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Abstract

Reducing emissions in the aviation sector in Indonesia is in line with international decarbonization efforts.
This study aims to assess the potential for sustainable bioavtur development in Indonesia, to project
future demand and emission reduction requirements, and to identify priority feedstocks and process
technologies. Aviation fuel consumption is projected to grow from 4.9 million kilolitres in 2024 to 12.5
million kilolitres in 2060, while the sector must move from 1.9 million tons of CO2e in 2024 to a reduction
of 25.6 million tons of CO2e in 2060, in line with the global target of an 85% cut from 2019 levels and
carbon-neutral growth in international aviation from 2027. The study combines demand and emission
projections, simulation of raw material availability, and multi-criteria decision analysis (MCDA) to rank
feedstocks and technologies. The results show that crude palm oil, used cooking oil, and the organic
fraction of municipal solid waste, partly generated by the free nutritious meals programme, together with
HEFA and FT processes, are the current priorities for development. A series of policies need to be
promoted to support bioavtur production, including raw material security, decarbonization technology
options, ease of investment, incentive support to achieve economic viability, and balanced information
dissemination.
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1. Introduction

Bioavtur is an aviation fuel produced with environmental considerations, using sustainable resources
and having a low impact on greenhouse gas emissions (ICAO, 2022). Under the Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) Eligible Fuel (CEF), Sustainable Bioavtur is the most
feasible alternative fuel to be developed in Indonesia. It is a type of fuel produced from renewable
resources and has a lower environmental impact than conventional fossil-based aviation fuel (Ministry of
Energy and Mineral Resources, 2025). It is designed to reduce the carbon footprint and greenhouse gas
emissions in the aviation industry. A sustainable bioavtur is designated to meet ASTM standards. ASTM
D7566 establishes stringent specifications for blending non-petroleum components with standard
petroleum-based jet fuels certified to ASTM D1655 (ICAO, 2022).

The demand for sustainable bioavtur is a function of the demand for aviation fuel and the biofuel
mandate in the aviation industry (Thunder Said Energy, 2023). Aviation fuel demand is derived from the
aviation industry's needs, driven by the number of air travel and the number of air passengers. Therefore,
projections of aviation fuel demand can be predicted from projections of future air passenger numbers.
Meanwhile, the biofuel mandate in the aviation industry should also be a key reference for projecting the
need for sustainable bioavtur, as demand for sustainable bioavtur cannot grow independently without
regulatory intervention. The current price of sustainable bioavtur is still around 1.5 to 6 times higher than
that of aviation fuel, requiring support for the aviation industry to transition from aviation fuel to
sustainable bioavtur (European Union Aviation Safety Agency, 2022).

The Cilacap Green Refinery is capable of producing Bioavtur with a capacity of 9,000 barrels per day
(bpd) through co-processing (Pertamina, 2025). PT Kilang Pertamina Internasional aims to begin
producing 100% palm kernel oil-based aviation fuel (avtur), or 100% bioavtur, at the Cilacap Refinery in
2026. The Cilacap Green Refinery Phase 2 project also aims to increase the processing capacity of
hydrotreated vegetable oil (HVO) from the current 3,000 bpd to 6,000 bpd (Pertamina, 2025). Therefore,
a sustainable supply of bioavtur with 100% vegetable oil as the raw material is expected to emerge in
2026, amounting to 6,000 bpd, or approximately 260,000 kL per year.

To date, studies comprehensively analyzing the development of bioavtur in Indonesia remain
limited. Existing studies generally estimate the potential for bioavtur production from agricultural,
municipal, and plantation waste (Inayah et al., 2026), and address issues related to sustainable aviation,
including investigations into sustainable aviation fuels, their production processes, and their use in
aviation. Currently, there are no concrete efforts or activities to reduce emissions in the aviation sector.
This means the aviation sector must reduce emissions by 25.6 million tons of CO2e by 2060. Our study
aims to address this research gap. Moreover, the novelty of this paper is in the form of Strategic Practical
Novelty's novelty lies in its strategic practical contribution to policies, regulations, and development
strategies based on scientific research. To date, the implementation of mandatory bioavtur in Indonesia
has not been implemented.

