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Abstract

B50 biodiesel implementation in Indonesia is an important step towards energy security, reducing dependence on
fossil fuels, and promoting sustainability in the palm oil industry. This research attempts to analyze the economic
and financial viability of B50 biodiesel by examining supply-demand dynamics, cost structures, investment
requirements, and market pricing mechanisms. Furthermore, it analyzes the impact of B50 on the domestic palm
oil industry, the prospects for export activity, and how financially sustainable are its implementations. The methods
mixed were employed, using qualitative and quantitative analysis. Data were obtained from government reports,
industry publications, expert interviews, and econometric modeling. The study analyzes past biodiesel policies, the
regulatory framework, and how these factors influence subsidies and incentives in making B50 commercially
viable. With respect to the economic aspect, production costs, profitability projections, and risk assessment were
performed to achieve a conclusive financial assessment. The research argues that the B50 option will greatly
reduce foreign exchange outflow, enhance energy security, and present challenges in terms of supply chain
stability, pricing, and market competition. The report underscores the need for policy intervention to put in place
better infrastructure, financing regime, and regulatory framework to counter these risks. International trade
policies, including the EUDR, create future export challenges for Indonesian palm oil, thereby necessitating proper
strategizing concerning the adjustment of domestic consumption and production planning. Lastly, the study
concludes that the government support with joint cooperation from the industries will determine the economic and
financial viability of B50 biodiesel. Recommended policies include better utilization of degraded lands, improved
productivity of smallholders, and ensuring financial incentives for stakeholders. This study is aimed at adding to
the ongoing debate regarding sustainable energy policies, which will, with this study, serve as one of the main early
references for future biodiesel development strategies in Indonesia.

Keywords: Biodiesel, B50 Policy, Palm QOil Supply-Demand, Energy Security, Financial Feasibility,
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INTRODUCTION

Petrodiesel and petroleum-based products are heavily exploiting petroleum resources. Very intensive
energy demand has been generated due to the fast increasing industrialization, fast increasing transportation, fast
increasing urbanization, and a fast-growing population. This scenario is causing a quick exhaustion of non-
renewable fossil resources by keeping human civilization on the border of the energy crisis. In addition, since the
combustion of fossil fuels increases emissions of greenhouse gases and hence is a major contributor to global
warming, it has been implicated very much in environmental deterioration. Fuels are the backbone of modern
living-from cooking to running heavy machines-and fossil fuels form the bulk of these sources. Fuel is absolutely
essential for society's continuity and development. Studies predict that by the year 2030 there will be an energy
demand crisis and there will not be any fossil fuel left for human use by the year 2060. Considering the present
degenerative scenario, the scientific community is looking for alternate energy sources and has now diverted its
focus toward the renewability of these energy sources and environmental friendly development. Researchers are
now advancing the techniques of exploiting renewable and green energy resources-sun, wind, hydro, ocean, tidal-
for energy generation, but none of them can meet the criteria for substitution as conventional fossil fuels. Hence
there is an urge for a viable renewable green fuel to survive in the present deteriorating scenario. Biofuels,
biodiesel which comprises bioethanol, biodiesel, and biogas, are emerging as frontrunners to satisfy future
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demands. For over two decades, biodiesel has considered itself a potent substitute for fossil fuel due to its very
comparable properties to petrodiesel. Advantages that biodiesel enjoys over petrodiesel and that are relevant to
compression ignition engine design considerations are low viscosity, high flash point, high cetane number, good
lubricity, biodegradable, non-toxic, and less greenhouse gas emissions. It also has lower ignition delay time and
increased combustion efficiency, which adds to the advantages for good engine life. Therefore, biodiesel is being
seriously considered by scientists, while various researchers are working toward making it sustainable for mass
consumption.

Biodiesel is the alcoholic esters of the mixtures of fatty acids, commonly known as FAME (fatty acid
methyl esters) which are prepared from vegetable oils, microalgae lipids, animal fats, and sewage sludge by several
processes of which transesterification is the most convenient and widely used method. In transesterification, the
triglyceride molecule is allowed to react with methanol with the help of a catalyst. Both homogeneous and
heterogeneous transesterifications as well as enzyme-catalyzed transesterifications are reported for biodiesel
production. Except for renewability and environmentally friendliness, cost-effective and sustainable are also
important issues to consider in the search for alternative fuel for future use. These are heavily relative to feedstock
availability and cost. Different oil feedstocks such as soybean oil, sunflower oil, palm oil, jatropha oil, pongamia
oil, yellow oleander oil, castor oil, neem oil, rubber oil, along with animal fat, microalgal lipid, sewage sludge, and
waste cooking oil (WCO) are used for biodiesel production.

