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Introduction

The global shift toward renewable energy has gained 
substantial momentum in recent decades, driven by intensifying 
climate change, dwindling fossil fuel reserves, and the strategic 
imperative for energy security [1]. Among the most prominent 
alternatives is bioenergy, particularly biodiesel, which is often 
promoted as a sustainable replacement for conventional 
petroleum diesel due to its lower carbon footprint and renewable 
feedstock base [2]. Biodiesel production from plant-based oils, 
especially palm oil, has become a central component of national 
and regional energy strategies in many countries, particularly 
in Southeast Asia. The region, home to Indonesia and Malaysia, 
the world’s top two palm oil producers, has aggressively pursued 
biodiesel blending mandates to reduce fossil fuel dependency 
while leveraging agricultural export advantages [3].

As of 2023, Indonesia has implemented the B30 mandate, 
requiring a 30% biodiesel blend in its diesel fuel, while Malaysia 
enforces a B20 policy with expansion plans underway [4,5]. These 
mandates are intended to stimulate domestic demand for palm 
oil, increase the income of smallholder farmers, and contribute 
to climate mitigation goals by reducing greenhouse gas emissions 
from the transportation sector.

However, the rapid growth of palm oil-based biodiesel has 
sparked global debate over its potential trade-offs, especially 
concerning land-use dynamics, environmental degradation, and 
food security in palm oil–producing countries [6,7].

Palm oil is a versatile crop widely used not only for energy 
but also for food and consumer goods, raising complex dilemmas 
regarding its allocation. As more agricultural land is diverted to 
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biodiesel feedstock production, concerns emerge about reduced 
land availability for food crops, leading to food price volatility and 
decreased food self-sufficiency in affected regions [8,9]. Between 
2010 and 2022, areas under palm oil cultivation in Indonesia 
expanded by over 36%, often replacing rice, maize, and cassava 
croplands, with some provinces reporting a decline of up to 18% 
in food crop area [10,11]. These shifts challenge the fundamental 
balance between energy and food priorities, placing national 
governments at the crossroads of competing development goals.

From a governance perspective, the institutional fragmentation 
between energy, agriculture, and environmental agencies has 
further complicated policy coordination. In many Southeast Asian 
countries, separate ministries oversee biofuel policy, land-use 
regulation, and food security, leading to conflicting mandates 
and implementation gaps [12,13]. The absence of integrated 
frameworks often results in policy decisions that favor biodiesel 
expansion at the expense of food system resilience, particularly in 
rural and vulnerable communities. This institutional disconnect 
also limits the enforcement of sustainable land-use practices and 
undermines community-based resource rights.

Environmentally, while biodiesel is marketed as a climate-
friendly fuel, its carbon savings are increasingly contested by 
opponents of the biodiesel policy. They argue that land-use change 
emissions from deforestation and peatland conversion for palm 
oil plantations may potentially offset the lifecycle emissions of 
conventional fossil fuels [14,15]. Estimates suggest that emissions 
from peatland conversion in Indonesia can reach 70–90 metric 
tons CO2 per hectare per year, challenging the assumption that 
palm oil biodiesel offers a net carbon benefit [16,17]. Moreover, 
biodiversity loss, water contamination, and soil degradation 
further erode the environmental credibility of palm oil-based 
energy strategies.

Southeast Asia’s food security landscape adds another layer of 
complexity to the biodiesel policy equation. Although the region 
is agriculturally productive, it is also characterized by uneven 
food access, rural poverty, and dependence on food imports. As of 
2021, more than 60 million people in Southeast Asia experienced 
moderate to severe food insecurity, with disproportionate effects 
on marginalized populations, including women, indigenous 
groups, and smallholder farmers [18]. The COVID-19 pandemic 
has exacerbated these vulnerabilities, highlighting the fragility 
of regional food systems and the need for resilient, inclusive 
development models.

The economic logic underpinning biodiesel expansion, such 
as foreign exchange gains from palm oil exports and domestic job 
creation, can overshadow social and ecological considerations. In 
2022, palm oil contributed to approximately 10% of Indonesia’s 
and 8% of Malaysia’s export revenues, reinforcing the political and 
economic incentives to support biodiesel programs [19]. However, 
this economic prioritization often neglects food affordability, 
dietary diversity, and environmental justice, especially for 

communities at the frontline of land conversion and resource 
extraction. These patterns echo broader critiques of green energy 
transitions that disproportionately externalize environmental 
and social costs to the Global South.

