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Abstract: Indonesia targets a clean energy mix of 31% by 2050 and net zero
emissions by 2060. Green hydrogen is seen as a key strategy. This study
examines the current state, challenges, and future potential of green hydrogen
development in Indonesia. Despite high potential, technical, economic, social,
and regulatory hurdles exist. The government is initiating pilot projects,
regulations, and collaborations to accelerate the transition to a green
hydrogen economy. This study aims to inform and recommend strategies for
optimizing this development.
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Rezumat: Indonezia vizeaza un mix de energie curata de 31% panda in 2050 si
zero emisii nete pand in 2060. Hidrogenul verde este vazut ca o strategie cheie.
Acest studiu examineaza starea actuald, provocarile si potentialul viitor al
dezvoltarii hidrogenului verde in Indonezia. In ciuda potentialului ridicat,
exista obstacole tehnice, economice, sociale si de reglementare. Guvernul
initiaza proiecte pilot, reglementari si colaborari pentru a accelera tranzitia
catre o economie verde a hidrogenului. Acest studiu isi propune sa informeze
si sa recomande strategii pentru optimizarea acestei dezvoltari.
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1. Introduction

The Paris Agreement stands as the key pillars in the worldwide effort
to mitigate climate change and establish a sustainable future. Adopted at the
United Nations (UN) Climate Change Conference in 2015, it set an ambitious
goal to restrain the global average temperature increase to below 2° Celsius
or, with rigorous efforts, to 1.5° Celsius, above pre-industrial levels [1,2]. The
agreement also sets goals to increase adaptive capacity and resilience, reduce
vulnerability to climate hazards, and contribute to sustainable development
[3,4]. It has been signed by 195 countries, including Indonesia, on December
12, 2015. Indonesia, in its the Nationally Determined Contributions (NDC),
committed to reducing greenhouse gas (GHG) emissions by 31.89% from the
Business as Usual (BAU) scenario with national efforts by 2030, or 43.20%
with international support [5-7].

The Paris Agreement is closely related to the Indonesian
government’s endeavors to reduce greenhouse gas emissions, by encouraging
an increase in the energy mix from New and Renewable Energy (NRE)
sources. Based on Presidential Regulation No. 22/2017 as outlined in the
National Energy General Plan (RUEN), the Indonesian government has set a
target of an NRE mix of 23% in 2025 and 31% in 2050 to achieve Net Zero
Emissions (NZE) by 2060 [8,9]. Currently, green hydrogen has been
recognized as a potential energy vector, even projected to be one of the
contributors to the energy transition and has an important role in
decarbonization [10,11]. The Ministry of Energy and Mineral Resources
(MEMR) has encouraged low carbon hydrogen to become one of the energy
sources that can be used to meet the needs for energy in various sectors [12].

The utilization of low carbon hydrogen in Indonesia holds great
potential that can have positive impacts across various sectors. Energy
diversification, supply security, and carbon emission reduction are key
benefits of integrating green hydrogen into the national energy portfolio
[13,14]. The plan to widely utilize green hydrogen certainly goes hand in hand
with the great potential of renewable energy. With abundant resource,
Indonesia has an opportunity to advance towards self-sufficiency in meeting
domestic needs and exports [15].

As green hydrogen serves as one of the important solutions for
decarbonization, understanding its present development is crucial. At the global
level, there has been a significant increase in investment and research related to
green hydrogen. Many developed countries have announced their national
strategies to encourage the production and utilization of green hydrogen,
reflecting awareness of the key role of it in reducing carbon emissions and



Green hydrogen in Indonesia: an overview of present status, challenges, and future... 63

supporting energy security [16,17]. At the national level, Indonesia has also
shown serious interest in the development of green hydrogen. The Indonesian
government has embarked on initial steps to design policies and regulations that
support the growth of the green hydrogen industry. This initiative also includes
research and development support, as well as collaboration with the private
sector to build supporting infrastructure [18]. Even in the 2021-2030 Electricity
Supply Business Plan (RUPTL), PT Perusahaan Listrik Negara (PLN) has
proposed the application of fuel cell technology collaboration, green hydrogen
production, and NRE-based power plants as alternative models for sustainable
NRE development for isolated areas [19].

A deep understanding of up-to-date information can be an important
cornerstone in strategic decision-making, accelerating innovation, and
achieving common goals. The study reported in this article focuses on the
present status and potential for green hydrogen development in Indonesia. The
discussion will be divided into several sections, starting with discussing the
development and utilization of NRE in Indonesia as an energy driving for green
hydrogen production, positioning green hydrogen in achieving the NZE target
in 2060, existing policy and regulatory framework, research and development
of green hydrogen by national research institutions, national hydrogen strategy
by MEMR, existing green hydrogen pilot project, and challenges and future
potential for green hydrogen. This study is expected to provide comprehensive
information on the development of green hydrogen, including several
recommendations related to steps to optimize the development of green
hydrogen as one of Indonesia’s future clean energy sources.

2. Methods

The method employed in this study is based on the research conducted
by Pambudi et al., (2023) [20], ensuring that the process of preparing review
articles should involve a series of systematic steps to ensure the analysis
comprehensiveness and informativeness. In Figure 1, information is presented
about the steps of working on this study.

