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About the Getting to Zero Coalition

The Getting to Zero (GtZ) Coalition, a partnership between the Global Maritime 
Forum and World Economic Forum, is a community of ambitious stakeholders from 
across the maritime, energy, infrastructure and financial sectors, and supported 
by key governments, IGOs and other stakeholders, who are committed to the 
decarbonization of shipping.

The ambition of the Getting to Zero Coalition is to have commercially viable ZEVs 
operating along deep-sea trade routes by 2030, supported by the necessary 
infrastructure for scalable net zero-carbon energy sources including production, 
distribution, storage, and bunkering, towards full decarbonization by 2050.

About Partnering for Green Growth and the Global Goals 2030

The Partnering for Green Growth and the Global Goals 2030 (P4G) is a global 
delivery mechanism pioneering green partnerships to build sustainable and resilient 
economies. The P4G mobilizes a global ecosystem of 12 partner countries and 5 
organizational partners to unlock opportunities for more than 66 partnerships working 
in five SDG areas: food and agriculture, water, energy, cities and circular economy.

About the Global Maritime Forum

The Global Maritime Forum (GMF) is an international not-for-profit organization 
dedicated to shaping the future of global seaborne trade to increase sustainable 
long-term economic development and human wellbeing.

About Friends of Ocean Action

Friends of Ocean Action is a unique group of over 55 global leaders from business, 
international organizations, civil society, science and academia who are fast-tracking 
scalable solutions to the most pressing challenges facing the ocean. It is hosted by 
the World Economic Forum in collaboration with the World Resources Institute.

About the World Economic Forum

The World Economic Forum (WEF) is the International Organization for Public-Private 
Cooperation. The Forum engages the foremost political, business, cultural and other 
leaders of society to shape global, regional and industry agendas. It was established 
in 1971 as a not-for-profit foundation and is headquartered in Geneva, Switzerland. It 
is independent, impartial and not tied to any special interests.
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About Environmental Defense Fund

Environmental Defense Fund Europe is an affiliate of Environmental Defense Fund 
(EDF), a leading international non-profit organisation that creates transformative 
solutions to the most serious environmental problems. Since 1967, EDF has used 
science, economics, law and innovative private-sector partnerships to bring a new 
voice for practical solutions.

About University College London

University College London (UCL) Energy Institute Shipping Group aims to accelerate 
the shipping transition to an equitable, globally sustainable energy system through 
world-class shipping research, education and policy support. The group specializes 
in multi-disciplinary research anchored in data analytics and advanced modelling of 
the maritime sector.

About International Association of Ports and Harbours

The International Association of Ports and Harbours (IAPH) was formed in 1955 
and over the last sixty years has grown into a global alliance representing over 180 
members ports and 140 port-related businesses in 90 countries. The principal aim 
of IAPH revolves around the promotion of the interests of Ports worldwide, building 
strong member relationships and sharing best practices among our members.

About UMAS 

UMAS delivers consultancy services and undertakes research for a wide range 
of clients in the public and private sectors using models of the shipping system, 
shipping big data, and qualitative and social science analysis of the policy and 
commercial structure of the shipping system. UMAS’s work is underpinned by state-
of-the-art data supported by rigorous models and research practices, which makes 
UMAS world-leading on three key areas; using big data to understand drivers of 
shipping emissions, using models to explore shipping’s transition to a zero emissions 
future and providing interpretation to key decision makers.

Indonesia Ocean Justice Initiative

Indonesia Ocean Justice Initiative (IOJI) serves as an independent Indonesian think 
tank and policy advocacy group with the aim of supporting Indonesia, as one of the 
largest ocean nations, in attaining sustainable and equitable ocean governance, 
through: enhancing maritime security, promoting sustainable ocean governance and 
ensuring access to justice for marginalized ocean-dependent people.

Layout by Housatonic.eu



Shipping’s Energy Transition: Strategic Opportunities in IndonesiaAknowledgements

6

Acknowledgments
This report was written by Katrina Abhold (GMF) and Domagoj Baresic (UCL) with 
Santiago Suarez De La Fuente, Alison Shaw, James Stewart, Aideé Saucedo Dávila, 
Wendela Schim Van Der Loeff (UCL); Connor Bingham (GMF); Camilo Perico, Isabelle 
Rojon, Connor Galbraith (UMAS); Rosa Esi Ennison, Noam Boussidan, Joachim 
Monkelbaan (WEF); Jeremia Humolong Prasetya, Harish Makarim, Stephanie Juwana, 
Karenina Lasrindy and Gabriella Gianova (IOJI).

The authors would like to thank the following people and organizations who have 
helped with reviewing the report: Ingrid Sidenvall Jegou (GMF); Tristan Smith, Joseph 
Taylor (UCL); and Panos Spiliotis (EDF). The authors would also like to thank local 
stakeholders from Indonesia engaged by the P4G-GtZ Coalition Partnership project for 
their continual input and feedback to the project and report draft.

The project partners are grateful for the P4G’s financial contribution to the project.

To cite this report, please use: Abhold et al. (2022). Shipping’s Energy Transition: 
Strategic Opportunities in Indonesia. Report for P4G-Getting to Zero Coalition 
Partnership project.

Local stakeholders from Indonesia engaged through the P4G-GtZ Coalition 
Partnership project. 

Name Position Organization

Akihiko Itoh Manager, Transportation 
Group, LNG Trading Unit, 
Global Energy Marketing 
Division

Inpex Corporation

Basilio Dias Araujo Deputy Minister for 
Coordination of Maritime 
Sovereignty and Energy

Coordinating Ministry for 
Maritime and Investment 
Affairs

Budhi Halim Head Indonesia National 
Shipowners Association 
(INSA)

Chrisnawan Aditya Director of Various New 
Energy and Renewable Energy

Ministry of Energy and Mineral 
Resources

Cipu Suaib Business Development 
Manager

HDF Energy

Dr. Mas Achmad Santosa CEO Indonesia Ocean Justice 
Initiative (IOJI)

Emma Rachmawati Director for Climate Change 
Mitigation

Ministry of Environment

Hasto Kristiyono President Commissioner PT Pertamina Power

Hendra Kesuma General Manager Bintika Bangunusa Group

I Ketut Aria Pria Utama Professor of Ship 
Hydrodynamics, Dept. of 
Naval Architecture

Institute of Technology 
Sepuluh Nopember



Shipping’s Energy Transition: Strategic Opportunities in IndonesiaAknowledgements

7

Name Position Organization

Ibrahim Kholilul Rohman Senior Research Associate Indonesia Financial Group 
Progress

Ikhsan Asaad Director of Mega Project Perusahaan Listrik Negara 
(PLN)

Indah Budiani Executive Director Indonesia Business Council 
for Sustainable Development 
(IBCSD)

Iqbal Fikri Production Director PAL Indonesia

Juanda Abednego Lubis Program Officer Indonesia Climate Change 
Trust Fund

Lars Bo Larsen Ambassador Embassy of Denmark in 
Indonesia

Lesmana Hartanto Managing Director Pt Tanto Intim Line

Marizi Nizhar Deputy Director for 
Clean Energy and Energy 
Conservation

Ministry of National 
Development Planning 
(Bappenas)

Onny Widjanarko Executive Director, Head of 
Communications

Bank of Indonesia

Popy Sartika Head Of Section for Asia, 
Australia and Pacific; 
subdirectorate International 
Shipping

Ministry of Transport

Randy Rakhmadi Regional Manager, Asia P4G

Riva Siahaan Commercial Director PT Pertamina International 
Shipping

Ronald Halim Manager and Principal 
Transport Economist 

Equitable Maritime Consulting

Tomás Herrero Diez Senior Transport Consultant World Bank (former)

Yo Ishizaki Chief Country Representative 
of Indonesia/President 
Director PT MOL Indonesia

MOL Group

Disclaimer

This report is from the P4G - Getting to Zero Coalition Partnership project, a project 
between the Global Maritime Forum,  Friends of Ocean Action, the World Economic 
Forum, University College of London, Environmental Defense Fund, and the 
International Association of Ports and Harbours. The views expressed are those of 
the authors alone and do not represent the opinions or views of the partners involved.



Shipping’s Energy Transition: Strategic Opportunities in IndonesiaForeword

8

Foreword
Ocean transport is an essential part of everyday life in Indonesia, providing 
connectivity between the country’s many islands and supporting the ongoing 
development and integration of the economy. Many Indonesians rely on ships directly 
for income in addition to providing the means for supporting several industrial 
activities. This means that maritime activities are central to supporting Indonesia’s 
wider national objectives.

As maritime decarbonization increasingly accelerates, it is important to understand 
how to leverage these global trends for the benefit of Indonesia nationally. This refers 
both to direct economic opportunities connected to these new vessels and fuels, but 
also ensuring that Indonesia remains connected to these processes as an important 
and influential maritime nation.

Geographically, Indonesia is situated in close proximity to some of world’s major 
shipping lanes, with a large volume of traffic passing through its waters annually. 
This has significance both in terms of the high amount of maritime emissions taking 
place in Indonesian waters, but also the potential to better utilize this traffic as an 
economic opportunity. Undertaking such efforts could help Indonesia to reduce its 
emissions while ultimately making progress on national development goals. This 
could specifically help to secure long term sustainable jobs, decarbonize other 
industries, improve local health, boost imports and exports, and help to protect the 
nation’s biodiversity. 

To unlock this potential, there is a clear need for international support in the form 
of investment, which can help to close gaps in terms of technical assistance 
and capacity building. Moreover, further efforts are needed in terms of national 
coordination, ensuring that a direction of travel is set, allowing for public and private 
stakeholders to come together in collaboration.

As local stakeholders and contributors to this report, we welcome the findings 
outlined in this report and call on relevant actors to engage further around realizing 
these opportunities for Indonesia.
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Executive Summary

Advancing Indonesia – a key island nation to 
support shipping’s energy transition by unlocking 
domestic potential for green fuel production. 

Indonesia is the largest archipelagic country in the world, geographically positioned 
between two of the most important shipping lanes for international vessel traffic. 
With over 17,000 islands, Indonesia’s national identity, politics, society, and economy 
are intrinsically tied to its maritime industries. Its ocean economy is hugely essential 
in providing employment for millions of Indonesian citizens, helping to place the 
country as the world’s 3rd largest supplier of seafarers and support a $27 billion USD 
fishery sector that employs 7 million people. 

As the 5th largest emitter of greenhouse gases (GHG) globally, in addition to being 
acutely exposed to climate impacts as an island nation, there is a clear need for 
Indonesia to reduce its emissions while also being able to achieve its development 
objectives. Maritime activities in Indonesia’s waters contribute towards these 
emissions and, depending on the approach taken, calculations show domestic 
shipping emissions to be heavily underestimated. This can largely be attributed to 
differences in data handling, but nevertheless clearly indicates the scale of maritime 
activity as a source of emissions. When considering that a huge amount of vessels 
pass through without calling at Indonesian ports, the level of maritime emissions 
from transiting vessels in Indonesia’s waters only increases this figure. 

Figure 1: Maritime activity around Indonesia’s coastal waters (2018).
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As the maritime industry moves ahead in its decarbonization agenda, the need for 
green fuels and associated technologies are increasing in urgency and relevance. 
In particular, scalable zero emission fuels (SZEF) such as green hydrogen and green 
ammonia are considered the most promising fuels for the industry’s transition. These 
fuels will require substantial amounts of renewable energy for their production, 
storage, and distribution. 

Making progress here will require developing Indonesia’s largely untapped renewable 
energy resources. This could allow for 830 – 1,873 Terawatt hours per year (TWh/y) 
of additional renewable energy production by 2030, largely dominated by leveraging 
Indonesia’s solar energy. This will be necessary to help Indonesia to transition away 
from a reliance on fossil energy sources like its domestic reserves of coal and import 
of petroleum products, ultimately providing access to clean energy for the country’s 
needs. 

Figure 2: Indonesia’s estimated total renewable energy potential by 2030.

Such potential represents enough energy to meet domestic electricity demand, 
decarbonize local industries, as well as contribute to the decarbonization of 
domestic shipping. Moreover, should the country manage to cost-effectively access 
its large reserves of geothermal energy, Indonesia could also explore the opportunity 
to establish green hubs to bunker and possibly export SZEF where there is a surplus 
of renewable energy to do so.

Assuming 5% of the global fleet transitions to SZEF by 2030, then the green 
energy demand for vessels in Indonesia would represent about 8.3 TWh/y, which 
conservative calculations shows is only 0.9% of Indonesia’s total renewable 
potential. 

Indonesia’s Renewable Energy Potential

Solar

525 – 1,568
 TWh/y

Wind

10
 TWh/y

Hydropower

126
 TWh/y 

Biomass

12.2
 TWh/y

Tidal

47
 TWh/y

Geothermal

147
 TWh/y 
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Strategic Business Opportunities

This potential could ultimately allow Indonesia to take advantage of its unique 
position in south-east Asia to facilitate its sustainable development and growth, 
especially through the creation of maritime hubs for national green corridors 
targeting short-sea shipping. The country can tap into its nascent renewable energy 
potential to increase the production and contribution of renewable energy, while 
also potentially benefiting from being a midstream center of import and export of 
zero-carbon fuels produced in other countries. Through the energy transition to SZEF, 
Indonesia can also benefit from the creation of many domestic green jobs in the 
renewable energy industry and shipbuilding. 

Estimates show that development of green fuel infrastructure to serve Indonesia’s 
shipping sector could attract investment up to Rp 46 – 65 trillion IDR ($3.2  – 4.5 
billion USD) in onshore infrastructure by 2030.

Scaling its renewable potential with consideration of domestic and possibly 
international shipping needs, Indonesia could build on existing national ambitions 
to increase renewable energy penetration and expansion of microgrids. Utilizing the 
momentum from shipping’s energy transition, Indonesia could invest in strategic 
projects that establish green hubs and ports, open possibilities for domestic green 
corridors, and develop new sectoral competencies and skills. After extensive 
consultation with Indonesian stakeholders, three key opportunities were identified, 
including the planned move of the capital to Kalimantan, the electrification of 
Indonesia’s small boat fleet, and the potential for hydrogen production from 
geothermal energy.
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Capital Shift to Kalimantan

The planned move of Indonesia’s capital from Jakarta to the province of East 
Kalimantan on Borneo Island offers the opportunity to develop the wider region. As 
part of this move, the capital’s relocation plan regulates the utilization of renewable 
energy and energy efficiency in the new capital. 

Fortunately, Kalimantan offers one of the largest renewable potentials in 
Indonesia of about 180 GW, mainly from solar and hydropower. Various initiatives 
seek to leverage this potential for the purpose of building an industrial estate in 
North Kalimantan for metal smelting. In addition, plans for the production and 
development of green hydrogen and ammonia for domestic use and export are also 
being considered, aiming to produce 650,000 tons of green hydrogen per annum. 

These infrastructure developments can have synergies with shipping 
decarbonization. Balikpapan port could be developed into a SZEF bunkering hub 
for domestic shipping, making it a possible commercial gateway to the new capital 
and an export hub for new products and green fuels made in North Kalimantan. 
This would support a shift away from Indonesia’s “coal-mining heartland” in East 
Kalimantan and facilitate the decarbonization of the region’s hard-to-abate mining 
sector. 
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Electrifying Indonesia’s Small Boat Fleet

Indonesia’s large, domestic small boat fleet can be viewed as the backbone of the 
country’s economy and society, providing an important means for employment 
and inter-island connectivity as well as a significant source of maritime emissions. 
Though diesel and biofuels are favored as a fuel source, the switch to electrification 
for the nation’s small boat fleet would have considerable benefits. 

Electrification and the adoption of battery-power propulsion technology is especially 
suitable for passenger and leisure boats, small fishing vessels, and tugboats, as 
they often operate on shorter distances and close to shore. Existing and future 
electrification initiatives in Indonesia could be promoted to pilot and scale in busy 
passenger and fishing routes around Java and Sumatra.

Sourcing renewable energy for this could be paired with existing government 
ambitions to expand microgrid installations to increase electricity access in isolated 
communities. In addition, if Indonesia moves quickly to secure a competitive 
advantage within battery-technology or shipbuilding of electrified boats, there could 
be additional benefits to Indonesia’s economic development, in terms of green jobs 
and export opportunities. 
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Geothermal-powered Decarbonization Hub

Indonesia is estimated to have roughly 40% of the world’s reserves of geothermal 
energy resources. The majority of which is located on the islands of Sumatra and 
Java-Bali, with their large population densities and close proximity to important 
shipping routes. 

Accessing these reserves is very costly and comes with multiple challenges; hence, 
the country has only developed a small portion of this energy source. If Indonesia 
can successfully and cost-competitively unlock this potential, there is an opportunity 
for the country to become an international producer and bunkering hub for SZEF. 

Some initiatives are already underway, wherein Pertamina Geothermal Energy is 
exploring the production of green hydrogen. Pertamina manages 15 working sites 
for geothermal production that they estimate could generate up to 8,600 kg/day of 
green hydrogen. A pilot project has already commenced at the Ulubelu geothermal 
site and is set to commercially operate in 2022. Synergies with the maritime sector, 
aquaculture sector, and fertilizer producers could strengthen the business case for 
geothermal-based green hydrogen and ammonia.
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Recommendations 

To appropriately leverage these strategic opportunities, there are several key actions 
that can be taken to advance zero emission shipping in Indonesia. These actions can 
be taken by port actors and authorities, governments, financial institutions, as well 
as maritime and wider industry players interested in leveraging the renewable energy 
potential of Indonesia. With appropriate incentives and targeted action towards 
encouraging investments into relevant areas, Indonesia can ultimately unlock 
economic opportunities, while simultaneously reducing emissions. 

PORTS

Explore options for port electrification 
Electrification of existing fossil fuel use in ports is an immediate step towards maritime decarbonization, 
wherever this change is possible, by switching port activities to rely mainly on electrical energy from 
renewable sources thereby reducing GHG emissions.

Consider sustainable development in port expansion plans 
Stakeholders have noted the need to coordinate port expansion and general infrastructure project 
development in a coordinated and sustainable manner, especially when planned in areas of high biodiversity 
such as Kalimantan.

Prepare to source or produce renewable electricity & SZEF for bunkering & port use 
Shipping companies are already planning to operate ships on SZEF. Preparing to source or produce renewable 
energy and green fuels can help the country stay abreast with sector developments as well as prepare to 
service these new vessels.

Encourage ports as green nodes in an energy distribution network 
Ports are focal points for multiple sources of pollution, from arriving and departing vessels, domestic shipping, 
onshore trucks and rail, as well as their own operations. To handle SZEF, local stakeholders saw the need for 
development of ports into hubs that can support the distribution of green energy and fuels to isolated island 
communities.

POLICY

National

Develop a clear strategy for national actions to pursue maritime decarbonization 
Developing a national strategy to tackle maritime decarbonization, focusing on actions that can both be done 
nationally and through international collaboration, could provide a clear and needed policy signal to support 
further action towards this agenda.

Commission study to assess realistic capacity to produce SZEF that feeds into & supports the development 
of a national hydrogen strategy or roadmap 
Indonesia could commission a study to better understand and scope realistic locations for expanding its 
renewable energy capacities and production sites for green hydrogen. This knowledge could feed into a 
national strategy or roadmap for the development and application of green hydrogen.
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FINANCE

Explore national fiscal incentives for first movers 
Infrastructure upgrades are costly and lengthy procedures, which often demands the mobilization of 
significant private capital. Stakeholders suggest exploring fiscal incentives to support first movers who take 
higher risks.

POLICY

Exploit synergies between shipping’s decarbonization & coal phaseout 
Indonesia could consider how maritime decarbonization can help to create new jobs that can support the 
transition of fossil fuel jobs as coal is phased out. Studies estimate that by 2050 at least 3.2 million new jobs 
could be created should Indonesia transition its energy system.

Support coordination on green ports & hubs 
As Indonesia seeks to position itself to become an international bunkering hub for SZEF, increased 
coordination between ministries, ports, and state-owned enterprises is needed.

Facilitate cross-sectoral synergies for the production & use of SZEF 
Opportunities exist for cross-sectoral synergies between industries such as shipping, fertilizer production, 
aluminum smelting, mining, aquaculture, and electricity production for domestic consumption. Indonesia 
could look into ways to support such collaborations through, for example, a dedicated task force. 

Prepare labor capacity & skills to handle SZEF & technologies 
Indonesia could create a strategy to develop qualified talent for a green hydrogen economy, securing the 
future careers of Indonesian seafarers both onboard and offshore as the maritime sector adopts new digital 
solutions, green technologies, and transitions away from traditional fossil-fuel energy sources. 

Review data aggregation methodology & MRV relating to maritime emissions  
To better understand Indonesia’s shipping emissions, a review of the various data aggregation methodologies 
and monitoring, reporting, and verification (MRV) relating to maritime emissions would be useful.

International

Collaborate to secure effective GHG policy at the International Maritime Organization (IMO) 
Signing the Declaration on Zero Emission Shipping by 2050 and leveraging Indonesia’s role as the host for the 
upcoming G20 Summit can place shipping’s decarbonization more firmly on the agenda. This would help set 
a clear target supported by effective policy measures, including market-based measures, and ensure a just 
and equitable transition.

Sign the Clydebank Declaration & develop Indonesia’s first green corridor 
Based on its renewable energy potential, trade relations with other regions, and location along busy shipping 
routes, Indonesia could sign the Clydebank Declaration to signal its interest in international collaboration on 
green corridors. 

Support the development of SZEF standards & authorizations 
Such standards and labels are required to harmonize technology specifications for the industry and monitor 
safety of SZEF production, handling, and transport.
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FINANCE

Boost private renewable electricity generation  
As raised by stakeholders, fiscal interventions play a crucial role in encouraging private sectors to collaborate 
with the government on relevant projects. Incentivizing private sector investment into distributed grid systems 
could alleviate pressure from stated-owned renewable energy providers. 

Explore increased deployment for microgrid installations 
Microgrids have already been installed in various places throughout the country with plans to increase their 
deployment. Such localized systems could potentially supply the energy needs of smaller ports (both through 
electrification and green fuels) that see a high amount of ferry and fishing vessel traffic.

Leverage international development finance to prioritize funding of strategic projects 
Indonesia already has experience in accessing and implementing development bank assistance, which can be 
used for the benefit of its maritime and land-based industries in scaling SZEF production.

INDUSTRY

Engage in & initiate public-private collaborations 
The need for public and private actors to come together and form partnerships is an important way to set a 
direction of travel and coordinate efforts. This is particularly important in light of the central role played by 
state-owned enterprises like Pertamina and PLN.

Create awareness of benefits & necessity for a green energy transition 
Industry actors could work on creating a set of projects (i.e. seminars, TV debates, publications, etc.) that 
explain the potential benefits of transitioning to SZEF, which will help create a market for local and possibly 
foreign companies that are committed to take the first moves to switch to SZEF in Indonesia.

Establish local presence through a regional office or partnerships 
For international companies, having a local presence in the country where your organization seeks to expand 
and grow is extremely valuable. This can strengthen abilities to build networks and have local impact.

