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Abstract

This study investigates the potential of the palm oil industry to contribute to climate change
mitigation and achieve net-zero emissions by evaluating current technologies, policy frameworks,
and sustainable practices.A qualitative literature review was conducted, synthesising findings from
over 80 peer-reviewed articles and policy reports published in the last two decades. Data were
systematically collected from databases such as Scopus, ScienceDirect, and Web of Science, and
analysed using thematic content analysis to identify key themes in innovation, policy
implementation, and environmental and social impacts. Technological interventions, including
methane capture from palm oil mill effluent and precision agriculture, have reduced emissions by
30% to 90%. Policy frameworks like RSPO and ISPO show promise but require more inclusive
enforcement and broader adoption. The sector’s mitigation potential is significant if supported by
cohesive strategies. Palm oil plays a pivotal role in climate change mitigation when managed
sustainably and supported by robust policies. While technological and policy advances have
reduced emissions, challenges remain in scaling these solutions for smallholders. Stakeholders
should focus on scaling sustainable technologies, enhancing smallholder inclusion, and
strengthening enforcement of sustainability standards. Empowering smallholders is critical for
aligning the sector with global net-zero ambitions.
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Contribution of this paper to the literature

This paper advances the literature by providing a comprehensive, integrative review of technological,
policy, and socio-environmental pathways for leveraging palm oil in climate change mitigation, critically
highlighting both the sector’s emission reduction potential and the barriers to achieving net-zero goals,
especially for smallholders and sensitive ecosystems.

1. Introduction

Global warming and environmental shifts, recognised as one of the most pressing issues of the 21st century,
have a profound and lasting impact on ecosystems, global economic stability, and social justice [17. Scientific
consensus confirms that human-driven greenhouse gas (GHG) emissions, primarily stemming from the burning of
tossil fuels and alterations in land use, are the primary contributors, and agricultural expansion is the primary
driver of rising global temperatures [27. In response, the global community, through accords such as the Paris
Agreement and subsequent national commitments, has mobilised efforts to achieve net-zero emissions, typically
targeting the mid-21st century [87. However, while decarbonization strategies have primarily centered around
energy and industrial systems, land-based solutions are increasingly recognised as vital, particularly in developing
countries with vast natural resource endowments [47].

Together, agriculture, forestry, and other land-related activities (AFOLU) are responsible for nearly a quarter
of global greenhouse gas emissions [5]. The expansion of oil palm plantations in this industry symbolises the
ongoing tension between economic growth and potential ecological degradation [67. Palm oil, being the highest-
yielding oilseed crop per hectare, holds a pivotal position in global food production systems, cosmetics, and
increasingly, bioenergy markets [77]. Yet, its cultivation has also been widely unfairly criticised for contributing to
deforestation, peatland destruction, biodiversity decline, and the displacement of indigenous and rural populations,
especially in Southeast Asia [87]. Therefore, the palm oil sector has faced both unfair criticism and reform
initiatives, often simultaneously [97.

As the leading global producer and exporter of palm oil, Indonesia plays a crucial role in the sector and
occupies a pivotal position within this complex matrix [107]. The industry is economically significant, contributing
over 3.5% to Indonesia's GDP and supporting the livelihoods of millions of smallholders [117. Nonetheless,
emissions of greenhouse gases due to land use modifications, particularly the clearing of carbon-rich peatlands,
have positioned Indonesia among the top global emitters during El Nifio-induced fire seasons [127]. Recognising
this, the Indonesian government has pledged to reduce emissions by 31.89% without international support and by
43.20% with international support by 2030, with the palm oil industry being crucial to achieving these goals [137].

In recent years, attention has shifted toward exploring the role of palm oil, not only as a source of emissions,
but also as part of the solution to the climate crisis. Bioenergy derived from palm oil, if developed sustainably, has
the potential to serve as a low-carbon fuel substitute [147]. Furthermore, capturing methane from palm oil mill
wastewater (POME), carbon sequestration through agroforestry systems, and sustainable intensification
techniques have been highlighted as viable mitigation strategies [157]. Organisational frameworks, such as the
Roundtable on Sustainable Palm Oil (RSPO) and the Indonesian Sustainable Palm Oil (ISPO) certification
programs, as well as jurisdictional approaches to sustainability governance, aim to institutionalise best practices
across the value chain [167. Despite these initiatives, the sector continues to face implementation barriers,
including weak enforcement, policy incoherence, and divergent stakeholder interests [177].

Academic and policy debates have often been polarised, with some unfairly framing palm oil as inherently
unsustainable. In contrast, others argue that, under the right regulatory and technological frameworks, it could
make a meaningful contribution to climate mitigation and inclusive development [187]. However, a lack of
integrative, critical synthesis remains, which bridges these discourses and assesses the whole landscape of potential
mitigation pathways in the context of net-zero emissions [197]. Many existing reviews are either too narrow in
scope or lack the conceptual depth required to inform transformative policymaking and cross-sectoral integration
[207].

This article addresses this gap by conducting a qualitative literature review to examine the contribution of
palm oil to mitigating climate change. It aims to synthesise key themes, contradictions, innovations, and policy
frameworks found across the literature, with a particular focus on how the sector holds the potential to contribute
towards meeting net-zero emissions goals. Through a critical and interpretive analysis of peer-reviewed and grey
literature, the study aims to outline viable pathways for aligning palm oil production with environmental
sustainability, social justice, and long-term climate objectives.

2. Literature Review
2.1. Palm Oil and Land-Based Emissions: The Global Dilemma

Palm oil has long been situated at the intersection of agricultural development and environmental degradation.
While the crop is known for its high oil yield and economic efficiency, its cultivation has been extensively linked to
land-use change, particularly accused of deforestation and peatland drainage, both of which are high-emission
activities [217]. Several studies have highlighted the significant contribution of the rapid expansion of oil palm
plantations, particularly in Indonesia and Malaysia, to carbon emissions over the last two decades [227]. This
trajectory raises critical concerns about the sector’s compatibility with global decarbonization goals [237.