Identification Study Analysis and | Organizing
Literature Synthesis |Review Article

Figure 1. Structure of proposed method.
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Figure 1 illustrates the five-stage process of working on this review
article. The steps are described as follows:

1. ldentifying the Research Topic: This first step involves selecting a
topic to review. In this regard, the focus is on “Green Hydrogen in
Indonesia,” with the aim of providing an inclusive understanding
of its present status, challenges, and future potential.

2. Conducting a Comprehensive Literature Review: The researchers
then proceed to find appropriate and relevant articles related to
green hydrogen according to the context of the chosen topic. This
step involves a thorough review of academic manuscripts,
government reports, industry publications, and other reliable sources
to gather multiple perspectives on the subject.

3. Screening Process: Following the literature review, a selection
process is undertaken to identify the most relevant and good quality
sources of information. This step aims to ensure that the selected
articles make a significant contribution in supporting an in-depth
understanding of the topic to be researched.

4. Analysis and Synthesis: Afterwards, the collected articles are
analyzed and synthesized. This step involves a thorough examination
of the various perspectives, findings, and insights presented in the
literature. The aim is to identify patterns, trends, and common themes
related to the present status, challenges, and future potential of green
hydrogen in Indonesia.

5. Compiling the Article Review: The insights gained from the previous
steps are structured to create a review article. This synthesis is
designed to provide a comprehensive picture of green hydrogen in
Indonesia.

Such approach is employed to generate an article that can meet the
desired objectives: to present an in-depth and informative analysis, assist in
understanding the latest conditions, and detail the challenges and potential
that may be faced and found in the future development of green hydrogen in
Indonesia.

3. Green Hydrogen Development Status in Indonesia

3.1. Renewable energy potential for energy driving green
hydrogen production in Indonesia

Indonesia as a country that has abundant energy resources with a very
large, scattered, and diverse potential in NRE [21]. Based on data from MEMR,
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it has a potential of 3,766 GW of NRE, with details as presented in Table 1. This
great potential is the main capital for Indonesia to realize the energy transition to
clean energy through, among others, the green hydrogen scheme [22].

Table 1. Potential and utilization of renewable energy in Indonesia [23]

Types of Renewable Total Potential Total Installed % Utilization
Energy (GW) (MW)
Solar 3,294 271.6 0.008
Wind 155 154.3 0.100
Marine current power 142 0 0.000
Hydro energy 95 6,688.9 7.041
Bioenergy 57 3,086.6 5.415
Goethermal 23 2,355.4 10.241
Total 3,766 12,556.8 0.333

Table 1 reflects the great potential and utilization of NRE in
Indonesia. However, its utilization is still very low, only reached 0.333% in
2022. Further efforts are needed to improve the utilization of other resources.
The large opportunities for the utilization of NRE illustrate how great the
potential for the development of green hydrogen production in Indonesia is.

Analysis of the potential production of green hydrogen from NRE in
various regions in Indonesia, as presented in the NZE model by MEMR, is
presented in Figure 2. Eight provinces show the most potential and are
supported by the abundant diversity of NRE resources. The total green
hydrogen production potential of the eight provinces in the NZE target for
2060 is 96,617 GWh, with details of each potential as presented in Figure 2.
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Figure 2. Map of the distribution of the most potential
green H production potential in 8 provinces in Indonesia.
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Other than these eight provinces, 26 other provinces also have the
potential to produce green hydrogen in the NZE target of 2060, albeit not to
the same extent as the eight provinces. The combined potential of green
hydrogen production by 26 provinces amounts to 87,517 GWh, bringing the
total potential of 34 provinces in Indonesia to 185,134 GWh [24].

3.2. Green Hydrogen Policies and Regulation Overview
in Indonesia

Comprehensive policies and regulations related to green hydrogen in
Indonesia are currently still in the development stage and have not been fully
defined in detail. However, the government has actually mentioned the
importance of the role of green hydrogen as future energy in the net zero road
map prepared by MEMR [25]. In Figure 3, information on policies and
regulations that serve as a basic framework for green hydrogen development
in Indonesia is presented.

Law No. 30/2007:
Energy Law

Indonesian
National
Standard:
Relevant Policy SNI 79282013
and Regulatory of

Green Hydrogen
in Indonesia

Law No. 30/2009:
Electricity Law

Government
Regulation
No. 74/2021

Government
Regulation
No. 14/2015

New and
Renewable
Energy Bill

Presidential
Regulaticn
No. 22/2017

Government
Regulation
No. 79/2014

Figure 3. Summary of relevant base policy and regulatory framework
on green hydrogen development.

Based on information from Figure 3, there are around eight policies
and regulations that support the development of green hydrogen in Indonesia
and supporting documents in the form of a national green hydrogen strategy.
Supporting policies and regulations that already exist today can actually be
used as the initial basis for development. However, these policies and
regulations must of course be dynamic, thus requiring adjustment to
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technological developments and changes in energy needs. In general, the
National Hydrogen Strategy (NHS) contains information regarding:
e Development of NRE resources for green hydrogen production.
e Development of efficient and affordable low carbon hydrogen
production technology.
e Development of low carbon hydrogen transportation and storage
infrastructure.
e Increasing the public and government awareness regarding the
importance of developing low carbon hydrogen.
NHS is an important document that can be a guideline for the
government, private sector, and community in developing low carbon hydrogen
as a new and renewable energy source that is sustainable in Indonesia [24].