Target decarbonization activities in strategic areas 
Actors interested in developing concrete projects to produce SZEF and pilot associated technologies could 
leverage strategic locations within Indonesia that have a convergence of favorable factors.

Aggregate SZEF demand 
Maritime industries can act as substantial offtakers by themselves, but industry actors could look to 
aggregate SZEF demand across the value chain as well as from other sectors (i.e. fishing, tourism, mining, and 
fertilizer and ammonia production)” in order to secure supply.

Explore alternative business model options 
Industry actors could seek new and alternative business models that reduce high barriers to entry or adoption 
for SZEF technology, both onboard vessels as well as on land.
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Building connections to the global maritime energy transition would help Indonesia 
to better position itself to achieve not only its climate targets but also its ambitions 
towards sustainable development. Building relevant infrastructure would drive 
Indonesia’s ability to leverage this transition and make inroads on several national 
objectives. Creating enabling financial and regulatory frameworks, establishing 
collaborative public-private partnerships and initiatives, and investing in renewable 
energy and climate-proof projects will be fundamental ways to realize this in the 
years to come.

Shipping’s energy transition towards green, alternative fuels is already underway, 
with an increasing number of projects and initiatives emerging globally. Discussions 
at the international level are already pushing for increased ambition levels, making it 
clear that shipping’s reliance on fossil fuels will see an end in the next decades.

Countries like Indonesia are essential to include as part of a just and equitable 
transition towards a low carbon economy. To get there, both national and 
international action is needed, especially to support the investment and scaling of 
renewable energy and SZEF infrastructure. This would not only reduce domestic 
emissions, decrease the country’s reliance on coal, and improve air and water 
quality, but also provide significant benefits for the country’s economy and society 
in the creation of sustainable jobs and skills expertise. The actions outlined above 
could support Indonesia in its efforts to green its economy and become a key 
maritime axis in Asia.
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Section 1
The Need for Maritime Decarbonization

Climate change is one of the biggest challenges faced by humanity this century. The 
work of the Intergovernmental Panel on Climate Change (IPCC) has highlighted and 
evidenced the severe impacts of climate change that are occurring all over the world. 
These impacts are expected to increase in intensity, frequency, and danger unless 
an energy transition is implemented across all sectors [1]. The IPCC suggests that 
avoiding the worst-case scenarios means limiting the rise in global temperature to 
around 1.5°C. To do so, “Global net human-caused emissions of carbon dioxide (CO

2
) 

would need to fall by about 45% from 2010 levels by 2030, reaching at least ‘net zero’ 
around 2050” [2][3]. 

In 2015, the Paris Agreement set the goal to limit global warming to well below 
2.0°C and preferably 1.5°C. More recently, at the 2021 United Nations Conference of 
Parties (COP26), shipping and its contribution to international climate change was 
highlighted as a key sector to tackle in the coming years. Indeed, the IPCC’s most 
recent work highlights the role of the shipping sector and actions needed to enable 
its decarbonization [4]. It is clear shipping, as a sector, will need to play its part in the 
global decarbonization and energy transition if this goal is to be achieved.

Regional and global maritime transport effectively connects economies through the 
efficient movement of goods, accounting for 80%-90% of the world’s trade [5][6]. 
Fueling this movement is a $140 billion USD per year energy industry that supplies 
the shipping sector with 4-5 million barrels of oil every day1 [7]. In so doing, the 
shipping sector emits between 2-3% of the global greenhouse gas (GHG) emissions – 
and contributes between 12-13% of sulfur and nitrogen oxides emissions to global air 
pollution [8][9]. 

Seaborne trade has seen an average annual growth of about 3.2% between 2011 
and 2019, meaning that more than 13,000 new commercial ships2 have entered 
operation in the past decade [10], the majority of which are powered by fossil 
fuels. Recent projections indicate that by 2050, shipping emissions will increase 
by between 90-130% from 2008 levels [8] (see Figure 1). With an average lifespan 
of around 25 and 30 years, ships are considered to be long-life assets. Depending 
on the type of engine used in these vessels, the cost of retrofitting them to run on 
alternative fuels can be substantial. To avoid fossil-fueled ships becoming stranded 
assets, there is an urgent need to implement measures to facilitate shipping’s 
transition and reduce emissions substantially as soon as possible [11]. Actions to 
support this will be both manufacturing zero emission vessels as well as retrofitting 
existing assets.

Importantly, increased energy efficiency and natural gas-based fuels alone will 
be inadequate to meet the Paris climate goals [4]. Thus, the future of international 

1 Barrel contract price taken on the 17/01/2022 which was $84.20 USD.
2 Above 100 gross tonnage and typically with a length larger than 25 m depending on vessel 

construction.
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shipping will rely on the production and use of new scalable zero emission fuels 
(SZEF), a subset of fuels with (i) the potential to have zero GHG emissions on a 
lifecycle basis taking into account the emissions from production, transport, storage, 
and use; and (ii) production processes capable of competitively supplying expected 
future demand. The scale of demand for such fuels is estimated to be around 200-
300 Mt of Heavy Fuel Oil equivalent (HFO

eq
) energy per year [12].

Figure 1: Potential maritime Well-to-Wake3 carbon equivalent emission pathways 
based on different scenarios, ambitions and climate change objectives. The grey 
area represent the emission range for the BAU case (based on 8).

As shown in Figure 2, there are multiple new fuel types with the potential for use 
in the shipping industry. Indonesia in particular has large amounts of biofuel 
availability, for which the country has already mandated its use within transport (see 
Section 5). Biofuels tend to be seen as a carbon-neutral energy source since the 
environment’s CO

2
 is captured and locked by animals, plants, microorganisms, or 

waste that offsets the CO
2
 being emitted when used as a fuel [13]. While the carbon 

neutrality assumption of some biofuels has been refuted [14], they are still likely 
to offer lower GHG emissions than conventional fossil-based fuels. In addition, the 
assumption that biofuels are a renewable source is still a matter of discussion and 
only future life-cycle analysis can tell which biomass feedstock is truly renewable 
[15]. However, there are concerns at a global scale for this fuel and its continued use 
in the maritime sector. Indeed, studies and industry experts have noted that biofuels 
are unlikely to be the industry’s main fuel choice for deep-sea shipping, as they 
suffer from scalability challenges as well as competitive demand from other sectors 
[16]. Sustainable biofuels from waste could continue to be used for smaller domestic 
vessels and short sea shipping, or other larger vessels as a transition fuel, though 
other sectors may offer more lucrative markets for their sale and use.

Fuels that have no carbon molecule, such as hydrogen and ammonia, are some 
of the most viable SZEF due to their potential for production at scale and with no 
operational CO

2
 emissions. These fuels can be produced via two routes, these 

3 They are the aggregation of upstream (i.e. well-to-tank) and downstream (i.e. tank-to-wake) 
emissions.
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being ‘blue’ and ‘green’ hydrogen and ammonia. Blue hydrogen and ammonia are 
produced via steam-methane reformation of natural gas and thus still necessitates 
the use of fossil fuels in their production pathways [17]. In order for such production 
pathways to be considered zero-carbon, all of the GHG emissions resulting from 
the manufacturing process would require the utilization of carbon capture and 
storage (CCS) technology [17]. The long-term viability and price competitiveness of 
this process remains to be ascertained, since CCS technology is still expensive, and 
its usage could be argued to prolong the dependence on fossil fuels. On the other 
hand, green hydrogen and ammonia are produced with no fossil fuels, but by using 
renewable electricity to power water electrolysis [17].  
 
Taking this into consideration, blue hydrogen and ammonia might play a role in 
the transition from fossil fuels to SZEF, but in the long term only fuels that are truly 
fossil-free such as green hydrogen and green ammonia are considered the most 
promising long-term options for deep-sea going vessels as both can be used through 
fuel cells of internal combustion engines.Green ammonia, in particular, is thought to 
be the most suitable long-term option for decarbonizing international shipping [16]
[18]. Smaller domestic vessels may also make use of green hydrogen, although other 
power options such as electrification is attractive.

Figure 2: Alternative fuels and their production pathways.

https://openknowledge.worldbank.org/handle/10986/35435
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Clearly a challenge and yet also an opportunity, the fuels transition in shipping can 
trigger investment, catalyze innovation, and create sustainable growth. This will 
require the sector to develop and build new vessels, integrate and adopt innovative 
technology solutions, develop new fuel supply chains and land-based infrastructure 
while leveraging synergies with other sectors seeking to decarbonize their 
commercial activities. In such a way, shipping itself can be seen as both a driver and 
consumer of these new fuels [20].

Steps are already being taken to build, demonstrate, and pilot new SZEF technology 
and prototypes. Large-scale dual-fuel SZEF marine engines running on green 
methanol are already in operation, while green hydrogen and ammonia engines 
are expected to be commercially available by the mid-2020s and large-scale 
fuel cell arrangements will likely be available later in the decade [21][22][23]. The 
costs of these new engines and fuel cells will initially be more expensive than the 
traditional fossil-fuel based ones currently used, but will become more competitive 
over time as economies of scale are leveraged. Zero emission vessels are expected 
to enter service on a relatively small scale by or before 2030 and will become the 
mainstream option for new ship orders over the following two decades. To prepare 
for this future, action is needed now, especially the expediated creation of SZEF 
infrastructure [17].
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Section 2
Indonesia: A Maritime Nation

Indonesia is located along two of the most important shipping lanes in the world, 
the Strait of Malacca and the Sunda Strait. The country’s geographical location 
presents a huge opportunity for investing in a diversified maritime market that 
needs to transition to lower carbon intensity (see Figure 3), and become a hub for 
international vessels passing between the world’s largest economies. 

Indonesia is composed of over 17,000 islands in the Pacific and Indian oceans 
[24]. With a coastline of 54,720 km and a large coastal population, about 900,000 
Indonesians are involved in the local and international maritime economy [25]. As 
such, the country has a large ocean economy with a fishery sector worth about $27 
billion USD, providing 7 million people with jobs in 2019 [26].

Local politics and socio-economic activities are significantly shaped by Indonesia’s 
geography, being the largest archipelagic country in the world and characterized by 
significant biological and cultural diversity [27][28][29]. These unique geographic 
attributes form an important part of its national identity. The island nature of 
Indonesia and its position at the heart of several global trade axes provide several 
avenues for future maritime trade growth and development. 

With this many islands, it’s no surprise that there are several hundred small ports 
spread across the country, 111 of which are commercial ports and 11 container ports 
[30]. With such a large number of ports, Indonesia has 260 administrations providing 
oversight, but Pelindo is the main state-owned company managing these ports [25]
[30][31]. These ports service multiple vessels, both domestic and international. 
Indonesia’s national fleet is made up of 27,114 ships mainly comprised of general 
cargo vessels, oil tankers, bulk carriers, container ships, and others. 99% of domestic 
shipping is done via locally registered ships [32][25]. Due to its heavy reliance on 
maritime activities, the country is also a leader in world seafarer supply, representing 
the 3rd largest supplier of seafarers behind the Philippines and Russia [5].
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Figure 3: Maritime activity around Indonesia’s coastal waters (2018).

Indonesia has a container port throughput of 14,025,449 TEU [32]. In 2020, 
Indonesia imported $140 billion USD worth of goods mostly in the form of refined 
and crude petroleum. The export basket was valued at $178 billion USD and included 
palm oil, coal briquettes, gold, and petroleum gas (see Table 1). Indonesia’s main 
trade partners are China, United States, Japan, Singapore, India, and Thailand [33].

Table 1: Indonesia’s key imports and exports [33].
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Figure 4: Indonesia’s import and export relationships [33].



Vessel category
Fossil fuel energy demand 2018  

(GWh/y)
Share of Grand Total  

(%) 

Bulk carriers: Large 14,770 12.9%

Bulk carriers: Small 13,405 11.7%

Tankers: Large 20,079 17.5%

Tankers: Small 11,977 10.5%

Containers: Large 572 0.5%

Containers: Small 8,060 7.0%

People & Vehicle Carrier: Large 959 0.8%

People & Vehicle Carrier: Small 4,838 4.2%

Offshore and Services 2,300 2.0%

Fishing 216 0.2%

Small boats: Industrial 31,192 27.2%

Small boats: Fishing / Other Small Boats 6,364 5.5%

Grand total 114,732 100%

‡ The energy demand presented does not represent fuel sales only the energy expenditure to arrive to any port in Indonesia from the previous stop.

§ To convert from GWh to TJ a multiplying factor of 3.6 is used. For HFO
eq

 the Low Heating Value (LHV) used was 40.2 TJ/kt [8].
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Section 3
Maritime Activity & Shipping Emissions

Indonesia is a trading nation located on key shipping routes. As such, there is 
significant maritime activity within the country’s waters. Indonesia’s shipping 
activity is dominated by bulk carriers, tankers, and containerships that are mainly on 
international voyages. Using an activity-based approach4, Table 2 breaks down the 
vessels that departed from Indonesia’s ports in 2018 and shows the energy used by 
each ship type5. Large and small tankers account for 27.9% of the total annual energy 
demand, while small and large bulk carriers and small containerships account for 
24.6% and 7.5%, respectively. However, the largest share of the shipping demand 
is the small industrial boats with a share of 27.2% of the total energy demanded in 
2018. This reflects the relevance that the small boat fleet has on Indonesia’s insular 
nature and the great opportunity it has to transition this segment of the shipping 
sector as it will be discussed in Section 6.

Table 2: The fossil fuel energy demand from different types of vessels that have 
departed Indonesia’s ports on both international and domestic voyages [34].

4 In an activity-based approach, also known as bottom-up approach, ships are aggregated by their 
design specifications using technical information sourced from ship registry databases such as 
Clarkson’s Shipping Intelligence Network. This is combined with activity data that can be extracted 
from vessel operator surveys, port authorities, and Automatic Identification Systems (AIS).

5 The annual energy is based on all the shipping energy demanded for voyages that departed an 
Indonesian port to its next port of call in 2018. This accounts for international and domestic voyages.
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3.1 Indonesia’s national GHG emission 
inventory
Indonesia compiled its National GHG Inventory in accordance with the IPCC 2006 
guidelines for inventories for the period between 2000 and 2019 [35]. The total GHG 
emissions of Indonesia in 2019 amounted6 to 920,2214 kt CO

2
e. In 2018, Indonesia 

was the 7th largest GHG emitter [36]. However, it is important to highlight that for 
Indonesia its Forestry and Other Land Use emissions amounted to 924,853 kt CO

2
e, 

which combined with the rest of the GHG emissions gives a total of 1,845,067 kt 
CO

2
e, increasing significantly the country’s emissions and bringing it up the rankings 

from 7th to the 5th largest GHG emitter. 

Water-Borne Navigation7 was responsible in 2019 for just 0.01% of Indonesia’s 
total GHG emissions8 (i.e. 95 kt CO

2
e). The total share of GHG due to 1.A.3.c Water-

Borne Navigation appears low for a large insular nation that depends heavily on 
this subsector to transport people and goods as well as having some of the busiest 
international shipping traffic lanes. Further, during COP26, the government of 
Indonesia through the Coordinating Ministry for Maritime and Investment Affairs, 
stated that 19% of Indonesia’s CO

2
 emissions recorded for its Nationally Determined 

Contributions came from the maritime industry [38]. Clearly stating that shipping 
has a larger GHG share in Indonesia than what has been recorded in their emission 
inventories. Potential reasons for the National Inventory lower emission number 
could be attributed to the way energy consumption is aggregated from the national 
energy statistics and how fuels are assigned to a mode of transportation. Indonesia 
uses the ‘Handbook of Energy and Economic Statistics of Indonesia’ to aggregate 
fuel consumption by sector, but this is only done at the highest aggregation level 
– for shipping is Transportation [39]. However, there is a direct translation from 
the national fuel consumption statistics to the IPCC 2006 categories based on 
the fuel type. But for the particular case of diesel – where heavy fuel oil (HFO) and 
marine diesel oil (MDO) are located – and gas, the Indonesian GHG inventory cannot 
differentiate or disaggregate the diesel and gas consumption between transport 
modes [40]. This could well be the strongest root cause for the low GHG emissions 
reported for the maritime sector since the majority of the diesel and gas usage could 
have gone to a different transport category within Indonesia’s GHG inventory9. 

A more detailed presentation of the 2006 IPCC Guidelines for water-borne navigation 
can be found in Annex I or in Davies et al. [37] with further explanation of the 
Indonesia national GHG inventory available in “Greenhouse Gas Inventory Report, 
Monitoring, Reporting, and National Verification 2020” [40]. 

6 Excluding Forestry and Other Land Use.
7 A country only needs to account for domestic maritime emissions in their national inventories, 

of which fishing activities should be aggregated, as suggested by the IPCC Guidelines under the 
Agriculture/Forestry/Fishing category of the Energy sector. However, for the Indonesia’s GHG 
Inventory this category is not present and it is inferred as to be aggregated under the category 1.A.5 
Non-Specified. International bunker fuel emissions, comprised of emissions from international 
aviation and maritime transport, are calculated as part of national GHG inventories, but are excluded 
from national totals and can be reported separately [37]. In the case of Indonesia, these are not 
reported.

8 Excluding Forestry and Other Land Use.
9 It was not stated in the references used in this report to which transport sector the diesel 

consumption is assigned.
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3.2 Shipping Geospatial Model: A new 
approach for estimating maritime emissions 
The Shipping Geospatial Model (SGM) is a new activity-based approach created 
by the UCL Energy Institute Shipping Group. The approach estimates maritime air 
pollution and GHG emissions inventories based on the energy demanded by the 
global fleet and can segregate emissions by ship type and size, operational mode, 
route or geographical location (e.g. near a port). This versatility allows nuanced 
analysis of the sector’s GHG emissions for any country. Such analysis can illustrate 
the GHG emissions on specific voyages or in geographical regions or to estimate air 
pollution and the resulting health impacts in a region. 

To study the maritime emissions during 2018 in Indonesia through different lenses, 
the SGM aggregated hourly ship data10 as follows:

• Departures. Shipping activity is aggregated for the complete voyage leg that 
starts from the country’s port (see Figure 5 as an example). The voyage could be 
either domestic or international.  

• Arrival. Shipping activity is aggregated for the complete voyage leg that ends at 
the country’s port. The voyage could be either domestic or international.  

• Geofenced Exclusive Economic Zone (EEZ). All shipping activity that occurred 
within the country’s EEZ (i.e. 200 nm which includes the Territorial Sea) is 
aggregated. It includes the international shipping, domestic navigation, and 
domestic fishing. It also captures ships that are passing through the EEZ but 
not calling at any of the country’s ports. The EEZ digital geographical region was 
taken from Flanders Marine Institute [41]. 

Figure 5: Approaches to the aggregation of vessel ship activity.

10 It only accounts for the activity of ships above 100 gross tonnage, the small boat fleet activity and 
emissions are not considered.



Pollutant12 
International 

Departures 
International 

Arrivals 
Domestic 

Navigation 
Domestic 

Fishing 

Geofenced 
EEZ   

(200 nm) 

GHG (kt) 

CO
2
  14712.97 14991.05 6841.22 4.21 51774.91

CH
4
  1.74 1.47 0.19 7.58 x10-5 11.31

N
2
O  0.82 0.84 0.37 2.38 x10-4 2.81

BC§  1.16 1.17 0.81 7.05 x10-4 4.47

CO
2
e  16025.62 16306.03 7676.88 4.91 56860.53

Air Pollution (kt) 

SO
x  

219.80 225.00 63.23 1.80 x10-2 672.00

NO
x
  358.43 367.19 131.11 8.18 x10-2 1129.39

CO  13.95 14.13 5.83 3.96 x10-3 47.20

PM
100

  33.45 34.19 9.82 1.29 x10-3 102.00

PM
25

  30.77 31.46 9.03 1.18 x10-3 93.84

NMVOC  15.26 15.52 5.89 3.56 x10-3 49.07

‡ To convert CO
2
 to Heavy Fuel Oil equivalent (HFO

eq
) divide the CO

2
 emissions by the HFO carbon factor which is 

3.114 kt CO
2
/kt HFO [8].

§ A value of 900 was used for black carbon 100-year Global Warming Potential [42]. 
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In general, the SGM approach should be seen as complementary to Indonesia’s 
National GHG Inventory. While the latter captures the complex interaction between its 
economic activities, society, and the environment, the SGM considers in great detail 
the spatial and technological differences of the maritime sector. The geofencing 
component of SGM, in particular, illustrates the environmental, economic, and health 
impacts of emissions from ships transiting to, from, and through Indonesian waters 
and makes the case for decarbonization of shipping, especially considering that not 
all emissions are resulting from Indonesia’s imports and exports. In summary, the 
SGM can illustrate the opportunity Indonesia has on SZEF all while supporting and 
driving the reduction of GHG emissions from shipping.

The results of the SGM approach show that vessels operating within the EEZ 
generated the greatest quantities of CO

2
e in 2018 at 56,861 kt. Internationally 

arriving vessels gave 16,306 kt CO
2
e followed by international departures with 

16,026 kt (see Table 3). Roughly 9.9% of the total EEZ air pollution emissions take 
place within Indonesia’s territorial waters11 which negatively and disproportionately 
affect coastal communities. Under this light, the geofenced EEZ approach can 
support the study of the benefits of having Indonesian emission control areas, but as 
well emphasizes the prime position Indonesia has to support the maritime transition 
by utilizing SZEF. 

Table 3: GHG and air pollutant emissions associated with contrasting inventory 
methods. Domestic navigation is as well presented.

11 This includes all shipping activity that occurred within the country’s territorial seas, up to 12 nautical 
miles offshore.

12 CO
2
: carbon dioxide; CH

4
: methane; N

2
O: nitrous oxide; BC: black carbon; CO

2
e: carbon dioxide 

equivalent; SO
x
: sulphur oxide; NO

x
: nitrogen oxides; CO: carbon monoxide; PM: particulate matter; 

NMVOC: non-methane volatile organic compounds.
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The maritime domestic emissions captured by the SGM were produced from 83,509 
domestic voyages13 occurring in 2018. This level of activity amounted to 7,677 kt 
CO

2
e while domestic fishing was estimated to be emitting 5 kt CO

2
e. The difference 

with Indonesia’s 2018 National Inventory is 7,569 kt CO
2
e since the Water-Borne 

Navigation GHG emissions amounted to just 108 kt CO
2
e [40]. As discussed in the 

previous subsection, the main causes for this large difference are:

• Differences between National Inventories data based on fuel sales to 
international shipping and activity-based methods also have explainable 
differences. Fuel sales are only recorded if a ship bunkers (takes on fuel) in 
Indonesia. In practice, ships calling at Indonesia may not need to bunker (some 
ships have fuel storage for up to three months so do not refuel for each voyage) 
and will purchase fuel in Indonesia only if it’s competitive to fuel available at 
other port calls they will make. The SGM captures all shipping activity regardless 
of whether it is associated with a purchase of fuel. The statistics estimated 
here suggest that only a portion of the fuel associated with Indonesia’s shipping 
activity is purchased in Indonesia and so the activity-based method is helpful 
for giving an estimation of the potential bunker sales market - should Indonesia 
want to expand its opportunity, especially for SZEF.