Against this backdrop, it becomes imperative to reassess the 
implications of palm oil biodiesel mandates through a holistic 
lens that integrates energy, food, and environmental governance. 
Understanding how biodiesel policies shape land allocation, 
alter agricultural priorities, affect food systems, and influence 
rural livelihoods is crucial for developing sustainable policy 
frameworks. The current academic literature on this subject is 
growing but remains fragmented, with limited synthesis across 
thematic domains and geographic contexts.

To address this gap, the present study employs the Systematic 
Literature Review (SLR) method, guided by the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) framework. This approach enables a comprehensive, 
transparent, and reproducible assessment of scholarly evidence 
while ensuring that insights are derived solely from peer-reviewed 
secondary sources. No field data, focus group discussions 
(FGDs), or interviews were conducted in this study to maintain 
methodological rigor and avoid unverifiable assumptions.

This review focuses specifically on studies published between 
2020 and 2025, using the ScienceDirect database as the primary 
source. The selection process involved several stages, including 
keyword filtering, chronological scoping, and open-access 
verification, resulting in a final dataset of 24 articles that meet the 
study’s inclusion criteria. All references are curated and managed 
using Mendeley Desktop to ensure citation accuracy and avoid 
redundancy.

The primary objective of this study is to critically examine 
how palm oil-based biodiesel mandates influence food security 
in Southeast Asia, particularly in Indonesia and Malaysia, through 
the lens of land-use change, policy coherence, and sustainability 
trade-offs.

To guide this investigation, the study seeks to answer the 
following research questions:

i.	 To what extent have biodiesel mandates in Southeast 
Asia influenced domestic food security outcomes, 
particularly in terms of land allocation, food crop 
production, and price volatility?

ii.	 What policy frameworks or innovations have emerged 
to mitigate the trade-offs between biodiesel expansion 
and food system resilience, and how effective are they 
in practice?

The answers to these questions will inform the subsequent 
analysis, support evidence-based policy recommendations, and 
contribute to a more balanced discourse on the future of biodiesel 
and food sovereignty in the region.
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Literature Review

Scholarly discourse on the intersection of biodiesel mandates 
and food security in Southeast Asia underscores a complex 
interplay between energy policy, agricultural land allocation, 
socioeconomic equity, and environmental sustainability. The 
literature identifies palm oil as the dominant feedstock in 
Southeast Asia’s biodiesel sector, primarily due to its high yield 
per hectare and established industrial infrastructure [20]. 
However, this reliance has intensified concerns around food–fuel 
competition, particularly as biodiesel consumption increases 
under national blending mandates.

A recurring theme in the literature is the “food vs. fuel” 
dilemma, in which land that could be used for food production 
is diverted to grow energy crops. In Indonesia alone, over 13 
million kiloliters of crude palm oil were allocated to biodiesel 
production in 2022, marking a substantial increase from previous 
years [21]. Several studies highlight that such diversion has 
tangible consequences for local food availability and affordability, 
particularly cooking oil, a staple in regional diets [22]. Research 
also links increased biodiesel production to spikes in domestic 
cooking oil prices, with some provinces in Indonesia experiencing 
price hikes of over 40% during biodiesel quota expansions [23].

Beyond price volatility, the literature also highlights spatial 
and ecological shifts in land use. Biodiesel-oriented palm oil 
expansion has been linked to deforestation and the conversion 
of subsistence agriculture zones into monoculture plantations. A 
2023 study revealed that over 60% of new palm oil plantations in 
Sumatra and Kalimantan replaced either forestland or smallholder 
mixed-farming plots, eroding ecological functions and reducing 
crop diversity [24]. This ecological simplification has implications 
for food resilience, as monoculture systems are more vulnerable 
to pests, diseases, and climate-induced shocks.

Several scholars argue that the current policy landscape lacks 
coherence and integration across the energy, agriculture, and 
environment sectors [25]. For example, national energy ministries 
may aggressively promote biodiesel without fully accounting for 
impacts on rice production, food supply chains, or land tenure 
security. In some cases, local communities face expropriation 
of customary land for palm oil estates aligned with bioenergy 
objectives, creating tensions between economic development and 
indigenous rights [26].