The purpose of this study is to provide an overview of the potential for bioavtur development, to
show the extent to which bioavtur development contributes to and improves aviation fuel resilience in
Indonesia, and to provide direction on how industry and government synergy can work together in
developing the bioavtur industry as a sustainable fuel in Indonesia for aviation. The methodology used in
this study included a literature review, interviews, and field visits to the refinery owned by PT Pertamina
(Persero), which has developed and produced bioavtur at a pilot-plant scale in Cilacap. To provide an
initial overview of the suitability of raw materials and technology, an initial selection of raw materials can
be made using the multi-criteria decision analysis (MCDA) method. The MCDA method assesses the
priority order of alternatives by considering certain factors as constraints in the selection (Kigozy and
Aboyade, 2014). This method is widely used for decision-making and can be applied at varying levels of
detail.

2. Methods

The methodology used in this study included a literature review, interviews, and field visits to the
refinery owned by PT Pertamina (Persero), which has developed and produced bioavtur at a pilot-plant
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scale in Cilacap. Test result data, including coprocessing production testing, static testing, flight testing,
and the results of running simulations of licensed platforms such as Nexchem, which is known as the latest
developments in bioavtur, policies, and the current conditions of the aviation industry. Interviews were
conducted with fuel suppliers such as Pertamina Indonesia Refinery, Tripatra, and Shell Indonesia through
in-depth interviews, online discussions, and audiences. A field visit was conducted at the Cilacap Refinery,
which operates through coprocessing and produces bioavtur from a variety of oil- and fat-based raw
materials. The Projections of aviation fuel demand can be predicted from projections of future air
passenger numbers, a function of the demand for aviation fuel and the biofuel mandate in the aviation
industry (Coordinating Minister for Maritime Affairs and Investment, 2024). To provide an initial overview
of the suitability of raw materials and technology, an initial selection of raw materials can be made using
the multi-criteria decision analysis (MCDA) method. The MCDA method is used to assess the priority order
of various alternatives by considering certain factors (as constraints in the selection). This method is
widely used for decision-making, with varying levels of detail. The MCDA method used was MCDA-
SMARTER (Simple Multi-Attribute Rating Technique Extended to Ranking), which is widely used for initial
screening of alternatives and involves independent assessment criteria. In the MCDA-SMARTER method,
the alternatives being reviewed are scored based on the specified criteria. The alternative with the highest
conformance to the criteria receives a score of 10 (highest), while very low conformance receives 1
(lowest). The criteria are formulated qualitatively, designed to be quantifiable, and then used in the score
calculation. In this method, the selected criteria are also assigned different weights. This is intended to
highlight the priority of one criterion over another. Weighting is done systematically using the rank of
centroid (ROC) method (Barron and Barrett, 1996). This method is widely used for decision-making, with
varying levels of detail. The Projections of aviation fuel demand can be predicted from projections of
future air passenger numbers, a function of the demand for aviation fuel and the biofuel mandate in the
aviation industry.

3. Results and Discussions

3.1 Sustainable Bioavtur Demand in The Future

The demand for sustainable bioavtur depends of aviation fuel demand and the biofuel mandate in
the aviation industry. Aviation fuel demand is derived from the aviation industry's needs, driven by the
number of air travel and the number of air passengers. Therefore, projections of aviation fuel demand
can be predicted from projections of future air passenger numbers. Meanwhile, the biofuel mandate in
the aviation industry should also be a key reference for projecting the need for sustainable bioavtur, as
demand for sustainable bioavtur cannot grow independently without regulatory intervention. The current
price of sustainable bioavtur is still around 1.5 to 6 times higher than that of aviation fuel, requiring
support for the aviation industry to transition from aviation fuel to sustainable bioavtur (European Union
Aviation Safety Agency, 2022).

The relationship between the number of air passengers and the demand for aviation fuel in
Indonesia can be seen in Figure 1 below.