◊ Indonesia’s maritime annual fuel consumption is aggregated with all other 
modes of transportation under the Transport category [39]. At this stage, the 
connection between fuel consumed and the transport mode that consumed 
the fuel is lost. In the SGM case, the fuel being consumed from, to, and within 
Indonesia is estimated by hourly satellite data coupled with a technical 
methodology that delivers fuel consumption and emissions per individual 
ships. 

◊ When building the National GHG Inventory, the fuel consumed from the 
Transport category is disaggregated to the IPCC 2006 categories based on 
groupings of fuel per mode of transportation. For example, avgas and jet fuel 
is only assigned to civil aviation. For the case of shipping, it was not found 
the fuel group assigned to it, but it is stated that for diesel and gas the fuel 
consumption and GHG estimations cannot be disaggregated by mode of 
transportation. This is potentially the main root cause for the large difference 
between the inventory reports since it is highly probable that the fuel 
consumed by Indonesia’s domestic maritime activity is allocated to another 
mode of transport within the National Inventory. Due to the importance of 
maritime activity within Indonesia’s economy, the introduction of dedicated 
fuel consumption accounting based on modes and fuel types is therefore 
recommended.

• The method used in SGM is an activity-based method so it includes emissions 
from domestic voyages of international ships (e.g. from one Indonesian port to 
another), which would not be captured in the statistics of fuel sales for domestic 
use. Finding a discrepancy in GHG when calculating with the two methods is 
common and has occurred in other countries (e.g. United Kingdom) that have 
since switched to use the activity-based method [43].

13 The SGM considers a domestic voyage as a voyage that starts and ends in the same country. If it is a 
multi-stop voyage, it will only consider as domestic the leg that starts and ends in the same country. 
If there are more than one domestic legs, each one will be treated as independent domestic voyage.



Shipping’s Energy Transition: Strategic Opportunities in Indonesia3. Maritime Activity & Shipping Emissions

34

• However, fuel sale databases can capture the fuel being consumed of the 
small boat fleet, which tend not to have onboard tracking systems (e.g. AIS 
transponder). In the case of Indonesia, this segment, due to its energy demand 
as seen in Table 2, has a relevant and important role in the country’s national 
maritime emissions. This is a limitation from the SGM but which points to the 
SGM results on domestic shipping GHG and air pollution to be a conservative 
estimation.

Now, looking at the SGM aggregation of all maritime activity in 2018 to, from, and 
within Indonesia, the total GHG emissions amounts to 40,013 kt CO

2
e – about 12,850 

kt HFO
eq

 – which represented about 3.7% of the total shipping GHG emissions in 
201814 as reported by the IMO. Employing the SGM clearly shows the important role 
Indonesia has in supporting shipping decarbonization in the decades to come and 
emphasizes the importance of international collaboration between Indonesia and its 
commercial partners. 

Further details on the SGM methodology can be found in Annex I with details of the 
different root causes between the emission inventories presented in subsection 
Sensitivity Analysis. 

3.2.1  Analysis by ship type 

In this section the SGM analysis is disaggregated by ship type (see Figure 6). Across 
the approaches considered, the most polluting ship types for Indonesia are bulk 
carriers, oil tankers, and chemical tankers emitting on average 61.1% of the 2018 
GHG emissions. This is in line with the level of activity observed in Table 2 where 
bulk carriers, oil tankers, and chemical tankers demanded about 60,230 GWh/y (i.e. 
about 5,395 kt HFO

eq
15) of fossil fuel energy. The domestic navigation GHG emissions 

represented about 47.9% and 47.1% of the total CO
2
e generated by international 

departures and arrivals respectively. Domestic fishing represented about 0.03% of 
the total GHG emissions from international departures and international arrivals. This 
would seem a small percentage for a large insular nation that has one of the largest 
fishing activity and landings in the world [44]. But what it points out, in conjunction 
to Table 3, is that the great majority of the domestic fishing activity, about 95%, is 
done by the small boat fleet [45]. As explained before, one of the limitations from 
the SGM model is that it only captures any activity of ships above 100 gross tonnage, 
leaving the small boat fleet, and probably the largest source of domestic fishing 
activity, not accounted for. However, this limitation highlights that the SGM results on 
domestic shipping GHG and air pollution are a conservative estimation.

14 The total GHG emissions in 2018 was 1,076,000 kt CO
2
e formed by international and domestic 

shipping and fishing [8].
15 To convert from GWh to TJ a multiplying factor of 3.6 is used. For HFO

eq
 the Low Heating Value (LHV) 

used was 40.2 TJ/kt [8].
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Figure 6: CO
2
e inventories by ship type for Indonesia in 2018.

A detailed disaggregation of domestic shipping by vessel type is presented in Figure 
7, which shows that domestic shipping emissions are dominated by oil tankers 
at around 1,392 kt CO

2
e followed by containerships with about 1,304 kt CO

2
e and 

bulk carriers with around 959 kt CO
2
e. Domestic fishing for ships above 100 gross 

tonnage is the 15th greatest source of national shipping GHG with 5 kt CO
2
e during 

2018 – aggregated under the All Other Types in Figure 7. From the IPCC method, 
domestic fishing is aggregated under the Agriculture/Forestry/Fishing category of 
the Energy sector. However, for Indonesia’s GHG National Inventory this category is 
not present. It is mentioned that emissions related to agricultural transport energy 
consumption are allocated to the category 1.A.5 Non-Specified and it is assumed 
that domestic fishing is aggregated under this category [40]. However, under this 
assumption, it is not possible to know what is the share of domestic fishing in this 
category due to the way the data has been aggregated.
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Figure 7: Share of domestic emissions by vessel types. Domestic fishing is added for 
comparison purposes.

3.2.2 Analysis by age 

An important aspect to consider when analyzing shipping emissions is the fleet 
characteristics and in particular age, which has a strong correlation with fuel 
efficiency and emission production. Figure 8 presents the spread of build years for 
vessels navigating Indonesia’s waters after 1990. The greatest share of vessels 
operating in 2018 were built between 2010 and 2012. This implies that the largest 
share of shipping activity occurring in Indonesia is coming from relatively new 
ships that will tend to have good fuel efficiency and pollution control measures in 
accordance with the International Maritime Organization (IMO) regulations.

Of the 9,975 unique vessels to depart Indonesia’s ports internationally, 2.0% (203) 
were built before 1988 making them 30 years old or more throughout 2018. This 
compares with just 3.3% (712) of the 21,739 vessels that traversed Indonesia’s EEZ 
during the same year and 8.0% of domestic vessels (368 of 4,624), making the 
domestic class likely to be most inefficient and polluting due to their old machinery 
systems.

There is a slight difference in the year of build of each inventory approach. For the 
EEZ approach, the average build year is 2008, the same as international departures 
and arrivals. However, domestic ships formed the oldest category with an average 
build year of 2004. Essentially, under this lens we can see that the international fleet 
is younger and potentially more energy efficient. But the average year difference 
puts them under the same regulatory period for carbon intensity and air pollution 
from the IMO. This means that future international regulations brought in at IMO 
level would likely have a significantly positive effect on the emissions experienced 
by Indonesia, shown in the ship type and geofencing sections. In the short term, the 
domestic fleet would benefit from energy efficiency improvements.
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Figure 8: Build years for vessels contained in the 2018 dataset. Domestic fishing  
is not included.

3.2.3 Analysis by port arrivals and departures

Using the SGM to focus on port-based activity allows a clear picture of emissions 
that can affect port communities and local populations. Figure 9 presents the 
breakdown of CO

2
e emissions from international voyages departing and arriving at 

five most polluting (by international departures) Indonesian ports, namely Pulau 
Sambu, Batu Ampar, Tanjung Santan, Taboneo, and Nipah while simultaneously 
aggregating the rest of the ports in a single class. It’s important to recognize that the 
ports of Pulau Sambu and Batu Ampar represent bunkering hubs and are therefore 
responsible for a disproportionately high amount of energy demand and emission 
generation compared to their size. 

The greatest contribution to the international departures inventory is Pulau Sambu 
which generated 30.8% of the total annual emissions from international departures 
(4,931 kt CO

2
e) in 2018, followed by Batu Ampar with around 8.2% (1,316 kt CO

2
e) 

and Tanjung Santan with around 5.6% (903 kt CO
2
e). Ports outside the top five 

were responsible for 46.0% of emission generation from international departures 
(i.e. 7,376 kt CO

2
e) with Jakarta participating with around 640 kt CO

2
e. From the 

international arrival point of view, Pulau Sambu produces the largest amount of CO
2
e 

at 5,317 kt that represented 32.6% of the total in 2018. This is followed by Batu Ampar 
and Jakarta with a share of 9.2% and 6.1% respectively. The All Other Ports class has 
a larger share of the total international arrivals with 46.0% or 7,409 kt CO

2
e which 

shows the maritime activity all across Indonesia.
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Figure 9: Maritime GHG emissions produced from Indonesia’s ports international 
departures and arrivals in 2018.

3.2.4 Geofencing around large port cities 

It has been established that air pollutants can travel hundreds of miles while the 
maritime GHG emissions around ports contribute to the cities’ carbon footprint. In 
an effort to capture the implications of maritime emissions on Indonesia’s coastal 
populations and its maritime GHG, three cities with sizable coastal populations and 
with active ports have been selected for further analysis. Regions of 100 km radius 
surrounding Indonesia’s ports of Jakarta, Belawan, and Surabaya were chosen to 
estimate the emissions generated by shipping activity16 during 2018 (see Figure 10). 

Table 4 indicates that the population of Jakarta had the highest exposure with 11 
kt SO

x
, 21 kt NO

x
 and 175 t of BC generation. In regards to maritime CO

2
e, emissions 

for Jakarta amounted to 1,607 kt. Belawan 100 km radius geofence approach had a 
total annual GHG emission of 1,154 kt CO

2
e and an annual emission of SO

x
 of about 

15 kt and 25 kt NO
x
. For Surabaya, shipping activities amounted to 938 kt CO

2
e, 5 kt 

SO
x
 and about 12 kt NO

x
. The total annual BC emission for the three port cities was 

estimated to be over 300 t BC.

16 The emissions quantified here only considered the activity performed by the ships present in the 
regions. This does not account for the emissions produced by the port and its systems (e.g. cranes, 
forklifts).
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Figure 10: Polygons representing the geofenced areas with a radius of 100 km for 
the three coastal cities and their shipping activity during 2018.

Table 4: GHG and air pollutant emissions generated within 100 km of the ports of 
Jakarta, Belawan, and Surabaya during 2018.

SUMATRA

JAVA

Belawan

Jakarta

Suråbaya
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The creation of focused inventories for port cities through the SGM can aide in their 
efforts to decarbonize regionally and can support the mitigation of air pollution 
and its health effects on local populations. Furthermore, populations within 5 nm 
of an air polluting source – in this case a port – possess a 50% higher likelihood 
of developing cardiovascular issues and cancer because of exposure to these 
pollutants for extended periods of time [46]. In the particular case of Indonesia, the 
study and mitigation of maritime air pollutants near its ports can help improve the 
air quality of its coastal population, which is estimated to be between 150 and 180 
million people [47][48].

«There is a clear need to modernize and future proof 
Indonesia’s port systems by building up the infrastructure 
necessary to transition operations to cleaner forms of 
energy. In addition to latest science and technology, this 
modernization needs to take into account the needs and 
concern of domestic shipping companies.» – Budhi Halim, 
Indonesia National Shipowners Association (INSA)

3.3 Implications for Indonesia
National GHG inventories present reliable estimates of emissions allowing 
governments to formulate and implement mitigation measures, taking respective 
national circumstances and capabilities into account. Indonesia’s National Inventory, 
using the widely-accepted IPCC methodology, is presented in Section 3.1 and 
reports the water-borne domestic navigation emissions under the category Water-
Borne Navigation. Although emissions from the international shipping sector are 
acknowledged in the IPCC 2006 methodology, they are not quantified in Indonesia’s 
National Inventory. Given that national inventories drive the government’s national 
strategic aims, objectives, and policies, the exclusion of international shipping 
creates an artificially narrow framing in terms of GHG emission from both a climate 
change and an air pollution perspective.

To counter this, and to present a more detailed quantification of shipping emissions, 
this report employed the SGM as a granular activity-based methodology to 
understand maritime emissions both in Indonesia’s national waters and at its 
ports. The SGM complements Indonesia’s National GHG Inventory by presenting 
domestic and international maritime emission under a voyage definition and inside 
geographical regions all while being able to disaggregate the results by ship types 
and age. The results from the SGM method showed that:

• Domestic emissions and fuel demand from vessels larger than 100 gross 
tonnage, which are more likely driven by national legislation, are a lot smaller 
than the international arrival/departure emissions and fuel demand. The IMO 
regulation will be key in driving change in the ships that call at Indonesian ports. 
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• Still, it was observed that the largest share of energy demand in Indonesia comes 
from the small boat fleet representing 32.7% of the total energy demanded 
in 2018. This in turn will have an important implication in Indonesia’s GHG 
emissions and air pollution. For this segment of the Indonesian maritime sector, 
national legislation and policies will play a central role on its energy transition 
and reducing the segment’s air pollution. 

• Bulk carriers, tankers, chemical tankers, and containerships above 100 gross 
tonnage are the type of vessels that emit the most GHG and air pollution from 
maritime activity to, from, and within Indonesia’s ports and national waters. 

• Despite their relative magnitudes, there is still a significant domestic fleet/
emission, providing many opportunities for early adoption that might align with 
other national strategy/priorities to decarbonize. 

• Domestic and international shipping contribute significantly to air pollution 
including in the proximity of large Indonesian centers of population. 
Decarbonization of shipping, if enabled through fuels with lower air pollutant 
levels, can be a significant driver of air quality improvement in several important 
locations. 

• Compared to other methods to quantify GHG emissions and air pollution, the SGM 
method is a conservative estimation since it does not capture the emissions 
from the small boat fleet, which in the case of Indonesia represents a large part 
of the domestic fleet.

These findings can assist the decision-making process regarding the transition to 
low- and zero-carbon emissions in the shipping sector and illustrate Indonesia’s 
opportunity to participate in shipping’s just and equitable transition. As well they 
can support in the creation of strategies, solutions, and policies that can reduce the 
national and regional maritime emissions and air pollution as well as create green 
jobs in, and connected with, the oceans economy.

«Indonesia is hugely reliant on maritime activities, 
both as a source of employment and also as a sector 
that is central to supporting Indonesia’s wider national 
objectives. In order to ensure that the maritime sector is 
sustainable, there is a clear need to transition away from 
traditional fossil fuel based activities over the coming 
decades, that can benefit Indonesia nationally as an 
important and influential maritime nation.»  
– Indah Budiani, Indonesia Business Council for 
Sustainable Development (IBCSD)
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Section 4
Harnessing Indonesia’s Renewable Potential

Shipping is heavily reliant on fossil fuels, which produce considerable GHG and air 
pollution. This in turn increases the global effects of climate change and negatively 
impacts the health and socio-economic wellbeing of nearby coastal populations. 
While energy efficiency and short-term mitigation solutions play a role in the 
maritime sector’s transition, this will not be enough to achieve the Paris Agreement 
target [4]. The need for green SZEF and its required infrastructure is critical to 
enable maritime decarbonization. Large amounts of renewable energy are needed to 
produce these fuels and get shipping on track to meet global climate change goals 
(see Figure 11). 

Figure 11: Illustrative production pathway for green hydrogen.

In 2019, 16% (47.6 TWh) of the country’s electricity generation came from renewable 
sources, a decrease from the year before where renewables accounted for 22%, and 
a significant decrease from 2013 where renewables accounted for 34% of electricity 
generation [50]. In the coming decades, this percent is expected to increase 
substantially. Indonesia’s National General Energy Plan estimates renewable 
energy to constitute 28% of the country’s energy production share by 2038 [51]. In 
particular, considering the current technologies available and restrictions regarding 
land use, Indonesia can reasonably produce by 2030 an additional 830 – 1,873 
TWh/y of renewable energy: 525 – 1,568 TWh/y of solar, 10 TWh/y of onshore wind, 
47 TWh/y of tidal, 133 TWh/y of geothermal, and 105 TWh/y of hydropower energy 
[34]. When combined with existing renewable generation, Indonesia could produce a 
total of 877.6 – 1,920.6 TWh/y by 2030 (see Figure 12).

https://quadrant-smart.com/scaling-up-green-hydrogen-with-scottishpower/
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Figure 12: Indonesia’s estimated total renewable energy potential by 2030 
(including the current installed capacity).

It is important to note that this figure is only a range estimated on available studies 
and Indonesia’s renewable energy potential can be greater. Future research is 
needed to give a more definitive range and to gain greater understanding of likely 
scenarios and how improving technology could affect this value. This is the case 
for new technologies like ‘Floating Solar Farming’, which has progressed in the last 
few years. In Indonesia, development of solar farms on land could damage the 
environment and endanger biodiversity. Instead, interest has turned towards other 
areas such as lakes, reservoirs, and the sea. Projects for floating solar farms are 
being undertaken in West Java on the Cirata Reservoir as well as in Batam Island on 
the Duriangkang Reservoir, the latter considered the world’s largest floating solar 
farm [52][53]. However, the limited surface area of reservoirs also impacts the 
amount of solar energy that can be collected. Therefore, development of floating 
solar farms on the sea or in Indonesian waters is of great interest.

Furthermore, to ensure a fair and equitable transition, additional renewable 
energy plans for shipping must be built alongside those estimated by Indonesia’s 
National General Energy Plan to avoid potential negative effects on domestic 
decarbonization efforts. The building of renewable generation infrastructure must 
be done responsibly, wherein environmental and social impacts are considered 
when planning to leverage Indonesia’s renewable potential. For example, it is 
important to investigate potential direct and indirect land use change when building 
infrastructure in agricultural areas to limit negative environmental and ecological 
impacts. This is especially the case for any plans to scale the production and use 
of sustainable biofuels from waste sources, which could have a limited role as a 
transition fuel but is not seen as a long-term viable option for deep-sea shipping [16].

Overall, however, Indonesia has limited renewable potential due to challenges 
associated with accessing these resources. These challenges include land 
availability, feasibility of site development, and its disconnected grid across 
the country. Such technical challenges are compounded by political and social 
challenges associated with the government’s commitment and political will to 
transition into renewable energies, which some stakeholders have argued is 
compromised due to vested financial interest in the existing oil and gas system. 
Unless these are addressed, Indonesia has diverse but limited potential to produce 
green fuels for the international shipping sector, but enough potential to address its 
domestic shipping needs [34]. Nevertheless, local stakeholders note that shipping 
decarbonization is relevant for Indonesia, with political ambitions to compete with 
the likes of Singapore as a green fuels bunkering hub. With the current shipping 
traffic and bunker demand, assuming 5% of the global fleet transitions to SZEF by 
2030 then the green energy demanded from visiting international and domestic 
vessels would represent about 8.3 TWh/y [34].
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Conservative calculations show that 8.3 TWh/y represents only 0.9% of Indonesia’s 
total renewable potential, comfortably leaving more renewable energy potential than 
needed for both decarbonizing the national grid and vessels stopping at Indonesian 
ports. This supports local stakeholder perceptions that the country is well-positioned 
to produce green hydrogen and its derivatives, where shipping’s decarbonization can 
generate strong synergies with road transportation and other land-based sectors. 

Stakeholders also highlighted that if there are solid offtake agreements, wherein a 
buyer agrees to purchase portions of a supplier’s planned production, there is some 
potential not only for the production of SZEF, but also the export of these fuels. This 
is especially the case given that both the EU and Japan have noted that they cannot 
produce enough SZEF in their countries and would need to import fuels to meet their 
energy demands. Indeed, the war in Ukraine has exacerbated this need to move away 
from fossil fuels and import green fuels. Hydrogen export, however, has been limited 
to grey hydrogen based on fossil fuels, and the growing interest in the export of green 
hydrogen will require the development of an enabling trade framework.

«Indonesia has largely untapped renewable energy 
resources due to technical and geographical challenges. 
Green hydrogen might play an important role in 
addressing these challenges given its versatility. 
HDF Energy is already exploring this in the country today, 
and efforts should be scaled in the coming years as 
sustainable forms of energy become increasingly  
in demand.» – Cipu Suaib, HDF Energy
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Hydrogen Trade

As countries like Indonesia eye opportunities to export green hydrogen, it is important to consider 
how cross-border trade of green hydrogen between production points and demand regions across the 
globe can be enabled [54]. The International Renewable Energy Agency reports that more than 30% of 
hydrogen produced will be traded internationally by 2050 [55]. This will require international and multi-
stakeholder cooperation to prevent interruptions in the clean hydrogen supply chain, ensuring products 
can freely move across borders. 

Standards targeting safety and quality of green hydrogen goods and services is one way to build a 
resilient global green hydrogen economy and reduce the risk of impeding trade in the future. Questions 
around classifications of hydrogen using color-schemes or levels for example, based on feedstock 
and whether or not fuels are derived from renewable energy sources, remain. Nevertheless, there are 
a number of organizations working to get ISO certification for their green hydrogen exports to increase 
harmonization and address existing fragmentation in the interim. 

The Green Hydrogen Organization is one such actor, looking to establish a standard centered around 
accurate greenhouse gas emissions accounting, ESG metrics considering broader impacts of hydrogen 
production, and assessment of hydrogen development with the Sustainable Development Goals in 
mind [56]. At this early stage, fragmentation from specific arrangements on green hydrogen is a key 
challenge. To address this, existing models could feed into the development of a common standard in 
order to avoid further fragmentation and encourage healthy competition.

Bilateral and regional trade agreements could also stimulate export of green hydrogen. Though 
Indonesia doesn’t have any to date, there have been industry interest on this front, such as the 
Memorandum of Understanding between the Global Green Growth Institute and the Korea Gas 
Corporation that aims to promote green hydrogen in developing and emerging countries, including 
Indonesia. Both organizations are “hoping to support emerging economies to leverage the wealth of 
renewable energy available in the country, promoting its use in local heavy industry and potentially for 
export to other countries” [57]. Tariffs on hydrogen however are very low or non-existent for most key 
producers and consumers of hydrogen. Rather than having a separate tariff line for green hydrogen, it 
would make sense to have production and process methods in place that can be certified. 

Industry players and governments could also draw on best practices from trade in other relevant green 
goods and services in order to create a level playing field, shape an efficient global green hydrogen 
economy, and work towards full industry decarbonization by 2050.
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Section 5 
Policy Framework & Climate Ambition

5.1 Climate & energy policies
Indonesia has unique development requirements that play an important role in 
shaping its domestic and international climate and energy policies. As shown in 
Section 3, total GHG emissions from Indonesia were estimated at 920.2 Mt CO

2
e in 

201917. Indonesia is heavily reliant on coal power, which accounts for almost 60% 
of the energy used for electricity production [58]. Current policies will likely need to 
be adjusted in the medium term in order for Indonesia to decarbonize in line with its 
commitment to the Paris Agreement and its temperature goals [59][60]. 