3.3.  Green hydrogen Positioning in Indonesia NRE Development
to achieve NZE 2060

The Government of Indonesia has identified the importance of green
hydrogen in the energy transition process to achieve the NZE target by 2060
[26,27]. Despite the absence of target related to the composition of green
hydrogen in the national energy mix target plan, explicitly, in the RUEN in
Presidential Regulation (PERPRES) Number 22 of 2017, the government has
mentioned the role of hydrogen as one of the new types of energy used to
meet national energy needs. Based on the matrix of the RUEN program, the
planned strategy in hydrogen utilization is the utilization of fossil-based
hydrogen fuel in the transportation sector. The proposed programs and
activities include the development of production technology and utilization of
hydrogen fuel for transportation (2016-2050), preparation of regulations for
hydrogen-fueled cars for public transportation and private vehicles (2016-
2019), development of hydrogen-fueled motor vehicle industry (fuel cell)
(2025-2050), provision of fiscal incentives for hydrogen-fueled vehicles in
accordance with applicable tax and customs laws and regulations (2016-
2050), and prototyping of commercial-ready hydrogen-fueled vehicles.

In the draft update of the National Energy Policy (KEN), in the energy
transition scenario in Indonesia, low carbon hydrogen, including blue
hydrogen and green hydrogen, is identified as a key strategy to achieve NZE
conditions. In the national hydrogen development roadmap, hydrogen will be
utilized in the transportation sector, especially for small truck vehicles using
fuel cell technology, and will be utilized as a fuel for power plants for
industries with low-temperature processes. In the draft update of KEN, the
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target of hydrogen utilization in 2035 for industry in the energy transition
scenario (hydrogen power plants replacing fossil-powered plants) is around 1
MTOE and for the transportation sector (small trucks with fuel cell
technology) is 2-3 MTOE [28].

The energy-producing industrial sector is the largest contributor to
greenhouse gas emissions (46.35%) in Indonesia [29], since the electricity
supply system is still dominated by conventional fossil fuel-powered plants.
Therefore, in the energy supply scheme to achieve the NZE target, the
government proposes the utilization of NRE, targeting hydrogen utilization of
52 GW by 2060. The following Figure 4 presents information provided by
MEMR on the energy transition roadmap to achieve the NZE target in 2060.
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Figure 4. Roadmap of energy transition towards NZE target by 2060 [30].

Hydrogen utilization in the energy sector for the electricity sector
proposed by the Ministry of Energy and Mineral Resources further
strengthens the position of low carbon hydrogen in meeting the needs for
clean energy in Indonesia. Based on these data, hydrogen utilization will
begin in 2031. For the first phase (2031-2035), the second phase (2036-2040),
the third phase (2041-2050), and the fourth phase (2051-2060), the hydrogen
generation capacities targeted are 328 MW, 332 MW, 9 GW, and 52 GW,
respectively. The estimated amount of investment needed is USD 0.8 — 25.2
billion (cumulative from 2031-2060) [31].

Indonesia’s National Energy Council (DEN) has also drawn up a
separate net-zero roadmap with different hydrogen targets. The DEN roadmap
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estimates that the demand for hydrogen will be around 8 TWh in the
transportation sector by 2026. The figure will increase to 27 TWh in 2031, 76
TWh in 2041, and 103 TWh in 2051. This draft roadmap is still under
discussion and will be included in the update of the National Energy Policy
(KEN). Although the government has set long-term hydrogen projections,
some consider the figure to be conservative. IESR even projects the annual
final demand for green hydrogen in the energy sector will surpass 100 TWh
by 2040 and 400 TWh by 2050 (excluding hydrogen used for synthetic fuel
production). To achieve the target of net zero emissions by 2050, roughly half
of this demand will come from the transport sector and the other half from
industrial heat needs. Electrolyzer capacity is expected to reach 229 GW by
2050 to meet that demand, with most new capacity built after 2030 [31].

3.4. Green Hydrogen Technology Research and Development
in Indonesia

The development of green hydrogen in Indonesia has actually started
since around 2004, initiated by several research-based institutions including
the Agency for the Assessment and Application of Technology (BPPT), the
Indonesian Institute of Sciences (LIPI), the National Nuclear Energy Agency
(BATAN), and several university-owned research institutions. In 2009 the
development of a PEM-based green hydrogen prototype with a capacity of
500 mL/min and fuel cells with a capacity of 50 W. The development of green
hydrogen has been continuing until now with its main driving institution, the
National Research and Innovation Agency (BRIN). Currently, Indonesia has
been able to make prototypes of hydrogen-fueled vehicles in the form of golf
cars with a capacity of up to 2.5 kW [18,32]. However, to reach a higher stage,
namely the green hydrogen society, there are still many challenges that need
to be faced and require even greater resources. The following Figure 2
presents the timeline for the development of green hydrogen technology
research in Indonesia initiated by BRIN.

The timeline in Figure 5 exhibits that BRIN has conducted numerous
research and development of green hydrogen technology since 2006. The
research covered various aspects, ranging from fuel cell components,
hydrogen production, to fuel cell applications. The development of green
hydrogen technology in Indonesia is important to support the energy
transition to clean energy, bringing Indonesia to independently produce
technology without having to rely on other countries’ technology. To achieve
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technological independence, the government needs to focus on local research,

technical education, and collaboration with universities and industry.
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Figure 5. Timeline for the development of green hydrogen technology research in
Indonesia initiated by BRIN.