Juta kL

Juta penumpang

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

mm— Penjualan Avtur (kL) Penumpang Domestik*

== Penumpang International == Jumlah Penumpang Domestik & International*

Figure 1. Aviation Fuel Demand and Air Passenger Numbers at Five Major Indonesian Airports

According to data on air passenger numbers at five major Indonesian airports, both domestic and
international, as shown in Figure 1, passenger numbers increased from 86.82 million in 2013 to 113.14
million in 2018, before declining to a low of 31.33 million in 2021 due to the COVID-19 pandemic. This
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dynamic in air passenger numbers is also accompanied by a consistent trend in aviation fuel sales in
Indonesia. In 2013, aviation fuel sales in Indonesia reached 4.16 million kL, peaking at 5.72 million kL in
2018 before declining to a low of 2.03 million kL in 2021. Both air passenger numbers and aviation fuel
sales rebounded in 2022 as public mobility recovered following the COVID-19 pandemic. The relationship
between air passenger numbers in Indonesia and aviation fuel sales can also be seen in the scatterplot in

Figure 2 below.
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Figure 2. Relationship between Passenger Numbers and Aviation Fuel Demand (2013-2022)

Figure 2 shows that aviation fuel sales have a positive linear relationship with the number of air
passengers in Indonesia, with an R2 value of 0.9686. This indicates that the number of passengers explains
96.86% of aviation fuel sales in Indonesia. The scatterplot in Figure 2 also provides a mathematical model
to predict the linear relationship between air passenger numbers and aviation fuel demand, using the
following equation:

Aviation Fuel (kL) = 891,173 + 41,054 x Number of Passengers

Once it is known that aviation fuel demand is influenced by the number of air passengers, the next
step is to determine the projected growth in the number of air passengers in Indonesia. References
containing projections of the number of air passengers in Indonesia adjusted for the COVID-19 pandemic
are still quite limited. Meanwhile, Airport Council International (2023) predicts that the number of
passengers in 2024 will match the pre-pandemic level in 2019 as shown in Figure 3 below.
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Figure 3. Projected Air Passenger Numbers Based on Conditions Before the COVID-19 Pandemic
Source: (Airport Council International, 2023)

Using 2019 passenger numbers as a baseline, air passenger numbers are predicted to reach pre-
COVID-19 levels in 2024, with a coefficient of 1.03. Air passenger numbers are predicted to continue to
increase, following the pre-COVID-19 trajectory. Other references also indicate that global aviation fuel
demand will continue to increase with positive growth until 2050, reaching 18 million barrels per day
(Thunder Said Energy, 2023).
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Figure 4. Projected Global Aviation Fuel Demand to 2050
Source: Thunder Said Energy, 2023

However, when projecting aviation fuel demand based on air passenger numbers, it's important to
note that several supply-side factors can influence the relationship between passenger numbers and
aviation fuel demand in Indonesia. These include the availability of operational aircraft by airlines, which
is currently below demand, and high ticket prices, which can impact air passenger numbers. Projected air
passenger numbers and aviation fuel demand in Indonesia are shown in Figure 5 below.

A

Figure 5. Projected Passenger Numbers and Aviation Fuel Demand in the Aviation Industry
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Based on the projected passenger numbers and aviation fuel demand in Indonesia shown in the
figure, air passengers are projected to reach 285 million, with aviation fuel demand estimated at 12.5
million kL in 2060. The next step in projecting sustainable bioavtur demand is to determine the scenario
mandating biofuel use in the aviation industry. Based on Minister of Energy and Mineral Resources
Regulation No. 12 of 2015, the mandated biofuel utilization in the aviation industry is 2% in 2016, 3% in
2020, and 5% in 2025. Assuming this biofuel mandate in the aviation industry as a sustainable bioavtur
demand, the sustainable bioavtur demand in Indonesia can be projected until 2060, as shown in Figure 6
below.
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Figure 6. Projected Sustainable Bioavtur Demand: 5% Biofuel Utilization Mandate in 2025