The policy development landscape in Indonesia is made up of a range of diverse 
stakeholders, including ministerial departments, the Executive Office of the 
President of the Republic of Indonesia, the national parliament (i.e. the People’s 
Consultative Assembly), several agencies, and non-governmental organizations. 
However, the key policymaking bodies are concentrated in Indonesian ministries that 
pass regulations regarding energy developments and the environment. Importantly, 
the Ministry of Energy and Mineral Resources governs renewable energy support 
mechanisms, while the Ministry of Finance has power to set the size of renewable 
energy subsidies, fiscal incentives, and other financial measures. The Ministry of 
Industry and Ministry of Villages, Disadvantaged Regions, and Transmigration have 
also set several regulations supporting creation of local grants and renewable energy 
requirements. The Ministry of Environment and Forestry is mandated to coordinate 
the overall implementation of Indonesia’s Nationally Determined Contributions (NDC) 
and carbon pricing mechanism.

Recent policy developments in Indonesia are promising. In 2021, the country 
submitted its updated NDC to the UN, which increased sectoral targets and 
reconfirms a 41% GHG reduction target by 2030 ‘subject to availability of 
international support for finance’ [61], to achieve an electrification ratio of 99.7% by 
2025, and to reduce energy intensity by 1% per year up to 2025 [61][62]. In the same 
year the Indonesian Ministry of Energy and Mineral Resources signed a partnership 
with the International Renewable Energy Agency (IRENA) to work towards a 1.5 °C 
future, by focusing on identification and implementation of relevant decarbonization 
pathways [63].  

The country has also joined in 2021 the international aviation’s CORSIA Offsetting 
Scheme as a voluntary participant [64]. 2021 also saw President Joko Widodo sign a 
presidential regulation with a legal framework of carbon pricing [65], which regulates 
the implementation of Indonesia’s NDC and control of GHG emissions. The Minister 
of Transport is mandated to develop a GHG emission baseline and upper limit of 
the sub-sector for transport, which serves as the reference for carbon trading and 
carbon tax implementation in the energy sector.

17 Excluding Forestry and Other Land Use.
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This level of ambition is welcomed, especially given that Indonesia is the 4th 
largest producer of coal and is the largest gas supplier in Southeast Asia [66]. The 
government has published several strategies on energy such as the National Energy 
Policy, the National Energy Plan, and a Biofuel Roadmap [67]. It has also adopted 
policies to accelerate the development of renewable energy [67]. In line with these, 
Indonesia has set a goal to increase access to electricity and renewable contribution 
to the grid above 20% by 2025 [34]. In this process, it has identified the importance 
of moving away from fossil fuels, increasing the role of renewables, investing in 
carbon capture and storage, while improving human welfare [68]. Similarly, the 
government has identified the risk of stranded assets as something that has to be 
considered [68], an area of significant relevance when discussing the potential role 
of transitional fuels compared to SZEF in the medium term. 

To date, Indonesia has passed 4 laws that explicitly address climate change. Besides 
the ratification of the Paris Agreement, the others include:

1. Law No. 7 of 2021 on the Harmonization of Tax Regulations, which regulates the 
implementation of the carbon tax. Carbon emissions having negative impacts 
to the environment are subject to carbon tax of a minimum Rp 30 IDR/kg CO

2
e 

($2 USD/ton). At the initial stage (starting 2022), the carbon tax is applied to the 
coal-fired power sector within the cap-and-trade mechanism [69]; 
 

2. Law No. 32 of 2009 on Environmental Protection and Management, as 
amended by Law No. 11 of 2020 on Job Creation, which requires climate change 
consideration within all instruments of environmental protection, including 
Environmental Impact Assessment (EIA) [70]; and 

3. Law No. 31 of 2009 on Meteorology, Climatology, and Geophysics, which 
mandates the Indonesian Government to conduct climate mitigation and 
adaptation efforts [71].  

In addition, there are various climate-related laws and policies in the sectors of 
shipping, energy, forestry, conservation of living resources, and waste management 
[35]. Regarding sustainability and renewable energy development, in 2021 Indonesia 
passed the ‘Implementation of Environmental Protection and Management’ [72] 
requiring companies to submit environmental impact analysis of any renewable 
energy projects they are planning, further showing the country’s effort to preserve its 
biodiversity. 

There have been numerous changes regarding energy regulations and some of these 
have aimed to increase energy justice, and while the success of these attempts has 
been questioned [73], they show a general trend towards more progressive energy 
policies. Indeed, the 2016 “Bright Indonesia” program launched by the Ministry of 
Energy and Mineral Resources in collaboration with the Asian Development Bank and 
support from General Electric exemplifies this, wherein the $3 billion USD microgrid 
initiative aims to use renewable solar power to illuminate Indonesia’s eastern 
provinces such as Papua, West Papua, Maluku, North Maluku, and east and west 
Nusa Tenggara but is still under construction in 2022 [74][75][76].

Indonesia has so far enacted several legislative rules which align it with a more 
ambitious future decarbonization trajectory, these are the first step in aligning the 
country with a trajectory towards renewable energy and possibly zero-carbon fuels:
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• Law No. 21 of 2014 on Geothermal Energy as amended by Law No. 11 of 2020 on 
Job Creation – lessens restrictions on geothermal exploitation [77]. 

• Ministry of Energy and Mineral Resources Regulation No. 50 of 2017 on 
Renewable Energy Utilization for Electricity Supply as lastly amended by MEMR 
Regulation Number 4 of 2020 – provides a detailed plan on development of 
renewable energy infrastructure and creates a mechanism for prioritization of 
renewable energy purchases by the state-owned company, Perusahaan Listrik 
Negara (PLN) [78]. 

• National Electricity Supply Business Plan of 2021 (RUPTL) – lays out a 10-year 
development plan for electricity generation, transmission, and distribution 
assets in Indonesia. In the low carbon scenario, energy mix composition by 2030 
is planned to be coal (59.6%), natural gas (15.6%), renewable energy (24.2%), and 
fuel oil (0.4%) [79]. 

• National General Energy Plan for 2019-2038 (RUKN) – sets target for 2038 to 
have 28% for ‘new renewable energies’ [51]. 

• Ministry of Villages, Disadvantaged Regions, and Transmigration Regulation 
No. 11 of 2019 – creates regional financial support for off-grid (in particular 
microgrid) renewable energy projects [80]. 

• Presidential Regulation No. 10 of 2021 on Investment Business Sector – creates 
a range of fiscal incentives for renewable energy generation, including corporate 
income tax reduction [81]. 

• Presidential Regulation No. 98 of 2021 on the Implementation of Economic 
Value of Carbon for Achieving NDC Targets and Control of GHG Emissions in 
National Development – presidential decree issued by President Joko Widodo 
with the aim of establishing a legal framework for carbon pricing [82]. 

5.2 Maritime policies 
Inherently, the sea is an important natural resource for Indonesia as a source of 
food, communication, transport, and trade. As such, the President of Indonesia Joko 
Widodo has made a commitment to transform the country into a “Global Maritime 
Axis” that builds on the unique geography of the country bordering the Lombok 
and Malacca straits on a crossroads between trade routes and cultures [83]. The 
country’s large marine resources are key for economic development, exhibited by its 
ocean economy that is the largest across the Association of Southeast Asian Nations 
(ASEAN) [84]. 

Indonesian maritime policies can come from multiple levels of national, regional, 
and local authorities, including the Ministry of Transport and Ministry of Marine 
Affairs and Fisheries [85][25]. The Ministry of Marine Affairs and Fisheries has 
passed multiple regulations to protect coastal zones and fishery environments [86]. 

In 2008, regulation was adopted that made provisions for safety, security, and 
marine environment protection of shipping, navigation, and ports [87]. This law 
introduced the separation between regulatory and operational functions, aiming to 
foster competition and encourage private sector participation. Subsidiary legislation 
in 2009 and 2010 established Port Management Units, restructuring the port sector 
into a “landlord” model [88]. The potential transformation for the decarbonization of 
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the national port sector is aimed at a “shift from land to ocean-based development” 
[89]. In fact, with the slogan of “Jalesveva Jayamah” (“In the ocean we triumph”), the 
current executive administration seeks to position the country as a maritime power 
[83]. This led to the establishment of the Indonesian Ocean Policy in 2017, comprised 
of two components: the National Ocean Policy containing broad pillars18, and the 
Ocean Policy Action Plan that converts these pillars into programs and designates 
the institutions in charge of their implementation [90]. It should also be noted that 
several stakeholders highlighted that shipping/ maritime sectors are included in the 
current carbon tax roadmap being developed by Indonesia. 

In the international shipping context Indonesia is a member of the IMO, a United 
Nations agency with over 170 member states that regulates the international 
shipping industry. The IMO sets global standards for maritime safety, security, 
and environmental performance. Indonesia has adopted, accessed and/or ratified 
multiple global instruments and conventions pertaining to climate change, marine 
environmental protection, and a transition to a low-emission maritime sector. 

Indonesia has ratified several international conventions, including the International 
Convention on Civil Liability for Oil Pollution Damage of 1969 and its amendment 
of 1992 [91]. In 2010, Indonesia passed regulation on the protection of marine 
environment aimed at preventing marine pollution caused by ships or by port 
activities and by waste discharge in waters in relation to MARPOL 73/78 [92]. In 2012, 
Indonesia ratified MARPOL Convention Annexes III, IV, V and VI that is domesticated 
by Ministry of Transport Regulation No. 29 of 2014 [93][94]. 

Furthermore, marine environment protection is governed by the law on 
Environmental Protection and Management [70] and regulation on the Control of 
Marine Pollution and/or Degradation [95]. Management of coastal areas and small 
islands are covered by Law No. 27 of 2007, as lastly amended by Law No. 11 of 2020 
[96]. In addition to significant progress on draft domestic legislation to align itself 
with ratified international agreements, Indonesia has also been active within the IMO. 
It has one of the largest IMO delegations and is top in terms of ratio of delegation/
fleet size [97]. Indonesia also serves as a member of the IMO Council Category C in 
the period of 2022-2023. In the 72nd session of the Marine Environmental Protection 
Committee, Indonesia recognized the mandate of the IMO in addressing GHG 
emissions from international shipping and supported the alignment of the Initial IMO 
GHG Strategy with the Paris Agreement. 

Table 5: Indonesia’s commitment to international maritime policies.

United Nations Convention on the Law of the Sea (UNCLOS Convention) (ratified in 1985)

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their 
Disposal (ratified in 1993) 

The International Convention on Civil Liability for Oil Pollution Damage of 1969 and its 
amendment of 1992 (ratified in 1999)

International Convention for the Prevention of Pollution from Ships (MARPOL Convention), 
particularly its Annex VI for Air Pollution (acceded in 2012)

18 Seven pillars of the policy include: (i) resource management and human resource development; 
(ii) maritime defense, security, law enforcement and safety at sea; (iii) maritime governance; (iv) 
maritime economy, infrastructure, and welfare improvement; (v) maritime spatial management and 
environmental protection; (vi) nautical culture; and (vii) maritime diplomacy.
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The IMO has successfully adopted multiple instruments and policies aimed at 
reducing GHG emissions from ships19. The IMO’s Initial GHG Strategy sets a minimum 
target of reducing emissions by at least 50% by 2050 compared to the 2008 
baseline year while generally pursuing the reduction of GHG emissions as a matter 
of urgency and consistent with the Paris Agreement temperature goal. In addition to 
its reduction target, the strategy sets out a timeline for consideration and selection 
of different short-, mid- and long-term policy measures [98]. Short-term measures 
focus primarily on energy efficiency improvements for the global fleet with current 
discussions of potential mid-term measures centering on the possibility of a basket 
of measures combining a fuel standard and market-based measures (MBM). There 
is also a growing realization among Member States of the need to enable a just, fair, 
and equitable transition. Furthermore, momentum has been building for a higher 
level of ambition, as part of the IMO Strategy Revision, with over 240 signatories from 
the maritime value chain calling on the IMO to set a target of full decarbonization by 
2050 [99]. However, Indonesia’s ambition regarding decarbonization will also have 
to address its unique position as an archipelagic country, as some studies imply that 
as a result of shipping decarbonization and associated increases in transport costs 
Indonesia could see a potential GDP decline of -0.11% [100].

The forthcoming year is crucial in the IMO regulatory timeline. In the upcoming 
meetings, the revision of the Initial GHG Strategy will be addressed with a large focus 
likely to be setting a new ambition level that is aligned with a 1.5°C temperature goal 
and potentially the inclusion of interim milestones. Additionally, further discussion 
of the tabled mid-term measures proposals will take place. Multiple proposals for 
MBMs have been submitted for consideration at the upcoming meetings. How these 
proposals proceed and in particular how a revenue generating measure is designed 
will have significant bearing on the shape of the transition. Funding created from a 
price on GHG emissions could be used in a variety of ways, inter alia:

• Enabling an internationally equitable and socially just transition by supporting 
the most climate vulnerable States,

• Closing the competitiveness gap20 between new alternative fuels and incumbent 
fossil fuels through revenue recycling, 

• Addressing disproportionately negative impacts on States, 
• Capacity development and technology transfer, 
• Climate finance, and
• Training and education for seafarers and workers in the shipping industry [101]. 

Work by the World Bank finds political viability in a scenario where a portion of 
revenue is allocated for out-of-sector use [102][103]. Revenue generation, collection, 
and deployment are dependent on the policy design and therefore uncertain as yet. 
However, given the recent IPCC reports on climate change impacts, adaption, and 
vulnerability [1], some Members emphasize the need for a significant portion of 
revenue to support the most climate vulnerable [104]. 

The upcoming regulatory discussions at the IMO may set the shape of the transition 
for years to come. It is imperative that policy objectives for any country at the IMO 
level should be as ambitious as possible to align with IPCC climate science and send 
strong policy signals to drive long-term investment in the production and provision 

19 Including the Energy Efficiency Design Index (EEDI), the Ship Energy Efficiency Management Plan 
(SEEMP), the Data Collection System for fuel oil consumption of ships, and the Energy Efficiency 
Existing Ship Index (EEXI) and Carbon Intensity Indicator (CII).

20 Estimates suggest that across the 2030s and 2040s SZEF may be approximately double the price of 
conventional fossil fuels [17].



Shipping’s Energy Transition: Strategic Opportunities in Indonesia5. Policy Framework & Climate Ambition

51

of alternatives fuels that emit zero-GHGs on a life-cycle basis and to enable an 
equitable transition for all.

The currently adopted IMO measures have yet to achieve sufficient reductions to put 
the sector on a trajectory that is compatible with the goals of the Paris Agreement. 
Although strong policy signals can be sent at upcoming meetings, it will be some 
years before new measures have been agreed and implemented. As a result, national 
action and public-private collaboration have a key role to play at this moment to 
facilitate shipping’s transition [12]. Examples of such activity in the international 
maritime space can be seen in Figure 13.

Figure 13: International maritime collaborations and initiatives to support 
decarbonization.

Furthermore, while a MBM adopted at IMO level may offer in-sector financial support 
at some stage, in this initial phase private sector investment, as well as public-
private partnerships, collective action by the maritime industry, the energy sector, 
financial institutions, and governments/ intergovernmental organizations need to 
provide significant funding. Indeed, in consideration of the competitiveness gap 
between fossil fuels and alternative SZEF [101], it has been highlighted that the 
production costs for the new fuels will influence the magnitude of the price gap, 
which is an argument in favor of future fuel production investments being focused 
on competitive locations [105].

In the evolving policy landscape, combining a focus on domestic ambitions that 
are aligned with renewable energy production and GHG emissions mitigation, with 
international engagement in IMO discussions and public-private collaboration 
provides a promising outlook for Indonesia’s role in the transition.

Getting to Zero Coalition Call to Action

More than 240 signatories have urged governments to:

1. Commit to decarbonizing international shipping by 
2050

2. Support industrial scale zero emission shipping 
projects through national action

3. Deliver policy measures that will make zero 
emission shipping the default choice by 2030 

Find out more

Uptake MOUs

Memorandums of Understanding (MoU) or partnership 
agreements can be signed by parties interested in 
exploring the establishment of large-scale green fuel 
production and accelerating the supply of green fuels 
for shipping. These agreements facilitate investments 
by ensuring uptake demand. 

Example MoU signed in 2022

Clydebank Declaration for green shipping corridors 

Launched at COP26, currently 24 countries have pledged to:

• facilitate the establishment of partnerships, with 
participation from ports, operators and others along 
the value chain, to accelerate the decarbonization of 
the shipping sector and its fuel supply through green 
shipping corridor projects

• identify and explore actions to address barriers to 
the formation of green corridors. This could cover, 
for example, regulatory frameworks, incentives, 
information sharing or infrastructure

• consider the inclusion of provisions for green corridors 
in the development or review of National Action Plans

• work to ensure that wider consideration is taken 
for environmental impacts and sustainability when 
pursuing green shipping corridors.

Mission Statement:

‘….to support the establishment of green shipping corridors 
– zero-emission maritime routes between 2 (or more) ports. 
It is our collective aim to support the establishment of at 
least 6 green corridors by the middle of this decade, while 
aiming to scale activity up in the following years…’

Find out More

https://www.globalmaritimeforum.org/getting-to-zero-coalition/call-to-action
https://www.maersk.com/news/articles/2022/03/28/maersk-explores-new-ways-to-accelerate-green-fuel-production
https://www.gov.uk/government/publications/cop-26-clydebank-declaration-for-green-shipping-corridors/cop-26-clydebank-declaration-for-green-shipping-corridors
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Section 6
Strategic Business Opportunities in Indonesia

6.1 Green fuels as a regional development 
opportunity 
Infrastructure projects can play a key role in the development of countries, both 
economically and in terms of forging a joint identity. New, large-scale infrastructure 
projects can lead to a changed national narrative, rally human capital, and lead to 
multiple opportunities for socio-economic change [106]. Some of the most ambitious 
infrastructure projects involve the creation of new urban areas or whole cities where 
new communities emerge and forge their identities, with associated novel demand 
clusters for goods, services, and the infrastructure which supports these, such as 
shipping, energy production, transportation, and environmental protection. 

As such, infrastructure should be viewed as a system or portfolio of assets that can 
collectively support sustainable development goals, rather than viewed on their 
own as individual contributing assets, such as a power plant or a water network. 
Economic benefits from infrastructure projects include the jobs created during 
construction and maintenance, in addition to generating economic activity [107]. 
If Indonesia increased infrastructure investment by 1% of GDP, there would be a 
resulting 700,000 of additional direct and indirect jobs created [108]. “By connecting 
communities to cities, education and employment, infrastructure such as 
transportation and telecommunications underpins national economic goals” [107]. 

Indeed, infrastructure can help conserve natural resources and reduce climate 
change impacts. Especially for energy projects, local communities and society as 
a whole benefits from the delivery of power supply, a service that is essential for 
sustainable development. Climate-resilient infrastructure, in particular, supports 
overall societal resilience by providing stable vital services that are less vulnerable 
to extreme events and disruptions [107]. These projects if done in coastal areas can 
play an especially important role in facilitating creation of novel shipping demand, to 
move goods and services, and facilitate long-term economic development.
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Figure 14: Benefits associated with investing in sustainable infrastructure projects.

 
«Establishing Indonesia as a green hub for sustainable 
fuels could help to ensure that Indonesia realizes its 
ambitions as a maritime axis, bringing additional 
economic activity, green jobs, and growth nationally.» – 
Basilio Dias Araujo, Coordinating Ministry for Maritime 
and Investment Affairs
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Kalimantan as the new Indonesian capital
Indonesia’s government plans to move the capital of the country from Jakarta to 
Nusantara in the province of East Kalimantan located on the eastern shore on the 
Indonesian portion of Borneo Island. The public announcement of the decision 
to move the capital to Borneo Island was made by Indonesian President Joko 
Widodo in 2019 [109]. This move is hoped to bring more economic development, 
employment, and innovation opportunities to the region, while also alleviating some 
of the challenges facing Jakarta, principally rising sea levels, growing population, 
and inadequate long-term development prospects [110]. The relocation plan is 
guaranteed in the recently promulgated law, which regulates inter alia the utilization 
of renewable energy and energy efficiency in the new capital [111].

Kalimantan offers one of the largest renewable potentials in Indonesia of about 
180 GW while offering a 95% electrification rate. The largest share of this renewable 
energy potential is from solar PV (150 GW) and hydropower (22 GW) [112]. However, 
actual realistic amounts of solar PV for utilization remain to be seen, as they depend 
on availability of land, taking into account protected forests, accessibility, and other 
land use considerations [113]. 

The two key areas on Kalimantan from a development perspective are East 
Kalimantan, due to its geographic proximity to the new capital of Indonesia, and 
South Kalimantan, due to its unique position close to several busy shipping trade 
routes and existing relatively high-density population centers (i.e. Banjarmasin and 
Banjarbaru). Hydroelectric potential in the region could increase in the future, since 
rainfall is projected to increase by up to 20%, beyond 2045 as a consequence of 
increasing air surface temperatures [68]. 

In North Kalimantan, a new hydropower project will be created along the Kayan river. 
The Kayan hydropower plant will have a power output of 11 GW, planned to supply 
a metal smelting plant to be built in the vicinity [114]. The hydropower potential 
has also been a source of interest for investors in Aluminum smelting, a highly 
energy intensive industry that has faced growing pressure to decarbonize. In 2021, 
Fortescue Metals Group from Australia has jointly declared interest with Tsingshan 
Holding Group from China to develop an industrial estate for metal smelting in the 
region [115]. Similar plans in North Kalimantan for development of an aluminum 
smelter have been announced by Indonesia’s Adaro Energy [116]. This growing 
interest in the region’s hydropower potential follows the signing of a ‘Cooperation 
Agreement’ in 2021 between Fortescue Future Industries and the North Kalimantan 
Provincial Government for the production and development of green hydrogen and 
ammonia resources from renewable energy for domestic use and export. The plan 
sets out production targets of 650,000 tons of green hydrogen per annum [117]. 
At the same time, solar power potential has also started to be more utilized, with 
Pertamina developing the 4 MW Badak Solar Power Plant on Kalimantan [118]. 

Such activity means that Kalimantan can develop novel infrastructure to address 
the local energy needs of a rapidly growing new metropolis, associated transport 
needs, and shipping needs to the new capital. All of this offers unique opportunities 
for development synergies for shipping decarbonization. With the planned shift of 
the capital to Kalimantan, nearby Balikpapan port could be developed into a SZEF 
bunkering hub for domestic shipping with an industrial park to meet the needs of 
the future capital of Indonesia. With this in mind Balikpapan could serve as the main 
commercial gate to Indonesia’s new capital and an export hub for new products and 
green fuels made in North Kalimantan [119]. 
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Figure 15: Outline of Kalimantan with key developments related to business 
opportunity.

