that support capital flows and encourage innovation
and competition. The incentive strategy includes tariff discounts
and tax exemptions, investment frameworks for capital grants and
ongoing subsidies, and innovation competitions with progress
monitoring programs (Bade et al., 2024b). Additionally, to increase
the competitiveness of GH, prices, an emissions trading scheme
and a carbon tax can be implemented (MEMR, 2023Db).

Hydrogen business permits and licenses are currently in the
initial stages of identification for the permits required in the
Standard Classification of Indonesian Business Fields code
to encourage a GH, ecosystem (Nyoman Ary Whyudi, 2024).
Indonesian Ministry of Energy and Mineral Resources (MEMR)
also preparing regulations on the incentives and tax breaks to
step up the development of GH, in 2024. This policy will later
be included in the Draft Law on New Energy Renewable Energy,
which is still in the evaluation stage. The draft policy also will
cover standards for tax holidays, tax allowances, taxes, and the
fundamental regulations for carbon trading (Indonesia Business
Post, 2024). Indonesia may adopt GH, policies and regulations
from leading international countries like Australia. After releasing
the National Hydrogen Strategy in 2019, which spans 57
collaborative actions in seven key areas, Australia augmented its
regulation with Technology Roadmap 2020. The broader national
energy plan intends to accelerate the development of new emerging
technologies by making them economically competitive.
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Australia also accelerates GH, development by providing
funds and lending to hydrogen R and D projects. Australian
Renewable Energy Agency (ARENA) offers financial assistance
for clean energy projects and research to accelerate the transition
of technologies from the R and D stage to pre-commercial
deployment activities. As Australia’s green bank, the Clean
Energy Finance Corporation (CEFC) catalyzes the increased
finance flows in Australia’s clean energy sector. Australia
has implemented a Carbon Pricing Scheme and designed
the guarantees of origin scheme for GH, (Pingkuo and Xue,
2022). Providing grants for GH,-related R and D projects is
essential to accelerate the adoption of domestic hydrogen
technology in Indonesia (International Renewable Energy
Agency, 2022). Inter-ministry collaboration such as with the
National Research and Innovation Agency (BRIN), Ministry
of Finance, Ministry of State-Owned Enterprises, Ministry of
Industry, and Ministry of Transportation must be optimized.
Additionally, financial assistance for developing hydrogen
infrastructure, is needed to overcome initial barriers and
encourage a comprehensive hydrogen network. The country
must foster collaboration between the public and private sectors
and international organizations to share best practices and access
funding, leveraging global expertise in promoting GH,adoption
(Renewable Energy Agency, 2024). Educational campaigns are
also essential to raise awareness about the GH,’s environmental
and health benefits, since the consumer perspectives matters
(Pramana et al., 2024).

Indonesia’s carbon tax policy has been established in Law
No 7/2021 on the Harmonization of Tax Regulation. The tax
mandates the government to implement the carbon tax of USD
2 per ton of CO, on April 1, 2022, applied to coal-fired power
plants. It is a disincentive for fossil energy and an incentive for
renewable energy (Indonesian Regulation, 2021). Carbon pricing
and emissions reduction incentives create a market advantage
for low-carbon or zero-emission technologies (International
Renewable Energy Agency, 2022; Paradongan et al., 2024). The
carbon tax should be increased and expanded to other polluting
sectors. Governments also can impose air pollution taxes to reduce
fossil energy dependence and encourage businesses to switch to
renewable energy (Eko Eddya Supriyanto, 2023).

Reducing renewable energy costs directly impacts the cost
competitiveness of GH, production. The widespread deployment
of electrolyzers and aﬂordable renewable electricity make GH,
more cost-effective (Renewable Energy Agency, 2021). MEMR
is responsible for energy sector tariff regulation, including
procurement and contracting renewable energy generation by the
State Electricity Company (PLN). The key regulation governing
renewable energy pricing is MEMR Regulation No. 50/2017 on
Utilization of Renewable Energy Resources for Electricity Supply,
as amended by No. 53/2018 (MEMR Regulation, 2017b). The
application of efficient pricing in the power system affects decision
making in investment planning and mitigates market power.
(Hakam et al., 2019) highlights nodal pricing implementation will
be beneficial for electricity market designers and stakeholders in
Indonesia. The most feasible option for closing the gap between
renewable energy costs and PLN’s purchase price in Indonesia

is some form of subsidy funded from the state budget (Asian
Development Bank, 2020). MEMR may issue a new regulation
to amend the existing renewable energy pricing regulations;
if existing pricing regulations are retained, a new Minister of
Finance regulation will need to be issued covering the budget
subsidy mechanism.