2.2. Theoretical Linkages Between Agriculture and Climate Mitigation

The agricultural sector presents a complex landscape of both emission sources and potential sinks. From a
theoretical perspective, sustainable agriculture aligns with the principles of ecological modernisation and climate
justice, which advocate for technological innovation and equitable development [247]. The Intergovernmental
Panel on Climate Change (IPCC) recognises agriculture, forestry, and other land-based activities (AFOLU) as
essential components in strategies for mitigating climate change, especially when integrated with land restoration
and bioenergy strategies [257]. Palm oil—given its dual role as a food and energy crop—has thus emerged as a
tfocal point in the debate over land-based mitigation strategies [26].
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2.3. Palm Oil in National and Global Climate Policy Frameworks

The involvement of palm oil in climate policy has been characterised by ambiguity. On the one hand, it is
teatured in national development plans and economic blueprints; on the other hand, it is often excluded or
restricted in international biofuel certification regimes due to unfair concerns over sustainability [277]. Indonesia,
for instance, has integrated the palm oil sector into its Nationally Determined Contribution (NDC) framework and
its Low Carbon Development Strategy [27]. However, tensions remain between economic imperatives and
environmental responsibilities, especially regarding enforcement, land tenure, and transparency in carbon
accounting [287].

2.4. Sustainability Certification and Governance Challenges

In response to the sustainability challenges, several certification schemes have been developed, with the
Roundtable on Sustainable Palm Oil (RSPO) and Indonesian Sustainable Palm Oil (ISPO) working to define and
enforce responsible production standards [297. However, these initiatives have been criticised for their voluntary
nature, limited inclusion of smallholders, and inconsistent auditing practices [307]. Furthermore, studies reveal that
certification does not always guarantee reduced deforestation or lower emissions, underscoring the need for
integrated governance that extends beyond market-based instruments [317.

2.5. Technological Innovation and Emission Reduction Potential

Recent advancements in palm oil processing and plantation management have created new opportunities for
reducing emissions. This includes the collection of methane from palm oil mill wastewater (POML), precision
agriculture, zero-burning policies, and the conversion of degraded land rather than primary forests [327]. Some
research suggests that the rigorous adoption of best practices could make palm oil-based biodiesel a net positive
contributor to national carbon budgets [337. However, scalability remains limited due to cost barriers, lack of
incentives, and institutional fragmentation [ 34].

2.6. Socio-Ecological Trade-offs and Equity Considerations

Mitigation efforts in the palm oil sector must also consider the socio-ecological trade-offs, particularly for
indigenous peoples, smallholders, and local communities [357]. Land acquisition practices, overlapping spatial
planning, and unequal distribution of benefits continue to exacerbate vulnerability in rural areas [367. This calls
for a justice-oriented approach to mitigation, one that foregrounds inclusive participation and social safeguards in
environmental policymaking [377].

2.7. Research Gaps and Emerging Discourses

While the literature on palm oil and climate mitigation is growing, several gaps remain. There is limited
research on the long-term carbon balance of oil palm landscapes under different management regimes. Moreover,
the integration of palm oil into circular economy models, carbon pricing mechanisms, and regional emissions
trading schemes is still underexplored [387. Emerging discourses now emphasise systems thinking, multi-scalar
governance, and adaptive strategies that align palm oil development with planetary boundaries [397.

3. Method

This study utilises a qualitative research method, employing a critical and analytical literature review. The
study aims to explore the role of palm oil in climate change mitigation by reviewing and synthesising findings from
various relevant literature sources. This qualitative research focuses on the collection, analysis, and interpretation
of published academic journal articles, academic papers, policy reports, and other related documents. The research
instrument used is a thematic analysis of the selected sources, which were chosen based on relevance, validity, and
academic quality criteria. Data collection was conducted through literature searches using academic databases,
including Google Scholar, Scopus, and Mendeley, which yielded over 80 relevant articles and reports on the impact
of palm oil on carbon emissions and its potential to contribute to climate change mitigation. The collected data was
then analysed through qualitative descriptive analysis to identify key themes, trends, and deficiencies within the
existing literature, with a focus on technological innovations, policies, and sustainable practices that can contribute
to net-zero emissions goals. The data analysis process involved mapping the relationships between findings,
grouping main topics, and evaluating the consistency and methodological quality of each study reviewed. By
employing this approach, the study aims to provide a deeper understanding of the challenges and opportunities the
palm oil industry faces in contributing to global climate change mitigation.

4. Results

The following section summarises the outcomes of the qualitative literature assessment, focusing on the role of
palm oil in climate change mitigation and its potential pathways to achieving net-zero emissions. The data for this
review were collected through comprehensive searches of over 80 peer-reviewed journal articles, academic papers,
policy reports, and other relevant sources, accessed from databases such as Scopus, Google Scholar, and Mendeley.
These sources were systematically analysed to provide insights into technological innovations, policy frameworks,
environmental impacts, as well as the social and economic factors surrounding the palm oil industry.

4.1. Technological Innovations and Emission Reduction Potential

Technological advancements have significantly reduced the environmental impact of palm oil farming and
production in terms of carbon emissions. One of the most impactful innovations is the capture of methane from
palm oil mill effluent (POME), a potent greenhouse gas. The implementation of methane capture systems has been
shown to reduce approximately 80-90% of methane emissions from palm oil mills, contributing to a substantial
decrease in overall greenhouse gas emissions from palm oil production. This technology has been implemented at

56

© 2025 by the author; licensee Asian Online Journal Publishing Group



World Scientific Research, 2025, 12(1): 54-61

scale in Malaysia and Indonesia, resulting in a reduction of up to 60% in the carbon footprint of palm oil mills [407].
Furthermore, data from various case studies indicate that methane capture has not only reduced emissions but also
provided additional revenue streams for mill operators through the sale of biogas [417.

Another notable technological advancement is the adoption of zero-burning policies for land preparation,
which significantly mitigates emissions from forest and peatland fires prevalent in regions where palm oil
expansion is occurring. Research indicates that enforcing zero-burning policies can reduce carbon emissions by up
to 75% compared to conventional methods that involve fire [427. Precision agriculture, which incorporates the use
of drones, remote sensing technologies, and automated irrigation systems, has further optimised palm oil yields
while minimising impacts on sensitive ecosystems. These innovations have increased palm oil yields by 20-30%
without necessitating additional land clearance [437.

Despite the progress, these technologies face substantial barriers to adoption, especially among smallholder
tarmers, who contribute to 40-45% of palm oil production in both Indonesia and Malaysia. The high upfront costs
of adopting methane capture systems and precision agriculture, coupled with limited access to financial support and
training, remain significant challenges [44].