Balikpapan is currently the largest port in East Kalimantan, a multipurpose port 
with significant tanker traffic due to its location on the western shore of the 
Makasar Strait along several important shipping routes. In 2018, the port handled 
1,059 vessels, the majority of which were bulk carriers (416 vessels), oil tankers 
(185 vessels), and chemical tankers (144 vessels). As such, the port’s shipping 
traffic required 0.94 TWh of energy and emitted about 922 CO

2
e [34]. Due to this, 

Balikpapan ranks as the 3rd highest port for fuel energy demand based on domestic 
departures. 

Much of the goods exported from Balikpapan are minerals, as Kalimantan has 
784 mining sites of which 574 are located in East Kalimantan [120]. Key mineral 
resources in the region include coal but also metallic resources of copper, gold, 
and nickel that are important components in electronics and are paramount for 
continued global and sustainable growth. Kalimantan is the largest area for coal 
production in Indonesia , with East Kalimantan being known as the country’s “coal-
mining heartland” [121][122]. However, there are important similarities between 
mining systems (e.g. mine-haul trucks) and shipping propulsive and auxiliary 
systems, which offer synergies for the uptake and use of SZEF. Should the region 
explore the opportunity to locally produce green fuels, this would offer not only the 
decarbonization of mining operations but also an avenue to transition the coal jobs 
in the region towards a more sustainable career path. This transition is in line with 
the President’s ambition to move away from exporting raw materials in favor of 
developing its downstream industries, especially as the mineral and coal sector only 
accounted for 5% of the country’s GDP in 2019 [123]. 
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Kalimantan is renowned for its high biodiversity [68]; reaching the energy potential 
will require substantial investment in infrastructure while balancing the island’s 
rich biodiversity needs. Synergies with the mining industry could help transition the 
coal industry, as well as facilitate the decarbonization of Indonesia’s hard-to-abate 
mining and shipping sectors, while fostering the country as an innovator in the fields 
of alternative power plants, zero-carbon fuels, safety standards, education, and 
training. Balikpapan port offers a unique opportunity of the development of new 
green corridors, with associated domestic bunkering infrastructure. Piloting and 
scaling-up maritime energy transition projects can be based in or around Balikpapan 
port to further emphasize Indonesia’s commitment towards climate change, energy 
innovation, and collaborative investment. 

6.2 Electrifying Indonesia’s small boat fleet 
Electrification based on renewable energy is a widely recognized decarbonization 
option that can not only be utilized to power ships at berth, directly reducing port 
emissions, but also via battery-technology to allow for hybrid and full-electric ship 
propulsion solutions. While the former serves to improve the energy efficiency of 
ships, the latter allows ships to be run entirely on batteries that are powered via an 
onshore grid [124]. The capacity of today’s battery-technology used for full-electric 
ships has been identified as a readily available green solution for smaller boats 
travelling shorter distances [4][124][125], and can serve as an important 
opportunity for decarbonizing boats in developing island states where smaller boats 
constitute a significant portion of the domestic shipping fleet. 

Switching to electrification provides multiple benefits, including reduced air pollution 
and lower fuel consumption, which are important considerations for developing 
island states where the transportation of fuels (to the islands) constitutes an 
additional source of emissions and costs [34]. Further benefits like less noise, 
vibration, and maintenance have also been identified as general advantages from 
using battery-driven boats, directly improving the user experience of boat owners 
and passengers as well as local port and coastal communities [125][126]. Reasons 
to adopt this technology, especially for countries with a vast small boat fleet, could 
be to reduce national emissions [97]. Additionally, energy security has also been 
identified as an advantage and potential driver of electrification for countries 
dependent on fuel imports, reducing vulnerability related to fluctuating fuel prices 
and carbon regulations [127]. The development of national competitive advantages 
within battery-technology or shipbuilding of electrified boats could constitute 
additional drivers [128], with the potential to bring wider benefits to countries’ 
sustainable economic development in terms of green jobs and export opportunities. 
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Figure 16: Fishing boats anchored in Port Muara Baru near Jakarta.

To date, electrification of small boats is mainly seen among passenger and leisure 
boats, traveling shorter, pre-set routes offering green maritime transportation 
to tourists and locals. For popular tourist areas, where activities such as island-
hopping or green cruising are attractive, electrification of small boats could 
constitute a promising opportunity in light of high maritime transport demand and 
potentially lower price elasticity among foreign visitors. Fishing and tugboats could 
also potentially adopt this technology, as these vessels often operate on shorter 
distances and close to shore [34][129][130]. With the continued, rapid development 
of battery-technology, the uptake of boat electrification is likely to enable an even 
bigger user group in the years to come [131].

Green power for tugs, fishing boats, & ferries
Indonesia’s insular nature requires significant use of small domestic boats to 
transport goods and people between islands, supporting regional economic growth 
and inter-island connectivity. Considering the 6,000 inhabited islands spanning the 
country’s territory, the market size of Indonesia’s small boat fleet is vast [34][132]. 
The country’s international and domestic shipping departures are dominated by 
smaller vessels, where around 42% of domestic shipping departures are represented 
by small passenger and vehicle carriers, fishing boats, tugs, and offshore service 
vessels, making up around 28% of total energy demand by Indonesian ship 
departures [34]. Indonesia is also the world’s 2nd largest fishing nation after China 
[133], and in 2016, the country estimated that it had more than 544,000 fishing 
boats of which 32% are motorized. Most of these motorized boats were also 
estimated to be smaller than 5 gross tonnage [45].
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Indonesia aims to make biofuels a key energy source for its transport sector by 
2050, making up 46% of transport’s energy by 2050 [68]. Regulation dictates that 
all Indonesian ships should be fueled with B-3021 biodiesel, and recent discussions 
suggest that the biomass percentage could increase to 40% in the near future [134]
[135][136]. Given the vastness of Indonesia’s small boat fleet, as well as competing 
interests for biofuels as an energy source from other transport sectors such as 
aviation and land-based vehicles, this will impact the availability of sustainable 
biofuels and hence drive up their price in the long term. In addition to biofuels, a 
regulation was passed to incentivize the use of Liquified Petroleum Gas (LPG) for 
small fishing vessels (below 5 gross tonnage), and aims to increase energy 
resilience and improve the welfare of small-scale fishers [137]. 

However, electricity is planned as a second main source of mitigating transport 
related emissions, accounting for 30% of transport’s energy by 2050 [68]. 
Electrifying Indonesia’s small boat fleet could reduce the segment’s carbon footprint 
and constitutes an opportunity for decarbonization, while drawing on synergies with 
the country’s aim to increase the share of renewable energy derived electricity [68]. 
The majority of small boats in Indonesia travel shorter distances and frequently visit 
the same ports [34], which lends itself well to existing electrification technologies 
like that of battery propulsion. Stakeholders communicated that small fishing 
and leisure boats and ferries with short trips and low operational speeds would be 
attractive candidates for pilot and demonstration projects. These could be tested 
on busy passenger routes like that of Java – Bali and Java – Sumatra, where the 
number and frequency of ferries travelling between the islands are high, as well as 
in areas with high fishing density, with Sumatra representing 34.2% and Java 39.8% 
of fishing vessels. Eastern Indonesia is also a good testing ground, as the area is 
mainly comprised of small islands, making the maritime sector vital for people and 
goods transport. 

Multiple organizations in Indonesia, both local and international, have already started 
to scope this opportunity (see Table 6 below). Though, stakeholders highlighted 
that electrifying Indonesia’s small boat fleet comes with several considerations, 
including technological constraints to the adoption and usage of electrified boats. 
This includes challenges related to speed, range, maintenance, and charging 
infrastructure, and may have different implications for different user segments. For 
the fishing sector, the limited battery range of today’s battery-technology might 
prove difficult for fishing vessels operating over longer hours, and for passenger 
vessels or ferries, long charging times and reduced speed might impact the 
operating schedules and capacity.

21 Indonesian biofuels are generally made from palm oil and, when mixed with traditional hydrocarbon 
fuels like diesel, act as blends that can be used in vessels. ‘B30’ means that 30% of the fuel is 
composed of palm oil fuel.
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Table 6: Selection of electrification initiatives for small boats within Indonesia.

1.
Indonesia’s largest power provider – state-
owned PLN – is committed to the development 
of an electric vehicle ecosystem, one of which 
is electrifying maritime transport, where an 
E-boat project in West Nusa Tenggara 
Province has been undertaken [138].

2.
Energy Renewed, an NGO focusing on clean 
energy access, has developed a conceptual 
low-cost electric boat for South Asia [139]. 
The conceptual boats  include electrical 
motors, batteries, and solar panels with 
affordable monohull or catamaran designs, 
with Indonesia as one of the target markets 
[140].

3.
On the tourism front, eco-resorts in Raja 
Ampat are electrifying their dive boats to 
reduce their environmental impact and offer 
visiting tourists green solutions for leisure 
activities [141].

4.
The M/V Ellen, an electric ferry developed by 
the Danish company OMT, has capacity for 
200 passengers and 30 cars powered by 4.3 
MWh batteries [142]. OMT has already 
developed standardized zero-emission ships 
that they claim can be adapted for the 
Indonesian market.

5.
The Asian Development Bank in Batam piloted 
two e-boat taxis in cooperation with local boat 
operators, the city government, and a boat 
manufacturer, demonstrating the short and 
long-term advantages over traditional boats 
[143]. 

6.
A full electric harbor tug is being developed 
at Vallianz’s shipyard in Batam, driven by 
an electric battery system [144].

However, technological constraints of battery-powered boats have been 
acknowledged and tested by different actors, where developed countries, like that of 
Norway [145], are perceived as being in the forefront of this development. Learnings 
from these countries, as well as those gathered by pilots and demonstration projects 
specific to Indonesia, could constitute important ways forward to disrupt the 
Indonesian market and investment sector. Performing pilot tests centered on the 
user experience to scale up affordable and viable solutions therefore constitutes an 
opportunity going forward. In combination with the need for increased awareness 
and knowledge transfer, as highlighted by stakeholders, this demonstrates the need 
to incorporate boat owners and operators during demonstration projects where 
the benefits of the technologies can be contrasted and documented against the 
perceived shortcomings. Lower fuel costs, less noise, and reduced marine pollution 
were some of the stakeholder feedbacks from pilots to date [143]. 

In addition to technological considerations, the country’s grid infrastructure and 
renewable energy integration was also highlighted by stakeholders as a barrier to 
electrifying the country’s small boat fleet. The country’s grid infrastructure does 
not only need upgrading to enable the inclusion of renewables but must also be 
expanded to increase electricity access across Indonesia’s many islands. Eastern 
Indonesia’s islands still heavily depend on diesel power plants and have difficulties 
incorporating renewable energy into their grid system. In a bid to address this, HDF 
Energy has started to develop a hybrid solar PV, battery, and green hydrogen system 
power plant in the region. They are also exploring the potential for sector coupling 
wherein excess green hydrogen generated from the power plant could feed into local 
ports as fuel for retrofitted vessels running on fuel cells. 

The increased development of offgrid solutions like that of microgrids is a priority 
area of the Indonesian government to increase energy access in remote areas and 
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accommodate the growing demand for electricity in the years to come [68][74]. 
The implementation of microgrids in off-grid communities, powered by renewables 
like that of solar energy, offers the opportunity to electrify small boats anchoring in 
these areas and to couple the electricity demand with that of local communities[129]
[146]. This has the opportunity to overcome highlighted challenges related to 
too few quantities of boats demanding electricity in these areas, spurring the 
decarbonization of the country’s domestic small boat fleet, while bringing wider 
benefits to the development of Indonesia’s rural areas. For port communities, this 
also offers an opportunity to couple the electricity demand further with that of 
electrification of ports. 

For these opportunities to occur, government support through policies and 
informative campaigns – about the benefits of electrification – coupled with 
international financing and investment will be needed. This includes considerations 
with regards to Indonesia’s enabling environment for foreign and private investments 
in renewable energy technology, as well as the inclusion of the decarbonization of 
the domestic boat fleet on the political agenda and a shift i n focus from biofuels as 
a main, renewable energy source to that of electricity. Lastly, Indonesia’s land-based 
electric vehicle program, which currently aims to strengthen the electric vehicle 
ecosystem relating to battery production and infrastructure for exchanging batteries 
[147] constitutes an important opportunity for drawing on synergies and couple  
demand with the electrification of the country’s small boat fleet.

«The electrification and decarbonization of Indonesia’s 
domestic small boat fleet is an important step  
in our national efforts to reduce GHG emissions.  
It has significant opportiunity to not only build on  
and support existing microgrid policies and initiatives, 
but also support the sustainable development of  
many disconnected regions and communities.»  
– Marizi Nizhar, Ministry of National Development
Planning (Bappenas)

6.3 Decarbonization hub powered by 
geothermal
A key resource in Indonesia is geothermal energy, with current estimates putting 
untapped geothermal energy resources as high as 29.5 GW [112] with more 
conservative estimates putting it at around 24 GW [148], or as low as 19 GW [60]. Even 
at the lowest estimates, Indonesia still has significant geothermal energy potential, 
holding an estimated 40% of the world’s geothermal energy resources [149]. Of this, 
the developable potential is estimated at 133 TWh/year with current installed capacity 
only 1,877 MW [60]. To put this into perspective, if the current installed capacity was 
running 24/7 for the entire year generating electricity at 100% efficiency, it would 
generate 16.4 TWh/year, only 13% of the estimated developable potential. Note that 
Indonesia’s green energy demand from visiting vessels would represent about 8.3 
TWh/y, assuming 5% of the global fleet transitions to SZEF by 2030.
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Geothermal energy could in principle be used to produce electricity for usage by large 
population centers in the country and other sectors, including the electrification of 
the small boat fleet, where these resources are in proximity. It can also be used for the 
development of SZEF via production of green hydrogen and ammonia, especially in 
locations where the geothermal potential is located away from large, populated areas. 

Stakeholders identified domestic shipping as being an area of large potential for 
decarbonization in Indonesia. Similarly, they identified challenges facing development 
of a mobile, diverse, and widespread bunkering network in a country of so many small 
ports and islands as being a key area to address. In this sense, co-locating SZEF 
production nearby demand centers decreases transportation costs, but this might 
not always be feasible or most cost effective depending on local constraints relating 
to development space and nearby renewable energy potential. Hence, decoupling 
location of consumption from production of SZEF would allow production to take 
place offsite at a larger scale where the production cost is lower, offering more 
business opportunities since less expensive SZEF can be sold to more clients. 

The majority of the country’s geothermal potential is located on the islands of 
Sumatra and Java-Bali, generally islands with a large population density, and in 
close vicinity to important shipping routes in the Java Sea, connecting Australia with 
East Asia (see Figure 17). However, consideration should be given to the fact that on a 
more localized scale some of these resources could be in areas that are inaccessible 
due to limited road and port infrastructure, and could potentially be away from larger 
population centers and trade routes.

Pertamina geothermal energy 
Existing efforts are already underway at the national level to assess several 
means of exploring and utilizing geothermal capacity for development. Currently, 
Indonesia’s national oil and gas company, Pertamina, through its subsidiary 
Pertamina Geothermal Energy manages 15 working sites for geothermal production. 
These 15 sites are all planned to produce green hydrogen, which is expected to 
generate 8,600 kg/day [150]. Indeed, the “Green Hydrogen” pilot project has already 
commenced at the Ulubelu geothermal site, with a capacity of producing around 
22 to 100 kg of green hydrogen per day and is set to commercially operate in 2022 
[151]. Stakeholders familiar with the project indicated that Pertamina Geothermal 
Energy plans to use this energy for internal purposes only, though discussions have 
raised the option to utilize this green hydrogen for other purposes, including for the 
maritime sector.

Nevertheless, there are expectations that current development plans could 
be increased even further through policy and regulatory changes that could increase 
geothermal energy targets by 2026 [150]. Pertamina aims to expand 
its commitment to decarbonization by being closely aligned with the National 
General Energy Plan [51], with a general move towards renewable energy sources 
in its refining and fuel production processes [150]. In addition, the company has 
shown interest in developing green hydrogen, but recognizes the transportation, 
production, and storage challenges associated with this process. According to recent 
announcements, Pertamina aims to double its geothermal capacity by 2027-2028. 
This plan could result in an additional $4 billion USD investments, which includes 
investing into geothermal wells at around $5-7 million USD/MW [152]. 
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Figure 17: Estimated geothermal energy potential in Indonesia [112].

Should Indonesia manage to cost-effectively unlock and leverage its geothermal 
potential, it could produce significant amounts of SZEF required to meet its domestic 
demand. In addition, depending on how economically viable other renewable energy 
resources such as solar prove to be, Indonesia could in principle also become an 
international bunkering hub for green fuels in Southeast Asia. Jakarta could be 
a possible location for one such bunkering hub, due to its proximity to both large 
domestic and international shipping routes, such as the Sunda Strait. In addition, 
Jakarta is located on Java Island, in an area with some of the highest geothermal 
potential in the country and a large population of the existing capital city that could 
act as offtakers of SZEF. 

Furthermore, synergies with local industries like the aquaculture sector and 
fertilizer producers could strengthen the business case for geothermal-based green 
hydrogen and ammonia. Indonesia’s aquaculture industry is already large, and 
has a significant growth potential, with key commodities such as shrimp and fish 
continuing to experience large domestic and international demand [153]. Growing 
emphasis on sustainability in aquaculture also highlights the requirement to make 
all segments of the aquaculture business more environmentally friendly and in line 
with wider decarbonization ambitions. A large proportion of Indonesia’s aquaculture 
industry is located in the coastal waters surrounding Java and Sumatra [154], areas 
which also have significant geothermal potential. This geothermal energy could be 
used to support the decarbonization of the aquaculture industry, by decarbonizing 
the most energy intense components of the aquaculture production process [155] 
through usage of renewable electricity and SZEF in processing, transport, and feed 
production, where possible. In addition, some aquaculture production facilities use 
water oxygenation to increase their yield and guard against oxygen deficiencies 
[156]; as oxygen is a byproduct of hydrogen electrolysis it could be used as an input 
for the aquaculture industry.
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For the fertilizer industry, inorganic fertilizer is produced using ammonia as the 
principal feedstock. As such, the fertilizer industry is one of the main demand 
sources for ammonia globally. Currently, fertilizer is mainly produced from 
grey and brown ammonia, which uses coal and natural gas as feedstocks. The 
decarbonization of the fertilizer industry through the transition to green ammonia 
would play an instrumental role in decarbonizing global food production chains 
[157]. Indonesia has significant demand for fertilizers, and the country’s fertilizer 
producers are organized into the Indonesian Fertilizer Producers Association [158]. 
One of the key companies in the fertilizer industry is state-owned PT Pupuk. In 2022, 
Pertamina signed a Memorandum of Understanding with PT Pupuk and Mitsubishi 
Corp to develop a green hydrogen and ammonia value chain together with a Carbon 
Capture Utilization and Storage (CCUS) business [159]. One of the aims of the 
proposed business venture is to use the produced green hydrogen for ammonia 
production that can then be used in the fertilizer industry [159]. Though geothermal 
energy isn’t mentioned, there are potential synergies where multiple renewable 
energy sources for green hydrogen production, including geothermal energy, could 
potentially be utilized.

Stakeholders, however, have highlighted several concerns regarding this business 
opportunity, one of which was the extraction difficulty of geothermal resources 
due to the country’s large size and archipelagic geography. One stakeholder also 
raised concerns around long-term viability of such projects due to potentially higher 
development costs and risks of exploration in development areas. Such concerns 
should be considered when continuing to develop the geothermal potential in 
Indonesia, especially given the currently ambitious plans to further tap into this 
resource. Similarly, the possibility to partner with technological providers to explore 
new technical solutions to reduce geothermal exploration and utilization costs was 
also suggested. This is already being undertaken by the Indonesian government, 
though to date no concrete actions have resulted from such discussions.

Local stakeholders insist that using geothermal energy to produce green hydrogen 
needs to be price competitive. Using multiple energy sources could be a way to 
balance electricity price concerns while supporting the case for international 
investment into green hydrogen development in Indonesia. Stakeholders also 
highlighted that using geothermal energy to produce SZEF for bunkering could offer 
a possible viable business case, if sufficient quantities of SZEF could be delivered 
to the Sunda Strait, between Java and Sumatra, due to the location having a high 
international shipping bunker demand. However, in order for this development to be 
viable, and for geothermal energy to play a substantial role in it, stakeholders have 
mentioned that it would be essential to viably link localized geothermal resources 
into a national supply network.

There is also potential for Pertamina to utilize its developed resources for its own 
fleet. According to stakeholder interviews, Pertamina can ‘give good contribution’ 
with regards to decarbonization since Pertamina International Shipping has 85 
vessels and charters another 200 vessels. The company has stated that geothermal 
energy development is part of its energy transition program with the aim of new and 
renewable energy reaching 30% of the energy mix by 2030 [160]. While this 
opportunity is still in its initial stages, considering Indonesia’s strategic geolocation 
and domestic shipping density, Indonesian green hydrogen could support shipping 
decarbonization and quickly enter the bunkering market.
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Should Indonesia pursue development of its geothermal potential, it is important 
to note that the current developments for geothermal energy would have to be 
significantly increased to create enough green hydrogen and ammonia at scale 
required to supply the maritime industry with SZEF. Many stakeholders agreed that 
Indonesia’s government could continue its policy development plans by creating a 
roadmap towards outlining how Indonesia could produce SZEF, while coordinating 
through public institutions future supply and demand developments (e.g. information 
sharing, access to investment, etc.). 
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Section 7 
Finance & Investment Requirements

SZEF will require, inter alia, the development of new bunkering infrastructure, 
deployment support, production scale-up, a decrease in renewable electricity 
prices, and the development of new regulatory safety measures [17]. In other words, 
the fuels transition in shipping is linked to the evolution of global energy systems 
and renewable capacity, which must increase in order to drive down the price of 
renewable energy [11].

To meet global GHG reduction requirements, a market and infrastructure for SZEF 
and zero emission ready ships must be created. However, there exists a price- and 
hence a competitiveness gap between incumbent fossil fuels and zero emissions 
alternatives. The competitiveness gap between fuel types is driven by a number 
of factors including production costs, capital and infrastructure requirements, 
availability issues, lack of information, and other market barriers [101]. Estimates 
suggest that across the 2030s and 2040s SZEF may be approximately double the 
price of conventional fossil fuels [17].

To close this gap, it is likely that a revenue-generating regulatory mechanism will be 
applied to shipping at an international level, or at least that a collection of regional 
measures will expand to capture the sector’s emissions. In terms of financial 
investment to achieve this transition, a significant amount of funding is needed. 
Estimates suggest that $1.4-1.9 trillion USD will be needed to fully decarbonize by 
2050, with the majority of funds (87%) needed for land-based infrastructure [161]. 
While it is suggested that some portion of this investment needed could and should 
come from a global MBM for shipping, it is also understood that initially private sector 
investment as well as public-private partnerships and deliberate collective action by 
the maritime industry, the energy sector, financial institutions, and governments/
Intergovernmental Organizations across the globe can provide significant funding.