Indonesia’s long-term strategy is targeting GH, as an export
commodity (MEMR, 2023b). To support this goal, Indonesia needs
to create comprehensive regulations that align with international
frameworks, especially regarding emission standards for GH,
production, certification schemes for GH, production, safety
standards for production, distribution, and utilization schemes.
Indonesia needs to strengthen its carbon pricing scheme to
accelerate the implementation of GH, energy on a large scale.
Utilizing the current energy regulatory landscape’s framework,
Indonesia can strategically design clear regulations and policies for
GH, deployment. Based on the discussion that has been explained,
the regulatory framework for GH, development is shown in
Table 5. The comprehensive regulatory landscape will maximize
the GH, energy transition and contribute to achieving sustainable
development goals. Successful design and implementation of the
regulatory framework are critical to the establishment, growth,
and competitiveness of the GH, market in Indonesia. By creating
a multisectoral approach, Indonesia’s regulator can ensure
comprehensive and coordinated governance to implement efficient
regulations and encourage a sustainable GH, industry.

Table 5: Suggestions of policy roadmap to deploy green
hydrogen economy in Indonesia

Time Regulatory Roadmap
Frame
November- = Establish an effective and coordinated governance
2030 structure between ministries and agencies overseeing
the GH, sector
= Accelerate incentives and subsidies on GH, R and D
and project
= Accelerate fiscal policies, such as tariff discounts,
tax exemptions, and tax holidays
= [nvestment frameworks for capital grants regulation
= Supporting on finance and loan program for GH,
development
= Strengthen Carbon Tax regulation
= Raising social awareness of GH, creates a
skilled-workforce
2031-2040 = Amendment on renewable energy tariff regulation
= Supporting regulation in GH, infrastructure
development
= GH, licensing and certification regulation, including
guarantee of origin
= Regulation on standards and technical production of
GH,
= Regulation on GH, storage and transport pipeline
= Supporting regulation on fuel cell vehicle and
refilling station development
2041-2060 = GH, Export Regulation

= Policy on Green Shipping Corridor

= Establishing GH, Hubs to integrate supply chain

= Integration hydrogen economy across multisectoral
industry
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5. CONCLUSION AND RECOMMENDATION

The green hydrogen (GH,) energy transition presents a critical
opportunity for Indonesia to align its energy sector with global
sustainability goals and national decarbonization targets. GH,
offer significant long-term benefits, including supporting net-zero
emissions targets, achieving universal energy access in line with
SDG 7 (clean energy), creating potential for green jobs, increasing
the penetration of renewable energy into the national energy mix, and
strengthening the country’s position in GH, and ammonia exports.
Indonesia’s abundant renewable energy resources provide substantial
potential for GH, development, which is expected to begin by 2031,
according to the National Hydrogen Strategy. The use of hydrogen in
the electricity sector can serve as a long-term goal while infrastructure
and technological readiness are being prepared. Government support
is needed to accelerate the readiness of market players to conduct
pilot projects and participate in the GH, energy transition.

This study underscores the necessity of a comprehensive regulatory
framework to facilitate the growth of GH, deployment in Indonesia.
While the current regulatory environment is generally supportive
of renewable energy, it requires significant enhancement to address
the specific needs of GH,. A well-designed regulatory framework
is essential to achieving GH, competitiveness in both domestic
and global hydrogen markets. The proposed regulatory framework
focuses on establishing a clear national strategy with specific
targets, accelerating research and development through grants
policy, leading investment through targeted incentives and fiscal
policies, and creating standards for safety, certification, and emission
of GH, production and utilization in Indonesia. This study also
emphasizes the importance of carbon taxation, public awareness, and
building a skilled workforce in GH, energy adoption. Additionally,
multisectoral collaborative efforts are needed to address existing
physical and regulatory infrastructure challenges, paving the way
for establishing a GH, economy in Indonesia.