3.5.  Green Hydrogen Stakeholder Mapping in Indonesia

In developing green hydrogen in Indonesia, stakeholders play their
significant role, especially in create a green hydrogen ecosystem that is
technically, economically, socially, and environmentally sustainable [31].
Involving and coordinating all relevant parties, such as governments, energy
companies, research institutions, communities, non-governmental organizations,
private parties, and international partners, has a significant impact in realizing the
development of green hydrogen as the clean energy of the future [33,34]. Figure
6 presents information on stakeholders who act as regulators representing the
government and have a key role in the development of green hydrogen in
Indonesia. They include the Ministry of Energy and Mineral Resources, Ministry
of Industry, Ministry of Investment/Investment Coordinating Board, Ministry
of Finance, Ministry of State-Owned Enterprises (BUMN), National Research
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and Innovation Agency, Ministry of Transportation, Ministry of Environment
and Forestry, Ministry of Education, Culture, Research and Technology,
Coordinating Ministry for Economic Affairs, Ministry of National Development
Planning/National Development Planning Agency, Coordinating Ministry for
Maritime Affairs and Investment, National Standardization Agency, National
Energy Council. The regulators responsibilities include formulating energy and
environmental policies that support green hydrogen development, providing
incentives, regulating other supporting regulations, and implementing green
hydrogen development programs.
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National Energy
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Ministry for National
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A Planning
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Figure 6. Stakeholder regulator green hydrogen development in Indonesia

Stakeholders in the context of green hydrogen development in
Indonesia are not limited to regulators. Independent research institutions,
university research institutions, non-governmental organizations, companies,
and community groups also play an equally important role. Some private
institutions that can be partners in green hydrogen development in Indonesia
include The Institute for Essential Services Reform, International Energy
Agency, International Renewable Energy Agency, ASEAN Center for
Energy, Indonesia Fuel Cell and Hydrogen Energy, as well as research
institutions affiliated with independent universities and research institutions
such as the Center for Energy Studies of Universitas Gadjah Mada, Antasena-
Surabaya Institute of Technology’s hydrogen car research team, Fuel Cell and
Hydrogen Research Center of Excellence of Universitas Sriwijaya, among
others.
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The companies that play a role as key players in the development of
green hydrogen can be divided into several categories: PT PLN acts as a
producer-demand entity, PT Pertamina is involved in distribution-production-
demand, PT Krakatau Steel, PT Chandra Asri Petrochemical Tbk, and PT
Pupuk Indonesia act as demand entities. PT Samator Indo Gas plays a role in
production-distribution. PT Toyota Motor Manufacturing Indonesia and PT
Yogya Presisi Tehnikatama Industri are involved in research development-
manufacturing of technology devices. PT Air Products Indonesia is involved
in production-distribution. Fortescue Future Industries, Hydrogene De France
Energy, and Countrywide Hydrogen are involved in production, while PT
Kereta Api Indonesia can play a role in research development-manufacturing
of technology devices-demand. Overall, the presence of these companies
indicates that Indonesia has great potential as key market players and in terms
of green hydrogen technology development.

3.6.  Hydrogen Utilization in Indonesia

Optimizing the utilization of low carbon hydrogen has great potential
in supporting Indonesia’s transition to clean energy sources. Low carbon
hydrogen can be applied in various sectors. It can be used as an alternative
fuel in transportation, industry, and the energy sector [35]. At present, in
Indonesia, hydrogen has become part of the industrial sector, mainly used as
a raw material in fertilizer production. Hydrogen utilized in Indonesia based
on 2021 data reached around 1.75 million tons per year, dominated by the
fertilizer sector, especially for urea production (88%), then ammonia (4%),
and oil refineries (2%) [36], presented in Figure 7.

Qil refinery | | Methanol 4% Petrochemical
2% 2%
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Ammonia
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Figure 7. Hydrogen utilization existing in Indonesia
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Most of the hydrogen used today in the industrial sector is sourced
from natural gas. Of the total national gas production allocated to the
industrial sector, about 11.2% is used as raw materials in the fertilizer industry
to produce hydrogen and ammonia. According to Pertamina Power, it is
estimated that the domestic hydrogen market currently reaches 1.3 MTPA,
with more than 95% being captive demand, the details are around 1.1 MTPA
for the fertilizer industry, 0.1 MTPA for oil refineries, and 0.1 MTPA for
methanol. According to APOLIN, hydrogen is also needed in the
oleochemical industry, especially to produce Fatty Alcohol and Saturate Fatty
Acid [24]. In general, hydrogen in Indonesia is today sourced from fossil fuel
and only used for the industrial sector. In fact, according to the NZE roadmap
issued by the Ministry of Energy and Mineral Resources, hydrogen is
projected to have a role in meeting energy needs in Indonesia. An overview
of the plan of low carbon hydrogen utilization in Indonesia in the future is
presented in Figure 8.