Moreover, land rights and governance issues surface 
frequently in the literature. Weak land tenure systems and 
ambiguous legal frameworks in countries such as Indonesia often 
lead to contested claims over biodiesel plantation areas [27]. 
These conflicts disproportionately affect smallholder farmers and 
marginalized populations who rely on land access for food self-
sufficiency. In Malaysia, for instance, studies document cases in 
which indigenous Orang Asli communities have faced reduced 
access to traditional hunting and gathering areas due to biodiesel-
driven palm oil expansion [28].

Gender inequality also appears as a critical, though 
underexplored, issue in biodiesel-related land-use change. Some 
analyses note that women’s access to land and decision-making 
roles declines following land conversion for palm oil plantations, 
especially when compensation or participation frameworks are 
designed with gender-blind approaches [29].

While some policy instruments aim to mitigate these impacts, 
the effectiveness of sustainability certification schemes such 
as RSPO and ISPO remains contested. Although they establish 
standards for land-use practices and social safeguards, researchers 
argue that enforcement is inconsistent and often limited to export-
oriented producers [30]. In domestic markets where the majority 
of biodiesel is consumed, compliance with sustainability criteria 
is significantly weaker, allowing environmental and social risks to 
persist.

On the economic front, proponents of biodiesel mandates 
emphasize benefits such as job creation, rural infrastructure 
development, and increased export revenue [31]. However, critics 
argue that these gains are often concentrated in corporate hands, 
while smallholders face price instability, dependency on palm oil 
markets, and exclusion from value-added processes [32]. Studies 
indicate that household incomes in some palm oil-producing 
villages increased temporarily during biodiesel expansions, but 
these gains were offset by rising living costs and reduced access 
to food crops.

Alternative feedstocks are frequently proposed in the 
literature as a way to decouple biodiesel production from food-
related trade-offs. Options such as jatropha, pongamia, microalgae, 
and used cooking oil have demonstrated potential, especially in 
marginal lands or urban waste cycles [33]. However, technical 
barriers, policy inertia, and the entrenched dominance of palm oil 
in supply chains hinder their scalability [34].

Regional policy alignment under ASEAN frameworks is 
another emerging topic. Scholars emphasize the importance of 
harmonizing sustainability standards, trade policies, and research 
agendas to avoid policy fragmentation and competition among 
member states [35]. For example, divergent national approaches 
to land classification and biofuel incentives can lead to leakage 
effects, where unsustainable practices are simply relocated across 
borders.

Climate change adds an additional layer of complexity to this 
discourse. While biodiesel is promoted as a climate mitigation 
tool, its net carbon benefits depend heavily on production 
practices and land-use histories. Some lifecycle assessments 
show that palm oil biodiesel can have carbon intensities higher 
than fossil diesel when land-use change emissions are factored in 
[36]. Moreover, the increased frequency of droughts and floods in 
Southeast Asia, linked to climate change, could further strain food 
systems already affected by the causes allegedly associated with 
land conversion for biofuels [37].
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In summary, the literature reveals a deeply contested and 
multidimensional policy arena. Biodiesel mandates are neither 
inherently beneficial nor harmful but must be evaluated in terms 
of their implementation contexts, governance mechanisms, and 
long-term sustainability outcomes. The current body of research 
calls for integrated policy frameworks, strengthened land rights, 
gender-sensitive development models, and regional cooperation 
to ensure that biodiesel strategies do not undermine food 
sovereignty and environmental integrity.

Method

This study employs the Systematic Literature Review (SLR) 
method, structured according to the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) protocol, to 
investigate the dynamic intersection between biodiesel mandates 
and food security, particularly in the context of palm oil allocation 
in Southeast Asia. As the global push toward renewable energy 
intensifies, biodiesel policies have become central to national 
energy agendas across the region, especially in palm oil–producing 
countries like Indonesia and Malaysia. While these mandates aim 
to reduce fossil fuel dependency and promote sustainable energy, 
they often draw upon shared agricultural resources that are also 
vital for food production. This overlap has raised concerns about 
potential trade-offs, wherein prioritizing palm oil for energy use 
may jeopardize food availability, land access, and price stability, 

posing a multidimensional policy challenge.

Despite the growing volume of academic and policy literature 
addressing this issue, existing studies are often fragmented across 
energy, agricultural, and environmental domains, lacking an 
integrative synthesis that situates palm oil allocation within the 
competing demands of energy security and food sovereignty. To 
bridge this gap, this study systematically reviews peer-reviewed 
literature to assess the scope, implications, and governance 
dynamics of biodiesel mandates in Southeast Asia through the 
lens of food security.