According to Figure 7, the demand for sustainable bioavtur will reach 260,000 kL in 2025 when the
biofuel utilization mandate reaches 5%. This figure will continue to increase to 630,000 kL in 2060.
However, adjustments to the biofuel utilization mandate in the aviation industry are necessary,
considering that as of 2023, sustainable bioavtur production in Indonesia is still in the trial phase, with a
2.4% ratio (J2.4) produced through coprocessing at Pertamina refineries. A stand-alone bioavtur refinery
is expected to begin production in 2026 with a capacity of 260,000 kL at RU IV Cilacap, using HEFA
technology and used cooking oil (UCO) as feedstock.
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On the other hand, there is a commitment from ICAO to reset the baseline of CORSIA to 85% of 2019
emissions. CORSIA mandates sectoral carbon-neutral growth in the international aviation industry starting
in 2027. Based on this mandate, the carbon reduction target is the difference between the current year's
carbon emissions and 85% of the country's aviation sector carbon emissions in 2019.

i 3
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Figure 7. Carbon Emission Projections and Emission Baseline to 2060

Based on Indonesia's 2019 aviation fuel consumption of 5.04 million kL and the CORSIA jet fuel
baseline emission of 89 gCO2e/MJ, Indonesia's baseline carbon emissions are 13.2 million tons of CO2e.
Meanwhile, based on projections of aviation fuel consumption in Indonesia, the annual carbon emissions
generated by the Indonesian aviation industry are projected to range from 15.17 million tons of CO2e in
2024 to 38.83 million tons of CO2e in 2060. With the established baseline, the target is to reduce carbon
emissions from 15.17 million tons of CO2e in 2024 to 25.62 million tons of CO2e in 2060.

3.2 Sustainable Supply of Bioavtur in The Future

Currently, Pertamina has conducted a co-processing trial between Refined Bleached Deodorized
Palm Kernel Oil (RBDPKO) and kerosene at the TDHT RU IV Cilacap unit using Hydroprocessed Esters and
Fatty Acid (HEFA) technology to produce bioavtur. However, because Pertamina has limited equipment,
the maximum mixing is still 2.4%, so it can only produce Bioavtur J2.4. The next step is the Development
of the Cilacap Green Refinery (Phase-2) with more varied raw materials that can be based on waste such
as Crude palm oil, used cooking oil, and organic phase municipal solid waste, one of which comes from
the free nutritious meals program, Palm Qil Mill Effluent (POME), or Palm Acid Qil (PAO).

The Cilacap Refinery Green Refinery is capable of producing Bioavtur with a capacity of 9,000 barrels
per day (bpd). PT Kilang Pertamina Internasional targets to begin producing aviation fuel (avtur) made
from 100% palm kernel oil, or 100% bioavtur, at its Cilacap Refinery in 2026. The Cilacap Refinery's Green
Refinery Phase 2 project also aims to increase the processing capacity of hydrotreated vegetable oil (HVO)
from the current 3,000 bpd to 6,000 bpd. Therefore, a sustainable supply of bioavtur made from 100%
vegetable oil will emerge only in 2026, reaching 6,000 bpd, or approximately 260,000 kL per year.

In more detail, the bioavtur supply strategy, based on this study, for the period 2024 to 2026, will
utilize J2.4 fuel, currently produced at Pertamina's Refinery Unit IV in Cilacap. In 2027, the production of
neat SAF J100 from Used Cooking Qil (UCO) began with a capacity of 238,000 kL per year. Furthermore,
the establishment of a neat SAF J100 green refinery from UCO with of capacity of 238,000 kL was also
established in 2029 and 2031. In order to pursue a greater CO2 reduction target, this study recommends
the construction of a green refinery SAF J100 from UCO of 800,000 kL in 2033. In 2033, the target
reduction in CO2 emissions of 1,160,424 tons of CO2e can be offset by the existing UCO-based bioavtur
production. In 2033, the proposed mix is 15.4%. In 2038, another UCO SAF plant with a capacity of 238,000
kL and a target mix of 20% will be established. Biomass-based SAF production is predicted to begin in 2040
with a capacity of 238,000 kL. Furthermore, the process of increasing biomass-based SAF production will
increase through the establishment of new plants in 2043 (238,000 kL capacity) and 2046 (800,000 kL
capacity). This will increase the total availability of J100 from 1,764,173 kL (in 2040) to 2,853,710 kL (in
2060). The total CO2 emission reduction achieved by 2060 will reach more than 8 million tons, exceeding
the CO2e reduction target of 7.7 million tons CO2e. The bioavtur mix in 2060 is predicted to reach 25%,
or J25. The incorporation of SAF into the aviation industry's fuel mix marks a significant transition from
fossil fuels to more sustainable renewable energy. Meanwhile, global SAF supply through 2022 reached
only 240,000 tons (equivalent to 300,000 kL). Although this represents a 500% increase from 2019, this
figure still represents less than 1% of global conventional aviation fuel production. This indicates that
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global SAF supply remains very limited. One factor hampering SAF supply is the demand for SAF itself. The
average global SAF price reached USD 2,437/ton (equivalent to IDR 29,244 per liter), or approximately 2.2
times the average global conventional aviation fuel price.
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Figure 8. Global SAF Supply and Prices