Indonesia, as the world's largest palm oil producer, manages an extensive plantation area of 16.8 million
hectares, yielding approximately 46 million tons of crude palm oil (CPO) in 2022. With its ambitious Golden
Indonesia 2045 Vision, the country aims to double its CPO production to 100 million tons. However, achieving this
target presents significant challenges, not only in ensuring food and energy sovereignty but also in maintaining
sustainable export growth and aligning with the Sustainable Development Goals (SDGs).

In the context of food and energy security, securing the domestic supply of raw materials for cooking oil
and biofuel (B50) has become a national priority. The mandatory biodiesel program, which mandates the
progressive increase in biodiesel blending up to 50% (B50), plays a crucial role in reducing Indonesia’s
dependence on fossil fuels. This policy was primarily driven by global crude oil price fluctuations. According to
World Bank (2023), the real crude oil price surged from USD 46.86 per barrel in 2016 to USD 74.23 per barrel in
2023, significantly straining Indonesia’s state budget (APBN) through fuel subsidies. The B50 mandate not only
mitigates this burden but also reinforces Indonesia’s commitment to renewable energy adoption.

Indonesia’s palm oil export landscape has undergone substantial shifts. Despite being the leading global
supplier, Indonesia’s market share in the global vegetable oil trade has declined from 38.47% in 2015 to 32.54% in
2022 (UNCOMTRADE 2023). This decrease is primarily attributed to rising domestic consumption, driven by
Indonesia’s downstream industrial policies. According to Indexmundi (2023), Indonesia accounted for 26.02% of
global palm oil consumption in 2023, making it the world’s largest consumer. The downstream industry (hilirisasi)
strategy implemented by the Indonesian government follows three key pathways: increasing the use of palm oil in
food processing industries (oleofood), expanding palm-based chemicals for pharmaceuticals, cosmetics, and
detergents (oleochemicals), and supporting renewable energy initiatives through biodiesel development (biofuel).

The introduction of the European Union Deforestation-Free Regulation (EUDR) presents both challenges
and opportunities for Indonesia’s palm oil sector. The regulation, aimed at ensuring supply chains are free from
deforestation, poses a significant trade barrier for Indonesian palm oil exports to Europe. On one hand, the B50
policy helps absorb excess domestic palm oil supply, potentially mitigating the impact of reduced European
demand due to EUDR restrictions. On the other hand, prioritizing biodiesel production may reduce crude palm oil
(CPO) exports, impacting government revenue from export duties and levies.

To sustain its global leadership and meet the Golden Indonesia 2045 targets, Indonesia must adopt a
balanced approach by enhancing sustainability practices to meet international environmental standards, ensuring
market access in Europe and other regions, boosting domestic value-added industries through continued
downstream expansion in oleofood, oleochemicals, and biofuel sectors, diversifying export markets beyond Europe
by targeting growing demand in China, India, and Africa, and optimizing biodiesel policies to strike a balance
between domestic energy security and export revenue preservation. In summary, while Indonesia's B50 biodiesel
mandate and downstream policies strengthen its domestic palm oil industry, strategic measures are essential to
navigate evolving global trade regulations, maintain export competitiveness, and achieve long-term sustainability.

LITERATURE REVIEW
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Basic Oleochemical Industry

The oleochemical industry is one of the important ones along the palm oil value chain, where various
intermediate products are manufactured from the crude palm oil (CPO) and palm kernel oil (PKO) that are the
primary raw materials in this industry. These intermediates include fatty acids, fatty alcohols, fatty amines, methyl
esters, and glycerol, all of which are important inputs in the downstream industries of pharmaceuticals, toiletries,
and cosmetics (Depperin 2009; ICN 2009; Gumbira-Sa'id 2010). The growing application of these products is one
highlight showing the multipurpose nature of palm oil-derived chemicals, secondly in food and also non-food
applications.