Figure 1 illustrates the Systematic Literature Review process 
adopted in this study, which followed four sequential stages: 
identification, screening, eligibility, and inclusion. The initial 
search was conducted exclusively in the ScienceDirect database 
to ensure access to a high-quality, relevant body of peer-reviewed 
literature. Using the broad search phrase “ palm oil biodiesel 
food security, a total of 3,790 articles were retrieved. To improve 
thematic relevance and focus, a more refined Boolean search was 
applied: (“biodiesel mandate” OR “biofuel policy”) AND (“palm 
oil” AND “food security”) AND (“Southeast Asia” OR Indonesia 
OR Malaysia). This step resulted in the exclusion of 3,510 articles 
deemed outside the scope of this review, yielding a more targeted 
pool of 280 articles.

Figure 1: Systematic Literature Review Process Based on the PRISMA Protocol.
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To ensure temporal relevance, a publication year filter 
was applied, restricting results to studies published between 
2020 and 2025. This refinement excluded 159 articles, leaving 
121 eligible for further review. During the eligibility phase, 
accessibility and transparency were prioritized by including only 
Open Access or Open Archive articles. Consequently, 97 articles 
that did not meet this criterion were removed, resulting in a final 
dataset of 24 articles selected for full-text analysis. All references 
were systematically managed in Mendeley Desktop to maintain 
consistent citation formatting, avoid duplication, and ensure 
accurate bibliographic integration. Importantly, this study did not 
involve any primary data collection, such as field observations or 
focus group discussions (FGDs). All findings and interpretations 
are grounded in secondary data from peer-reviewed literature, 
in line with the rigorous standards of a reproducible, evidence-
based SLR methodology.

By synthesizing interdisciplinary insights from the selected 
literature, this review aims to illuminate the policy tensions and 
sustainability dilemmas surrounding palm oil–based biodiesel 
in Southeast Asia, with a particular focus on how such mandates 
affect regional food security frameworks.

Results

This systematic literature review identified several recurring 
themes across the 24 selected peer-reviewed studies examining 
the intersection between biodiesel mandates and food security 
in the context of palm oil production in Southeast Asia. The 
major themes that emerged from the synthesis include: (1) 
Policy coherence and governance fragmentation, (2) Land-use 
competition and food availability, (3) Socioeconomic trade-offs 
and rural livelihoods, (4) Supply chain resilience and export 
dependency, (5) Climate change mitigation versus food system 
stability, and (6) Emerging innovations and sustainability 
frameworks.

Each theme reflects a critical dimension of the palm oil–
biodiesel–food nexus that shapes the region’s agricultural and 
energy policy landscape. These themes are analyzed in depth 
below.

Based on the thematic coding and frequency analysis of 
the selected studies, the most discussed topic was Land-use 
competition and food availability, which appeared in 83% of 
the reviewed literature. This was followed by Climate change 
mitigation versus food system stability (71%), and Socioeconomic 
trade-offs and rural livelihoods (67%). Policy coherence and 
governance fragmentation were addressed in 58% of the studies, 
while Supply chain resilience and export dependency appeared in 
54%. The least frequently discussed, though increasingly relevant, 
was emerging innovations and sustainability frameworks, 
featured in 42% of the literature.

The dominance of land-use competition as a theme 
reflects growing academic and policy concern about the spatial 

implications of large-scale biodiesel development, especially in 
agrarian regions where arable land is finite, and food systems 
are vulnerable. The prominence of climate-related discussions 
also highlights the tension between biofuel promotion and actual 
environmental outcomes, particularly when indirect land-use 
change is taken into account. In contrast, the relatively lower 
attention to innovations and frameworks may indicate that 
practical solutions are still in early stages or underreported, 
despite their importance in future-proofing the sector. These 
thematic distributions underscore the urgent need for integrated, 
forward-looking policy responses that balance energy security 
with food sovereignty and environmental integrity.

Policy Coherence and Governance Fragmentation

Many Southeast Asian nations have adopted aggressive 
biodiesel blending targets to reduce dependency on imported 
fossil fuels. Indonesia’s B30 mandate aims to absorb over 13 
million kiloliters of palm oil annually by 2025, an increase of 
44% compared to 2019 levels [38]. Malaysia targets nationwide 
adoption of B20, with over 1 million metric tons of palm oil 
projected to be allocated to biodiesel blending in 2024 [39]. 
However, policy coherence across ministries remains weak. 
Studies reveal overlapping mandates between the Ministries 
of Energy, Agriculture, and Trade, resulting in fragmented 
governance [40]. In Indonesia, the National Energy Council and 
the Food Security Agency operate with limited coordination, 
leading to inconsistent regulations and conflicting priorities [41]. 
ASEAN regional policy frameworks also lack enforcement power 
and fail to harmonize national biodiesel goals with food security 
commitments [42]. Without a cross-sectoral approach, biodiesel 
mandates may continue to conflict with national food strategies.