Power sector: NH;

Industry and
(Ammonia) and o

Feedstock : Hydrogen
Pharmaceutical
Applications, Ammonia
Fertilizer, Steel Production,
Refinery Process, and
Others Chemical Industry

Hydrogen

Power Generation using
Fuel Cell, Cofiring Power
Plant using Ammonia,
Storage for Renewable
Energy and Others
Power Sector

Fuel cell for FCEV
(Motorcycle, Car, Heavy
Truck, Plane, Ship, Train,
etc.), Combustion Engine
and Others Transportation

Heat : Hydrogen
Heat for Industry and (@
Building

Figure 8. Plan of low carbon hydrogen utilization in Indonesia

A more detailed explanation or description of the plan of low carbon
hydrogen utilize in Indonesia is as follows:

e Industrial and feedstock

Hydrogen utilization in the Indonesian industrial sector is directed to
the fertilizer industry (ammonia), oil and gas refineries, steel, methanol,
oleochemicals, refinery processes, and several other industries. Projections of
demand for hydrogen as a raw material in the industrial sector are presented
in Table 2.
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Table 2. Projections of the need for low carbon hydrogen as a raw material
in the industrial sector [24]

Type of Demand Demand Projection Estimated Time
Industry Projection (kilo ton/ year) Utilization
(TWhyear)
Fertilizer 39.11 1185 2028
43.99 1333 2029
47.92 1452 2030
48.31 1464 2032
48.31 1464 2035
48,31 1464 2040
52.24 1583 2050
76.73 2325 2060
Oil and Gas 75 2250 2022
Oleochemical 24 72 2022

Table 2 provides information on projections of demand for hydrogen
in several industrial sectors. The fertilizer industry shows a significant
increase in demand from 39.11 TWh in 2028 to 76.73 TWh in 2060. Given
the low efficiency of hydrogen utilization, the application of hydrogen should
indeed be suitable for sectors that can directly have a broad impact, such as
the oil and gas industry sector [37], which initially demanded 75 TWh in
2022. The oleochemical industry is projected to demand 2.4 TWh. This
projection analysis reflects a significant upward trend in hydrogen demand,
particularly in the fertilizer industry, and highlights the need to develop
hydrogen production capacity to support industry growth and the transition to
clean energy.

e Transportation

Decarbonization of the transportation sector is a key focus in efforts
to reduce greenhouse gas emissions. Low carbon hydrogen utilization is a
promising solution in achieving this goal. Projections of hydrogen demand in
the transportation sector are presented in Table 3.

Based on Table 3, the need for hydrogen to decarbonize the
transportation sector in Indonesia will increase significantly in the future.
Types of hydrogen-based transportation that are suitable for application are
public transportation or industrial vehicles. According to the ASEAN Center
for Energy (ACE), hydrogen for transportation has several advantages
compared to battery-based electric vehicles [38]. The Ministry of
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Transportation’s planning states that a portion of the bus fleet is planned to
switch to hydrogen by 2040, with an initial hydrogen requirement of around
6 GWh or equivalent to 0.21 kilo tons. This use will be sustainable and
increase to reach 1.18 kilo tons by 2060. Furthermore, hydrogen demand for
heavy transport vehicles is expected to reach 161 GWh (equivalent to 4.88
kilo tons of H2) by 2040, and will increase to 930.6 GWh (equivalent to 28.2
kilo tons of H2) by 2060. Meanwhile, for rail transportation, PT KAI has a
development strategy to replace locomotives with electric rail trains that
incorporate Fuel cell and/or battery technology in their system [24]. Total
hydrogen demand for transportation in 2060 is expected to approach 1.6
million tons per year, with freight transport as the largest consumer (70%).

Table 3. Hydrogen demand projected in the transportation sector [24]

Type of Transportation Demand Demand Estimated Time

Projection Projection (kilo Utilization

(TWh/year) ton/ year)
Shipping (for ammonia) 57.8 1536 2060
Shipping 12.8 384 2060
Freight transportation 0.16 4.8 2040
0.93 28,2 2060
Bus 0.006 0.21 2040
0.038 1.2 2060

e Power Plant

In the power generation sector, low-carbon hydrogen and ammonia
derived from renewable energy sources can be used as co-firing fuel in Gas
Power Plants (PLTG), Steam Gas Power Plants (PLTGU), and Gas Engine
Power Plants (PLTMG). Hydrogen in co-firing can reduce natural gas
consumption by 397,764.84 MMSCF/year, and reduce greenhouse gas
emissions by 10,588,235-tons CO2-eq. Hydrogen can also be utilized to
support dedieselization initiatives by utilizing fuel cells to replace Diesel
Power Plants (PLTD). PT PLN projects the potential of hydrogen for
dedieselization of around 3,100 GWh/year or around 93,939 tons of
hydrogen/year. PLN has initiated several projects for hydrogen and ammonia
co-firing, as well as fuel cell utilization [24]. In addition to the program to
meet the electricity needs of the community, the utilization of hydrogen fuel
cells in Indonesia is also used to meet the electricity needs of the Base
Transceiver Station (BTS) telecommunications system [39]. Table 4 presents
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information on the projected demand for hydrogen in the power generation
sector, especially in the scheme as a co-firing fuel.