Source: S&P Global Commodity Insight (Platts), IATA Sustainability & Economics 2022

However, as pressure to achieve net-zero emissions in the aviation industry increases, SAF
production capacity continues to increase. The International Air Transport Association (IATA) announced
that overall biofuel production is projected to reach an estimated capacity of at least 69 million kL (55
million tons) by 2028. SAF will be part of this increase, achieved through the construction of new biofuel
refineries and the expansion of existing facilities. Production is geographically distributed across North
America, Europe, and the Asia-Pacific. If renewable energy production reaches 69 million kL by 2028 as
expected, the projection to reach 100 million kL (80 million tons) by 2030 will be on track. Assuming 22.5%
of this amount is produced as SAF, the biofuel industry could reach 22.5 million kL (18 million tons) of SAF
production by 2030, as shown in Figure 9 below.
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Figure 9. Global SAF Production Projection
3.3 Sustainable Raw Material of Bioavtur

The selection of raw materials using the MCDA method selects raw materials by first identifying
several types of raw materials that can be used and have the potential to be used. This is because some
raw materials are available in much larger quantities than others in the same group. This has indirectly
reduced the opportunities for other materials. The materials reviewed are palm oil, coconut oil, used
cooking oil, palm acid oil (PAO), palm oil harvesting residue biomass (Biomass of Palm), rice harvesting
residue biomass (Biomass of Paddy), roundwood production residue biomass (Sawdust), particle-type
processed wood production residue biomass (Woodchips), molasses, and the organic fraction of
municipal solid waste (OFMSW). The processing technologies used to process the raw materials reviewed
are derived from existing and future technologies, such as Hydroprocessed Esters and Fatty Acids (HEFA),
Fischer-Tropsch (FT), Alcohol to Jet (ATJ), Catalytic Hydrothermolysis (CH), Hydroprocessed
Depolymerized Cellulosic Jet (HDCJ), Direct Sugar Conversion to Hydrocarbons (DSHC), and Aqueous
Phase Reforming (APR). Furthermore, assessment criteria for each of these raw materials need to be
determined. To ensure a fast, yet focused selection process, the following criteria were selected. The first
criteria is Raw Material Availability Criteria. This criterion is based on previously collected raw material
quantity data. Within this criterion, score limits (1 and 10) are set, along with the production volumes of
coconut oil (minimum) and palm oil (maximum). The second criteria is Global Technology Implementation
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Criteria. Global technology availability represents the development of bioavtur production technology at
the global level. The development of this technology is expressed by the technology's readiness score for
large-scale production (beyond laboratory experimentation). This technology readiness assessment is
analyzed using data on technology availability at the scale-up level (including pilot plants and
demonstrations), as well as the development of the technology's literature. The third criteria is
Technology Availability Criteria in Indonesia. This criterion is necessary to assess the implementation of
technologies developed globally and available in Indonesia. The scoring system for this criterion is based
on the results of the Global Technology Availability Criteria assessment, with assumptions about the
adoption time for implementation in Indonesia.