Indonesia produced a record 54.8 million tons of palm oil in 2023, increasing approximately 7 percent
from the previous record of 51.2 million tons in 2022. Crude palm oil (CPO) accounted for 50.1 million tons, while
crude palm kernel oil (CPKO) contributed 4.7 million tons. This continuous increase in production signifies
Indonesia's leadership as the world's largest producer of palm oil and showcases the growth of the sector in spite of
the constraints posed by global market trends. On the other hand, palm oil consumption in Indonesia increased in
volume to 23.2 million tons in 2023, an increase of 10.7 percent over the 20.9 million tons consumed in 2022.
Food consumption remains the largest share of domestic use, with a consumption volume of 10.2 million tons in
2023, a nominal 3.6 percent increase from 9.9 million tons in 2022. However, the most significant rise occurred in
biodiesel, with 10.6 million tons being consumed in 2023-an impressive leap of 20.4 percent from the 8.8 million
tons consumed in 2022. This sudden surge in biodiesel consumption goes on to prove the success of Indonesia's
biofuel policies aimed at reducing dependence on fossil fuels and providing sustainable energy solutions. The
oleochemical industry utilized 2.3 million tons of palm oil in 2023, a growth of 3.7% over the two million tons
used in 2022. This growth is indicative of the increasing industrial demand for palm oil derivatives.

Current Condition of Basic Oleochemical and Biodiesel Industry

The government sees the industries of Basic Oleochemical and Chemurgi in Indonesia as among the key
upstream areas in need of development as part of an industrial strategy. These industries are being prioritized
according to the National Industrial Development Master Plan (RIPIN) 2015-2035) in developing three major
upstream agro-industries: oleofood, oleochemical, and chemurgi (bio-based chemical industries). These industries
are very important to help the country grow its bio-based economy while allowing greater value-added processing
of palm oil and its derivatives, thus reducing its dependence on imported chemical and fuel products.

The oleofood industry aims for commercialization by concentrating on the high-value conversion of palm
oil derivatives into food ingredients such as olein, stearin, glycerol, PFAD, cocoa butter substitutes, margarine,
shortening, and specialty fats. Beyond the primary products, other products targeted for development include
tocopherol, beta-carotene, organic acids, and alcohols from the waste of the palm oil industry. These innovations
will meet the growing demand for healthier food products and functional food ingredients while enhancing
Indonesia's presence in the global food supply chain.

Biodiesel Production Technology

When we talk about biodiesel production, we have to talk about the major chemical reaction called
transesterification whereby glycerin is separated from vegetable oils or fats giving rise to two primary products:
methyl esters (better known as biodiesel or mono-alkyl esters) and glycerin, which is an attractive by-product for
many industries such as pharmaceuticals, cosmetics, and food production. Vegetable oils (palm oil, soybean oil,
rapeseed oil, sunflower oil), animal fats, and even recycled cooking oils or used fats are the most widely accepted
feedstocks for biodiesel production. It is, therefore, particularly advantageous to consider the use of waste oils for
biodiesel since they will help sustainability, cut down pollution, and conserve virgin vegetable oil resources. Apart
from the feedstocks, biodiesel produksi will need an alcohol component, which is typically methanol, although
ethanol, isopropanol, or butanol may also be utilized under specified conditions.

Current Condition of Basic Oleochemical and Biodiesel Industry

In recognition of its fundamental role in accelerating the Indonesian agro-industrial sector, the Basic
Oleochemical and Chemurgi Industry has been classified as one of the priority upstream industries needing
development in Indonesia. The government, via its RIPIN 2015-2035 Industrial Development Plan, provides a
strategic pathway for improving the oleofood, oleochemical, and chemurgi industries by relying on the country’s
abundant palm oil resources. These industries are expected to drive economic development, reduce dependency on
fossil-based products and enhance sustainability through bio-based innovations.
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Concept of Increasing Palm Qil Productivity

In implementing the B50 biodiesel program, Indonesia requires approximately 61 million tons per year of
crude palm oil (CPO) for stable domestic food supplies and export commitments. The current CPO production, as
per GAPKI, is only 54.8 million tons in 2024, which means that improving production and productivity is
paramount. Solutions to mitigate this gap must essentially adopt a holistic approach towards the palm oil industry,
where mainly intensification strategies in oil palm plantations guised as the last possible options may fit, given the
vast agricultural potential that Indonesia possesses.

Development of Biodiesel Policy Implementation in Indonesia

With the setting of biodiesel in Indonesia, since 2014 the incremental adjustments in the mandatory
biodiesel blend have been moving forward. The acceleration of the biodiesel mandate by the government under
Regulation of the Minister of Energy and Mineral Resources No. 12/2015 started from B10 in 2014, B15 in 2015,
B20 in 2016, and B30 in 2020. Implementing B35 as of February 1, 2023, means 35% of the fuel mix in diesel
engines consists of biofuel derived from palm oil, while the remaining 65% comes from conventional diesel. This
is one of the great strides toward energy security and independence in consonance with the government's vision on
an equitable and just energy transition. According to Coordinating Minister for Economic Affairs, Airlangga
Hartarto, "the Mandatory Biodiesel Program is not just about reducing fossil fuel dependence; it is also about being
part of the whole process of building the economy for sustainable energy solutions."