4.2. Policy and Governance Frameworks

The policy landscape surrounding palm oil production is multifaceted, encompassing both national regulations and
voluntary certification schemes. Founded in 2004, the Roundtable on Sustainable Palm Oil (RSPO) remains the most
prominent certification body for sustainable palm oil, promoting environmental best practices. However, RSPO-certified palm
oil still accounts for only 19% of global production, highlighting significant barriers to its broader adoption [457. High
certification costs, particularly for smallholders, and weak enforcement mechanisms in regions with inadequate governance
structures exacerbate these challenges.

National initiatives, such as Indonesia's ISPO certification and Malaysia's MPOCC, have been established to promote
sustainability in the palm oil sector. However, implementation remains uneven, with approximately 15-20% of palm oil
plantations in Indonesia operating outside of any sustainability framework [467]. Furthermore, inconsistent enforcement of
zero-deforestation policies and land tenure laws continues to undermine efforts to reduce deforestation, particularly in
sensitive peatlands and primary forests [477].

Indonesia's Low Carbon Development Strategy (LCDS), launched in 2019, incorporates palm oil as a critical component of
its climate strategy, aiming for a 29% reduction in sector emissions by 2030 compared to a business-as-usual scenario [487.
However, challenges persist in coordination between local, regional, and national governments, hindering effective policy
implementation and achieving climate goals [497].

4.3. Environmental and Social Trade-Offs

The growth of palm oil plantations has led to accusations of widespread deforestation, with an estimated 10
million hectares of forest converted into oil palm plantations between 1990 and 2020 [507. Such deforestation leads
to substantial carbon emissions due to land-use change and results in severe potential biodiversity loss. For
instance, accusations of habitat destruction related to palm oil expansion have been a key factor in the 70% decline
in orangutan populations in Sumatra [517]. Moreover, the drainage of peatlands for palm oil cultivation has
resulted in massive carbon emissions, with studies finding that peatland conversion can release up to 10 times more
carbon than cultivation on mineral soils [527].

On the social front, smallholder farmers, who produce a significant portion of palm oil, often face issues such as
insecure land tenure, limited access to modern agricultural technologies, and poor compensation. An estimated 4
million people depend on palm oil for their livelihoods, yet some smallholders remain trapped in poverty and
experience low productivity [537. Policies aimed at improving smallholder livelihoods, such as providing access to
training, financial support, and market access, are essential for addressing these social challenges while advancing
climate mitigation goals [547].

4.4. Gaps and Future Research Directions

Despite considerable progress in understanding the contribution of palm oil cultivation and usage to efforts in
addressing climate change impacts, several research gaps persist. A significant gap exists in the sustained
equilibrium of carbon stocks within oil palm plantation ecosystems over extended periods, particularly among
those implementing sustainable intensification practices. Life Cycle Assessment (LCA) studies indicate that land-
use changes and the management practices mainly employed influence the carbon footprint of palm oil. However,
comprehensive research on the carbon sequestration potential of palm oil plantations, particularly those employing
sustainable practices, remains scarce [55 .

Moreover, the effectiveness of sustainability certification schemes such as RSPO remains inconsistent,
particularly for smallholders, due to challenges in accessibility and enforcement [56, 57 . Future research should
investigate strategies to enhance the scalability and enforcement of certification standards, thereby ensuring
broader compliance. Lastly, there is a pressing need for studies investigating the economic feasibility of emission-
reduction technologies, such as methane capture, for smallholder farmers, to bridge the structural and capacity
gaps between commercial plantations and small-scale growers [58, 597].

This review reveals that palm oil holds considerable promise as a contributor to strategies aimed at mitigating
climate change. Technological innovations, such as methane capture and precision agriculture, present promising
solutions to reduce emissions; however, financial and infrastructural challenges hinder their widespread adoption.
Policy frameworks such as RSPO and ISPO provide a foundation for sustainable practices but require improved
enforcement and broader adoption. The ongoing deforestation driven by palm oil expansion, along with its
associated environmental impacts, must be addressed through stricter governance and stronger regulatory
trameworks. Ultimately, empowering smallholder farmers is crucial for achieving sustainable palm oil production
and supporting broader climate objectives. Enhancing the reliability of carbon balance modelling should be a
central objective in subsequent research, thereby improving the effectiveness of sustainability certifications and
exploring innovative pathways to scale emission-reducing technologies in smallholder contexts.
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5. Discussion

The evidence presented underscores the potential of palm oil as a key player in climate mitigation initiatives,
particularly through the adoption of innovative technologies and effective policy frameworks. The literature
reviewed provides compelling evidence of the potential to utilise palm oil as an environmentally sustainable
commodity, although challenges related to its potential environmental and social impacts remain substantial. The
findings from the collected data highlight the effectiveness of current technologies and policies in reducing
emissions from palm oil production, while also emphasising the need for continued efforts to address the
underlying barriers to scaling these practices, particularly for smallholders [607.

Advancements in technology are recognised as essential for minimising the ecological impact associated with
palm oil cultivation. Implementing methane recovery technologies in palm oil processing facilities has
demonstrated potential in substantially reducing greenhouse gas emissions. Through the extraction of methane
from palm oil mill effluent (POME), up to 90% of methane emissions—one of the most potent greenhouse gases—
can be mitigated [617]. Large-scale implementations in Malaysia and Indonesia have demonstrated emission
reductions of up to 60%, confirming the viability of such interventions [627. Despite their significant role in global
palm oil production, smallholder farmers frequently face challenges in accessing the financial means and technical
expertise required to adopt these solutions, which calls for the development of inclusive financing mechanisms and
training programs [637].

A further advancement lies in the implementation of zero-burning policies during land clearing, which can
reduce carbon emissions by up to 75% compared to traditional fire-based methods [647]. Precision agriculture
technologies, including the use of drones and remote sensing, have contributed to yield increases of 20-30%
without expanding plantation areas, thereby preserving forest ecosystems and minimising land-use change [65].
Yet, these technologies remain costly and inaccessible primarily to smallholders, reinforcing the technological
divide within the sector [667].