To accelerate GH, development in Indonesia and ensure a
sustainable energy transition, future research must focus on
strengthening an adaptive regulatory framework aligned with
global hydrogen policies. Further studies should evaluate the
integration of local renewable energy sources, such as solar and
hydropower, to reduce GH, production costs, while assessing
GH,’s role in decarbonizing heavy industries and transportation
sectors. Research on GH, storage, distribution, and its synergy
with carbon capture and storage technologies also will be crucial,
alongside efforts to raise public awareness and develop a skilled
workforce to support GH, adoption. Long-term environmental
impact studies are necessary to monitor GH,’s contribution to
emission reduction targets and sustainability in Indonesia.

REFERENCES

Agaton, C.B., Batac, K.I.T., Reyes Jr., E.M. (2022), Prospects and
challenges for green hydrogen production and utilization in the
Philippines. International Journal of Hydrogen Energy, 47(41),
17859-17870.

Asian Development Bank. (2020), Renewable Energy Tariffs and and
Incentives in Indonesia. Mandaluyong: Asian Development Bank.

Bade, S.0., Tomomewo, O.S., Meenakshisundaram, A., Ferron, P.,
Oni, B.A. (2024a), Economic, social, and regulatory challenges
of green hydrogen production and utilization in the US: A review.
International Journal of Hydrogen Energy, 49, 314-335.

Bade, S.0., Tomomewo, O.S., Meenakshisundaram, A., Ferron, P.,
Oni, B.A. (2024b), Economic, social, and regulatory challenges
of green hydrogen production and utilization in the US: A review.
International Journal of Hydrogen Energy, 49, 314-335.

Barradale, M.J. (2010), Impact of public policy uncertainty on renewable
energy investment: Wind power and the production tax credit. Energy
Policy, 38(12), 7698-7709.

Bauer, C., Treyer, K., Antonini, C., Bergerson, J., Gazzani, M.,
Gengcer, E., Gibbins, J., Mazzotti, M., McCoy, S.T., McKenna, R.,
Pietzcker, R., Ravikumar, A.P., Romano, M.C., Ueckerdt, F., Vente,
J., van der Spek, M. (2022), On the climate impacts of blue hydrogen
production. Sustainable Energy and Fuels, 6(1), 66-75.

Benalcazar, P., Komorowska, A. (2024), Techno-economic analysis
and uncertainty assessment of green hydrogen production in future
exporting countries. Renewable and Sustainable Energy Reviews,
199, 114512.

Budhijanto, B., Pancasakti, B.P. (2024a), Evaluating the potential
of hydrogen production from agricultural waste in Indonesia:
A comparative techno-economic analysis. International Journal of
Energy Economics and Policy, 14(2), 618-623.

Budhijanto, B., Pancasakti, B.P. (2024b), Evaluating the potential
of hydrogen production from agricultural waste in Indonesia:
A Comparative Techno-economic Analysis. International Journal
of Energy Economics and Policy, 14(2), 618-623.

Cheng, W., Lee, S. (2022), How green are the national hydrogen
strategies? Sustainability, 14(3), 1930.

Chu, K.H., Lim, J., Mang, J.S., Hwang, M.H. (2022), Evaluation of
strategic directions for supply and demand of green hydrogen in
South Korea. International Journal of Hydrogen Energy, 47(3),
1409-1424.

Copley, J. (2023), Decarbonizing the downturn: Addressing climate
change in an age of stagnation. Competition and Change, 27(3-4),
429-448.

Dewi, E.L., Aziz, M., Devianto, H., Drmawan, A., Arjasa, O.P., Primeia,
S., Kurniawan. (2023), Indonesia’s Hydrogen Roadmap. In: Dewi,
E.L., editor. IFHE Press. Availablr from: https://ithe.or.id/2023/07/
indonesia-hydrogen-roadmap

Eko Eddya Supriyanto. (2023), Green and Renewable Energy
Financing Policy in Indonesia. In: Renewable Energy: Policy and
Strategy. Indonesia: BRIN Publishing.

Feng, Y., Zhao, T. (2022), Exploring the Nonlinear Relationship
between Renewable Energy Consumption and Economic Growth
in the Context of Global Climate Change. International Journal of
Environmental Research and Public Health, 19(23), 15647.

Fransiscus, Y., Kartikasari, F., Savitri, E., Tarigand, E. (2022), Solar
hydrogen option to reach renewable and climate change targets of
Indonesia. SSRN Electronic Journal. Doi: 10.2139/ssrn.4036003

Furfari, S., Clerici, A. (2021), Green hydrogen: the crucial performance
of electrolysers fed by variable and intermittent renewable electricity.
The European Physical Journal Plus, 136(5), 509.