METHOD
Research Scope

This study takes a macroeconomic approach at the national level, using 2020 as the base year, as it marks
the beginning of the B30 policy implementation. The analysis projects trends and outcomes through 2045, aligning
with Indonesia’s Golden Vision target. The research activities are being conducted in Bogor and Jakarta over a
five-month period, from September 2024 to January 2025, ensuring a comprehensive evaluation of economic and
policy impacts.

Data Collection Methods

The present study combines primary and secondary data for thorough analysis. Primary data is collected
through Focused Group Discussions (FGDs) with key stakeholders; this gives additional insights from industry
experts, policymakers, and relevant institutions involved in biodiesel and palm oil. Perspectives provided in the
FGDs on contemporary issues, market conditions, and policy implications of the B5S0 biodiesel implementation in
Indonesia are quite pertinent.

Data Analysis Methods

The data and information collected are systematically processed and analyzed using both qualitative
(descriptive) and quantitative approaches. The descriptive analysis focuses on three key areas: (1) a comprehensive
review of biodiesel implementation, (2) the environmental, social, and economic impacts of B50 implementation,
and (3) potential legal disputes or countermeasures from international trade partners.

RESULTS AND DISCUSSION
Analysis of Biodiesel Implementation Problems in the Transportation and Power Generation Sectors
The Challenges of Transportation Industry

Using biodiesel in transportation carries with it some technical problems since there are some vehicle types
that cannot convert from conventional to biodiesel very easily. One of the most important transitions to biodiesel
happens when engine specifications must be adapted by vehicle manufacturers to allow an optimum performance
with higher biodiesel blends. A significant technical concern associated with biodiesel is clogging filters, which
results from the gel or sludge formation within the fuel system. This affects the efficiency of fuel flow, leaving
much to be desired in the functional capacities of critical components such as the fuel pump and the injector. The
majority of the time, the power of the vehicle is compromised, pulling it down with less fuel efficiency.

Progress in Biodiesel Implementation and Future Perspectives
From the initial B2.5 (2.5% biodiesel blend) introduced in 2008, Indonesia steadily increased biodiesel
mandatories, reaching B35 (35% biodiesel blend) in 2023. The implementation of B35 is a big step towards a
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greater shift to biodiesel in the country which is backed up with extensive road tests, filter evaluations, and vehicle
compatibility assessments. One of these is the B30 road test, which includes diesel-engine vehicles conducted in
2019 and provided valuable information related to performance in real-world conditions. Other subsequent
prototype trials such as B40 road tests and B35 filter tests in 2022 were key in assessing the feasibility of newer
biodiesel blends.

B40 application trials extended beyond transportation to several non-automotive industries, including
mining heavy equipment, agricultural machinery, power plants, and maritime and railway fleets, with promising
results. The successful implementation of trials for B35 and B40 has strengthened optimism toward the eventual
application of B50 biodiesel (50% blend), which is anticipated once complete test trials are done and production
capacity secured mainly on supply of crude palm oil (CPO).

On the one hand, B50 biodiesel's prospects are rather bright, but on the other hand, it has several
technological, supply chain logistical, and economic hurdles to cross. The fact remains that, with continuous
development and intervention in the infrastructure sector, Indonesia is preparing its position to evolve and work
into becoming stronger as a country that can position itself as one of the leaders in the sustainable biofuel
production arena, while simultaneously enforcing the country's commitment to energy security, environmental
sustainability, and economic resilience.

Power Generation Sector

There are many technical complications associated with biodiesel utilization in the power generation
sector, number one being modification in a power plant configuration, which would optimize for combustion
efficiency. Most commonly modification would be in the burner section. Additional heaters in the biodiesel storage
tanks, agitation mechanisms, and specialized swirlers would be useful in designing a burner for biodiesel to
facilitate efficient air-fuel mixing for combustion. Perhaps more importantly, it will be increased viscosity and
flashpoint, which make it more difficult to burn than conventional diesel, leading to electricity generation
inefficiencies (Laila, 2017; Hamid & Yusof, 2010). It must reach the auto-ignition point as rapidly as possible with
a rapid and complete intake of fuel-air mixture for effective energy production. Prolonged combustion leads to
inefficient utilization of fuel and increased waste, which has consequences on the operational efficiency and cost
effectiveness. In addition to this, biodiesel combustion temperatures are lower than those of diesel. Therefore, it
would take longer heating times to produce the saturated or superheated steam for driving turbines and generating
electricity.