Regulatory frameworks have played a crucial role in promoting sustainability within the palm oil sector. The
Roundtable on Sustainable Palm Oil (RSPO) has established globally recognised standards; however, only 19% of
global palm oil production is certified, largely due to high compliance costs and enforcement gaps [67]. These
limitations are particularly pronounced in regions dominated by smallholder production, where certification is both
financially and administratively burdensome [687. Enhancing accessibility to certification, streamlining compliance
processes, and strengthening enforcement mechanisms are key to expanding sustainable practices [697.

National policy efforts, such as Indonesia’s ISPO and Malaysia’s MPOCC certification schemes, have sought to
institutionalise sustainability. Despite progress, these initiatives often suffer from inconsistent implementation and
limited coordination among stakeholders at different governance levels [707]. In some cases, weak regulatory
oversight potentially may have allowed illegal land conversion for palm oil plantations to continue, undermining
broader environmental objectives [717]. Strengthening institutional governance and harmonising regulatory
frameworks across jurisdictions are essential for achieving long-term climate benefits [727.

Accusations of environmental consequences, including widespread deforestation and biodiversity loss, remain
pressing concerns. It has been accused that over 10 million hectares of tropical forest might have been cleared for
palm oil cultivation, contributing to the decline of species such as the orangutan, whose populations have decreased
by up to 70% in affected areas [737. Furthermore, the expansion of plantations into peatland areas has released
carbon emissions up to ten times higher than those associated with mineral soil cultivation, due to the high carbon
content stored in peat [747]. Halting further encroachment into carbon-rich ecosystems and enforcing land-use
zoning regulations are critical to reversing these impacts [757].

Social factors are also crucial in shaping the long-term sustainability of the industry. Smallholder farmers face
persistent challenges, including insecure land tenure, limited access to sustainable farming inputs, and weak
integration into formal supply chains [767. Although they account for an estimated 40—45% of global palm oil
production, some smallholders may remain trapped in cycles of low productivity and poverty. Tailored policy
interventions that provide financial support, technical training, and market access are needed to empower
smallholders as agents of sustainable transformation [777].

Despite valuable insights from the existing literature, several critical knowledge gaps remain. Notably, the
long-term carbon balance and sequestration potential of oil palm plantations remain largely unexplored. While
technologies such as methane capture and zero-burning reduce emissions, holistic assessments of life-cycle
emissions and carbon sinks remain scarce [787. Similarly, the economic feasibility of implementing advanced
technologies among smallholders warrants further study. Most small-scale producers lack the capital and support
systems necessary to transition to more sustainable practices, underscoring the need for cost-effective and scalable
solutions tailored to their specific context [79, 807.

The implications of this research suggest that, despite its promise, palm oil has the potential to be an active
contributor to mitigating climate change; the industry must undergo a structural transtormation to align with
global net-zero goals. Technological innovations such as methane capture and precision agriculture, combined with
more robust policy enforcement and inclusive governance, offer viable paths to reducing the carbon intensity of
palm oil production. These interventions must be integrated with social policies that empower smallholders and
protect biodiversity and carbon-dense ecosystems. Future research should focus on refining carbon accounting
models, scaling sustainable technologies for smallholders, and developing more eftective and accessible certification
schemes. Addressing these multidimensional challenges can position the palm oil sector as a key player in the
transition toward a future with net-zero emissions.

6. Conclusion

The analysis of existing literature reveals that palm oil has considerable potential to support climate change
mitigation when managed through sustainable practices and supported by robust policy frameworks. Technological
innovations, including methane recovery technologies and land preparation methods that avoid burning, have
demonstrated measurable impacts in reducing greenhouse gas emissions. These practices, particularly when
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integrated with precision agriculture tools, offer a practical pathway to improve productivity while minimising
environmental degradation.

Sustainability certifications, along with national policy measures, have played a crucial role in guiding the palm
oil industry toward adopting more environmentally responsible practices. However, limited adoption—especially
among smallholder farmers—continues to hinder widespread implementation. Challenges such as substantial costs,
a lack of technical expertise, and fragmented policy enforcement reduce the overall effectiveness of these
interventions. Enhancing access to finance, technology, and market mechanisms is therefore critical to ensuring
broader participation and greater impact.

Environmental risks remain significant, mainly deforestation, biodiversity loss, and peatland degradation. The
conversion of carbon-rich ecosystems continues to release vast quantities of emissions, thereby undermining the
gains made in mitigation. A shift toward protecting high-conservation-value areas and avoiding further expansion
into sensitive zones is essential to preserving environmental integrity.

Social dimensions, particularly the empowerment of smallholder farmers, are central to the success of
mitigation strategies in the palm oil sector. Providing secure land tenure, access to sustainable resources, and
training can enhance productivity and improve livelihoods, while ensuring that these practices align with broader
sustainability objectives.

The potential of palm oil as a climate change mitigation solution hinges on collaborative efforts among all
relevant stakeholders, including governments, industry actors, and civil society. Strengthening governance,
enhancing policy enforcement, and incentivising the adoption of innovation and sustainability at all levels will be
key to unlocking the sector's full potential. Continued research into lifecycle emissions, socio-economic integration,
and technology scalability will further guide this transition toward a net-zero emissions future.

References

1] Y. Malhi et al,, "Climate change and ecosystems: Threats, opportunities and solutions," Philosophical Transactions of the Royal Society
B: Biological Sciences, vol. 375, no. 1794, p. 20190104, 2020. https://doi.org/10.1098/rstb.2019.0104

re] L. Li, T. Awada, Y. Zhang, and K. Paustian, "Global land use change and its impact on greenhouse gas emissions," Global Change
Biology, vol. 30, no. 12, p. e17604, 2024. https://doi.org/10.1111/gcb.17604

£s] D. H. Nguyen, A. Chapman, and T. Tsuji, "Assessing the optimal contributions of renewables and carbon capture and storage
toward carbon neutrality by 2050," Sustainability, vol. 15, no. 18, p. 18447, 2023. https://doi.org/10.3390/su151813447

[4] S. Roe et al,, "Land-based measures to mitigate climate change: Potential and feasibility by country," Global Change Biology, vol. 27,
no. 23, pp. 6025-6058, 2021. https://doi.org/10.1111/gcb.15873

[5] K. Verma, P. Sharma, D. Bhardwaj, R. Kumar, N. M. Kumar, and A. K. Singh, Land and environmental management through
agriculture, forestry and other land use (AFOLU) system. In Land and environmental management through forestry. New York Springer,
2023.