Gallardo, F.I., Monforti Ferrario, A., Lamagna, M., Bocci, E., Astiaso
Garcia, D., Baeza-Jeria, T.E. (2021), A Techno-Economic Analysis
of solar hydrogen production by electrolysis in the north of Chile and
the case of exportation from Atacama Desert to Japan. International
Journal of Hydrogen Energy, 46(26), 13709-13728.

Hakam, D.F., Haryadi, E., Indrawan, H., Simaremare, A.A. (2019),
Economic Valuation of Efficient Pricing: Case study of Java Bali
Power System. In: 2019 2™ International Conference on High Voltage
Engineering and Power Systems (ICHVEPS). p80-84.

International Journal of Energy Economics and Policy | Vol 15 ¢ Issue 2 « 2025




Aditya, et al.: Green Hydrogen as a Catalyst for Indonesia’s Energy Transition: Challenges, Opportunities, and Policy Frameworks

Hakam, D.F., Nugraha, H., Wicaksono, A., Rahadi, R.A., Kanugrahan, S.P.
(2022), Mega conversion from LPG to induction stove to achieve
Indonesia’s clean energy transition. Energy Strategy Reviews, 41,
100856.

Hardana, H.E., Adiwibowo, P., Sunitiyoso, Y., Kurniawan, T.E.K. (2024a),
Financial viability analysis for green hydrogen production opportunity
from hydropower plant’s excess power in Indonesia. International
Journal of Renewable Energy Development, 13(5), 846-863.

Hardana, H.E., Adiwibowo, P., Sunitiyoso, Y., Kurniawan, T.E.K.
(2024b), Financial viability analysis for green hydrogen production
opportunity from hydropower plant’s excess power in Indonesia.
International Journal of Renewable Energy Development, 13(5),
846-863.

Harichandan, S., Kar, S.K., Rai, P.K. (2023), A systematic and critical
review of green hydrogen economy in India. International Journal
of Hydrogen Energy, 48(81), 31425-31442.

Hassan, Q., Algburi, S., Sameen, A.Z., Salman, H.M., Jaszczur, M.
(2024a), Green hydrogen: A pathway to a sustainable energy future.
International Journal of Hydrogen Energy, 50, 310-333.

Hassan, Q., Algburi, S., Sameen, A.Z., Salman, H.M., Jaszczur, M.
(2024b), Green hydrogen: A pathway to a sustainable energy future.
International Journal of Hydrogen Energy, 50, 310-333.

Hoang, A.T., Pandey, A., Lichtfouse, E., Bui, V.G., Veza, I., Nguyen, H.L.,
Nguyen, X.P. (2023), Green hydrogen economy: Prospects and
policies in Vietnam. International Journal of Hydrogen Energy,
48(80), 31049-31062.

Howarth, R.W., Jacobson, M.Z. (2021), How green is blue hydrogen?
Energy Science and Engineering, 9(10), 1676-1687.

IEA. (2022), Electrolysers - Analysis. Available from: https://www.iea.
org/reports/electrolysers

IEA. (2023), Global Hydrogen Review 2023 - Map of Announced Low-
Emission Hydrogen Production Projects. Available from: https://
www.iea.org/reports/global-hydrogen-review-2023/executive-
summary

IEA. (2023), Navigating Indonesia’s Power System Decarbonisation
with the Indonesia Just Energy Transition Partnership. France: IEA.

Indonesia Business Post. (2024), Indonesia Prepares Incentives
for Green Hydrogen Development. Available from: https://
indonesiabusinesspost.com/insider/indonesia-prepares-incentives-
for-green-hydrogen-development

Indonesian Regulation, Pub. L. No. 19/2003 concerning State-Owned
Enterprises. (2019). Available from: https://peraturan.bpk.go.id/
Details/43919/uu-no-19-tahun-2003

Indonesian Regulation, Pub. L. No. 30/2007 of Energy. (2007).
Available from: https://peraturan.bpk.go.id/Details/39928/uu-no-
30-tahun-2007

Indonesian Regulation, Pub. L. No. 30/2009 of Electricity (2009).
Available from: https://peraturan.bpk.go.id/Details/38767