Land-Use Competition and Food Availability

The surge in biodiesel production has fueled rapid land 
conversion. As of 2023, Indonesia and Malaysia jointly account 
for 90% of the world’s oil palm area, covering over 21.4 million 
hectares. In Indonesia, satellite imagery shows a 36% increase 
in oil palm coverage between 2010 and 2022, while cropland for 
staple foods declined by 14% [43]. In Sumatra, oil palm expansion 
reduced paddy fields by 212,000 hectares between 2015 and 
2020, directly impacting rice yields and increasing rice imports 
by 27% over the same period [44]. The reallocation of arable land 
has also led to a spike in domestic food prices: maize and cassava 
prices rose by 19% and 23%, respectively, from 2018 to 2022 
[45]. The lack of secure land tenure among smallholders further 
worsens the issue, as land acquisitions for biodiesel crops often 
bypass customary land rights, displacing food farmers without 
compensation [46].

Socioeconomic Trade-Offs and Rural Livelihoods

While biodiesel policies create rural employment 
opportunities, their benefits are not equitably distributed. Large 
plantation companies control over 60% of Indonesia’s certified 
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biodiesel supply chains, leaving smallholders with minimal 
bargaining power [47]. In Malaysia, 650,000 smallholders 
contribute 40% of national palm oil output, yet only 35% are 
linked to formal biodiesel markets [48]. A study conducted across 
six provinces in Indonesia found that household incomes among 
independent smallholders were 27% lower than those affiliated 
with cooperatives participating in biodiesel supply chains [49]. 
Women in oil palm regions remain marginalized; only 18% hold 
land titles, and women-owned enterprises receive less than 12% 
of rural development loans [50]. The absence of inclusive financing 
and training programs limits the ability of rural communities to 
capitalize on biodiesel-related economic growth.

Supply Chain Resilience and Export Dependency

The biodiesel sector in Southeast Asia remains highly sensitive 
to international price fluctuations and geopolitical developments. 
In 2022, the EU’s proposed ban on palm-based biofuels under 
the Renewable Energy Directive II (RED II) led to a 24% drop 
in palm oil exports from Indonesia to Europe [51]. This policy 
shock resulted in domestic oversupply and a 31% price crash for 
crude palm oil (CPO) in domestic markets [52]. COVID-19 further 
exposed infrastructure gaps, especially in archipelagic countries 
like Indonesia, where inter-island distribution of biodiesel 
feedstocks was delayed by up to 14 days, leading to stockpile 
surges and refinery shutdowns [53]. Despite policy efforts to 
diversify feedstocks such as government-supported jatropha 
cultivation in East Nusa Tenggara and algae trials in Johor palm oil 
remains the dominant input, accounting for 92% of total biodiesel 
production in the region as of 2023 [54].

Climate Mitigation Versus Food System Stability

Palm oil-based biodiesel is often touted as a climate-friendly 
alternative, yet its life-cycle emissions are highly contested. When 
indirect land use change (ILUC) is accounted for, emissions from 
palm biodiesel may exceed 80 gCO2e/MJ, compared to 94 gCO2e/
MJ for fossil diesel yielding minimal net benefit [55]. In regions 
such as Central Kalimantan, deforestation linked to biodiesel 
expansion has resulted in the release of over 240 million tons of 
CO2 between 2000 and 2020 [56]. The conversion of peatlands 
is particularly concerning, with annual carbon losses exceeding 
60 tons per hectare and long-term hydrological disruption [57]. 
Simultaneously, price volatility in the biodiesel sector causes 
farmers to switch from food crops to oil palm in response to higher 
returns, creating food supply imbalances. Between 2015 and 
2021, this shift reduced domestic maize production in Indonesia 
by 13%, while increasing palm oil output by 22% [58].