Based on the Regulation of Minister of Energy and Mineral Resources No. 12 of 2015, biofuels are made
compulsory in the power generation sector which meant that diesel-fueled power plants had to use B30 diesel by
2016. This guideline did not go as planned. Some diesel power plants in western Indonesia adopted B30 but not in
eastern areas for not enough supply chain. Most importantly, Pertamina-the state company for the flow of the
national fuel-is still not yet able to distribute B30 to all diesel-fueled power plants in the country. Also, the PLN is
required to consume B30. Other sectors, especially PSO transport, are still using B20. It is only in 2020 that the
transition to B30 should be implemented in all sectors (Raksodewanto et al., 2018).

Besides logistical constraints and supply chain issues, what has affected the transition process towards B30
is biodiesel's lower calorific value compared to diesel. Empirical data show that biodiesel consumption sometimes
exceeds that of diesel by 2-3%, leaning toward the operational load of a plant. The higher the load, the smaller the
difference in terms of fuel consumption. This translates into an increased burden in terms of operational and
maintenance costs. During the early phase of adoption, many components required a change in material to be
compatible with biodiesel, especially those made of rubber. Furthermore, biodiesel's property of dissolving
combustion residues has led to the frequent replacement of fuel filters, meaning an extra maintenance cost
(Raksodewanto et al., 2018).

PT PLN (Persero) has performed biodiesel application in three different types of power generation plants
comprising gas-fired power plants (PLTG), diesel-fired power plants (PLTD), and gas-engine power plants
(PLTMG). However, it has brought really operational issues regarding the Fatty Acid Methyl Ester (FAME)
content of biodiesel, which does not suit well with gas turbines as it has risks to degrade materials. Besides that the
use of biodiesel gives around 3% more Specific Fuel Consumption (SFC) than conventional High-Speed Diesel
(HSD), which means it is going to cost more for fuel. Moreover, maintenance costs have risen as well due to the
need for very often service and replacements of components. Thus, PLN is going to be given exemptions for a
gradual transition to biodiesel. It derives from the distinct aspects necessary for power generation through
biodiesel, especially those concerning metals in biodiesel, which declare corrosive agents damaging the turbine
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components. Challenges above have technological innovations, better fuel standardization, and policy support
strategies to entrench biodiesel fitting in lastingly as well as effectively into the power generation infrastructure in
Indonesia without compromising reliability and cost-effectiveness.

Analysis of Financing and Foreign Exchange Savings Aspects

For biodiesel to be made compulsory, it requires a sizable monetary investment to close the price
differential between importing fossil diesel and biodiesel produced domestically, taking into account the costs for
transportation of biodiesel producers to Pertamina. In the absence of proper subsidies or incentives, biodiesel
remains uneconomical for most users, especially when global crude oil prices fall or crude palm oil (CPO) prices
rise. As Indonesia steps into higher blends of biodiesel such as B35 and above, the significance of financial aid
becomes even more intense, not only for enabling price differentials, but also as capital toward infrastructure
upgrades and new technological innovations to facilitate large-scale application.

Indonesians need to invest heavily to make biodiesel mandatory because the price differential against
imported fossil diesel is very large, considering the cost of transport from biodiesel producers to Pertamina. It's
confinement without subsidies or incentives: biodiesel is not economically feasible for most end users when world
crude oil prices drop or crude palm oil (CPO) increases. The higher blend lift biodiesel, say B35 and over, makes
the financial support requirement all the more severe, not only in offsetting price differentials, but also in the
investments in necessary infrastructure upgrades and new technological innovations required for large-scale
adoption.

Biodiesel use would have to be made compulsory at a significant financial cost to the user, covering the
price gap between imported fossil diesel and domestically produced biodiesel, including transport of biodiesel
producers to Pertamina. And without sufficient subsidies or incentive programs biodiesel is not going to be cost-
effective for most final users, particularly when global crude oil prices decline or crude palm oil (CPO) price
increases. As for more and more Indonesian applications in higher biodiesel blends such as B35 and above,
financial support becomes even more critical not only to redress price differentials but also to invest into
infrastructure improvements and new technological innovations that will be increasingly requisite for large-scale
application.

In addition to the funding requirement for making biodiesel mandatory-from the cost differences compared
to imported fossil diesel, including transport from biodiesel producers to Pertamina-biodiesel remains
economically unfeasible for most end users in the absence of sufficient subsidies or incentive programs when
world crude oil prices fall or the price of crude palm oil (CPO) is high. Increased blending with biodiesel, e.g. B35
and beyond, makes ever more compelling demand for financial support, not only to offset price differentials, but
also as investments in the requisite technology and infrastructure upgrades necessary for large-scale deployment.