In particular to Indonesia, the development of SZEF infrastructure in line with a 5% 
adoption of zero emission vessel technologies by 2030 could lead to an investment 
of between Rp 46 – 65 trillion IDR ($3.2 – 4.5 billion USD) [34]. This is in addition to 
the potential development of other industries, expertise, environmental protection 
benefits, and R&D emanating from decarbonization of maritime shipping and the 
adoption of SZEF.

To ensure that private capital can be mobilized towards relevant projects, it will further 
be necessary to identify sources of funding that are capable of lowering barriers to 
entry for subsequent investments. This will largely be in the form of blended finance, 
combining different sources of preferential loans and grants from a range of sources. 
Moreover, the reception of particularly international financing is especially important 
for Indonesia from a climate perspective, due to Indonesia’s commitment under 
its NDC to reduce its emissions by 29% without international support and 41% with 
international support by 2030 [61]. This means that the reception of international 
finance will further drive national policies and investments towards achieving a higher 
level of climate ambition, which in turn could improve access to further funding.
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Indonesia is firstly eligible to take out large loans from multilateral development 
banks, such as the World Bank Group, Asian Development Bank (ADB), European 
Investment Bank and Islamic Development Bank [162][163][164][165]. As a recently 
designated lower-middle income country [166], Indonesia is unable to receive a 
large proportion of grant funding reserved for countries with lower levels of 
development. However, through these institutions, the provision of loans, certain 
types of grants, and general technical assistance and expertise is still an important 
way for Indonesia to leverage financial support for the opportunities outlined in this 
report.

The World Bank, for example, offers loans from the International Bank for 
Reconstruction and Development [167] on preferential terms, with a low cost of 
borrowing. It can also assist private individuals in securing loans, loan guarantees, 
and equity financing through the International Finance Corporation [168]. These 
types of loans can provide security and access to capital over long time periods, 
helping to de-risk large scale infrastructure investments.

ADB also offers similar access to preferential loan funding, with Indonesia playing a 
key role as both a large shareholder and borrower. In 2021, Indonesia loaned or was 
granted around $2.1 billion USD from ADB [169], including funds designated towards 
furthering a green energy transition and the development of Indonesia’s grid. Moving 
forward, the ADB is targeting climate change and a green recovery as key priority 
agendas for Indonesia, with Indonesia a pilot country for the ADB’s Energy Transition 
Mechanism in addition to housing the Blue SEA Finance Hub [169].

Multilateral banks can additionally provide grant funding in some specific areas. 
Grants are an important source of finance for direct feasibility and technical support 
funding from mechanisms like the World Bank’s Public-Private Infrastructure 
Advisory Facility [170] that can be employed to help develop technical capacity 
building and regulatory infrastructure. This type of funding is particularly relevant 
for project development, especially for pre-feasibility studies, helping to assist 
with permits, approvals, and supporting the development of effective regulatory 
frameworks. In addition to feasibility funding, there are several multilateral sources 
of grant funding focusing on specific objectives, such as the Climate Investment 
Funds [171] and Green Climate Fund [172], which aim to fund projects targeting 
efforts to tackle climate change. For these outcome specific funds and in general, 
Indonesia’s demonstration of climate action and alignment through international 
commitments and collaboration can hugely support its ability to attract funding.

Key factors to attract institutional finance:

• Demonstration of government support
• Mobilization of private investment
• Showing climate impact
• Scalability of the project
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Indonesia is also party to several bilateral agreements capable of supporting 
its transition to zero emission marine fuels. Notably, Indonesia has in the past 
benefitted from its relationships with Agence Française de Développement (France), 
KfW (Germany), Australia Department of Foreign Affairs and Trade, United Kingdom 
Department for International Development, USAID (United States of America), the 
European Union and through other partnerships like with the G7 [173][174][175]
[176][177][178][179]. Through these partnerships, Indonesia can implement blended 
finance instruments capable of supporting national efforts to realize relevant 
projects.

Nationally, there are also several institutions and tools that can be utilized to de-
risk the business case for producing zero emission marine fuels. For example, 
Indonesia’s Climate Change Trust Fund [180] helps to coordinate national and 
international financing around initiatives aimed at reducing GHG emissions. The 
fund also helps to integrate objectives into development plans at the national 
level, helping to support Indonesia’s emission reduction targets. Other funds like the 
Millennium Challenge Account Indonesia [181] and Indonesia Environmental Fund 
(Badan Pengelola Dana Lingkungan Hidup) [182] are also potentially relevant 
sources of funding at the national level. The role of Indonesia’s Ministry of Finance in 
this area is also important to note, due to their responsibility for coordinating public-
private partnerships.

Other streams of international grant finance specifically target climate impact 
and other philanthropic causes, given that the objectives of the funders are 
demonstrated. Examples of relevant institutions include ClimateWorks Foundation 
[183], which can provide grant financing for projects that demonstrate a tangible 
climate impact. Lastly, some types of private finance may also be capable of 
providing capital which is more capable of taking long term risks, for example 
pension funds and hedge funds.

Indonesia’s conditional target to reduce GHG emissions by 41% with international 
support means that the reception of blended finance is a crucial component for 
unlocking the opportunities outlined in this report. Not only would this funding help to 
stimulate the movement of private funding around specific projects, but also help to 
increase climate ambition, in turn leading to the potential for even more financing. To 
leverage this opportunity, Indonesia should continue to set a clear direction for zero 
emission shipping nationally, defining a direction of travel and ensuring that relevant 
projects can serve development objectives and attract international finance capable 
of de-risking national efforts.

«Attracting international support and finance is a key 
objective for Indonesia, with international maritime 
decarbonization providing an opportunity to channel new 
sources of funding towards large scale projects.»  
– Lars Bo Larsen, Embassy of Denmark in Indonesia
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Section 8 
Recommendations

Indonesia, an archipelagic nation positioned nearby several of the most significant 
international shipping trade routes, is striving in multiple areas to tackle climate 
change and reduce its carbon emissions. Importantly, the country is eager to 
become an active player in maritime decarbonization, both domestically and 
within international fora. As discussed in Section 3, the country has a significant 
untapped solar and geothermal renewable energy potential that can support these 
ambitions and facilitate decarbonization of its substantial domestic shipping 
sector as well as potentially produce SZEF for international bunker sales and/
or export. Leveraging these resources can place Indonesia on a path towards a 
zero-carbon future, enabling the country to not only become a potential regional 
leader in decarbonization but also a developer of multiple solutions to maritime 
decarbonization both in terms of practice and technology that other countries and 
island states could learn from. 

The suggested recommendations below represent a cumulation of the work for 
this project and stem from the evidence base reported in preceding sections, 
multiple stakeholder interviews, scoping exercises, a collaborative workshop, and 
a roundtable with local stakeholders. Where appropriate, the synthesis produced 
from these inputs is also supported by additional references from literature. These 
recommendations are by no means prescriptive nor exhaustive, but present starting 
points for key actions to be taken in the coming years to support the country’s 
journey in shipping’s decarbonization as part of a just and equitable transition. 

Ports

As seen in Sections 3 and 4, Indonesian ports have a significant and growing energy 
demand that requires considerable developments in order to not only decarbonize 
but also service vessels running on electricity and SZEF. The opportunities identified 
in Section 6 highlight how Indonesia can act on both fronts, through upgrading and 
developing its major ports as well as transitioning its small boat fleet to run on more 
sustainable energy sources. In the short term, Indonesia’s major bunkering ports 
could work to expand their position in the international market as bunkering hubs 
and in this process also develop a clear pathway for offering zero-carbon fuels. To 
do this Indonesia could work on developing supply chain systems and infrastructure 
for SZEF bunkering while also planning ahead to see various and innovative ways for 
domestic production of SZEF.  

In this way local communities can be assured that decarbonization efforts act 
as strategic projects that further support local economic development through 
increased community access to renewable electricity, easing public concerns that 
such energy goes directly to meet industry demand. 

Ports could consider how planned upgrades align with the future of the maritime 
industry. It would be prudent to build port facilities that are climate proof and 
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support GHG emission reduction goals. When developing new port infrastructure, 
such as is the case with the construction of Indonesia’s new capital on Kalimantan, 
the expansion of existing ports and possible development of new port terminals 
should be made with SZEF use and bunkering in mind. The importance of ports as 
key links in a chain of sustainability and energy supply was emphasized by multiple 
stakeholders, many of whom felt that Indonesian ports must be ready to engage with 
the wider shipping sector as it prepares to undertake its fuel transition.

Suggested actions

Explore options for port electrification 

Electrification of existing fossil fuel use in ports is an immediate step towards 
maritime decarbonization, wherever this change is possible. Switching port 
activities to rely mainly on electrical energy from renewable sources can reduce 
GHG emissions. Electrification can also reduce local air pollution emissions 
and maintenance and energy costs. Stakeholders highlighted how ports could 
become first movers to take up initial and maybe intermittent renewable energy 
for own use. Options for switching to electrification include electrifying docks 
for cold ironing; installing charging infrastructure to power logistics and freight 
handling with cranes and logistical onshore vehicles; cold storage; service 
vessels, such as harbor tugs and pilot vessels; and offices and buildings [184]
[185]. Efforts such as those by Krakatau International Port are already in line 
with this ambition, in which the port plans to expand its green port infrastructure 
and install solar PV power to decarbonize its port operations [186]. 

Consider sustainable development in port expansion plans

Stakeholders have noted the need to coordinate port expansion and general 
infrastructure project development in a coordinated and sustainable manner, 
especially when planned in areas of high biodiversity such as Kalimantan [187]. 
Taking into account land use change, fairness in local community development, 
and climate change readiness can support Indonesia along the path of economic 
development and sustainable infrastructure development. This falls in line 
with international recommendations that argue to climate-proof maritime 
infrastructure and services to enhance adaptive capacity, strengthen resilience, 
and reduce vulnerability to climate change [185]. This is especially relevant to 
the planned capital move to Kalimantan and the potential upgrades for 
Balikpakpan port described in Section 6, which could become the gateway for 
the new capital and see an increase in its overall vessel traffic, especially for 
containership delivering new goods to the capital and exporting green products 
from North Kalimantan’s planned industrial park.
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Prepare to source or produce renewable electricity & SZEF for bunkering 
& port use

Section 1 describes how shipping will need to rapidly transition away from fossil 
fuels, particularly during the 2030’s and 2040’s. Due to the large quantity of 
international ships calling and passing as evidenced in Section 3, Indonesia has 
significant amounts of maritime-based GHG and air pollutant emissions that 
the country does not benefit from (either in bunker sales or through port fees). 
As vessels running on electrification and SZEF start to become more prevalent, 
ports will need to be prepared to service while vessels through, for example, on 
shore power supply as well as provision of SZEF bunker fuels. In addition, ports 
themselves can utilize these green fuels for port vessels, as seen with new vessel 
designs like the Port of Antwerp’s ‘Hydrotug’ which is powered via a dual-fuel 
combustion engine that burns hydrogen in combination with diesel [188].

Encourage ports as green nodes in an energy distribution network

Ports are focal points for multiple sources of pollution, from arriving and 
departing vessels, domestic shipping, onshore trucks and rail, as well as 
their own operations. To handle SZEF, local stakeholders saw the need for 
development of ports into hubs, while taking into account the diversity of local 
conditions and requirements through Indonesia. Additionally, stakeholders 
highlighted the need to connect renewable energy production to ports, since in 
many examples renewable energy potential was not located in close proximity 
to the largest port demand centers. Indonesia could explore creating a port 
ecosystem that acts as a green node for multiple sectors and can also support 
distribution of green energy across its various islands. Economies of scale can 
be leveraged by powering other industries nearby ports, such as chemical plants, 
fertilizer producers, aluminum smelters, mining operations, etc. Adoption of 
port technology solutions that can provide renewable-based energy to these 
connected sectors, such as electric charging stations or green hydrogen refueling 
options, is one step towards decarbonizing supply chains.

Policy

To realize shipping’s energy transition in Indonesia, collaboration between various 
stakeholders from different government ministries, the office of the president, as 
well as the private sector and civil society is required. Through such a process, long 
term policy planning and setting clear strategies for national development aligned 
with decarbonization can be outlined. Currently, the Indonesian government has 
communicated its efforts to increase renewable energy usage, reduce carbon 
intensity, and increase the national electrification rate [61]. Stakeholders have noted 
that further support on this trajectory especially as it relates to the maritime sector 
is necessary in order to facilitate decarbonization and adoption of more sustainable 
technologies and green fuels. 

Fortunately, some Indonesian policymakers realize the benefits and challenges 
faced on this decarbonization journey, as well as the significant investment 
requirements and collaborative action that is needed to get there. Targeted 
strategies and a firm policy stance towards the production and distribution of 
green electricity and SZEF could contribute to cover international and domestic 
shipping’s energy needs, facilitate the decarbonization of the small boat fleet while 
also supplying the country’s domestic electrical demand. In addition to the clear 
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decarbonization benefits, such developments would also improve air quality, reduce 
the risk of acid rains and associated effects on Indonesia’s rich biodiversity, and 
create multiple employment opportunities for Indonesia’s growing population. 

Suggested actions

National

Develop a clear strategy for national actions to pursue maritime 
decarbonization

As shown in Section 5, the Indonesian government has continued to develop its 
decarbonization focus with regards to renewable energy capacity expansion, 
but this development has so far not extended to development of a clear strategy 
for maritime decarbonization. Local stakeholders did highlight existing efforts 
to include shipping and the maritime sector within the Carbon Tax policy’s 
roadmap, the implementation for which has been postponed to July 2022 
[189]. Nevertheless, Section 3 illustrates that GHG maritime emissions from 
domestic shipping are significant and are even higher when taking into account 
international shipping. Developing a national strategy to tackle maritime 
decarbonization, focusing on actions that can both be done nationally and 
through international collaboration could provide a clear and needed policy 
signal to support further action towards this agenda [190]. Short-, medium-, and 
long-term targets could plan the gradual increase and scale for the use of 
renewable electricity and SZEF within ports and the domestic fleet as well as 
greening public transit routes. Work towards this could also be used to raise 
environmental awareness of maritime GHG emissions among politicians and 
assess gaps or provide clarity not found in existing climate and maritime policies.

Commission study to assess realistic capacity to produce SZEF that feeds into & 
supports the development of a national hydrogen strategy or roadmap 

Indonesia’s renewable energy potential is largely untapped, as discussed in 
Section 4. However, studies and local stakeholders have pointed to the fact that 
renewable energy potential for the country has a large range depending on the 
factors that are taken into consideration. Indeed, solar potential is particularly 
varied while geothermal energy is extremely expensive to explore and not always 
accessible. Stakeholders voiced concerns that the lack of more precise estimates 
could undermine political ambition and decisiveness to pursue SZEF production. 
To address this, Indonesia could commission a study to better understand 
and scope realistic locations for expanding its renewable energy capacities 
and production sites for green hydrogen, as well as for overall domestic and 
international SZEF demand. This knowledge could feed into a national strategy or 
roadmap for the development and application of green hydrogen. This roadmap 
would send a positive signal to the private sector as well as international 
investors, stimulating investment in renewable energy production, especially low 
and zero-carbon fuels, as well as renewable energy technologies for shipping.
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Exploit synergies between shipping’s decarbonization & coal phaseout

Indonesia is one of the world’s largest coal producing countries, and shipping 
and shipping emissions are intrinsically connected to coal as an important 
traded commodity. Recent announcements have indicated government 
interest in phasing out coal, such as the 2020 remarks by the Ministry of 
Energy and Mineral Resources that plans to replace retiring coal plants with 
new and renewable energy [191]. However, it remains unclear when, exactly, 
Indonesia will decommission its coal plants and fully switch to a sustainable 
energy system [192]. Setting a timeline for a complete phase out of coal-based 
energy in Indonesia would serve the purpose of sending a strong market signal 
to renewable energy and by association SZEF producers. Furthermore, the 
government could consider how maritime decarbonization can help to create 
new jobs that can support the transition of fossil fuel jobs as coal is phased out. 
This could, for example, build on findings from the planned study on “Financial 
Implications of the Early Retirement of Coal-fired Power Plants in Indonesia” by 
the Energy Transition Partnership [193]. Studies estimate that by 2050 at least 
3.2 million new jobs could be created should Indonesia transition its energy 
system [192].

Support coordination on green ports & hubs

As outlined in Sections 2 and 5, Indonesia is a culturally, economically, and 
geographically diverse nation with requirements for a mixed policy mechanism 
that can take into account local development needs while ensuring the creation 
of coherent and robust bunkering infrastructure for SZEF. Stakeholders have 
highlighted the challenges and opportunities posed by Indonesia’s geography 
that subsequently requires tailored solutions supported by policies based on a 
coherent approach to renewable electricity generation, hydrogen production, 
and sustainable development. As Indonesia seeks to position itself to become 
a SZEF producer, increased coordination between ministries and state-owned 
enterprises such as Pertamina and PLN is needed. The development of green 
hubs and ports, some of which to provide sustainable bunkering, should also 
consider shortsea shipping needs of the local population, having these linked 
to electricity grid development and requirements of the small boat fleet, while 
longer distance domestic and international shipping should concentrate on 
development of SZEF bunkering hubs for larger, deep-sea vessels.

Facilitate cross-sectoral synergies for the production & use of SZEF

As outlined in Section 6, several opportunities exist for cross-sectoral synergies 
between industries such as shipping, fertilizer production, aluminum smelting, 
mining, aquaculture, and electricity production for domestic consumption. 
Indonesian stakeholders recognize the enormous potential for renewable energy 
and infrastructure that can be deployed to realize the zero emission shipping 
industry in Indonesia, as well as its overlaps with other sectors and industries. The 
production and deployment of batteries, for example, could benefit subsistence 
fishers, especially as fishing vessels account for the majority of Indonesian 
flagged ships. The Indonesian government could further develop ways in which 
such collaborations and cross-sectoral synergies can be facilitated through a 
dedicated task force, organization, or similar fora to ensure decarbonization 
efforts and developments are done in a more streamlined, holistic manner.
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Prepare labor capacity & skills to handle SZEF & technologies

The development of new sustainable fuels and their associated technologies in 
turn will require new skills and knowledge on behalf of the maritime workforce. 
Indonesia could create a strategy to develop qualified talent for a green hydrogen 
economy, securing the future careers of Indonesian seafarers both onboard and 
offshore as the maritime sector adopts new digital solutions, green technologies, 
and transitions away from traditional fossil-fuel energy sources. This can 
be done by fostering dedicated training, academic-industry partnerships, 
and international cooperation in higher education, research, development, 
and innovation. More practically, this will include upskilling and training port 
employees on the handling of these SZEF, adapting safe and efficient bunkering 
procedures, and preparing and loading vessels for SZEF usage and bunkering.

Review data aggregation methodology & MRV relating to maritime emissions 

As was highlighted in Section 3 when trying to estimate Indonesia’s maritime 
emissions, there is a wide range of estimates that can be developed based 
on what data aggregation methodology is used, creating variability in future 
emission forecasts and estimates of the scale of the decarbonization challenge. 
In order to have a clearer picture of Indonesia’s shipping emissions, a review of 
the various data aggregation methodologies relating to maritime emissions, 
together with detail justification of approaches and recommendations for the 
most appropriate way forward aligned with international best practices, would be 
useful. Similarly, a review and discussion around best practices for monitoring, 
reporting, and verification (MRV), in reference to GHG emissions could also be 
warranted to ensure that Indonesia continues refining the necessary expertise 
required to have access to the most up-to-date shipping emission data in line 
with current and likely future IMO rules.

International

Collaborate to secure effective GHG policy at the IMO

The market for SZEF, and therefore the business case to unlock deep investment, 
can be strongly enabled by the timely adoption of effective policy at the IMO. 
A global MBM that directly or indirectly introduces a price for GHG emissions – 
and thus helps to close the competitiveness gap between SZEF and fossil fuels 
– would create the necessary market signals for global investment into SZEF 
projects and associated infrastructure. International policy measures such as a 
potential MBM need to be developed to support investment and jobs. Indonesia 
can advance investment by supporting the IMO to work towards zero emissions 
by 2050 and working with other countries on the adoption of policy measures 
to achieve that outcome for a just and equitable transition. Supporting an 
international climate target for shipping that is aligned with the Paris Agreement 
would be one step towards this goal. Indonesia’s signing of the Declaration on 
Zero Emission Shipping by 2050 presents a good opportunity to work towards 
this ambition in the context of the IMO [194]. Furthermore, the G20 presidency in 
2022 can have the right momentum for the Indonesian government to pursue 
this diplomatic effort. As Indonesia is hosting the G20 Summit in 2022, for 
which energy transition is a key topic on the agenda, an announcement along 
these lines in such an international forum would send a strong political signal of 
national intentions towards shipping decarbonization through renewable energy 
generation and SZEF production.
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Sign the Clydebank Declaration & develop Indonesia’s first green corridor

Green corridors are touted as an innovative method to initiate early action along 
a specific national or international shipping route between two port hubs and can 
be leveraged to serve national interests in the transition to zero emission shipping 
[12]. Based on its renewable energy potential, trade relations with other regions, 
and location along busy shipping routes, Indonesia could sign the Clydebank 
Declaration to signal its interest in international collaboration on this front. First 
movers from in Asia are already making their mark, as seen by Singapore signing 
the Clydebank Declaration [195] and the recent announcement of the Australia-
East Asia iron ore green corridor that brings together mining, energy, and 
shipping companies interested in decarbonizing the iron ore value chain [196].

Support the development of SZEF standards & authorizations

Supporting environmental authorizations and setting standards for new 
bunkering facilities and processes will be crucial in the near future. Indonesia’s 
authorities would do well to get involved or closely follow advancements in this 
space, such as the work by Korea Shipbuilding & Offshore Engineering and the 
classification society Korean Register who are working on developing hydrogen 
ship standards [197]. Stakeholders have stated that safety issues need to be 
prioritized, particularly safety protocols for handling of new alternative fuels such 
as green hydrogen and ammonia.

Finance

One of the main concerns regarding a transition to more sustainable forms of energy 
is the financial implications of such a shift. Stakeholders in Indonesia highlighted 
the financial challenge of decarbonization, citing the considerable investment 
required for developing renewable energy projects, SZEF bunkering infrastructure, 
and solar and geothermal resource development. As seen in Section 5, Indonesia 
has policies in place that support investment and development of renewable energy 
resources with a clear plan to increase their usage over this decade. However, 
further expansion of this ambition and development of a clear funding plan for green 
projects, especially hydrogen development, is necessary to structure and align 
efforts for transitioning to electrification and SZEF.