[6] H. Purnomo et al, "Green consumer behaviour influences Indonesian palm oil sustainability," International Forestry Review, vol. 25,
no. 4, pp. 449-472, 2028. https://doi.org/10.1505/146554823838028210

7] G. Bausano, M. Masiero, M. Migliavacca, D. Pettenella, and P. Rougieux, "Food, biofuels or cosmetics? Land-use, deforestation

and CO2 emissions embodied in the palm oil consumption of four European countries: A biophysical accounting approach,"
Agricultural and Food Economics, vol. 11, no. 1, p. 85, 2028. https://doi.org/10.1186/540100-023-00268-5

[8] V. Vijay, S. L. Pimm, C. N. Jenkins, and S. J. Smith, "The impacts of oil palm on recent deforestation and biodiversity loss," PloS
one, vol. 11, no. 7, p. 0159668, 2016. https://doi.org/10.1371/journal.pone.0159668

[9] M. Corciolani, G. Gistri, and S. Pace, "Legitimacy struggles in palm oil controversies: An institutional perspective," Journal of
Cleaner Production, vol. 212, pp. 1117-1131, 2019. https://doi.org/10.1016/].jclepro.2018.12.103

[10] D. Hendrawan, D. Chrisendo, and O. Musshoff, "Strengthening oil palm smallholder farmers’ resilience to future industrial
challenges," Scientific Reports, vol. 14, no. 1, p. 12105, 2024. https://doi.org/10.1038/541598-024-62426-2

[11] K. Sukiyono et al., "The contribution of oil palm smallholders farms to the implementation of the sustainable development goals-

measurement attempt," Sustainability, vol. 14, no. 11, p. 684:3, 2022. https://doi.org/10.3390/su14116843

[12] C. S. Deshmukh ez al., "Net greenhouse gas balance of fibre wood plantation on peat in Indonesia," Nature, vol. 616, no. 7958, pp.
740-746, 2023. https://doi.org/10.1038/541586-023-05860-9

[13] D. S. Abi Suroso, B. Setiawan, P. Pradono, Z. S. Iskandar, and M. A. Hastari, "Revisiting the role of international climate finance
(ICF) towards achieving the nationally determined contribution (NDC) target: A case study of the Indonesian energy sector,”
Environmental Science & Policy, vol. 131, pp. 188-195, 2022. https://doi.org/10.1016/].envsci.2022.01.022

[14] T. A. Kurniawan et al., "Innovative transformation of palm oil biomass waste into sustainable biofuel: Technological breakthroughs
and future prospects," Process Safety and Environmental Protection, 2024. https://doi.org/10.1016/].psep.2024.11.073

[15] B. Ghale, E. Mitra, H. S. Sodhi, A. K. Verma, and S. Kumar, "Carbon sequestration potential of agroforestry systems and its
potential in climate change mitigation," Water, Air, & Soil Pollution, vol. 233, no. 7, p. 228, 2022. https://doi.org/10.1007/s11270-
022-05689-4

[16] D. Suratiningsih, H. Hardilina, A. R. S. Anugrah, S. Safira, and D. Puspita, "Implementation of the Indonesia Sustainable Palm Oil
(ISPO) policy on oil palm plantations in West Kalimantan," Jurnal Hubungan Internasional, vol. 12, no. 1, pp. 10-22, 2024

[17] S. A. B. Choiruzzad, A. Tyson, and H. Varkkey, "The ambiguities of Indonesian Sustainable Palm Oil certification: Internal
incoherence, governance rescaling and state transformation," Asia Europe Journal, vol. 19, no. 2, pp. 189-208, 2021.
https://doi.org/10.1007/510308-020-00593-0

[18] A. J. Astari, J. C. Lovett, and M. Wasesa, "Sustainable pathways in Indonesia's palm oil industry through historical
institutionalism," World Development Sustainability, vol. 6, p. 100200, 2025. https://doi.org/10.1016/).wds.2024.100200

197 A. Shaw, S. Mander, B. Parkes, and R. Wood, "Zero carbon transitions: a systematic review of the research landscape and climate
mitigation potential," Frontiers in Energy Research, vol. 11, p. 1268270, 2023. https://doi.org/10.3389/fenrg.2023.1268270

[20] A. Acharya, "Integrated carbon policy design for achieving net-zero targets," Energy and Environment Research, vol. 12, no. 1, p. 1,
2022. https://doi.org/10.5539/eer.vi2nipl

[21] M. V. Chiriaco, N. Galli, M. Santini, and M. C. Rulli, "Deforestation and greenhouse gas emissions could arise when replacing palm
oil ~ with other vegetable oils," Science  of  the  Total — Enviromnment, vol. 914,  p. 169486,  2024.
https://doi.org/10.1016/].scitotenv.2023.169486

[22] K. G. Austin, A. Mosnier, J. Pirker, I. McCallum, S. Fritz, and P. S. Kasibhatla, "Shifting patterns of oil palm driven deforestation
in Indonesia and implications for zero-deforestation commitments," Land wuse Policy, vol. 69, pp. 41-48, 2017.
https://doi.org/10.1016/).landusepol.2017.08.036

[23] S. Teske et al, "Net-zero 1.5° C sectorial pathways for G20 countries: Energy and emissions data to inform science-based
decarbonization targets," SN Applied Sciences, vol. 5, no. 9, p. 252, 2023. https://doi.org/10.1007/542452-023-0548 1-x

[24] K. Kazimierczuk, S. E. Barrows, M. V. Olarte, and N. P. Qafoku, "Decarbonization of agriculture: The greenhouse gas impacts and
economics of existing and emerging climate-smart practices," ACS Engineering Au, vol. 3, no. 6, pp. 426-442, 2023.
https://doi.org/10.1021/acsengineeringau.3c00031