Emerging Innovations and Sustainability Frameworks

To address the multidimensional challenges posed by biodiesel 
mandates, a range of innovative practices and frameworks have 
been proposed. Certification schemes such as RSPO and ISPO now 
cover over 5.1 million hectares across Indonesia and Malaysia, yet 
enforcement and compliance remain uneven, particularly among 

smallholders [59]. Blockchain-based traceability is being piloted in 
Sabah and Riau to improve transparency in biodiesel sourcing and 
prevent illegal land clearance [60]. Agroecological approaches like 
intercropping oil palm with food crops (e.g., banana, cassava, and 
legumes) have shown promise, increasing net farm productivity 
by up to 34% in pilot studies conducted in West Sumatra [61]. 
Additionally, remote sensing and GIS-based monitoring tools are 
increasingly integrated into land-use planning systems to track 
land conversion in near real-time, enhancing accountability and 
early intervention capacity.

Overall, the literature reveals a complex web of 
interdependencies and tensions between biodiesel mandates and 
food security in Southeast Asia. The region faces difficult trade-offs 
in pursuing energy independence, rural development, and climate 
goals. While the expansion of palm oil-based biodiesel offers 
economic and environmental opportunities, it simultaneously 
creates structural risks for food systems, land use, and social 
equity. The findings from the 24 reviewed studies suggest that 
addressing these dilemmas requires integrated, cross-sectoral 
policies that prioritize long-term sustainability over short-term 
gains. Only through coordinated action across governments, 
industries, and communities can Southeast Asia navigate the 
double-edged implications of palm oil allocation in the biodiesel 
era.

Discussion

The influence of biodiesel mandates on domestic food 
security in Southeast Asia, particularly in Indonesia and Malaysia, 
has emerged as a complex and contested policy area, shaped 
by overlapping agendas of energy independence, agricultural 
commercialization, and rural development. This section discusses 
the two central research questions guiding this review, drawing 
upon synthesized findings from 24 systematically selected 
articles.

Impacts of Biodiesel Mandates on Food Security: Land 
Allocation, Crop Production, and Price Volatility

Biodiesel mandates, such as Indonesia’s B30 and Malaysia’s 
B20 policies, have substantially reshaped national land-use 
priorities by elevating palm oil’s strategic role as a bioenergy 
feedstock [62,63]. In Indonesia, palm oil plantations now 
occupy over 16.8 million hectares, with nearly 20% of the total 
output funneled into biodiesel production by 2022 [64,65]. This 
reallocation has come at the expense of diverse agricultural 
systems, particularly staple food crops such as rice, maize, and 
cassava, which have stagnated or declined in some biodiesel-
priority provinces [66]. For instance, in Central Kalimantan and 
Riau, agricultural census data from 2020 show a 12–15% decline 
in paddy field coverage coinciding with palm expansion under 
biofuel targets [67].

Such land-use transformations have cascading effects on 
domestic food production capacity. Although national food output 
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remains positive overall, regional disparities are increasing. 
Provinces with heavy biodiesel-linked palm cultivation tend 
to exhibit higher food import dependencies, suggesting that 
biodiesel policies can undermine subnational food self-sufficiency 
[68]. Moreover, reduced crop diversity has weakened climate 
resilience, exposing communities to higher risks of harvest failure 
from pests, droughts, and market shocks [69,70].

Price volatility is another pronounced outcome. Several 
studies document how the diversion of crude palm oil (CPO) to 
biodiesel production tightened edible oil supply, contributing to 
spikes in cooking oil prices during periods of export bans and 
biodiesel quota increases [71]. In 2022, domestic cooking oil 
prices in Indonesia rose by over 40% in tandem with the biodiesel 
expansion program, prompting government intervention 
through price caps and export control mechanisms [72]. While 
these measures provided temporary relief, they also highlighted 
structural vulnerabilities in balancing food and energy priorities.

Furthermore, impacts are not evenly distributed. Urban 
households typically absorb price increases through diversified 
diets, but low-income rural populations, especially in eastern 
Indonesia and rural Malaysia, experience heightened food 
insecurity due to reliance on a limited number of staples [73]. Food 
basket surveys show that in some affected regions, household 
food expenditure as a share of income has risen by over 12% since 
the introduction of stricter biodiesel mandates [74].

Emerging Policy Frameworks and Innovations to 
Mitigate Trade-Offs

In response to these trade-offs, Southeast Asian policymakers 
and civil society actors have explored various frameworks 
to realign biodiesel goals with food system resilience. One of 
the most visible responses is the refinement of sustainability 
certification schemes, including the Indonesian Sustainable Palm 
Oil (ISPO) and the Roundtable on Sustainable Palm Oil (RSPO). 
These frameworks attempt to regulate land clearing, ensure 
legal compliance, and promote best practices, although their 
effectiveness remains mixed [75].