The fourth criteria is Carbon Dioxide Emission Criteria. For bioavtur production, the sustainability
parameter, represented by the amount of CO2-equivalent emissions, is a key factor in feedstock selection.
The fifth criteria is Sustainability Criteria. Sustainability is quantified using the life cycle emissions factor
(LCEF) for a CORSIA-eligible fuel, expressed in gCO2 e/MJ for each feedstock category. The last criteria is
Technology Flexibility Criteria. The criteria for suitability of raw materials to the technologies previously
reviewed are based, in brief, on the number of technologies available for a given type of raw material.
Assessments using the above criteria are conducted over several periods until the net zero carbon (NZC)
target is met by 2060. 2060 is used as the end of the assessment period. The current year, 2025, is chosen
as the starting year, but 2020 is considered representative of the period. This is used to simplify the
division of the assessment period from 2020 to 2060 into 10-year intervals. The final MCDA Score
Calculation Results can be shown in Table 1.

Table 1. Final MCDA Score Calculation Results

Availability Global

No Types of raw of Raw Technology Tecl'.mollo.gy CO2 emissions Al'fer Total
materials . . Availability natives
Materials Implementation

1 Crude Palm Oil 2.60 4.60 1.50 0.09 0.13 8.92
(PSE, 2024)

2 Coconut Oil (JST, 0.29 4.60 1.50 0.09 0.13 6.61
2024)

3 Used Cooking Oil 0.60 4.60 1.50 0.68 0.13 7.51
(Muthmainah,
2025)

4 Palm Acid Oil 0.26 4.60 1.50 0.51 0.13 7.00
(Hambali, 2010)

5 Biomass of Paddy 2.29 0.46 0.15 0.84 0.22 3.96
(Adha et.al, 2026)

6 Biomass of Palm 2.27 0.46 0.15 0.82 0.22 3.92
Oil (Nabila et al,
2023)

7 Sawdust 1.03 1.29 0.15 0.90 0.22 3.59
(Puschnigg et al,
2023)

8 Woodchips 0.52 1.29 0.15 0.90 0.22 3.07
(Velocys, 2026)

9 Molasses (Svejda, 0.31 0.46 0.75 0.50 0.22 2.23
1999)

10  Organic Phase 1.11 0.46 0.75 0.35 0.22 2.89

Municipal  Solid
Waste (Jiang,
2022)

The MCDA analysis indicates that palm oil has the highest total score of 8.92, meaning palm oil is
currently the top priority for bioavtur raw materials. The next priority is used cooking oil with a total score
of 7.51. The third priority is PAO with a score of 7.00. The fourth is biomass paddy with score of 3,96. The
sixth is biomass of palm oil with score of 3,92. The seventh is sawdust with score of 3,59. The eighth is
woodchip with score of 3,07. The nineth is Organic Phase Municipal Solid Waste with score of 2,89. The
final priority is molasses with the lowest total score of 2.23.

3.4 The Important Role Of Institutions In Sustainable Bioavtur Development

The institutional concept for bioavtur development should be based on the pentahelix. This model
emphasizes collaboration between five stakeholders: government, academia, the community, business

Moristanto et al 423



The Journal of Indonesia Sustainable Development Planning (p. 416-428) Vol. 7 No. 2 - August 2026

entities, and the mass media. These five stakeholders play a crucial role in meeting technical needs, as
explained in Figure 10 below.

Government

Mass Media @ Academics
BIOAVTUR

Community % &

and NGOs Industry

Figure 10. Pentahelix in Bioavtur Development in Indonesia

The pentahelix concept has received significant attention across various sectors, particularly in the
context of sustainable development and collaboration. The pentahelix model emphasizes synergy and
collaboration among five key stakeholders: government, academia, the public, the business world, and
the media. In the context of sustainable aviation fuel (SAF) development, the pentahelix concept plays a
crucial role in the development of a sustainable aviation fuel supply chain, as it involves multiple
stakeholders, including government, academia, industry, and the media. The pentahelix model provides
a framework for stakeholders to collaborate effectively, thus contributing to the development of
commercial-scale SAF for the aviation industry.

In addition, the support of all parties is needed in the development of SAF for the energy transition
to run optimally. The government formulates policies, regulations, national standards, guidance and
supervision, and facilitators in the development of SAF. Academics create innovations that can be directly
utilized by the community, improve the quality of human resources and encourage technology transfer.
Industrial actors conduct business activities providing and utilizing fuel, supporting services, creating jobs,
contributing to state revenue and economic activities. The community and NGOs act as a balance and
partner of the government, providing advocacy and assistance for the community, conducting positive
campaigns and actively participating in the development of SAF. Mass media educate the public on the
importance of SAF and disseminate government programs to the community in an inclusive manner.