Compulsory biodiesel will require a very big financial input to cover the price difference from imported
fossil diesel to home-produced biodiesel, including the transport cost from biodiesel producers to Pertamina. On
this score, without adequate subsidies or incentive programs, biodiesel remains economically unviable for most
end users, especially when world crude oil prices fall or crude palm oil (CPO) rises. As Indonesia shifts into further
higher biodiesel blends like B35 and above, so the need for funding support increases even more for redressing
price differentials and also for investment in necessary infrastructure upgrades and new technological innovations
that are increasingly required for large-scale adoption.

Mandatory biodiesel requires a large financial burden to be apportioned among cost differentials from
imported fossil diesel to locally produced biodiesel, including transportation of biodiesel producers to Pertamina.
Without sufficient subsidies or grants, biodiesel remains economically unfeasible for end users, particularly at
times when international crude prices drop, or crude palm oil (CPO) increases. Increased blending with biodiesel
such as B35 and beyond puts even more compelling demand for financial support-not only to offset price
differentials but also as investments in the necessary infrastructure improvements and new technological
innovations that will be increasingly requisite for large-scale application.

An important milestone in biodiesel funding was marked in 2015, when the biofuels subsidy was removed
from the Revised State Budget, thus transferring the financial liability to the Palm Oil Plantation Fund
Management Agency (BPDPKS). Starting August 2015, BPDPKS was appointed the new incentive provider for
the Public Service Obligation (PSO) biodiesel program, thus ensuring financial sustainability in the use of
biodiesel for domestic consumption. The year 2018 marks another huge milestone; this time it included the
expansion of BPDPKS incentives to cover Non-Public Service Obligation (NPSO) sectors, including non-
automotive industries. This was further enhanced with a locomotive rail trial in accordance with Presidential
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Regulation Number 66 of 2018, which amended Presidential Regulation No. 61/2015, thus creating an improved
framework of Indonesia as a biodiesel policy.
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Figure 24. Linimasa Pengembangan Biodiesel (Ditjen EBTKE- ESDM, 2024)

And so far for five years, the increasing palm biodiesel blending rate has led to much foreign exchange
saving from reduced fossil diesel imports. The amount saved increased from IDR 3.7 trillion in 2015 to IDR 26.7
trillion in 2018, and continued to grow towards IDR 121.5 trillion in 2023. The falling trends in fossil diesel
imports have contributed to the tightening of the oil and gas trade balance deficit in Indonesia, making biodiesel
strategically positioned to optimize energy security as well as economic resilience for this nation. In the future,
biodiesel policies need to be financially sustainable since this would require a balance between economic viability
and different subsidy schemes with respect to long-term energy diversification strategies.

Environmental Aspect Analysis

Indonesia has made a strong commitment to the global community, particularly through the Paris
Agreement, to actively reduce carbon emissions. As part of this commitment, the country has set an ambitious
Nationally Determined Contribution (NDC) target, aiming to cut emissions by 29 percent through domestic efforts
and up to 41 percent with international support by 2030. One of the key strategies to achieve this goal is the
substitution of fossil diesel with palm-based biodiesel, which has been shown to reduce greenhouse gas (GHG)
emissions by approximately 40 to 70 percent. Data from the Ministry of Energy and Mineral Resources (MEMR)
and the Oil Palm Plantation Fund Management Agency (BPDPKS) indicate that the implementation of the
biodiesel mandate between 2015 and 2023 has significantly contributed to emission reductions, rising from 2.4
million tons of CO: equivalent in 2015 to 32.7 million tons of CO: equivalent in 2023.
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Figure 25. Penghematan devisa solar impor akibat kebijakan mandatori biodiesel di Indonesia (BPDPKS, 2024)
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Figure 26. Penurunan emisi GRK yang meningkat akibat kebijakan mandatori biodiesel di Indonesia (BPDPKS,
2024)

Its biodiversity conservation gained from the development of biodiesel. However, biodiesel development
was not really limited to environmental benefits only. It has achieved another milestone in reducing dependence on
imported fossil fuels significantly and saving cost for the country through much foreign exchange. However, while
the biodiesel policy has positive value in reducing emissions and ensuring energy security, it implicitly contains
some serious environmental challenges. Increased demand for crude palm oil as feedstock for biodiesel production
translates to deforestation and biodiversity loss. According to a study on Biofuels Development and Indirect
Deforestation, between 2014 and 2022, 4.25 million hectares expanded oil palm plantations matched with the
surging demand for biodiesel. This increase in plantation expansion was most significant coming after 2016, when
the government decided to infuse incentives and subsidies to palm oil through BPDPKS.