Indonesian Regulation, Pub. L. No. 7/2021 concerning Harmonization
of Tax Regulations. (2021). Available from: https://peraturan.bpk.
g0.id/Details/185162/uu-no-7-tahun-2021

Indonesian Regulation, Pub. L. No. 79/2014 on National Energy Policy.
(2014), https://jdih.esdm.go.id/index.php/web/result/1777/detail

International Renewable Energy Agency. (2022), Policies for Green
Hydrogen. Available from: https://www.irena.org/Energy-Transition/
Policy/Policies-for-green-hydrogen

Investment Coordinating Board Regulation, Pub. L. No. 1/2019
Concerning Details of Business Fields and Types of Pioneer
Industrial Production that Can Be Provided with Corporate Income
Tax Reduction Facilities as well as Guidelines and Procedures
for Providing Corporate Income Tax Reduction Facilities (2019).
Available from: https://peraturan.bpk.go.id/Details/169080/
peraturan-bkpm-no-1-tahun-2019

IPCC. (2022), Climate Change 2022 - Mitigation of Climate
Change (Intergovernmental Panel on Climate Change (IPCC).
United Kingdom: Cambridge University Press.

Jumaat, N.A.S., Khalid, A.A.H. (2024), A comprehensive review of
challenges, prospects, and future perspectives for hydrogen energy
development in Malaysia. International Journal of Hydrogen Energy,
55, 65-77.

Kanugrahan, S.P., Hakam, D.F. (2023), Long-term scenarios of indonesia
power sector to achieve nationally determined contribution (NDC)
2060. Energies, 16(12), 4719.

Kanugrahan, S.P., Hakam, D.F., Nugraha, H. (2022), Techno-economic
analysis of indonesia power generation expansion to achieve
economic sustainability and net zero carbon 2050. Sustainability,
14(15), 9038.

Karayel, G.K., Dincer, L. (2024), Green hydrogen production potential of
Canada with solar energy. Renewable Energy, 221, 119766.

KBR, Argus. (2020), Study of Hydrogen Imports and Downstream
Applications for Singapore. United States: KBR.

Khadra, A., Akander, J., Myhren, J.A. (2024), Greenhouse gas payback
time of different HVAC Systems in the renovation of Nordic district-
heated multifamily buildings considering future energy production
scenarios. Buildings, 14(2), 413.

Khan, M.H.A., Heywood, P., Kuswara, A., Daiyan, R., MacGill, 1.,
Amal, R. (2022), An integrated framework of open-source tools for
designing and evaluating green hydrogen production opportunities.
Communications Earth and Environment, 3(1), 309.

Kolmasiak, C. (2024), Decarbonization of production systems in
foundries. Archives of Foundry Engineering, 24, 104-109.

Li, Y., Shi, X., Phoumin, H. (2022), A strategic roadmap for large-scale
green hydrogen demonstration and commercialisation in China:
A review and survey analysis. International Journal of Hydrogen
Energy, 47(58), 24592-24609.

Marchenko, O.V., Solomin, S.V. (2015), The future energy: Hydrogen
versus electricity. International Journal of Hydrogen Energy, 40(10),
3801-3805.

Marouani, I., Guesmi, T., Alshammari, B.M., Alqunun, K., Alzamil, A.,
Alturki, M., Hadj Abdallah, H. (2023a), Integration of renewable-
energy-based green hydrogen into the energy future. Processes,
11(9), 2685.

Marouani, 1., Guesmi, T., Alshammari, B.M., Alqunun, K., Alzamil, A.,
Alturki, M., Hadj Abdallah, H. (2023b), Integration of Renewable-
Energy-Based Green Hydrogen Into The Energy Future. Processes,
11(9), 2685.