Studies reveal that while certified plantations demonstrate 
better compliance with environmental standards and stronger 
community engagement, they account for only a fraction of 
total production and are largely export-oriented. The domestic 
biodiesel market, where most trade-offs with food security occur, 
remains weakly regulated, limiting the reach of these standards 
[76].

A second mitigation strategy involves promoting alternative 
biodiesel feedstocks that do not compete directly with food 
crops or forests. Experimental initiatives using used cooking 
oil (UCO), microalgae, and jatropha have been piloted in parts 
of Malaysia and Indonesia, but adoption remains constrained 
by high production costs, technological immaturity, and market 
entry barriers [77]. Nevertheless, these alternatives hold long-

term potential to reduce pressure on palm oil systems, especially 
if supported through public investment and research incentives.

Institutional integration is another policy domain receiving 
increasing attention. In both countries, efforts are underway to 
improve inter-ministerial coordination across energy, agriculture, 
and environment portfolios. In Indonesia, the National Energy 
Council (DEN) and the Coordinating Ministry for Economic 
Affairs have initiated joint planning mechanisms to harmonize 
biofuel and food security agendas. Yet, bureaucratic silos and 
inconsistent decentralization policies continue to hinder effective 
implementation at the provincial level [78].

Land governance reforms also surface as a crucial strategy. 
Programs to secure customary land rights, especially for 
Indigenous and smallholder communities, are essential to 
ensuring that biodiesel expansion does not displace vulnerable 
groups from subsistence zones. However, national agrarian reform 
programs have progressed slowly, and enforcement of land tenure 
laws remains weak in palm-dominant regions [79].

Some localized innovations provide promising models. 
In Sabah, Malaysia, for example, multi-stakeholder platforms 
have successfully aligned palm oil development with food crop 
rotation, using intercropping strategies and zoning regulations 
to preserve food-producing lands. Likewise, in Sumatra, farmer 
cooperatives supported by NGOs have developed biodiesel-from-
waste projects that reduce reliance on palm oil while enhancing 
household energy access [80].

Moreover, the role of ASEAN as a regional coordinator is 
increasingly emphasized. Scholars advocate for harmonized 
sustainability criteria, cross-border monitoring of food–energy 
trade, and shared innovation platforms. Yet ASEAN’s institutional 
capacity remains constrained by voluntary compliance norms and 
member-state sovereignty concerns. Greater regional coherence 
would enhance transparency and help address issues such 
as transboundary leakage, where land-use restrictions in one 
country drive unsustainable practices in neighboring regions [81].

This review reveals that while biodiesel mandates contribute 
to energy diversification and rural economic growth, they also pose 
significant risks to food security, land equity, and environmental 
integrity. These findings carry important implications for policy 
design, suggesting that energy transition strategies must be 
integrated with food sovereignty frameworks and robust land 
governance.

The effectiveness of current mitigation measures is uneven. 
Certification schemes remain underutilized in domestic markets, 
alternative feedstocks require substantial investment, and land 
reforms are politically sensitive and logistically challenging. 
Therefore, a multidimensional approach combining stricter 
domestic sustainability regulations, technological diversification, 
and community-led land planning is essential to balance 
competing demands.
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For future research, two key areas emerge. First, more 
empirical work is needed to evaluate the long-term socio-
economic outcomes of biodiesel mandates at the household and 
village level, using granular data. Second, comparative studies 
across Southeast Asian nations could uncover best practices and 
reveal how different governance models affect the food–energy 
nexus.

The strategic goal should be to develop biodiesel pathways 
that do not sacrifice food system resilience. Only through inclusive, 
transparent, and ecologically informed policymaking can the 
promise of bioenergy be realized without exacerbating food 
insecurity and land dispossession in vulnerable communities.

Conclusion

The findings of this systematic review reveal that biodiesel 
mandates in Southeast Asia, particularly in Indonesia and 
Malaysia, operate as a double-edged sword for food security. On 
one side, these mandates have successfully stimulated national 
energy diversification, reduced fossil fuel imports, and bolstered 
foreign exchange through increased palm oil utilization. However, 
this success is counterbalanced by significant trade-offs that affect 
food availability, land use, environmental integrity, and rural 
livelihoods.