3.5 Development of Institutional Enablers for Sustainable Bioavtur

In mapping the roles of stakeholders in bioavtur development in Indonesia, the tasks and roles are
based on the concept of Developing institutional enablers for sustainable bioavtur. The task descriptions
for each component of the Pentahelix are derived based on the requirements of the roadmap. These
descriptions, along with the relevant institutions, are presented in Table 2 below.

Table 2. Institutional Roles in the Implementation of the Bioavtur Roadmap

Aspect Activity Stakeholders
Technology Development  Academics: Conducting technology development
Process of HEFA Bioavtur Manufacturers: Providing Development and Testing Facilities
Development Ministry of State-Owned Enterprises: Encourage relevant state-owned enterprises to develop
technology

Development  Academics: Conducting technology development
of FT Bioavtur Manufacturers: Providing Development and Testing Facilities
Ministry of State-Owned Enterprises: Encourage relevant state-owned enterprises to develop
technology

Development  Academics: Conducting technology development
of Catalist Bioavtur Manufacturers: Providing Development and Testing Facilities
Ministry of State-Owned Enterprises: Encourage relevant state-owned enterprises to develop
technology
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Stakeholders

Aspect Activity
Development
of Blending
Supporting Green
Infrastructure Refinery

Development

Catalyst
Factory
Development

Factory
Development

Catalyst

Testing
Testing and Laboratory
Certification Testing

Static testing

Ground test
dan test flight

Socialization
and news

Technical
standards for
bioavtur
Biomass
waste raw
material
certification

Mandates DMO policy
and for palm oil
regulations coconut oil
DMO policy
for uco
DMO policy
for biomass
waste
Market Blending
carrying mandate
capacity

Academics: Conducting technology development

Bioavtur Manufacturers: Providing Development and Testing Facilities

Ministry of State-Owned Enterprises: Encourage relevant state-owned enterprises to develop
technology

Bioavtur Manufacturers: Develop Green Refineries
Coordinating Ministry for Economic Affairs: Encouraging Investment Development in Green
Refineries

Academics: Conducting technology development

Bioavtur Manufacturers: Providing Development and Testing Facilities

Ministry of State-Owned Enterprises: Encourage relevant state-owned enterprises to develop
technology

Bioavtur Manufacturers: Develop Green Refineries
Coordinating Ministry for Economic Affairs: Encouraging Investment Development in Green
Refineries

Academics: Conducting technology development

Bioavtur Manufacturers: Providing Development and Testing Facilities

Ministry of State-Owned Enterprises: Encourage relevant state-owned enterprises to develop
technology

Academics: conducting laboratory testing
Lemigas: conducting laboratory testing

Academics: conducting static testing
Airlines: conducting static testing

Academics: conducting static testing

Airlines: conducting static testing

Ministry of Transportation: Regulation and coordination Regarding the use of bioavtur for
aviation

Ministry of Energy and Mineral Resources: Create regulations and a certification system for
UCO raw materials

Ministry of Agriculture: Support coordination for the provision of UCO raw materials
Associations: Coordinate and provide UCO raw materials

Ministry of Energy and Mineral Resources: Update the Directorate General of Oil and Gas
Decree according to the latest standards

Ministry of Energy and Mineral Resources: Update the Directorate General of Oil and Gas
Decree in accordance with the latest standards

Ministry of Agriculture: Support coordination for the provision of biomass waste raw materials
Associations: Coordinate and provide biomass waste raw materials

Coordinating Ministry for Economic Affairs: Promote the DMO policy for palm oil
Ministry of Energy and Mineral Resources: Support the DMO policy for palm oil
Ministry of Trade: Coordinate and support the DMO policy for palm oil

Coordinating Ministry for Economic Affairs: Promote the DMO policy for UCO
Ministry of Energy and Mineral Resources: Support the DMO policy for UCO
Ministry of Trade: Coordinate and support the DMO policy for UCO