Finance frameworks play a large role in facilitating markets and enabling the 
emergence of innovative clusters. International funding is limited due to the 
nascent business cases for SZEF; hence, available financing could prioritize 
reducing investment risks, improving business cases, and supporting national 
energy independence through funding strategic projects. Though the wider maritime 
industry and local stakeholders have confirmed their commitment to investing in 
new infrastructure and R&D, they highlighted the need for a funding framework 
that supports them in gaining technical assistance and undertaking demonstration 
projects and pilots. Indonesia could reach its decarbonization goals with proper 
investment and long-term planning.
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Suggested actions

Explore national fiscal incentives for first movers

Infrastructure upgrades are costly and lengthy procedures, which often demands 
the mobilization of significant private capital. Stakeholders suggest exploring 
fiscal incentives to support first movers who take higher risks. This would support 
the creation of an environment that triggers investments in a high renewables-
based system. Similar to the development of wind and solar technologies, 
new SZEF technology will need financial support and respective structures to 
ease their adoption. Incentives such as green premiums are one such option. 
Contracts for difference22, direct subsidies, tax exemptions, carbon price, feed-in-
tariffs, competitive tenders/auctions, and renewable energy funds that support 
buy-back arrangements, public credit guarantees, and green bonds are also 
alternative options that could be used [101][184][192]. In particular, repurposing 
energy subsidies to fund green energy projects instead of supporting traditional 
coal and other fossil fuels would help create a level playing field for renewable 
energy [192].

Boost private renewable electricity generation

As raised by stakeholders, fiscal interventions, especially financial incentives, 
play a crucial role in encouraging private sectors to collaborate with the 
government for such a transition. One suggestion would be to incentivize private 
sector investment into distributed grid systems, especially to alleviate pressure 
from the government given that most of Indonesia’s renewable energy production 
is stated-owned. Removing barriers to the production of renewable electricity 
and relaxing the regulatory framework is essential to build Indonesia’s green 
energy capacity and scale its potential, including in SZEF production. Efforts to 
address this are underway, wherein a new bill is being debated by the Indonesian 
Parliament on “New & Renewable Energy (EBT)”, which entails a renewable 
energy tariff that contains feed-in-tariffs for small scale renewables [192][198]. 
However, stakeholders have also noted that additional attention to streamlining 
purchase agreements and tendering processes would also help reduce investor 
risks and support mobilization of private capital into renewable energy [192].

Explore increased deployment for microgrid installations

Solar power has been heavily mentioned through studies and by local 
stakeholders as an underutilized resource in Indonesia. As mentioned in Sections 
5 & 6, microgrids are already supported by the Indonesian government and have 
been installed in various places throughout the country. Indeed, nearby microgrid 
installations that leverage the country’s solar potential and, in some cases along 
Java’s southern coastline, onshore wind potential could feed the need of smaller 
ports that see a high amount of ferry and fishing vessel traffic. Local stakeholders 
pointed to the fact that a lot of small-scale fishers in Eastern Indonesia are 
unable to store their catch properly due to the lack of stable electricity for their 
cold storage. Increasing uptake of renewable microgrid installations to provide 
electricity in smaller ports and dispersed local communities could alleviate some 
of these existing challenges.

22 ‘Contracts for difference’ can be used by financial institutions to bridge the gap between using more 
expensive but sustainable sources of energy generation compared to cheaper but less sustainable 
fossil fuel options. Renewable suppliers are therefore ensured a steady revenue stream that 
supports their deployment at scale and improves their project’s bankability.
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Leverage international development finance to prioritize funding of strategic 
projects

As seen in Sections 6 & 7, Indonesia has experience in accessing and 
implementing development bank assistance, which can be used for the benefit 
of its maritime and land-based industries in scaling SZEF production. Financial 
investments into SZEF infrastructure are difficult to justify based on current 
business models; however, development finance could be used to de-risk early 
action through direct grants, technical assistance, and pre-feasibility funding to 
strengthen key business opportunities. Funding provided by various organizations 
and institutions, such as the Asian Development Bank, World Bank, and bilateral 
country funding are all relevant options. Exploring project financing through and 
potential revenue from a global MBM or carbon price were also highlighted by 
stakeholders as avenues to pursue.

Industry

Given the political ambitions of the country towards becoming an global maritime 
axis and recent efforts to increase the uptake and penetration of renewable energy, 
there is quite a bit of industry interest in supporting green energy projects that can 
support shipping decarbonization. Indeed, Section 6 shows how some Indonesian 
industries and regional actors support the development of fuels such as hydrogen 
and ammonia and for their potential use as SZEF. Even state-owned companies such 
as Pertamina have shown their commitment to national decarbonization plans and 
have continued investing in numerous projects that can in the long-term support 
SZEF production and uptake.

Indonesia’s renewable energy potential has the capacity to supply its domestic 
electrical demand and the hard-to-abate industries with SZEF. The maritime industry 
has expressed their commitment and interest in pursuing a greener agenda, as seen 
in the Call to Action for Shipping Decarbonization. Launched in September 2021, 
the Call to Action has over 240 industry actors publicly called on governments and 
international regulators to take decisive action in support of making zero emission 
shipping the default choice by 2030 [99].

As part of this call, companies volunteered information about their own actions, 
targets, and plans towards shipping’s decarbonization. Industry actions to date 
include investments into RD&D and pilot projects, ordering and building zero 
emission ready vessels, purchasing zero emission shipping services, investments 
into SZEF production and port and bunkering infrastructure, among other actions 
[199]. Continued efforts by industry actors, both within the maritime sector and in 
other areas such as transport and energy, will be essential in the coming years. 
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Suggested actions

Engage in & initiate public-private collaborations

As seen in Section 5, it is clear that Indonesia’s government is keen to promote 
green ports and the expansion of its renewable energy generation capacity. To 
do this, there is a need for public and private actors to come together and form 
partnerships. This is an important way to set a direction of travel and coordinate 
efforts, which is particularly important in light of the central role played by state-
owned enterprises like Pertamina and PLN. Actions on this front were highlighted 
in the strategic business opportunities described in Section 6, wherein pilots 
for electric ferries and scoping of green hydrogen production from geothermal 
energy were facilitated through the State. Supporting such efforts and developing 
business cases for specific opportunity areas can not only help inform decision 
makers of the benefits of shipping decarbonization, but also ease potential 
bureaucratic hurdles by already having the support of municipal or state actors.

Create awareness of benefits & necessity for a green energy transition

There is a need to work closely across the maritime and energy industries as well 
as civil society stakeholders to continually expand the understanding of the risks 
faced by climate change and the ways in which various organizations can support 
Indonesia on its path to decarbonization. Stakeholders have highlighted the need 
to create better awareness around the urgency to transition to a zero emission 
transport system. Industry actors could work on creating a set of industry, civil 
society, and public engagement projects (i.e. seminars, TV debates, publications, 
etc.) that can be used to inform, educate, and expand the knowledge of potential 
benefits of transitioning to SZEF. Ultimately, this will also help create a market for 
local and possibly foreign companies that are committed to take the first moves 
to switch to SZEF in Indonesia.

Establish local presence through a regional office or partnerships

Having a local presence in the country where your organization seeks to expand 
and grow is valuable, in that it can greatly support building networks and having a 
local impact. Indeed, though many Indonesians speak English and other common 
languages, the ability to communicate with local communities, some public 
officials, and other relevant actors in Bahasa can be a distinct advantage. This 
includes not only support in navigating perhaps unfamiliar social, political, and 
economic situations, but also flagging local changes that may positively 
or negatively impact business plans. Though establishing a direct presence in 
Indonesia is perhaps not feasible for many SMEs and other private companies, 
partnerships with local organizations and affiliates is another avenue that can 
support engagement efforts. It should be noted that foreign and multinational 
companies should endeavor to align their strategic objectives with the interests 
of Indonesia’s local communities, supporting them through capacity building, 
new production opportunities, and other forms of sustainable development [200]. 
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Target decarbonization activities in strategic areas

Stakeholders highlighted that various islands in Indonesia face differing 
challenges, requiring tailored solutions and subsequently provide a range of 
opportunities when decarbonization is discussed. These range from high to low 
population densities, remote off grid communities to large population centers, 
areas of high and low renewable energy potential, and generally rich biodiversity, 
to name but a few. Areas with dense rainforests (i.e. Borneo and Papua) 
should be avoided for large development projects, in order to protect existing 
biodiversity. Whereas areas close to high density shipping routes (i.e. Sunda 
Strait, between Java and Sumatra) with renewable energy availability could 
provide niche markets for early adoption of SZEF. Industry actors interested in 
developing concrete projects to produce SZEF and pilot associated technologies 
could leverage strategic locations within Indonesia that have a convergence of 
favorable factors.

Aggregate SZEF demand

As seen in Section 6, maritime industries can act as substantial offtakers by 
themselves, but industry actors could look to aggregate SZEF demand across 
the value chain as well as from other sectors. Cross-sectoral collaboration can 
generate effective synergies between shipping, mining, other transport sectors, 
and energy. Key industries in Indonesia that can aggregate their demand for 
green electricity and SZEF include fishing, tourism, mining, and fertilizer and 
ammonia production. Increasing the volume of demand for new zero-carbon 
fuels, supported through offtake agreements, strengthens business cases for 
investors and capitalizes economies of scale to reduce overall cost of production. 
Interested industries could join initiatives like the Hydrogen Energy Center 
Indonesia, which is dedicated to the development of green hydrogen and related 
business opportunities [201].

Explore alternative business model options

Industry actors could seek new and alternative business models that reduce high 
barriers to entry or adoption for SZEF technology, both onboard vessels as well 
as shoreside [202][203]. Book and claim systems, subscription services, 
wholesale power purchase agreements, leasing models, and reverse auctions 
can act as new ways the maritime and energy sectors do business [204].

In conclusion, Indonesia’s renewable energy potential, strategic location in southeast 
Asia, as well as established maritime trade with key countries places the country in 
a unique position to capitalize on the maritime industry’s transition to zero emission 
shipping. 

Investing in key renewable energy and SZEF infrastructure would have significant 
benefits for the country’s economy and society, providing energy security, improving 
air and water quality, while creating new supply chains. To leverage existing and 
emerging opportunities within the country, the Indonesian government and its private 
industry actors will need to take targeted and decisive action to ensure the country 
stays ahead of the curve. It is clear that global momentum towards zero emission 
shipping is increasing in intensity, with new alliances, initiatives, demonstrations, 
and pilots taking place all over the world. The actions outlined above could support 
Indonesia in decarbonizing and becoming a strong regional player in the years to 
come.
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Annex I
SHIPPING GEOSPATIAL MODEL: 
Technical Information

This annex presents supplementary information 
to Chapter 3 on Indonesia’s Shipping Activity and 
its Maritime Emissions. It provides a more detailed 
look at the methodology employed in this report 
to generate Shipping Geospatial Model (SGM) 
for Indonesia, including the assumptions and 
limitations of the approach.

It is structured in three sections: 

1. Shipping Geospatial Model for Indonesia
2. Indonesia’s National GHG Inventory
3. Comparison between this report’s SGM and Indonesia’s National GHG Inventory



AIS Data

AIS Data
IHS Technical
Specifications

Database

GFW Technical
Specifications

Database

SFCs and
Emission 
Factors

AIS Data
Preprocessing

Voyage
Distinction

Emissions
Estimation Model

IMO and MMSI
Matching

Aggregated
Emission
Estimates

Shipping’s Energy Transition: Strategic Opportunities in IndonesiaAnnex I

97

Shipping geospatial model 
This report provides an estimation of GHG emissions and air pollutants from shipping 
in Indonesia using an activity-based approach. 

The SGM for Indonesia were estimated from a two-step methodology that allows for 
the aggregation of data at different levels. The first step is based on the Fourth IMO 
GHG Study methodology, focusing on the shipping activity in Indonesia. The second 
converts the first-step results into discrete voyages and their geographical location 
thanks to the ship’s Automatic Identification System (AIS) granular data. In this 
case the AIS data used refers to the ship’s hourly records for the whole global fleet 
operating in 2018. The latter step aims to provide a fair and representative reflection 
of the emissions associated with Indonesia’s maritime economic activity.

Step I: Building from the Fourth IMO GHG 
Study 
The Fourth IMO GHG Study [8] provides an inventory of GHG emissions from 
international shipping between 2012 and 2018. While the study provides two 
different approaches (i.e. top-down and bottom-up) to estimate shipping emissions, 
this report utilized the bottom-up approach, also known as activity-based (seen in 
Figure 18). 

Figure 18: Flow diagram representing the Fourth MIO GHG Study methodology with 
the dataset used.
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In the bottom-up approach, operational information captured by AIS data is matched 
with static technical information contained in Markit’s Information Handling Service 
and Global Fishing Watch databases [205][206]. The design specifications 
contained in the datasets are used in the calculation of fuel consumption and 
emission factors over an hourly, per-vessel basis. Consistent with 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines), the 
Fourth IMO GHG Study builds on the methodology presented in the Third IMO GHG 
Study [207] to incorporate the identification of port calls from which an allocation of 
discrete voyages can be made, and a distinction drawn between international and 
domestic shipping. 

The strong advantage of using the IMO methodology is that it contains the latest 
maritime GHG and air pollution research for domestic and international shipping 
above 100 gross tonnage [8]. It contains the state-of-the-art technical detailing, 
fuels and emission factors that allows for the estimation of the country’s maritime 
sector GHG and air pollution. 

IHS, IMO and MMSI matching 

Raw AIS data from terrestrial and satellite sources were obtained from the provider 
exactEarth and individual vessel data taken from the Information Handling Service 
dataset [205]. The datasets were combined based on each ship’s IMO identification 
number and Maritime Mobile Service Identity (MMSI). Resampling of the data into 
hourly time intervals allows for the extrapolation of the activity data for the entire 
year. This step ensures that the increasing coverage and number of AIS data points 
generated year on year does not result in an associated artificial growth in estimated 
emissions. The resampling step also serves to remove or correct invalid and spurious 
data points, while assessing the quality of AIS datasets for each IMO number in the 
process. 

Following the Fourth IMO GHG Study methodology, this report considered 19 different 
vessel types – 70 when considering the ship sizes; 13 different propulsive systems 
with three different generations – based on the ship year of build; auxiliary engines 
and boilers; four fossil fuels23; 10 different GHG and air pollutants and two fugitive 
emissions (i.e. refrigerants and Non-Methane Volatile Organic Compounds (NMVOC)).

AIS data pre-processing 

Linear interpolation is applied to the vessel GPS coordinates to account for Earth’s 
spherical curvature and the accurate application of location dependent emission 
factors such as Emission Control Areas (ECAs). Anomalies can be generated by 
the linear interpolation method and their numbers are known to correlate with the 
number of contiguous hours where no GPS data was observed. However, anomalies 
were found to decrease substantially over the years of the study as a result of 
increasing AIS coverage. Each hour where an activity report exists is allocated as 
port phase (operating at less than three knots and near the geographical location of 
a port), voyage phase or transition phase. Port activities are used to split vessel 
activity datasets, thereby generating a sequence of individual voyages. Where 
contiguous missing periods are determined greater than a missing period threshold, 
that voyage is removed and replaced using backward and forward infilling.

23 Fully-electric, coal, non-propelled, and nuclear-powered vessels were removed.
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Distinction between international and domestic voyages

Building on the methodology employed in the Third IMO GHG Study for generating 
bottom-up fuel estimates based on vessel type and size, the Fourth IMO GHG Study 
applies a new approach to discretizing voyages from continuous data using the 
geospatial and temporal information contained in AIS data. Central to the Fourth 
IMO GHG Study is a port database containing the name, coordinates and country 
of close to 13,000 ports around the world. Individual port calls are identified using 
reported Speed Over Ground (SOG) values and a spatial nearest neighbor algorithm 
to compute the distance of vessels to their closest port. AIS data points with average 
SOG values of below one knot are grouped into clusters representing potential stops. 
The clusters are assigned as port stops if the distance to nearest port is sufficiently 
small, time at port is sufficiently large and the distance between the cluster and 
any neighboring clusters is sufficiently large. Consecutive clusters located close to 
one another while assigned to the same port are merged into one, however for those 
with different port assignments one of the clusters is removed. For vessels where 
AIS coverage is particularly poor, a second stop identification method is employed 
relying on proximity to port and eliminating the dependence of the stop identification 
algorithm on accurate SOG records alone. Using the definition of international 
shipping as that which takes place between ports of different countries, emissions 
may then be allocated to international or domestic categories in line with IPCC 
definitions. This distinction enables quantification of the voyage-based inventories 
presented in the main body of this report.

Fuel consumption, emissions and energy estimation 

The hourly main engine power demand of any given vessel is established by using 
Admiralty formula where the AIS speed and reported draught is combined with ship 
design characteristics of IHS data. The formula has been adjusted using speed, 
fouling and weather factors, while auxiliary machinery power demand has been 
established depending on the ship type, size and operational mode occurring at each 
hourly observation.  It is important to note that reported draught values may often be 
inaccurately recorded and bear imperfect correlation with quantities of cargo carried 
by each vessel, leading to uncertainty in final estimations of fuel consumption 
emissions generated. Furthermore, the lack of information regarding imports results 
in a lack of clarity surrounding the origin and fair attribution these emissions to the 
Indonesian economy.

To transform from power demanded of the main engine to hourly fuel consumption, 
the power demanded was matched to a specific fuel consumption (SFC) curve which 
used the engine and fuel type baseline SFC and the engine loading (i.e. how much 
power is being demanded against the maximum installed power) as independent 
variables. The multiplication of estimated SFC and main engine power demand yields 
the hourly fuel consumption. For the auxiliary machinery, the SFC were given as 
constant and their hourly fuel consumption was obtained by multiplying the power 
demanded and the SFC. The vessel total hourly consumption was the aggregation of 
the fuel consumed by the main engine and auxiliary machinery. 

The estimation of hourly GHG and air pollution emissions is dependent on how much 
fuel is being consumed, fuel type, fuel sulfur content, main engine loading and power 
output, main engine type, machinery (i.e. auxiliary engine or boiler) and geographical 
location (i.e. if navigating inside or outside an ECA). As in the Fourth IMO GHG Study’s 
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activity-based methodology, two different approaches to emission factors (EF)24 
were used: energy-based and mass-based. The energy-based EF are given as 
mass of air pollutants by energy demand – normally given as g pollutant/kWh. The 
mass-based EF is given as mass of pollutant per mass of fuel – normally given as 
g pollutant/g fuel. The hourly emissions were obtained by multiplying energy-based 
EF by hourly energy demanded for each onboard machinery type. For the GHG and 
air pollutants using fuel-based EF the hourly fuel consumption was multiplied by 
the EF25. To convert GHG emissions into CO

2
 equivalent (CO

2
e), the Global Warming 

Potential over a 100-year period (GWP
100

) of each compound is used. As reference, 
the GWP

100
 are taken from 2006 IPCC guidelines26. 

To convert annual fuel consumption to energy demand, the hourly fuel consumption 
was converted to a common fuel equivalent unit (Heavy Fuel Oil equivalent, HFO

eq
, in 

the Fourth IMO GHG Study). This conversion is achieved by using the IMO Heavy Fuel 
Oil (HFO) Low Heating Value (LHV) of 40,200 kJ/kg and the fuel being consumed (e.g. 
Marine Diesel Oil (MDO) which has a LHV of 42,700 kJ/kg). However, for Ricardo’s and 
this report the shipping energy demanded is given in MWh. To achieve this, the HFO

eq
 

unit needs to be converted to kJ using the HFO LHV to then convert the hourly energy 
demanded to MWh27. 

The annual fuel consumption, energy demand and emissions by ship type and size 
(or shipping as a whole) is the aggregation of each hourly observation within the 
observed year (i.e. 2018 for this report).

Quality assurance and control 

Comprehensive quality assurance (QA) and quality control (QC) efforts were 
undertaken to ensure accuracy in the inputs, method, and results of the bottom-up 
study. State-of-the-art Monte Carlo uncertainty analysis applied in the Third IMO 
GHG Study is replicated in the Fourth Study and used to show that uncertainty has 
dropped from close to a third in 2012 to <10% in 2018, with ongoing uncertainty 
reductions expected as overall coverage of AIS data increases. Overall, difference in 
total fuel consumption figures of 2012 deviated just 3% away from the Third IMO GHG 
Study, indicating the quality and coherency of methodologies contained in both. Of 
three vessel types responsible for close to two-thirds of the total international CO

2
 

emission for 2018, there was a maximum deviation of 6% between CO
2
 emissions 

estimated in the Fourth IMO GHG Study and those presented in the EU’s MRV scheme 
[208]. Further, continuous monitoring data was used to validate the model’s speed, 
main and auxiliary engine models with a good correlation on speed, draughts, main 
engine power and fuel consumption with the largest uncertainty on the auxiliary 
engine model due to the assumption of a constant power generation for the different 
operational modes for all ship types.

24 The EF are given as tank-to-wake emissions. This means that it quantifies the emissions produced 
by the onboard systems. It does not consider the upstream emissions produced due to the 
extraction, production, and distribution of the fuel.

25 A more specific explanation of the EF can be found in the Fourth IMO GHG Study subsection Emission 
Factors or Appendix B and M.

26 For CH
4
 is 28 and N

2
O is 265.

27 Conversion factor: 1 kJ equals 2.78x10-7 MWh.
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Step II: Voyages and their geographical 
location 
The addition of the stop identification process enables continuous AIS data 
representing vessel activity as discrete voyages. Emission data with timestamps 
falling between the start and end times of a given voyage is pulled by the 
algorithm. Emission data associated with voyages where vessels depart from an 
Indonesian port and arrive in international destination ports is used to formulate the 
international departures inventory. Where a voyage originates in the port of another 
country and arrives into an Indonesian port, emissions associated with this journey 
are added to the international arrivals inventory. Where source and destination ports 
are both Indonesian, voyage emissions are allocated to the domestic inventory, while 
the emissions of voyages that feature no interaction with Indonesia’s ports remain 
unused on the voyage approach. 

When adding up international departures and arrivals with domestic activities there 
are two important caveats: 

• Not all ships arriving or departing Indonesia are fully unloaded or loaded,
meaning that part of the cargo contained in any given vessel – and the main
reason for the ship to navigate – does not have Indonesia as its final or origin
destination.

• Taking the first or last voyage leg does not mean that the cargo coming or going
from Indonesia is fully loaded in the last port before arriving to Indonesia or fully
unloaded at the first port of call after leaving Indonesia. Indeed, different ship
types tend to have multiport call voyages.

However, the aggregation of these different approaches allows for a fuller picture of 
how shipping activities from, to and within Indonesia occur and shows the important 
role that Indonesia has on the transition of this transport sector. For the geofenced 
emission inventory approach, the geographical location of all the activities for 
all 72,000 vessels contained in the 2018 dataset is checked for its position with 
respect to the national Exclusive Economic Zone (EEZ) and radius around port 
cities. Using the shapefiles provided by the Flanders Marine Institute [41] for the 
EEZ approach, activity-related emission data that falls within the region is pooled to 
form the geofenced inventory while outlying data is left out (see Figure 19). A similar 
method has been applied within the localized emission analysis of port regions 
whereby geographical coordinates of each port are used to generate a surrounding 
area of 100 km radius from the port centroid using a Geographical Information 
System software. Aggregating the hourly activity data that occurs in the immediate 
area surrounding each port, an indication of the exposure of local populations to 
pollutants arising from vessel activity can be generated. The method results are 
summarized in Figure 10, whereby only the activities of vessels captured within 100 
km of each port are used.
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Figure 19: Polygon representing Indonesia’s EEZ polygon and the shipping activity 
inside it during 2018.