Table 4. Hydrogen demand projected in the power generation sector [24]

Type of Power Plant Demand Projection Demand Projection  Estimated Time

(TWh/year) (kilo ton/ year) Utilization
Gas-fired power 118.4 3552 2060
plant
Co-firing steam 102.2 3066 2060
power plant

e Heating

The need for hydrogen for high-temperature heating in the industrial
sector plays a key role in the transformation towards cleaner and more
sustainable production [40]. In the metal industry, hydrogen is utilized for
smelting and forming metals at high temperatures, while in the ceramic
industry, it is utilized for combustion and hardening. The paper industry
utilizes it at high temperatures in the bleaching process and processing of
wood fibers for papermaking. Projections of hydrogen demand in the high-
temperature heating sector for industry are presented in Table 5.

Table 5. Hydrogen demand projected in the industrial high-temperature
heating sector [24]

Type of Demand Projection Demand Projection Estimated Time

Industry (TWh/year) (kilo ton/ year) Utilization
Metal 11 330 2060

Ceramics 5.6 168 2060
Paper 12.7 381 2060

Table 5 shows that hydrogen for high temperatures will begin to
undergo significant changes in 2060. The total need for hydrogen for high-
temperature heating processes in 2060 is around 29.4 TWh or about 879 kilo
tons. Furthermore, Figure 9 presents information on the projected total
demand for low carbon hydrogen in Indonesia based on modeling in achieving
the NZE target by MEMR.

Demand for low-carbon hydrogen is expected to experience
significant growth, starting at around 0.2 PJ (equivalent to 26,000 barrels of
oil) in 2031, rising to 34.3 PJ in 2040, and peaking at 609 PJ in 2060.
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Figure 9. Hydrogen demand projection for 2031-2060
in the NZE model of MEMR [24]

3.7. Development Plan and Project for Green Hydrogen
Utilization in Indonesia

The advancement of green hydrogen in Indonesia is presently in its
early stages, with development efforts just underway. However, the
government has initiated pilot projects for green hydrogen construction in
various Indonesian regions, either through state-owned enterprises (SOES)
independently or in partnership with private entities [41]. Table 6 presents
several pilot project plans for green hydrogen development in Indonesia.

Table 6. Green hydrogen development plan in Indonesia

Project Name Location Description

Combination of Solar PV/Wind, battery, and
Hydrogen de Sumba Island,  hydrogen system (electrolysis and fuel cell).
France SA Nusa Tenggara  Current status: still being tested for its feasibility
(HDF Energy)  Timur (NTT) and is expected to be operational in 2024. Daytime
dan PT PLN Province power generation capacity: 7-8 mW; night power

capacity: 1-2 mwW [12,42].
Combination of hydrogen system and geothermal

Ulubelu, . . .
PT Pertamina Tenggamus power plant (PLTP), with a prod_uctl_on capacity of
100 kg /day. 20% of the production is sent to
NRE dan Regency, o . . . .
Pertamina’s Refinery in Plaju. The project will be
TEPCO HD Lampung L : .
Province jointly developed with Tokyo Electric Power

Company Holdings (TEPCO HD) [12,43].
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Project Name Location Description

Indonesia Combining green hydrogen and green ammonia
Fortescue Kalimantan production systems. The electricity used, with a
Future Utara projected capacity of 9000 MW, is sourced from the
Industries (FFI)  (KALTARA) Kayan River Hydropower Plant. Ammonia

dan Pemprov Province production capacity is 300 tons per day or about
KALTARA 100 thousand tons per year [44,45].

lbu Kota Negara ~ Kalimantan BEV and FCEV are projected to be public

(IKN)

PLN co-firing
hidrogen dan
amonia

PT Pupuk
Indonesia dan
ACWA Power

PT Pupuk
Indonesia dan
Japan Bank for
International
Cooperation
(JBIC)

PT Bakrie &
Brothers Thk
and Envision
Group

Global Green
Growth Institute
(GGGI) bekerja
sama dengan
Samsung dan
Hyundai

Go Green Fuel
Cell BTS
Telkomsel

Timur Province

Tanjung Priok,
Pesanggaran,
Keramasan,
and Gresik

n.a

n.a

Sei Mangkei
Special
Economic
Zone, Sumatra
Utara

BTS in North
Sumatra

transportation in IKN. Hydrogen is also set as an
alternative to energy storage and as city gas [46,47].
PT PLN together with Mitsubishi Heavy Industries
(MHI), is conducting a technical and economic
feasibility study on co-firing hydrogen and ammonia
with biomass at power plants in Indonesia [24,48,49].
The scope of the cooperation, namely Pupuk Indonesia
will examine green hydrogen projects including
downstream production of green chemicals such as
methane, methanol, and ammonia, as well as the scope
of power plants [50].

Pupuk Indonesia and JBIC agreed to exchange
information related to the potential cooperation
between Pupuk Indonesia and a number of Japanese
companies in the field of ammonia, hydrogen, and
renewable energy supply chains. JBIC will also
provide financing support for potential projects
[51,52].

In the initial stage, a net zero industrial park will be
established in the Sulawesi Tengah area, followed
by the development of EBT projects, including
green hydrogen projects [53].

GGGl collaborates with Samsung and Hyundai
plans to participate in green hydrogen development
projects in Indonesia. This project will use
geothermal and hydro power plants to produce
green hydrogen [54]. Hydrogen from geothermal
sources in the Sarulla Block will be supplied to the
nearby Sei Mangkei Industrial Estate as fuel for
steelmaking and cement [24].