59

© 2025 by the author; licensee Asian Online Journal Publishing Group


https://doi.org/10.1098/rstb.2019.0104
https://doi.org/10.1111/gcb.17604
https://doi.org/10.3390/su151813447
https://doi.org/10.1111/gcb.15873
https://doi.org/10.1505/146554823838028210
https://doi.org/10.1186/s40100-023-00268-5
https://doi.org/10.1371/journal.pone.0159668
https://doi.org/10.1016/j.jclepro.2018.12.103
https://doi.org/10.1038/s41598-024-62426-z
https://doi.org/10.3390/su14116843
https://doi.org/10.1038/s41586-023-05860-9
https://doi.org/10.1016/j.envsci.2022.01.022
https://doi.org/10.1016/j.psep.2024.11.073
https://doi.org/10.1007/s11270-022-05689-4
https://doi.org/10.1007/s11270-022-05689-4
https://doi.org/10.1007/s10308-020-00593-0
https://doi.org/10.1016/j.wds.2024.100200
https://doi.org/10.3389/fenrg.2023.1268270
https://doi.org/10.5539/eer.v12n1p1
https://doi.org/10.1016/j.scitotenv.2023.169486
https://doi.org/10.1016/j.landusepol.2017.08.036
https://doi.org/10.1007/s42452-023-05481-x
https://doi.org/10.1021/acsengineeringau.3c00031

[25]

[26]
[27]
[28]
[29]
[50]

[s1]
[32]

[37]
[38]

[39]
[40]

[41]
[42]

[43]

[44]
[45]

[46]

[47]
[48]
[49]
[50]

World Scientific Research, 2025, 12(1): 54-61

J. M. Kwakye, D. E. Ekechukwu, and O. B. Ogundipe, "Reviewing the role of bioenergy with carbon capture and storage (BECCS)
in climate mitigation,"  Engineering Science &  Technology Journal, vol. 5, no. 7, pp. 2823-2333, 2024.
https://doi.org/10.51594/ est].v5i7.1346

P. Papilo et al, "Palm oil-based bioenergy sustainability and policy in Indonesia and Malaysia: A systematic review and future
agendas," Heliyon, vol. 8, no. 10, p. 11058, 2022.

S. P. Kanugrahan and D. F. Hakam, "Long-term scenarios of Indonesia power sector to achieve nationally determined contribution
(NDC) 2060," Energies, vol. 16, no. 12, p. 4719, 2023. https://doi.org/10.8890/en16124719

W. Berenschot, A. Dhiaulhaq, O. Hospes, and D. Pranajaya, "Corporate contentious politics: Palm oil companies and land conflicts
in Indonesia," Political Geography, vol. 114, p. 103166, 2024. https://doi.org/10.1016/j.polgeo.2024.103166

S. P. 1. Pareira, "Roundtable on sustainable palm oil (RSPO) certification in Indonesia: a complex case of global environmental
governance," Doctoral Dissertation, Masters Dissertation, The Graduate Institute Geneva, 2021.

Z. Ogahara, K. Jespersen, 1. Theilade, and M. R. Nielsen, "Review of smallholder palm oil sustainability reveals limited positive
impacts and identifies key implementation and knowledge gaps," Land wuse Policy, vol. 120, p. 106258, 2022.
https://doi.org/10.1016/j.landusepol.2022.106258

K. Morita and K. i. Matsumoto, "Challenges and lessons learned for REDD+ finance and its governance," Carbon Balance and
Management, vol. 18, no. 1, p. 8, 2023. https://doi.org/10.1186/513021-0238-00228-y

D. Anwar, E. E. Simanjuntak, I. Sitepu, M. M. Kinda, E. A. Nainggolan, and Y. G. Wibowo, "Thermophilic digestion of palm oil
mill effluent: Enhancing biogas production and mitigating greenhouse gas emissions," Jurnal Presipitasi: Media Komunikasi dan
Pengembangan Teknik Lingkungan, vol. 21, no. 3, pp. 734-746, 2023. https://doi.org/10.14710/presipitasi.v21i3.734-746

A. Meijide et al., "Measured greenhouse gas budgets challenge emission savings from palm-oil biodiesel," Nature Communications,
vol. 11, no. 1, p. 1089, 2020. https://doi.org/10.1038/541467-020-14869-5

S. Hafner, O. James, and A. Jones, "A scoping review of barriers to investment in climate change solutions," Sustainability, vol. 11,
no. 11, p. 3201, 2019. https://doi.org/10.8890/5u11113201

S. Nupueng, P. Oosterveer, and A. P. Mol, "Global and local sustainable certification systems: Factors influencing RSPO and Thai-
GAP adoption by oil palm smallholder farmers in Thailand," Environment, Development and Sustainability, vol. 25, no. 7, pp. 6337-
6362, 2028. https://doi.org/10.1007/510668-023-02265-9

J. M. T. Sanchez and R. C. Maseda, "Forcing and avoiding change. Exploring change and continuity in local land-use planning in
Galicia  (Northwest of Spain) and The Netherlands," Land Use Policy, vol. 50, pp. 74-82, 2016.
https://doi.org/10.1016/j.Jandusepol.2015.09.006

I. M. Cintron-Rodriguez et al, "Equitable and empowering participatory policy design strategies to accelerate just climate action,"
Journal of Science Policy & Governance, vol. 18, no. 2, pp. 1-17, 2021.

U. W. R. Siagian, I. G. Wenten, and K. Khoiruddin, "Circular economy approaches in the palm oil industry: Enhancing profitability
through waste reduction and product diversification," Journal of Engineering and Technological Sciences, vol. 56, no. 1, pp. 25-49,
2024. https://doi.org/10.5614/j.eng.technol.sci.2024.56.1.3

G. B. Snashall and H. M. Poulos, "Oreos versus orangutans: The need for sustainability transformations and nonhierarchical
polycentric governance in the global palm oil industry," Forests, vol. 12, no. 2, p. 252, 2021. https://doi.org/10.88390/112020252

L. H. S. Putro, "Emissions of CH4 and CO2 from wastewater of palm oil mills: A real contribution to increase the greenhouse gas
and its potential as renewable energy sources," Environmental and Natural Resources Journal, vol. 20, no. 1, pp. 61-72, 2022.
https://doi.org/10.82526/ennrj/20/202100149

A. Sodri and F. E. Septriana, "Biogas Power Generation from Palm oil mill effluent (POME): Techno-economic and environmental
impact evaluation," Energies, vol. 15, no. 19, p. 7265, 2022. https://doi.org/10.8390/en15197265

S. Ekawati, R. Siburian, S. Surati, A. Nurlia, Y. Yanarita, and L. V. Sundary, "Zero-burning policy in land preparation: Social
changes and its impact on communities and the environment," Forest and Society, vol. 8, no. 2, pp. 831-349, 2024.
https://doi.org/10.24259/fs.v8i2.32262