Quality assurance and control 

After obtaining complete results using the Fourth IMO GHG Study activity-based 
methodology to calculate emissions, remaining sources of error are limited to the 
methods of data extraction used to access the study’s results and aggregations as 
explained before. These are summarized in Table 7 with their QA and QC to minimize 
their impact.

Table 7: Potential sources of error in the SGM for indonesia.

All checks were completed with no errors detected indicating reliability in the SGM for 
Indonesia presented in the main body of the report.

Inventory Method Potential Issue Identified QA/QC Procedure

Voyage-based Inaccuracy in copying data from the 
Fourth IMO GHG Study

Select 10 rows at random and 
validate data selected

Voyage-based Inclusion of data lying outside 
voyage time windows

Select 10 voyages at random and 
validate voyage

Geofenced Inaccuracy in copying Fourth IMO 
GHG Study data

Plot sample of 10,000 hourly events 
location against the geographic 
polygons

Geofenced Inclusion of data lying outside EEZ Take sample of 10, 000 hourly 
events location against the 
geographic polygons
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Indonesia’s national GHG inventory
At national scales, a wide range of methods exist to generate national inventories of 
maritime emissions. Current international guidelines focus on combining established 
emission factors with fuel consumption figures to derive estimates for the emission 
of GHG and air pollutants. In the absence of a concrete IMO framework for assigning 
national emissions, the IPCC Reference Approach offers one such method that 
makes use of readily available energy supply data.

Indonesia’s Ministry of Environment and Forestry, coordinates the country’s GHG 
emissions through the preparation of its National Inventory of Greenhouse Gases 
[35]. The inventory follows the 2006 IPCC Guidelines. The information provided in 
each of the following subsections is based in the information provided in Indonesia’s 
3rd Biennal Update Report [35], Directorate of GHG Inventory and Monitoring, 
Reporting and Verification [40], Guide Conducting a National Greenhouse Gas 
Inventory: Book I, General Guidelines [209], Guide Conducting a National Greenhouse 
Gas Inventory National Greenhouse Gas Inventory Book II Volume 1 [210] and the 
Handbook of Energy and Economic Statistics of Indonesia [39]. 

More information on the 2006 IPCC Guidelines that the Indonesian government 
followed to prepare its inventory will be presented below. 

2006 IPCC Guidelines: A brief overview 
Intergovernmental Panel on Climate Change in its 2006 IPCC Guidelines for National 
GHG Inventories for the Energy sector and in Chapter 3 sets out a framework of 
good practice for the quantification of GHG emissions and air pollutants resulting 
from mobile combustion. Guidelines for water-borne navigation are included, 
encompassing emissions generated from all forms of water-borne transport 
(international and domestic), fishing, military, and multilateral operations [37]. For 
shipping the GHG accounted for are CO

2
, CH

4
 and N

2
O.

Methods 

There are two tiers (1 and 2) for the evaluation of GHG emissions for the water-borne 
navigation where both tiers apply emission factors to fuel consumption figures 
independently across all fuel and transport vessel types. 

Tier 1 is the simplest approach which can use default or country-specific values.  
The EF are fuel-type specific for the data the country has. To estimate the annual 
GHG emissions it is required to multiply the fuel data – by fuel type – by the 
corresponding EF. 

The difference with the Tier 2 approach is that the annual GHG emissions need 
of more specificity by adding classification modes (e.g. ocean-going ships) and, 
if available, engine type. Further, if the country has availability to access ship 
movement data it is recommended that the guidelines from the EMEP/CORINAIR 
emission inventory guidebook are followed [211]. This reference is recommended to 
estimate EF for NO

x
, CO and NMVOC in both approaches.
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For both tiers the shipping category is divided in four distinct classes:

1. Water-borne Navigation. This can be further subdivided by domestic and
international navigation on the basis of the port departure and arrival.

2. Fishing. In this category all emissions from fishing vessels that have refueled in
the country need to be considered.

3. Mobile. All remaining emission from shipping not covered above (e.g. military).
4. Multilateral Operations. Emissions produced in multilateral operations (e.g. fuel

delivered to the military in the country and delivered to the military of another
country).

Fugitive emissions from transport are declared under the category “Fugitive 
emissions” but they are assumed to be negligible when the ship is navigating. 

Indonesia’s GHG inventory report for its water-borne emission estimation of CO
2
, CH

4
 

and N
2
O used a Tier 1 approach [210]. 

Emission factors 

The guidelines give for CO
2
 EF a range of acceptable values depending on the type of 

fuel based. The guidelines recognize 10 different fuels for the water-borne transport. 
However, Indonesia methodology used only six out of the 10 for the CO

2
 EF [210]. 

For CH
4
 and N

2
O EF under a Tier 1 method the values are given as 7 kg/TJ and 2 kg/

TJ respectively. However, these factors are taken from HFO being consumed in diesel 
engines (no engine speed is stated) and for that reason have a large recommended 
variation (i.e. +50% for CH

4
 and from -40% to 140% for N

2
O). 

For a Tier 2 approach the EF should be based, if possible, by the country’s testing of 
fuel and combustion engines and this should be recorded in accordance with EMEP/
CORINAIR emission inventory guidebook. 

In the case of the water-borne transport EF, Indonesia used the default values 
recommended by IPCC Tier 1 approach. 

Activity data selection 

The IPCC guidelines offer a wide range of source data to obtain an estimation of 
the fuel being used for water-borne activity and for what purpose is being used (e.g. 
domestic or international navigation). However, the selection of the datasets is up 
to the country and its own circumstances which is recognized to produce results 
with different levels of accuracy. The IPCC list suggests National energy statistics, 
surveys of fuel suppliers (i.e. fuel sales), marine authorities and fishing companies 
to the IMO databases and Lloyd’s Register ship movement data, among others. The 
guidelines recognize that to get a better data resolution of the fuel being used the 
inventories will need a combination of the recommended databases. 

The guidelines recognizes that there are different engine types and fuels being used 
onboard any given vessel but states that this level of granularity is difficult to obtain. 
To solve this, the guidelines give general statistics of average fuel consumption in 
percentage per engine type (i.e. main or auxiliary engines) and ship type. As well, the 
chapter gives average daily fuel consumption and linear regressions to estimate fuel 
consumption at full power (i.e. 100% the Maximum Continuous Rating (MCR) of an 
engine) against the ship’s Gross Tonnage. This is given for 13 different ship types. 
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The Indonesian domestic maritime emission category data is provided by the 
Handbook of Energy and Economic Statistics of Indonesia covering the years 2010-
2020 [39]. The report uses the sale of fuel during this period to establish the energy 
demand of the maritime sector. The national fuel sales were aggregated by fuel type 
per energy sector and then translated to the 2006 IPCC categories [40].  

Completeness and uncertainty

The guidelines depend on the country capacity of accounting for fuel being 
consumed by shipping. The sources of potential incomplete estimation of fuel used 
and emissions are: 

• Misallocation of navigation emission into another source category.
• When military data is confidential.
• Misallocation between domestic and international voyages.

The guidelines present the difficulty of distinguishing between domestic and 
international navigation as the highest source of uncertainty in building the water-
borne emission inventories. For complete survey data the estimated uncertainty is 
assumed to be +5% while for incomplete ones it could be as high as +50%. Still, it is 
recognized that uncertainty could be much larger from country to country. However, 
as data availability improves, such as in the case of AIS data, the uncertainty levels 
for this sector will reduce. 

Indonesia’s 2019 National GHG Inventory Report recounted that the estimated 
uncertainty for the whole inventory was 13.8% when not considering Forestry 
and Other Land Use category was not considered while increasing to 19.9% when 
considered [35]. It was noted that the uncertainty of the report since 2000 has 
stayed at the same level. It is important to notice that the uncertainty analysis was 
only shown for the total GHG inventory and not to the subcategories and the emission 
factors.

Quality assurance and control 

The guidelines recommend four different approaches to assure the QA and QC of the 
water-borne emission inventories, but this will depend on the country’s capacity to 
take these steps: 

1. Compare emissions using alternative approaches
2. Review of EF.
3. QA and QC of activity data on fuel usage.
4. External review.

For the case of the Indonesia’s emission inventories the QA and QC is extensively 
explained in the inventories quality policies report [209]. The report set the 
guidelines to revise the quality of the data estimated, reports produced and 
communication to the public and specialized audiences.
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Reporting 

Water-borne emissions are reported in different categories depending on the activity 
that the ship is doing: 

1. Water-borne Navigation. Domestic navigation is reported and counts towards the
national GHG inventory. International navigation is reported separately and does
not count towards the national GHG inventory

2. Fishing. It is reported under the Agriculture/Forestry/Fishing category in the
Energy class.

3. Mobile. In particular to military should be presented for transparency purposes.
4. Multilateral Operations. They are not mentioned how to be reported.

The IPCC guidelines recommend as good practice to present the source of the fuel 
and other data used, method to differentiate domestic and international navigation, 
emission factors used, and their associated references and the uncertainty or 
sensitivity analysis of the data and assumptions taken.
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Emission inventories comparisons
Estimation of GHG emissions per sector support policy processes and decision-
making for viable mitigation responses from governments that are in consonance 
with UNFCCC and its Kyoto Protocol and Paris Agreement’s goals. The IPCC 
Guidelines, assist countries in producing transparent, complete, comparable, and 
consistent over time inventories that do not overestimate or underestimate national 
GHG emissions. 

The SGM developed in this report provides a novel approach to estimate, in a 
comprehensive matter, the maritime GHG and air pollution emissions of any country. 
In general, the SGM for Indonesia and Indonesia’s National GHG Inventory need to be 
seen as complementary. Indonesia’s National GHG Inventory captures the complex 
interaction between its economic activities, society, and the environment. Balancing 
the level of granularity between categories due to data availability, modeling, 
capacity, and statistic access is a complex endeavor that has the aim of establishing 
the country’s full picture in a transparent way. On the other hand, the emission 
inventory provided in this report based on the Fourth IMO GHG Study considers in 
detail the spatial and technological differences of the maritime sector during 2018. 
Further, this report proposed four different methodologies of aggregating the data 
relevant to Indonesia with the purpose of exploring the implications of shipping to, 
from and within the country and establish their role in the transition of the maritime 
sector. 

The differences between the estimation of GHG come from the way they are reported; 
the granularity of the fuel used databases; how data is aggregated; assumptions 
taken; and that the Fourth IMO GHG did not consider ships below 100 gross tonnage, 
leaving outside the small boat fleet28, which tend to be activity within the national 
waters and of high relevance for Indonesia’s maritime activity as seen in Table 2. For 
this reason, it is deemed that the results from the SGM are on the conservative side.

Still, some of the elements between the general inventory approaches can be 
compared to understand the main causes between both inventories’ differences 
which for the Water-Borne Navigation – without accounting for fishing activity – 
stood -7,676.77 kt CO

2
e.

28 Typically, with a length not larger than 25 m depending on vessel construction.
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Emission factors
As reported by Indonesia’s National GHG Inventory for Water-Borne Navigation, 
default Tier 1 EF were used for CO

2
, CH

4
 and N

2
O were used. It is important to mention 

that methanol EF are not presented in this subsection since it is a fuel not considered 
by the IPCC 2006 Guidelines for water-borne navigation. 

Carbon dioxide 

Table 8 presents the CO
2
 EF used in Indonesia’s National GHG Inventory and the ones 

used in the SGM which are taken from the Fourth IMO GHG Study. After division by 
the low heating value and conversion to the same unit, the percentage difference 
between CO

2
 EF presented in the two documents has been evaluated with a 

difference of -0.02% for HFO, -1.33% for MDO29 and 1.96% for liquified natural gas 
(LNG). Use of similar emission factors are important to the accurate quantification of 
GHG generation and give confidence that the results derived in the SGM to generate 
the emission inventories presented are reliable and representative.

Table 8: Comparison of CO
2
 emission factors used in the SGM and the values used 

by the Indonesia’s GHG inventory for the Water-Borne Navigation based on the IPCC 
2006 values [210].

Fuel
IMO Default EF 

(kg CO2/kg fuel)

Converted IMO EF in 
IPCC-aligned units 

(kg CO2/TJ)

IPCC 2006 
Default EF 

(kg CO2/TJ)

Difference 
(%)

HFO 3.114 77,463 77,400 -0.02

MDO 3.206 75,082 74,100 -1.33

LNG 2.750 55,000 56,100 1.96

Methane 

The Fourth IMO GHG, and hence the SGM, recognizes that methane emissions are 
different under different fuels, engine technologies and engine loading giving a wide 
range of values. For the Indonesia’s GHG National Inventories the defaults values 
for methane EF recommended by the 2006 IPCC Guidelines were followed. These EF 
were given as a range but smaller to the SGM. For that reason, the methane EFs will 
be given in a range to consider all the methane EF (see Table 9)

29 MDO carbon factor was reported as Solar since it has the same value as recommended by the IPCC 
Guidelines (Ministry of Environment, 2012b).

https://www.kemenperin.go.id/download/11219
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.Table 9: Comparison of CH
4
 emission factors contained in the SGM and the 2006 

IPCC Guidelines for National GHG inventories. It is important to mention that the 
SGM CH

4
 EF are given for design engine loads (i.E. 75% of the MCR).

Fourth IMO GHG Study EF  
(g CH4/kWh)

Converted IMO EF in  
IPCC-aligned units 

(kg CH4/TJ)

IPCC 2006 Default EF 
(kg CH4/TJ)

0.002 - 5.500 0.560 - 1,527.780 3.500 - 10.500

The large differences seen in the EF between them has to do with two main reasons: 

1. The CH
4
 EF used in the IPCC 2006 guidelines are based on the numbers given by 

Lloyd’s Register [212] for only diesel engines using HFO while the Fourth IMO GHG 
Study covers a wider range of engines and fuels. Normally, diesel engines tend to 
be located in the lower end of the CH

4
 EF scale. For the Fourth IMO GHG Study a 

diesel engine consuming HFO will have an EF of 2.8 kg CH
4
/TJ. Still, there is a 

difference of between of 20% between the EF – using the lowest value given by 
IPCC. This difference may be due to the age of the literature used for the IPCC 
2006 Guidelines. In the past 30 years, maritime diesel engines have improved 
with better combustion efficiency thanks to the introduction of fuel injection and 
exhaust gas actuating systems among others [213].

2. The introduction of LNG as fuel for shipping has existed since LNG has been 
carried in vessels. But in the past, this type of vessel used the boil-off gas from 
the tank to burn it inside a boiler to produce steam that in turn powered the ship 
steam turbines. However, since 2010 LNG as fuel has started to enter into the 
maritime market for all ship types and sizes. Natural gas is mainly composed by 
CH

4
 and when injected into an internal combustion engine part of it may not get 

combusted, increasing the emission of this GHG. Depending on the LNG engine 
technology the CH

4
 EF could be between 55.56 and 1,574.78 kg CH

4
/TJ.

If LNG becomes a more prominent fuel in the shipping sector, it will be important to 
update the IPCC 2006 CH

4
 EF to account for this powerful GHG.

Another minor point of difference is that the GWP
100

 for CH
4
 used by Indonesia’s 

National GHG Inventory was 21 [40] instead of the 28 used by the SGM based on the 
IPCC Fifth Assessment Report [214].

Nitrous oxide 

Table 10 presents the N
2
O EF used in Indonesia’s National GHG Inventory – given as 

a range and based on the IPCC 2006 Guidelines – and the ones derived from the 
Fourth IMO GHG Study used for the SGM. One important difference from the IMO EF is 
that it recognizes the change of the EF due to engine loading – mainly loads below 
20% MCR, engine technology and fuel.
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Table 10: Comparison of EF contained in the SGM and the 2006 IPCC guidelines for 
national GHG inventories. It is important to mention that the SGM N

2
O ef is given for 

design engine loads (i.E. 75% of the MCR).

Fourth IMO GHG Study EF  
(g N2O/kWh)

Converted IMO EF in  
IPCC-aligned units 

(kg N2O /TJ)

IPCC 2006 Default EF 
(kg N2O /TJ)

0.02 – 0.05 5.56 – 13.11 1.2 – 4.8

The N
2
O EF differences are significant between the two approaches. The probable 

reason for this difference could come from a better understanding in the past three 
decades on the formation of N

2
O in traditional diesel engines. Yoo et al. [215] showed 

in their experimental study onboard a vessel consuming MDO that the N
2
O EF ranged 

between 0.03 and 0.07 g N
2
O/kWh. The highest N

2
O EF from the Fourth IMO GHG 

came from gas and steam turbines. 

Like CH
4
, the N

2
O GWP

100
 used by Indonesia’s National GHG Inventory was different to 

the latest IPCC recommendations. The National Inventories used a GWP
100

 of 310 
[40] instead of the 265 used by the SGM [214].

Black carbon 

The IPCC 2006 guidelines do not account for BC as a GHG while the SGM following 
the Fourth GHG IMO Study considers it with a GWP

100
 of 900 [8][42]. For all the annual 

emission inventories produced by the SGM, BC was among the second most powerful 
maritime GHG with about 9.5% of the total CO

2
e for Indonesia’s the domestic 

navigation.
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Sensitivity analysis 

The aim of this section is to estimate what are the impacts on the GHG inventories 
due to the different EF used between Indonesia’s GHG inventory and the SGM for 
Indonesia. To do that, the amount of fuel consumed in 2018 by domestic shipping – 
excluding fishing – from the SGM will be used. Further, the 2018 Indonesia’s National 
Inventory [40] will be used instead of the one reported (i.e. for the year 2019) in their 
3rd Communication to the UNFCCC [35] to avoid doing spatial data transformations 
that can bring uncertainty to the calculations.

Indonesia reported for the domestic Water-Borne Navigation category a total of 108 
kt CO

2
e for 2018 while the SGM estimated 7,677 kt CO

2
e a difference of -7,569 kt CO

2
e.

The estimated annual fuel consumption during 2018 from the SGM for Indonesia’s 
domestic activity – excluding fishing – was 1,219.23 kt HFO, 911.75 kt MDO and 44.17 
kt LNG. Converting these fuel consumptions into energy using the fuels’ LHV30 gives 
49,013.05 TJ for HFO, 38,931.73 TJ for MDO and 2,120.16 TJ for LNG. Now, by using 
Indonesia’s National GHG Inventory CO

2
 EF and middle EF values for CH

4
 and N

2
O 

from the 2006 IPCC guidelines (and not counting BC as a GHG) while using the latest 
GWP

100
 values from IPCC, the annual GHG emission due to domestic navigation is 

6,797.39 kt CO
2
, 0.63 kt CH

4
 and 0.27 kt N

2
O. Converting these quantities to CO

2
e 

gives a total of 6,886.65 kt CO
2
e. This is a difference with the projected Indonesia’s 

annual GHG emissions in 2018 of 6,886.54 kt CO
2
e and just -0.88% against the SGM 

estimation without accounting for the effect of BC as a GHG (i.e. 729.00 kt CO
2
e). If 

the analysis is used with the GWP
100

 used by Indonesia, then the difference between 
the results would be of -0.76%.

From the previous analysis done it can be said that the main root cause of the 
difference between the National GHG Inventory and the SGM GHG inventory are:

• The National Inventory’s Water-Borne Navigation fuel consumption data source 
comes from Indonesia’s Handbook of Energy and Economic Statistics of 
Indonesia [39] which for the maritime sector is based on annual fuel sales [40].

• Differences between National Inventories data based on fuel sales to 
international shipping and activity-based methods also have explainable 
differences. Fuel sales are only recorded if a ship bunkers (takes on fuel) in 
Indonesia. In practice ships calling at Indonesia may not need to bunker (some 
ships have fuel storage for up to three months so do not refuel for each voyage) 
and will purchase fuel in Indonesia only if its competitive to fuel available at other 
port calls they will make. The SGM captures all shipping activity regardless of 
whether it is associated with a purchase of fuel. The statistics estimated here 
suggest that only a portion of the fuel associated with Indonesia’s shipping 
activity is purchased in Indonesia and so the activity-based method is helpful for 
giving an estimated of the potential bunker sales market - should Indonesia want 
to expand its opportunity, especially for SZEF.

30 For HFO the LHV used was 40.2 TJ/kt, for MDO 42.7 TJ/kt and for LNG 48.0 TJ/kt [8].
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• The method used in SGM is an activity-based method so it includes emissions
from domestic voyages of international ships (e.g. from one Indonesian port to
another) which would not be captured in the statistics of fuel sales for domestic
use. Finding a discrepancy in GHG when calculating with the two methods is
common and has occurred in other countries (e.g. United Kingdom) which have
since switched to use the activity based method [43].

• However, fuel sale databases can capture the fuel being consumed of the
small boat fleet which tend not to have onboard tracking systems (e.g. AIS
transponder). In the case of Indonesia, this segment due to its energy demand
has a relevant and important role in the national maritime emissions. This is a
limitation from the SGM but which points to the SGM results on domestic shipping
GHG and air pollution to be a conservative estimation.

• While the EF differences are large for CH
4
 and N

2
O, these compounds account for

a small share of the total GHG emission. Indeed, CO
2
 accounts for 98.5% of the

SGM 2018 GHG emissions – not accounting for BC as a GHG – and the CO
2
 EF for 

HFO MDO and LNG have a difference of -0.02%, -1.33% and 1.96% respectively
to the IPCC recommended EF. This explains in its majority the -0.88% observed
difference when contrasting both inventories EF using the SGM 2018 fuel
consumption, and the IPCC recommended GWP

100
.

• The difference between the CH
4
 and N

2
O GWP

100
 used in the SGM and Indonesia’s

National Inventory was responsible for a variation of -0.11% in the total GHG
emissions. While the differences in the GWP

100
 values are significant, their impact

on the domestic water borne GHG emissions is small due to these compounds
being a fraction of the total, as explained above.

• The SGM considers BC as GHG which after CO
2
 is the most impactful gas in the

total GHG quantification. But this GHG has only a 9.5% influence – around 730 kt
CO

2
e – on the total GHG domestic emission in 2018. Still, it is considered that the

SGM is on the conservative spectrum for the national GHG emissions.

Further tests with the SGM results could not be performed since the Indonesia’s 
National Inventory probably aggregate the domestic fishing fleet into the Non-
Specified and International maritime is not stated.   

The interested reader can find further detail on this report maritime activity data 
in Faber et al. [8] subsections 2.2.2 – 2.2.4 with general areas of improvement in 
Appendix A. 

A source of uncertainty in this short sensitivity analysis is the fuel’s LHV used since 
the IPCC 2006 guidelines does not give these values for the maritime fuels. However, 
this is thought to have a minimal impact on the annual GHG inventories.
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