The pace at which this country grows has placed it under increasing international scrutiny over
deforestation, land-use change, and biodiversity conservation. The country's image in global environmental
governance is in jeopardy, especially with the strict sustainability regulations like EUDR, which would definitely
affect the access of Indonesian palm oil to key export markets. Still, developing Indonesia's biodiesel industry
requires an argument over economics and environmental responsibility in the near future. Stronger sustainability
measures, stricter land-use policies, and transparent monitoring mechanisms would be the prerequisites for
ensuring that such a program meets climate goals and manages land sustainably.

SWOT Analysis of Biodiesel Implementation

Comprehensive SWOT analysis conducted for the implementation of biodiesel in Indonesia, which covers
the general analysis of strengths, weaknesses, opportunities, and threats to mandatory biodiesel programs from B20
to B35 during the years 2018 to 2023

Analysis of Internal Factors
Internal factors in the analysis represent the strength and weaknesses of biodiesel utilization in Indonesia.
Strengths:
1. Abundant raw materials: Indonesia has a consistent supply of crude palm oil (CPO) for the production
of biodiesel. It is the world's largest producer of palm oil. CPO consumption in requirement of
biodiesel ranged from 8.87% to 21.26% of total CPO production from 2018 to 2023.
2. A large domestic market: The fast-growing population and increasing energy demand in Indonesia
open great opportunities for uses of biodiesel, especially in vehicles, power plants, and industries.
3. Strong supportive Government Policies: This biodiesel program is very much empowered by national
policy instruments such as the phased mandatory blend requirement until total achievement in 2025
(Permen ESDM 2015). It also enforces sanction compliance among non-compliant entities as provided
by Ministerial Regulation No. 41 of 2018.
4. Commitment to greenhouse gas reduction: The national action plan greenhouse gas reduction-RAN-
GRK-is its support to adoption of renewable energy in transport and other sectors as provided under
Presidential Regulation No. 61 of 2011.
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5. Modern biodiesel production technology: Indonesia has successfully rolled out B35 with no
operational major disruptions, thereby indicating strong technical expertise in palm oil-based biodiesel
production.

Weakness

1. Very high production costs: Even with all the raw materials available, the prices of CPO now are very
much higher than that of fossil diesel, thus making it subsidized by the government to be competitive
with biodiesel.

2. Food crisis: Thus, increasing demand by CPO for biodiesel will be concluded as fewer for food
production. Whereas the implementation of a B30 caused much supply disruption and made an
increase in prices of cooking oil since the year 2021.

3. Limited infrastructure: The biodiesel production, distribution, and processing infrastructures are not
uniform across Indonesia, so there must be more investment in logistics and storage.

4. Fuel quality problem: The oxidation stability of biodiesel is poorer as compared to fossil diesel and it
also solidifies at low temperatures, causing engine startup problems in vehicles. It often requires
retrofitting some existing diesel engines for better compatibility with higher blends of biodiesel.

External Factor Analysis

External factor analysis is an opportunity (opportunities) or threat (threats) of using biodiesel.
Opportunity factors

1. The implementation of mandatory biodiesel will increase the domestic absorption of CPO and reduce
the supply of CPO in the international market, thereby encouraging an increase in world CPO prices,
which in turn will affect the increase in TBS and CPO prices domestically, as well as increase the
export value per unit of palm oil and its derivatives.

2. Biodiesel production from palm oil can be the answer to export restrictions that occur with various
arguments particularly from the countries of European Union to produce biodiesel from palm oil
internally, to fuel the domestic needs.

3. The imposition of mandatory use of biodiesel can cut into diesel usage, which partly still has to be
imported. This is bound to save foreign currency and enhance energy independence (Figure 24) .

4. Crude oil reserves as fossil fuels are energy sources limited in nature; hence, with unending
exploitation, one day this energy resource would rather be rare and hence costly than another.
Contrastingly, the energy demand is also going up with economic and industrial development. This
means in the long run, biodiesel demand all over the world will further grow and create a huge market
opportunity for the biodiesel industry in Indonesia.

