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Abstract

The increasing global demand for sustainable aviation fuels has prompted exploration of alternative bi-
oenergy sources to cut greenhouse gas emissions. As a by-product generated in high volumes from palm
oil processing, Palm Oil Mill Effluent (POME) presents opportunities as a sustainable, low-emission fuel
thanks to its high levels of organic matter. Through a qualitative lens, this literature review evaluates
POME's potential as a green aviation fuel, considering technological, environmental, and economic di-
mensions. Utilizing a qualitative research approach, relevant peer-reviewed articles, reports, and policy
documents were systematically collected through academic databases and institutional repositories. Data
were analyzed thematically to identify patterns, challenges, and opportunities in POME valorization for
aviation fuel production. Evidence suggests that both biochemical and thermochemical techniques, par-
ticularly anaerobic digestion and hydrothermal liquefaction, are effective in converting POME into biofu-
els that align with aviation standards and produce notably fewer greenhouse gas emissions than traditional
fossil fuels. Economic assessments suggest competitive production costs, especially when integrated with
existing palm oil mill infrastructure. However, barriers including feedstock variability, process scalabil-
ity, and regulatory frameworks remain critical for commercialization. In conclusion, POME represents
a valuable, sustainable resource that aligns with circular economy principles and global decarboniza-
tion goals in aviation. Future research should focus on pilot-scale demonstrations, lifecycle sustainabil-
ity assessments, and policy development to support broader adoption. This study contributes a compre-
hensive synthesis of current knowledge, guiding stakeholders in advancing POME-based aviation fuels.
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Introduction

The aviation industry significantly supports global
integration by connecting communities and markets,
yet it contributes an estimated 2-3% of worldwide
carbon dioxide emissions each year, making it one
of the most carbon-intensive sectors [1]. With air
travel projected to grow twofold by 2040, increas-
ing pressure is being placed on the aviation indus-
try to cut carbon emissions in accordance with the
Paris Agreement and subsequent global climate com-
mitments [2]. Unlike ground transportation, where
electrification has gained traction, aviation demands
high-energy-density fuels, recognizing Sustainable
Aviation Fuel(SAF) as a vital stepping stone in the
aviation sector’s transition to sustainability [3].

With the potential to lower greenhouse gas emissions
throughout its lifecycle by as much as 80%, contin-
gent on the feedstock and production method, SAF
emerges as a viable substitute for conventional jet
fuels [4]. Approved SAF feedstocks under ASTM
D7566 include materials like used cooking oil, algae,
and municipal waste, but bio-residues and industrial
wastewater are gaining attention for their sustaina-
bility benefits and non-competition with food pro-
duction [5]. However, the supply of conventional
feedstocks like waste cooking oil is insufficient to
meet projected SAF demand, prompting the need to
explore novel, scalable, and underutilized sources

[6].

In this context, Palm Oil Mill Effluent (POME), a
nutrient-rich waste liquid from palm oil extraction,
stands out as a potential feedstock. With 2.5-3.0 tons
of POME produced per ton of crude palm oil, it ranks
among Southeast Asia’s most abundant agro-indus-
trial waste sources [7]. Because of its elevated COD
and BOD concentrations, POME has typically been
seen as an environmental liability and treated either
by anaerobic digestion to recover biogas or by em-
ploying ponding systems to mitigate pollutant levels
[8]. However, these solutions often underperform in
scalability, emissions control, or energy recovery ef-
ficiency [9].

In recent years, technological advancements in waste
valorization have opened new avenues to upgrade
POME into products with added value, including bi-
ofuels suitable for aviation applications [10]. POME

contains a significant proportion of organic com-
pounds, including residual oils, volatile fatty acids,
and suspended solids, which can serve as precursors
in thermochemical or biochemical conversion pro-
cesses [11]. While considerable research has detailed
the conversion of POME to biogas and biodiesel, its
direct or indirect transformation into aviation-grade
fuel remains underexplored in both academic and in-
dustrial domains [12].