M. N. Akhtar, E. Ansari, S. S. N. Alhady, and E. Abu Bakar, "Leveraging on advanced remote sensing-and artificial intelligence-
based technologies to manage palm oil plantation for current global scenario: A review," Agriculture, vol. 13, no. 2, p. 504, 2023.
https://doi.org/10.8390/agriculture13020504

R. P. Siti-Dina, A. C. Er, and W. Y. Cheah, "Social issues and challenges among oil palm smallholder farmers in Malaysia:
Systematic literature review," Sustainability, vol. 15, no. 4, p. 8123, 2023. https://doi.org/10.3390/su15043123

C. Brandi, T. Cabani, C. Hosang, S. Schirmbeck, L. Westermann, and H. Wiese, "Sustainability standards for palm oil: challenges
for smallholder certification under the RSPO," The Journal of Environment & Development, vol. 24, no. 3, pp. 292-314, 2015.
https://doi.org/10.1177/1070496515592017

N. K. Hidayat, A. Offermans, and P. Glasbergen, "Sustainable palm oil as a public responsibility? On the governance capacity of
Indonesian Standard for Sustainable Palm Oil (ISPO)," Agriculture and human values, vol. 385, pp. 223-242, 2018.
https://doi.org/10.1007/510460-017-9816-6

R. Pirard, S. Gnych, P. Pacheco, and S. Lawry, "Zero-deforestation commitments in Indonesia: Governance challenges," CIFOR
Occasional Paper No. 132). CIFOR, 2015.

M. T. Sambodo et al., "Breaking barriers to low-carbon development in Indonesia: Deployment of renewable energy," Heliyon, vol.
8, no. 4, p. €09121, 2022. https://doi.org/10.1016/].heliyon.2022.e09121

M. Di Gregorio and M. Moeliono, Climate governance and decentralization in Indonesia. Cambridge University Press.
https://doi.org/10.1017/9781009249676.011, 2023

I. Numata, A. J. Elmore, M. A. Cochrane, C. Wang, J. Zhao, and X. Zhang, "Deforestation, plantation-related land cover dynamics
and oil palm age-structure change during 1990—2020 in Riau Province, Indonesia," Environmental Research Letters, vol. 17, no. 9, p.
094024, 2022.

R. C. Gatti and A. Velichevskaya, "Certified" sustainable" palm oil took the place of endangered Bornean and Sumatran large
mammals habitat and tropical forests in the last 30 years," The Science of the Total Environment, vol. 742, pp. 140712-140712, 2020.
J. McCalmont, "Short-and long-term carbon emissions from oil palm plantations converted from logged tropical peat swamp
forest," Global Change Biology, vol. 27, no. 11, pp. 2361-2376, 2021. https://doi.org/10.1111/gcb.15591

T. M. Li, "Securing oil palm smallholder livelihoods without more deforestation in Indonesia," Nature Sustainability, vol. 7, no. 4,
pp- 887-893, 2024. https://doi.org/10.1038/541893-024-01279-w

C. Reich and O. Musshoff, "Oil palm smallholders and the road to certification: Insights from Indonesia," Journal of Environmental
Management, vol. 875, p. 124303, 2025. https://doi.org/10.1016/).jenvman.2025.124303

D. Harimurti, H. Hariyadi, and E. Noor, "Reducing greenhouse gas emissions in oil palm plantations using a life cycle assessment
approach," Journal Pengelolaan Sumberd. Alam dan Lingkung, vol. 11, no. 1, pp. 1-9, 2021.

S. Hutabarat, M. Slingerland, P. Rietberg, and L. Dries, "Costs and benefits of certification of independent oil palm smallholders in
Indonesia," International Food and Agribusiness Management Review, vol. 21, no. 6, pp. 681-700, 2018.

R. E. De Vos, A. Suwarno, M. Slingerland, P. J. Van Der Meer, and J. M. Lucey, "Pre-certification conditions of independent oil
palm smallholders in Indonesia. Assessing prospects for RSPO certification," Land Use Policy, vol. 130, p. 106660, 2023.
https://doi.org/10.1016/).landusepol.2023.106660.

S. Irawan et al., "Cost reduction for upscaling voluntary sustainability standards: the case of independent oil palm smallholders in
Central Kalimantan, Indonesia," Frontiers in Forests and Global Change, vol. 7, p. 1418782, 2024.

A. H. Dharmawan et al., "The agrarian, structural and cultural constraints of smallholders’ readiness for sustainability standards
implementation: the case of Indonesian Sustainable Palm Oil in East Kalimantan," Sustainability, vol. 13, no. 5, p. 2611, 2021.
https://doi.org/10.8390/su13052611

N. F. Jamaludin, Z. Ab Muis, H. Hashim, O. Y. Mohamed, and L. L. Keng, "A holistic mitigation model for net zero emissions in
the palm oil industry," Helzyon, vol. 10, no. 6, pp. 1-21, 2024.

60

© 2025 by the author; licensee Asian Online Journal Publishing Group


https://doi.org/10.51594/estj.v5i7.1346
https://doi.org/10.3390/en16124719
https://doi.org/10.1016/j.polgeo.2024.103166
https://doi.org/10.1016/j.landusepol.2022.106258
https://doi.org/10.1186/s13021-023-00228-y
https://doi.org/10.14710/presipitasi.v21i3.734-746
https://doi.org/10.1038/s41467-020-14869-5
https://doi.org/10.3390/su11113201
https://doi.org/10.1007/s10668-023-02265-9
https://doi.org/10.1016/j.landusepol.2015.09.006
https://doi.org/10.5614/j.eng.technol.sci.2024.56.1.3
https://doi.org/10.3390/f12020252
https://doi.org/10.32526/ennrj/20/202100149
https://doi.org/10.3390/en15197265
https://doi.org/10.24259/fs.v8i2.32262
https://doi.org/10.3390/agriculture13020504
https://doi.org/10.3390/su15043123
https://doi.org/10.1177/1070496515592017
https://doi.org/10.1007/s10460-017-9816-6
https://doi.org/10.1016/j.heliyon.2022.e09121
https://doi.org/10.1017/9781009249676.011
https://doi.org/10.1111/gcb.15591
https://doi.org/10.1038/s41893-024-01279-w
https://doi.org/10.1016/j.jenvman.2025.124303
https://doi.org/10.1016/j.landusepol.2023.106660
https://doi.org/10.3390/su13052611

[61]

[62]
[es]
[64]

[65]

[e6]

[67]

[68]
[69]
[70]
[71]

[72]
[78]
[74]
[75]

[76]
[77]
78]

[79]
[80]

World Scientific Research, 2025, 12(1): 54-61

M. N. L. Salehmin et al, "Sustainable bioenergy from palm oil mill effluent: Advancements in upstream and downstream
engineering with techno-economic and environmental assessment," Journal of Industrial and Engineering Chemistry, vol. 183, pp.
122-147, 2024

A. Q. Al-Amin, M. S. KABIR SARKAR, A. Ahmed, and B. Doberstein, "Comparative analysis of emission reduction targets toward
indc implementation in Malaysia, Indonesia and Thailand by 2050," Climate Change Economics, vol. 11, no. 02, p. 2050011, 2020.