MEMR Regulation, Pub. L. No. 12/2017 of New Mechanisms for
Purchasing Renewable Electricity. (2017a). Available from: https://
peraturan.bpk.go.id/Details/142143/permen-esdm-no-12-tahun-2017

MEMR Regulation, Pub. L. No. 50/2017 of Renewable Energy Utilization
to Provide Electric Power. (2017b). Available from: https://peraturan.
bpk.go.id/Details/142140/permen-esdm-no-50-tahun-2017

MEMR Regulation, Pub. L. No. 9/2020 of Efficiency Electric Power
Provision of PT PLN (Persero). (2020). Available from: https://jdih.
esdm.go.id/index.php/web/result/2041/detail

MEMR. (2023a), Handbook of Energy & Economic Statistics of
Indonesia. Available from: https://www.esdm.go.id/id/publikasi/
handbook-of-energy-economic-statistics-of-indonesia

MEMR. (2023b), National Hydrogen Strategy. Available from: https://
ebtke.esdm.go.id/post/2023/12/15/3680/strategi.hydrogen.national

Minister of Finance Regulation, Pub. L. No. 116/PMK.02/2016 of 2016
concerning Procedures for Budget Provision, Calculation, Payment
and Accountability of 3 Kilogram Liquefied Petroleum Gas (LPG)
Subsidy Funds. (2016). Available from: https://peraturan.bpk.go.id/
Details/145885/pmk-no-116pmk022016

Minister of Finance Regulation, Pub. L. No. 150/PMK.010/2018 of 2018

192 International Journal of Energy Economics and Policy | Vol 15 « Issue 2 » 2025




Aditya, et al.: Green Hydrogen as a Catalyst for Indonesia’s Energy Transition: Challenges, Opportunities, and Policy Frameworks

concerning Providing Corporate Income Tax Reduction Facilities.
(2018). Available from: https://peraturan.bpk.go.id/Details/113460/
pmk-no-150pmk0102018

Minister of Finance Regulation, Pub. L. No. 188/PMK.010/2015 of 2015
concerning Second Amendment to Regulation of the MoF No.176/
PMK.011/2009 concerning Exemption from Import Duty on Imports
of Machinery and Goods and Materials for Construction or Industrial
Development. (2015). Available from: https://peraturan.bpk.go.id/
Details/121785/pmk-no-188pmk0102015

Minister of Finance Regulation, Pub. L. No. 44/PMK.02/2017 of 2017
concerning Procedures for Providing, Calculating, Payment and
Accountability for Electricity Subsidies. (2017). Available from:
https://peraturan.bpk.go.id/Details/112636/pmk-no-44pmk022017

Mohamad, A.H.H., Zainuddin, M.R.K.V., Ab-Rahim, R. (2023), Does
renewable energy transition in the USA and China overcome
environmental degradation? International Journal of Energy
Economics and Policy, 13(6), 234-243.

Mohsin, M., Rasheed, A.K., Saidur, R. (2018), Economic viability
and production capacity of wind generated renewable hydrogen.
International Journal of Hydrogen Energy, 43(5), 2621-2630.

Moura, C.H.S., Silveira, J.L., Lamas, W.Q. (2020), Dynamic production,
storage, and use of renewable hydrogen: A technical-economic-
environmental analysis in the public transport system in Sdo Paulo
state, Brazil. International Journal of Hydrogen Energy, 45(56),
31585-31598.

Muhsen, H., Al-Mahmodi, M., Tarawneh, R., Alkhraibat, A., Al-
Halhouli, A. (2023), The potential of green hydrogen and power-
to-X utilization in Jordanian industries: Opportunities and future
prospects. Energies, 17(1), 213.

Nagaj, R., Gajdzik, B., Wolniak, R., Grebski, W.W. (2024), The impact of
deep decarbonization policy on the level of greenhouse gas emissions
in the European Union. Energies, 17(5), 1245.

National Energy Board. (2024), Indonesia Energy Outlook 2023. Available
from: https://den.go.id/publikasi/Outlook-Energi-Indonesia

Nyoman Ary Whyudi. (2024), ESDM Siapkan Aturan untuk Bisnis
Pembangkit Listrik Hidrogen. Available from: https://ekonomi.bisnis.
com/read/20240402/44/1754802/esdm-siapkan-aturan-untuk-bisnis-
pembangkit-listrik-hidrogen

Paradongan, H.T., Hakam, D.F., Wiryono, S.K., Prahastono, I.,
Aditya, 1.A., Banjarnahor, K.M., Sinisuka, N.I., Asekomeh, A.
(2024), Techno-economic feasibility study of solar photovoltaic
power plant using RETScreen to achieve Indonesia energy transition.
Heliyon, 10(7), €27680.

Pingkuo, L., Xue, H. (2022), Comparative analysis on similarities and
differences of hydrogen energy development in the World’s top 4
largest economies: A novel framework. International Journal of
Hydrogen Energy, 47(16), 9485-9503.