Threat factors

1. The International community often utilizes environmental and social issues to impose various
pressures on palm oil commodities, thereby diminishing the international trading standing of
Indonesia. Palm oil production is oftentimes related to deforestation and biodiversity loss; clearing
land through burning increases GHG emissions due to carbon smoke emitted in the air, thereby further
aggravating environmental quality. The expansion of palm oil plantations is reputedly disregarding or
extinguishing customary rights so that indigenous peoples lose access to these important resources,
such as water, forests, and land for hunting or farming; such conflicts over land between local
communities and indigenous peoples are oftentimes brought to the attention of the international
community for purposes of putting pressure on Indonesia.

2. The fluctuation of CPO price: Whenever CPO price increases internationally, the costs of production
for biodiesel would go up, thereby increasing the burden of the government subsidy:.

3. World fossil oil price fluctuations: With low fossil oil prices, biodiesel production becomes less
competitive.

4. The future orientation of photovoltaic and nuclear power plants, coupled with the advancement of
electric means of transportation, could pose threats to biodiesel development.

Concerning the state of biodiesel usage in Indonesia, this has probably great merits in the shifting of
energy from renewable sources to improving the country's energy security. Some challenges such as sustainability
issues, cost efficiency, and infrastructure need to be addressed immediately to reap the best benefits from an
ongoing biodiesel program. Biodiesel production from palm oil for domestic use has a promising contribution to
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the renewable energy transition in Indonesia. However, this will only be achievable by mitigation of challenges
related to environmental issues, cost-efficiency variants, and infrastructure development. That can happen through
collaborative effort involving the extent of which government, industry, and society are prepared to invest in the
sustainable and competitive application of biodiesel from palm oil. There is a technical issue in the use of
biodiesel, thus requiring collaboration between biodiesel producer and vehicle manufacturers and the authorities. It
is through improving the quality of biodiesel, adjusting engine technology, and good education and maintenance
that renewable energy transitions with biodiesel development will be successful without significant impacts.

CONCLUSION

Since its launch in 2009, the government biodiesel policy is regarded as one of the components of the
national energy mix to stimulate energy independence and reduce greenhouse gas emissions. This particular
mandate has now been progressively ramped up, as the B40 would be mandated for 2025 and the B50 for 2026.
Within this context, a thorough study of the supply and demand for palm oil becomes pertinent in order to ensure
that the policy does not infringe upon food security, domestic industrial needs, or export performance.

1.  The Development Dynamics System is the Palm Oil Supply-Demand Model, which serves as a yardstick
for judging the viability of the B50 biodiesel policy. Serious validity test showed MAPE values of below
5%, which thus made it reliable to use for policy review.

2.  The key factors that control palm oil supply include productivity and land availability, while the palm oil
demand is significantly influenced by (a) mandatory biodiesel policy, (b) domestic household cooking oil
consumption, (c¢) non-cooking oil food consumption, (d) oleochemical industry, and (e) export demand.

3. According to the Palm Oil Supply-Demand Model's projections, two major implications arise:

a.  An assessment under the current policy framework reveals that the B5S0 mandate (effective 2026)
and domestic cooking oil needs would become satisfied. Meanwhile, there will be declining palm oil
exports, and supply for other domestic non-cooking food uses and oleochemicals will be curtailed.
Realistically, one can also say that achieving Indonesia's Golden Vision 2045 target of producing 100
million tons of palm oil annually will not be feasible based on existing conditions.

b.  The production target of 100 million tons by 2045 will thus necessitate such strategic policy
measures- productivity enhancement and optimal use of abandoned land. There are many benefits of
following this approach: (1) sustainable and balanced increased productivity, (2) compliance with
government commitments to climate change mitigation by way of moratorium on peatland and forest
conversion, (3) unlocking an estimated 2.7 million ha of unproductive and abandoned plantations,
(4) mitigating possible social conflict, and (5) building greater resilience to climate variability,
incuding El-Nino.The suggested combination strategy would ensure biodiesel and cooking oil target
achievement without compromising domestic and export supply.

4.  Maximizing the production of biodiesel not only serves to safeguard Indonesia's renewable energy mix but
also helps to reduce greenhouse gas emissions, conserve foreign exchange on fuel imports, and counteract
the threat of non-tariff trade barriers against developed countries, particularly those presented by the
European Union Deforestation-free Regulation (EUDR).

5. The task of making biodiesel commercially available will require considerable investment in both
production and distribution infrastructure as well as research and development (R&D). Strengthening
biodiesel technology will be critical in ensuring a higher product quality, better engine compatibility,
increased competitiveness, and ultimately wider market acceptance. If these challenges have been
successfully addressed, Indonesia may be able to position itself in the world arena as a leader in
sustainable palm oil and biodiesel production.
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