One of the most significant impacts is the reallocation of 
palm oil production from the food to the energy sector, which has 
altered land-use dynamics across the region. Palm oil plantations 
have expanded rapidly to meet the growing demand for biodiesel, 
leading to the conversion of previously food-producing land 
into monoculture estates. Evidence from provincial agricultural 
data shows notable declines in the cultivation of staple crops 
such as rice, maize, and cassava in regions prioritized for 
biodiesel feedstock. These transformations reduce crop diversity, 
undermine food system resilience, and increase vulnerability to 
climate shocks and market fluctuations.

Price volatility has been another major consequence of 
biodiesel prioritization. As more crude palm oil is diverted 
toward biodiesel production, the edible oil supply for domestic 
consumption shrinks. This has led to significant increases in 
cooking oil prices, with a recorded surge of over 40% in Indonesia 
during 2022 alone. While governments have implemented 
short-term interventions such as price caps and export bans, 
these measures are reactive and unsustainable in the long run. 
The impacts are disproportionately felt by low-income rural 
households, in which food expenditure accounts for a substantial 
share of household income.

In addition to economic effects, there are substantial 
environmental costs. Biodiesel derived from palm oil is often 
portrayed as a renewable, climate-friendly solution. However, 
deforestation and peatland degradation, allegedly associated 
with palm plantation expansion, release significant amounts of 
greenhouse gases, challenging the rationale for climate mitigation. 

Moreover, biodiversity loss, soil erosion, and water contamination 
further compromise ecological stability in palm-dominant regions.

Policy frameworks intended to mitigate these impacts, such 
as ISPO and RSPO, have shown limited effectiveness in domestic 
biodiesel contexts. These certification schemes, while beneficial 
for export-oriented production, suffer from weak enforcement 
mechanisms and limited farmer participation. Many smallholders 
remain excluded from sustainable palm initiatives due to cost, 
bureaucratic complexity, or lack of technical support. The result 
is a fragmented governance landscape where food security, land 
equity, and environmental protection are treated in isolation 
rather than as interlinked priorities.

Innovation in alternative feedstocks represents a partial 
solution. Initiatives using waste cooking oil, microalgae, and 
jatropha have shown promise but remain small-scale due to 
high production costs and low technological maturity. Without 
significant public investment and supportive policies, these 
alternatives cannot yet displace palm oil in the biodiesel supply 
chain. Localized models such as biodiesel-from-waste cooperatives 
and agroecological zoning offer encouraging examples but face 
challenges in replication, scale, and institutional support.

Institutional coordination is another critical area of concern. 
Inter-ministerial silos between the agriculture, energy, and 
environment ministries have led to overlapping or contradictory 
mandates, hampering integrated responses. Inconsistent 
decentralization policies further complicate implementation 
at the subnational level, often leaving provincial governments 
without the capacity or authority to adapt national mandates to 
local conditions. Cross-sectoral governance reform is essential to 
address these institutional inefficiencies.

Regional cooperation through ASEAN also remains 
underutilized. The lack of harmonized sustainability standards, 
data-sharing mechanisms, and joint monitoring systems impedes 
collective responses to shared challenges. Enhanced regional 
platforms could play a vital role in standardizing biodiesel 
practices, promoting technology transfer, and addressing 
transboundary effects such as environmental leakage or regional 
food trade imbalances.

Taken together, these findings underscore that biodiesel 
mandates are neither inherently detrimental nor inherently 
beneficial. Rather, their outcomes depend on how well they 
are integrated with broader food, land, and environmental 
policies. Achieving synergies requires a shift toward inclusive 
and transparent governance models that place equal weight on 
economic, ecological, and social dimensions.

In light of these conclusions, future research should prioritize 
two areas. First, detailed case studies at the village and household 
level are needed to understand the long-term impacts of biodiesel 
expansion on food security and livelihoods. Such granular analysis 
would offer valuable insights into the differentiated effects across 
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gender, class, and geography. Second, comparative research 
across Southeast Asian countries could uncover best practices 
in managing the food–fuel nexus under varying governance 
structures. By highlighting successful models, such studies can 
inform more balanced and context-sensitive biofuel policies.

Ultimately, if Southeast Asia is to harness the benefits of 
biodiesel without compromising its food systems, it must adopt 
integrated policy frameworks, support diversified energy sources, 
and ensure that rural communities are empowered participants 
in sustainable development. Only through such comprehensive 
approaches can the region reconcile its dual imperatives of energy 
security and food sovereignty.
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