Go Green Fuel Cell on BTS is one of Telkomsel’s
commitments in using NRE in the
Telecommunications industry. 2021 data informs
that there are already around 216 Go Green Fuel
Cell BTSs throughout Indonesia, with 95 BTSs
spread across the Northern Sumatra region. Go
Green Fuel Cell technology utilizes Hydro Plus fuel
(Methanol &; Water Mixture) to produce energy
[55,56].
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Project Name Location Description

PT PLN (Persero) has developed 21 units of Green
Hydrogen Plant (GHP) spread throughout

PT PLN 21 generating Indonesia;12 units are from PLN Indonesia Power,
“Green units owned by 8 units are from PLN Nusantara Power, and 1-unit
Hydrogen PT PLN is from the Main Plant (UIK) of Tanjung Jati B. The
Plant” (scattered) combined production capacity of the 21 units is

expected to reach 199 tons per year, with an excess
production of 124 tons per year [57,58].

Besides pilot projects, various low-carbon hydrogen development initiatives in
Indonesia take the form of studies, collaborations, and investment plans like collaborations
between BRIN and Toshiba EES for an autonomous off-grid hydrogen energy system project
in 2018 and the contracted agreement between Indonesia Railway Company (PT. KAI) and
ALSTOM for the delivery of a hydrogen-powered train project in 2019-2020 [59].

4. Green Hydrogen Development Challenges

In recent years, Indonesia has initiated several pilot projects for the
production and utilization of low carbon hydrogen. The abundant potential of
NRE is one of the main drivers of the development of the green hydrogen
industry. Below are some explanations of the challenges faced in the
development of green hydrogen in Indonesia.

From the technical side, the first challenge lies in production
efficiency and utilization. In the power-to-power application scheme,
currently, the overall round-trip efficiency falls within the range of 30-40%,
with utilization limited to off-grid conditions only. Of course, this efficiency
is affected by the losses of several factors, including electrolyzer efficiency,
conversion process, transportation, and afuel cell or combustion efficiency,
among others [60,61].

Another technical problem is related to the process of storing and
distributing hydrogen, especially for the territory of Indonesia which has
characteristics of archipelagic countries. In general, hydrogen can usually be
stored in gaseous and liquid form or converted into the form of other chemical
compounds such as ammonia. Storage of hydrogen in gaseous form requires
a high-pressure tank; if stored in liquid form, it requires cryogenic
temperatures due to its very low boiling point. Meanwhile, if stored in the
form of ammonia, a longer chemical process is needed for the decomposition
process [62,63].

Another challenge relates to the provision of feedwater. To maintain
the lifetime and efficiency of electrolyzer production, it is recommended to
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use ultrapure water type (ASTM | and Il) [64]. In terms of utilization,
technical challenges include ensuring the provision of hydrogen with ultra-
high purity levels, especially when using fuel cells, where recommended
purity hydrogen levels reach 99.999%. In addition, the provision of fuel cell
technology with high efficiency will be quite challenging, as current fuel cell
efficiency levels fall within the range of 40-60% [65].

In the processes of production, storage, distribution, and utilization of
green hydrogen, supporting infrastructure plays the key role in realizing the
green hydrogen economy [66] Establishing such infrastructure requires
significant investment funds, posing an economic challenge for Indonesia.
The primary economic challenge remains the high cost of producing low
carbon hydrogen. Currently, the most significant component of production
costs is the expense of electricity generated from renewable energy sources,
accounting for approximately 70% of the total [24].

In addition to technical problems, in the application of green hydrogen
economy, Indonesia faces problems related to the limited production and
utilization of hydrogen. In general, hydrogen is currently mostly only utilized
as a non-fuel chemical, despite its potential to be used in various industries.
In terms of production, currently, Indonesa has only a small number of large-
scale hydrogen production companies. Only 4 large companies have been
supporting hydrogen needs in Indonesia [67].

In the social sphere, the most significant challenge in the
commercialization of green hydrogen worldwide, including in Indonesia, is
concern about the matter of safety. Although hydrogen has a number of
advantages as a clean fuel, the potential for fires and explosions resulting from
leaks or misuse can create mistrust and concern among the public [68]. One
specific indicator that can be used to see social tendencies related to public
acceptance of new energy systems is the Human Development Index Pool
Index (HPI). With an HPI value of 0.0567, Indonesia ranks second lowest
after Vietnam among 10 other countries in the Asia Pacific region. This shows
that, compared to other countries in the group, the general public in Indonesia
is unlikely to have a significant interest in hydrogen energy system initiatives
[13].

In addition to the technical, economic, and social aspects, regulations
also play a crucial role in the development of green hydrogen. Clear
regulations and supportive policies can create a conducive environment for
investment in green hydrogen projects [69][70]. In Indonesia, no
comprehensive technical regulatory framework governing green hydrogen in
terms of production, storage, transportation, and utilization of hydrogen is
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available. The lack of national standards for hydrogen infrastructure and the
absence of detailed regulations on fiscal or non-fiscal support from
governments are also challenging.