S. Sahara, H. Haryadi, and N. Kusumowardhani, "Smallholder finance in the oil palm sector analyzing the gaps between existing
credit schemes and smallholder realities," Retrieved: https://www.cabidigitallibrary.org/doi/full/10.5555/20173362393, 2017.

J. T. Raharjo, R. Fauzi, Y. Hadiyan, E. P. Andriyani, and B. T. Mulyono, "Feasibility study of zero burning peatland agriculture in
Mempawah District, West Kalimantan," presented at the IOP Conference Series: Earth and Environmental Science, 10P
Publishing, 2023.

S. A. Gade et al, "Advancements in UAV remote sensing for agricultural yield estimation: A systematic comprehensive review of
platforms, sensors, and data analytics," Remote Sensing Applications: Society and Environment, p. 101418, 2024.
https://doi.org/10.1016/].rsase.2024.101418

S. Pandeya, B. R. Gyawali, and S. Upadhaya, "Factors influencing precision agriculture technology adoption among small-scale
farmers in Kentucky and their implications for policy and practice," Agriculture, vol. 15, no. 2, p. 177, 2025.
https://doi.org/10.8390/agriculture15020177

Y. S. Tey, M. Brindal, M. Djama, A. H. I. A. Hadi, and S. Darham, "A review of the financial costs and benefits of the Roundtable
on Sustainable Palm Oil certification: Implications for future research," Sustainable Production and Consumption, vol. 26, pp. 824-837,
2021.

E. Apriani, "Non-state certification of sustainable palm oil for smallholders in Sumatra, Indonesia," Master's Thesis, Northern
Arizona University, 2019.

C. Schreiber, "Automated sustainability compliance checking using process mining and formal logic," in Proceedings of the 7th
International Conference on ICT for Sustainability, 2020, pp. 181—184.

E. I. K. Putri et al, "The oil palm governance: challenges of sustainability policy in Indonesia," Sustainability, vol. 14, no. 3, p. 1820,
2022. https://doi.org/10.8390/s5u14031820

R. Astuti, M. A. Miller, A. McGregor, M. D. P. Sukmara, W. Saputra, and D. Taylor, "Making illegality visible: The governance
dilemmas created by visualising illegal palm oil plantations in Central Kalimantan, Indonesia," Land Use Policy, vol. 114, p. 105942,
2022.

W. Obergassel, C. Xia-Bauer, and S. Thomas, "Strengthening global climate governance and international cooperation for energy-
efficient buildings," Energy Efficiency, vol. 16, no. 8, p. 100, 2023.

M. S. Ozigis, S. Wich, A. Descals, Z. Szantoi, and E. Meijaard, "Mapping oil palm plantations and their implications on forest and
great ape habitat loss in Central Africa," Remote Sensing in Ecology and Conservation, 2024. https://doi.org/10.1002/rse2.428

H. V. Cooper, S. Evers, P. Aplin, N. Crout, M. P. B. Dahalan, and S. Sjogersten, "Greenhouse gas emissions resulting from
conversion of peat swamp forest to oil palm plantation," Nature Communications, vol. 11, no. 1, p. 407, 2020.

C. Shi, J. Zhan, Y. Yuan, F. Wu, and Z. Li, "Land use zoning for conserving ecosystem services under the impact of climate change:
A case study in the middle reaches of the Heihe River Basin," Advances in Meteorology, vol. 2015, no. 1, p. 496942, 2015.
https://doi.org/10.1155/2015/496942

E. Eldridge, M.-E. Rancourt, A. Langley, and D. Héroux, "Expanding perspectives on the poverty trap for smallholder farmers in
Tanzania: The role of rural input supply chains," Sustainability, vol. 14, no. 9, p. 4971, 2022. https://doi.org/10.8390/5u14094971
V. Sokoastri, D. Setiadi, A. R. Hakim, A. D. Mawardhi, and M. L. Fadli, "Smallholders oil palm: Problems and solutions," Sodality:
Jurnal Sosiologi Pedesaan, vol. 7, no. 3, pp. 182-194, 2019.

H. Prasetya, Y. Arkeman, and E. Hambali, "Role of methane capture for sustainable biodiesel production from palm oil: A life cycle
assessment approach," International Journal on Advanced Science, Engineering and Information Technology, vol. 8, no. 5, pp. 17-20,
20138.

O. Mapanje, S. Karuaihe, C. Machethe, and M. Amis, "Financing sustainable agriculture in sub-saharan africa: a review of the role
of financial technologies," Sustainability, vol. 15, no. 5, p. 4587, 2023. https://doi.org/10.8390/s5u15054:587

T. Mizik, "Climate-smart agriculture on small-scale farms: A systematic literature review," Agronomy, vol. 11, no. 6, p. 1096, 2021.
https://doi.org/10.8390/agronomy11061096

Asian Online Journal Publishing Group is not responsible or answerable for any loss, damage or liability, etc. caused in relation to/arising out of the use of the content.
Any queries should be directed to the corresponding author of the article.

61

© 2025 by the author; licensee Asian Online Journal Publishing Group


https://www.cabidigitallibrary.org/doi/full/10.5555/20173362393
https://doi.org/10.1016/j.rsase.2024.101418
https://doi.org/10.3390/agriculture15020177
https://doi.org/10.3390/su14031820
https://doi.org/10.1002/rse2.428
https://doi.org/10.1155/2015/496942
https://doi.org/10.3390/su14094971
https://doi.org/10.3390/su15054587
https://doi.org/10.3390/agronomy11061096