Prakoso, M.H., Ulum, M.B., Saksama, A.N. (2024a), Case Study of a
Potential Green Hydrogen Plant in Indonesia. In: 2024 6" Global
Power, Energy and Communication Conference (GPECOM).
p387-393.

Prakoso, M.H., Ulum, M.B., Saksama, A.N. (2024b), Case Study of a
Potential Green Hydrogen Plant in Indonesia. In: 2024 6" Global
Power, Energy and Communication Conference (GPECOM).
p387-393.

Pramana, P.A.A., Hakam, D.F., Tambunan, H.B., Tofani, K.M.,
Mangunkusumo, K.G.H. (2024), How are consumer perspectives
of PV rooftops and new business initiatives in Indonesia’s Energy
transition? Sustainability, 16(4), 1590.

Pratikto, F.R., Ariningsih, P.K., Rikardo, C. (2023), Willingness to pay
for greener electricity among non-subsidized residential consumers
in Indonesia: A discrete choice experiment approach. Renewable
Energy Focus, 45, 234-241.

Presidential Regulation, Pub. L. No. 112/2022 concerning the Acceleration
of Renewable Energy Development for the Supply of Electric Power.
(2022). Available from: https://peraturan.bpk.go.id/Details/225308/
perpres-no-112-tahun-2022

Presidential Regulation, Pub. L. No. 22/2017 General National Energy
Plan. (2017). Available from: https:/jdih.esdm.go.id/index.php/web/
result/1648/detail

Presidential Regulation, Pub. L. No. 5/2006 of National Energy Policy of
the Republic of Indonesia. (2006). Available from: https://peraturan.
bpk.go.id/Details/41945/perpres-no-5-tahun-2006

Presidential Regulation, Pub. L. No. 78/2019 concerning Income Tax
Facilities for Capital Investment in Certain Business Sectors and/or
in Certain Regions. (2019). Available from: https://peraturan.bpk.
go.id/Details/135245/perpres-no-78-tahun-2019

Regufe, M.J., Pereira, A., Ferreira, A.F.P., Ribeiro, A.M., Rodrigues, A.E.
(2021), Current developments of carbon capture storage and/
or utilization—looking for net-zero emissions defined in the Paris
agreement. Energies, 14(9), 2406.

Reksten, A.H., Thomassen, M.S., Meller-Holst, S., Sundseth, K. (2022),
Projecting the future cost of PEM and alkaline water electrolysers;
a CAPEX model including electrolyser plant size and technology
development. International Journal of Hydrogen Energy, 47(90),
38106-38113.

Renewable Energy Agency, . (2021), Making the Breakthrough: Green
Hydrogen Policies and technology costs. Available from: https://
WWWw.irena.org

Renewable Energy Agency, 1. (2024), Green Hydrogen Strategy: A Guide
to Design. Available from: https://www.irena.org

Rey, J., Segura, F., Andujar, J. (2023a), Green hydrogen: Resources
consumption, technological maturity, and regulatory framework.
Energies, 16(17), 6222.

Rey, J., Segura, F., Andgjar, J. (2023b), Green hydrogen: Resources
consumption, technological maturity, and regulatory framework.
Energies, 16(17), 6222.

Rezaei, M., Naghdi-Khozani, N., Jafari, N. (2020), Wind energy utilization
for hydrogen production in an underdeveloped country: An economic
investigation. Renewable Energy, 147, 1044-1057.

Risco-Bravo, A., Varela, C., Bartels, J., Zondervan, E. (2024a), From green
hydrogen to electricity: A review on recent advances, challenges, and
opportunities on power-to-hydrogen-to-power systems. Renewable
and Sustainable Energy Reviews, 189, 113930.

Risco-Bravo, A., Varela, C., Bartels, J., Zondervan, E. (2024b), From
green hydrogen to electricity: A review on recent advances,
challenges, and opportunities on power-to-hydrogen-to-power
systems. Renewable and Sustainable Energy Reviews, 189, 113930.

Roos, T.H. (2021), The cost of production and storage of renewable
hydrogen in South Africa and transport to Japan and EU up to 2050
under different scenarios. International Journal of Hydrogen Energy,
46(72), 35814-35830.