5. Conclusions and Recommendations

In general, the Indonesian government has taken concrete steps to
overcome various barriers to develop renewable energy in Indonesia,
including regarding low carbon hydrogen. However, grappling with intricate
challenges, particularly in the nascent stage of green hydrogen in Indonesia,
requires additional efforts from relevant stakeholders. The following
proposed recommendations aim to help stakeholders to achieve and bolster
the development of the green hydrogen economy in the energy transition:

e Setting coherent targets related to the production, utilization, and
penetration of low carbon hydrogen across various sectors. The
targets must be measurable, realistic, and closely related to the
achievement of NZE in 2060. The government shall immediately
make updates to KEN and RUEN, so that the position and role of
low carbon hydrogen appears clearer, especially related to special
policies on its utilization in the transportation sector. The
development of a clear and integrated set of procedures to
accelerate the licensing and development of hydrogen projects also
needs to be performed by the government to maintain the green
hydrogen investment climate.

e In-depth research and development to address efficiency issues
need to be performed. The focus on improving efficiency can be
applied to electrolyzers through the development of electrode
materials, catalysts, cell design, and identification of the latest
technologies. Research addressing the reliable and fast performance
of hydrogen sensors is imperative. In the context of utilization,
research needs to focus on improving the efficiency of fuel cell
technology or hydrogen combustion methods. Furthermore,
innovations in the process of carrier energy conversion during
production and distribution are also necessary. Under coordination
of BRIN involving various research institutions, a national research
roadmap can be formulated to support the development of green
hydrogen technology.

e From the point of view of green hydrogen utilization and
commercialization, at an early stage, the government should
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prioritize investigating the role of green hydrogen in integrating
various energy systems and its application in sectors with the highest
economic value, with public transportation taking precedence. To
create a sustainable hydrogen economy ecosystem, it is necessary to
increase commercial demand for green hydrogen through the
development of a robust domestic market and enhance export
competitiveness.

In terms of increasing networking and collaboration, the provision of
collaborative platforms and strategic partnerships that serve as a
medium for regular meetings, knowledge exchange, and
coordination between parties involved in the development of green
hydrogen is crucial. Network development and collaboration can also
be carried out at both national and international levels. Cooperation
can be done by establishing formal agreements with partner countries
through the exchange of knowledge, experience, and technology
with countries that have achieved significant progress.

Establishing a supportive financial environment is a recommended
strategy. In this phase, the government under the coordination of
the Ministry of Investment and Finance and several related
institutions can design efficient and targeted subsidy policies.
Subsidies can be provided at an early stage to stimulate investment
and reduce financial risks. In addition, fiscal incentives such as tax
breaks or import duty reductions for production equipment and
infrastructure and the provision of competitive electricity tariffs can
also be implemented. The government additionally can foster the
provision of special investment funds for green hydrogen projects
through innovative funding schemes involving public and private
sector partnerships.

Infrastructure is a critical element in the development of green
hydrogen. Immediate arrangement of a comprehensive and targeted
infrastructure development masterplan by prioritizing green
hydrogen development is imperative. Integrated Infrastructure
Development, covering production, storage, and distribution
infrastructure, is one form of initiative that needs attention. The
government can also encourage the acceleration of the construction
of renewable energy electricity production facilities and public
hydrogen charging stations to support the adoption of hydrogen-
powered vehicles.

Concerns related to the acceptance of green hydrogen economy
development in Indonesia are important social issues to consider,
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requiring adopting a comprehensive approach in order to grow the
level of public acceptance. Initiating an intensive education
campaign and government cooperation with other parties to provide
accurate information so that information dissemination can be
carried out in various sources massively is recommended to
overcome such issues. In addition, the government can also
promote direct community involvement in the development of
green hydrogen projects, establish partnership programs with local
communities, support job training and skills development to
empower local communities, and provide support for the
establishment of independent monitoring agencies tasked with
monitoring the impact of green hydrogen projects on communities
and the environment.

These recommendations are of course inseparable from the projection
of green hydrogen which will be one of the contributors to the energy
transition and has an important role in decarbonizing the energy system in
Indonesia. The Government of Indonesia through the Ministry of Energy and
Mineral Resources (MEMR) has published a National Hydrogen Strategy
document that can be used as based guidelines for the development of low
carbon hydrogen in meeting energy needs in various sectors, such as industry,
transportation, and power plants to support the achievement of the NZE 2060
target. Indonesia is one of the countries that has great potential to become a
major player in the global green hydrogen market. The total potential of green
hydrogen production from 34 provinces in Indonesia reaches 185,134 GWh.
Furthermore, when viewed in terms of policies and regulations, currently
there are no comprehensive policies and regulations related to green hydrogen
as Indonesia in this case is still in the development stage, so policies and
regulations cannot be fully defined in detail. At present, the utilization of
existing hydrogen is still dominated by the industrial sector and most of the
hydrogen is obtained from natural gas. The use of hydrogen in Indonesia
based on 2021 data has only reached around 1.75 million tons per year, most
of which is utilized in the fertilizer sector, especially for urea production. The
government has planned to diversify hydrogen utilization and replace
hydrogen derived from fossil fuels with low carbon hydrogen. Demand for
low carbon hydrogen is expected to experience significant growth from 2031
to 2060. However, there are several complex obstacles that need to be faced
and overcome in the realization of green hydrogen utilization. These
challenges can come from technical, economic, social, and regulatory
domains, necessitating collaborative efforts between the Government
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and related stakeholders. Through close cooperation, it is anticipated that the
development of the green hydrogen industry in Indonesia can run smoothly
and achieve the predefined targets.
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