Coordinating Ministry for Economic Affairs: Promote the DMO policy for biomass waste
Ministry of Energy and Mineral Resources: Support the DMO policy for biomass waste
Ministry of Trade: Coordinate and support the DMO policy for biomass waste

Ministry of Energy and Mineral Resources: Increase the blending mandate

National Energy Council: Coordinate the NZE 2060 process

Ministry of Finance: Create incentive regulations for bioavtur

Directorate General of Economic and Fiscal Strategy: Promote incentive regulations for
bioavtur

Table 2 shows a set of policy recommendations needed for bioavtur development and stakeholders
contributions, starting from technology process development (HEFA, FT, ATJ), supporting infrastructure
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development (catalyst, biorefinery), testing and certification (laboratory, ground test, flight test, technical
and certification standards), mandates and regulations (DMO, incentives), and market carrying capacity
(mandate of blending).

3.6 Policy Implication and Recommendation

This study implies that a series of policies need to be promoted to support bioavtur production,
including raw material security, technology options, ease of investment, incentive support to achieve
economic viability, and balanced information dissemination. Institutional support is also needed to
continue encouraging bioavtur development, emphasizing collaboration among five stakeholders:
government, academia, the community, business entities, and the mass media. Therefore, this study
recommends a series of policies to promote bioavtur production, ensure raw material security, support
decarbonization technology options, ease of investment, provide incentives to achieve economic viability,
and ensure balanced information dissemination. More technically, in order to make the sustainability of
bioavtur development, all ministries, agencies, and local government must have a synergy, starting from
technology process development (HEFA, FT, ATJ), supporting infrastructure development (catalyst,
biorefinery), testing and certification (laboratory, ground test, flight test, technical and certification
standards), mandates and regulations (DMO, incentives), and market carrying capacity (mandate of
blending). Each ministry or institution plays an important role in bioavtur development, from the
Coordinating Ministry for Economic Affairs, Energy and Mineral Resources, to Transportation, academics,
airlines, and research and testing institutions.

Conclusion

The paper already identified the final MCDA, which concluded that palm oil has the highest total
score of 8.92, meaning palm oil is currently the top priority for bioavtur raw materials. The next priority
is used cooking oil with a total score of 7.51. The third priority is PAO with a score of 7.00. Some parameter
of sustainable bioavtur demand in the future is explained by the relationship between the number of air
passengers and the demand for aviation fuel, projected Global Aviation Fuel Demand to 2050, and Carbon
Emission Projections. The sustainable supply of bioavtur in the future is supported by developing
refineries that produce a certain amount of bioavtur from 2026 to 2050. The important role of institutions
and the development of institutional enablers for sustainable bioavtur is described by mapping the roles
of stakeholders in bioavtur development in Indonesia.

The aviation sector plays a crucial role in driving economic growth and reducing emissions in
Indonesia. One of the biggest challenges in the aviation sector is implementing sustainability principles
operationally. Sustainable Bioavtur is expected to have a significant positive impact on the aviation
industry in Indonesia. Avtur consumption is projected to increase significantly from 4.9 million kiloliters
in 2024 to 12.5 million kiloliters in 2060. This growth reflects the expansion of the aviation industry, which
must be accompanied by an aggressive reduction in GHG emissions. The global target is an 85% reduction
in emissions from 2019 and mandates sector-wide carbon-neutral growth in the international aviation
industry starting in 2027. The Indonesian aviation sector must reduce emissions from 1.9 million tons of
CO2e in 2024 to 25.6 million tons of CO2e in 2060. This reduction target can be achieved using more
environmentally friendly Bioavtur. Currently, the bioavtur used is J2.4 produced by Pertamina RU IV
Cilacap, and this will continue to increase as raw material availability increases and the bioavtur mandate
is implemented.

The weakness of this study is that it only projects supply, demand, raw materials, and institutional
roles based on existing conditions and limited previous statistical data. However, future conditions in
Indonesia depend heavily on the direction of legitimate government policies and on highly dynamic and
volatile global or international conditions. Suggestions for improvement from this study include placing
greater emphasis on dynamic conditions, capable of adapting to social and economic changes, both
globally and domestically in Indonesia.
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