Scita, R., Raimondi, P.P., Noussan, M. (2020), Green Hydrogen: The
Holy Grail of Decarbonisation? - An analysis of the Technical and
Geopolitical Implications of the Future Hydrogen Economy. FEEM
Working Paper No. 13.2020.

Shin, J.E. (2022), Hydrogen technology development and policy status
by value chain in South Korea. Energies, 15(23), 8983.

Siregar, Y.I., Moller, B. (2023), Sector coupling of electricity, transport
and cooling with high share integration of renewables in Indonesia.
Smart Energy, 10, 100102.

Stockl, F., Schill, W.P., Zerrahn, A. (2021), Optimal supply chains and
power sector benefits of green hydrogen. Scientific Reports, 11(1),
14191.

Sulistyo, H.D., Setiawan, E.A., Purwanto, W.W., Kaharudin, D. (2023),
Power to Gas-Hydrogen Industry Development Based on Floating

International Journal of Energy Economics and Policy | Vol 15 ¢ Issue 2 « 2025




Aditya, et al.: Green Hydrogen as a Catalyst for Indonesia’s Energy Transition: Challenges, Opportunities, and Policy Frameworks

PV in Indonesia. In: 2023 13" International Conference on Power,
Energy and Electrical Engineering (CPEEE). p515-520.

Susilaningsih, D., Sirait, L.S., Anam, K., Habibi, M.S., Prasetya,
B. (2014), Possible application of biohydrogen technologies as
electricity sources in Indonesian remote areas. International Journal
of Hydrogen Energy, 39(33), 19400—19405.

Tambunan, H.B., Hakam, D.F., Prahastono, 1., Pharmatrisanti, A.,
Purnomoadi, A.P., Aisyah, S., Wicaksono, Y., Sandy, .G.R. (2020),
The challenges and opportunities of renewable energy source (RES)
Penetration in Indonesia: Case Study of Java-Bali Power System.
Energies, 13(22), 5903.

Tarhan, C., Cil, M.A. (2021), A study on hydrogen, the clean energy of
the future: Hydrogen storage methods. Journal of Energy Storage,
40, 102676.

The World Bank Group. (2023), Indonesia Country Climate and
Development Report. Available from: https://www.worldbank.org/
en/country/indonesia/publication/indonesia-country-climate-and-
development-report

Tudor, C. (2023), Enhancing sustainable finance through green hydrogen
equity investments: A multifaceted risk-return analysis. Risks,
11(12), 212.

Ueckerdt, F., Bauer, C., Dirnaichner, A., Everall, J., Sacchi, R., Luderer, G.
(2021), Potential and risks of hydrogen-based e-fuels in climate
change mitigation. Nature Climate Change, 11(5), 384-393.

Wang, R., Assenova, V.A., Hertwich, E.G. (2021), Energy system

decarbonization and productivity gains reduced the coupling of CO,
emissions and economic growth in 73 countries between 1970 and
2016. One Earth, 4(11), 1614-1624.

Widarningtyas, R.P., Sulistyo, Widayat, W. (2019), Potential of hydrogen
production through alkaline water electrolysis using solar radiation
around Semarang. E3S Web of Conferences, 125, 10006.

Yin, Y., Wang, J., Li, L. (2024), An assessment methodology for
international hydrogen competitiveness: Seven case studies
compared. Sustainability, 16(12), 4981.

Zahra, N.A. (2023), Green hydrogen energy technology for zero carbon
emission realization in Indonesia. The International Journal of
Business Management and Technology, 6. https://doi.org/https://
theijbmt.com/archive/0943/2079601627.pdf

Zhu, B., Wei, C. (2022), A green hydrogen era: Hope or Hype?
Environmental Science and Technology, 56(16), 11107-11110.

Zhu, M., Fan, B. (2021), Exploring the relationship between rising
temperatures and the number of climate-related natural disasters in
China. International Journal of Environmental Research and Public
Health, 18(2), 745.

Zulfhazli, Keeley, A.R., Coulibaly, T.Y., Managi, S. (2024), Analysis of
prospective demand for hydrogen in the road transportation sector:
Evidence from 14 countries. International Journal of Hydrogen
Energy, 56, 853-863.

Zun, M.T., McLellan, B.C. (2023), Cost projection of global green
hydrogen production scenarios. Hydrogen, 4(4), 932-960.

International Journal of Energy Economics and Policy | Vol 15 « Issue 2 « 2