The relevance of POME as a SAF feedstock lies not
only in its abundance and energy content, but also in
its ability to address multiple sustainability criteria
simultaneously namely, waste minimization, carbon
mitigation, and rural development [13]. Countries like
Indonesia and Malaysia, which combined contribute
to upwards of 80% of the worldwide palm oil supply,
face significant challenges in managing POME sus-
tainably, particularly in light of increasing regulatory
scrutiny and environmental activism [14]. Leveraging
POME for aviation fuel could therefore serve dual na-
tional interests: promoting environmental stewardship
while contributing to energy security [15].

Despite its promise, there are technological, regulato-
ry, and economic challenges to mainstreaming POME
as a SAF input. For example, POME requires substan-
tial pre-treatment to remove impurities and enhance
fuel conversion efficiency [16]. Moreover, down-
stream refining processes must meet stringent avia-
tion fuel standards such as ASTM D1655 and D7566
to ensure flight safety and engine compatibility [17].
From a policy standpoint, incentives and mandates
supporting SAF deployment are still nascent in many
palm oil-producing countries, creating uncertainty for
potential investors and developers [18].

Equally critical is the lack of integrated frameworks
that connect the palm oil industry, waste management
systems, and aviation fuel value chains. Current aca-
demic literature tends to compartmentalize these do-
mains, limiting comprehensive understanding of how
POME could be effectively scaled for jet fuel pro-
duction [19]. This fragmented knowledge landscape
highlights the need for a cross-sectoral synthesis that
brings together environmental, technical, economic,
and policy dimensions of the POME-to-SAF pathway
[20].
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In light of these deficiencies, the research conducts
a qualitative review of existing literature to inves-
tigate the potential of POME as a source feedstock
for sustainable aviation fuel. Unlike systematic liter-
ature reviews (SLR), which require protocol-driven
inclusion and exclusion processes, this qualitative re-
view aims to synthesize diverse bodies of knowledge
across environmental engineering, energy systems,
waste valorization, and aviation sustainability. The
central objective is to elucidate the transformative
potential of POME from a waste management liabil-
ity into a low-emission fuel source for the aviation
industry while critically assessing the technological
feasibility, policy landscape, and sustainability trade-
offs.

Literature Review

The Aviation Sector and the need for Sustainable
Fuels

Within the global contributors to greenhouse gases,
the aviation industry is expanding at a particularly
rapid pace. Despite representing a relatively small
fraction of total emissions, its radiative forcing and
non-CO: effects significantly amplify its climate
impact [21]. With projected increases in global air
traffic and limited electrification potential for long-
haul flights, the integration of sustainable aviation
fuels (SAFs) is now recognized as a crucial route to
achieve decarbonization in aviation [22]. Unlike tra-
ditional biofuels, SAFs must meet stringent criteria
regarding energy density, thermal stability, and their
ability to integrate seamlessly with established jet
engines and infrastructure [23].

Multiple feedstocks have been investigated for SAF
production, including used cooking oil, algae, mu-
nicipal solid waste, and lignocellulosic biomass.
However, many of these feedstocks face supply con-
straints, food vs. fuel debates, or high production
costs [24]. Hence, attention has increasingly shift-
ed to underutilized waste streams that are abundant,
low-cost, and environmentally burdensome. Among
them, Palm Oil Mill Effluent (POME) stands out as a
potential resource [25].

Palm Oil Mill Efluent (POME): Composition and
Characteristics

As a fluid by-product created during the palm oil
manufacturing process, POME is produced in large

amounts by mills predominantly found in Southeast
Asia. It is characterized by a high organic load, com-
prising residual oils, cellulose, proteins, and volatile
fatty acids, making it both a pollution threat and a bi-
oenergy resource [26]. Typical palm oil mills release
around 2.5 to 3.0 tons of POME for every ton of crude
palm oil extracted, amounting to millions of tons of
waste on an annual basis [27].

Containing predominantly water (95-96%), along
with 2-4% suspended solids and 0.6—0.7% oil and
grease, POME exhibits high Chemical Oxygen De-
mand (COD) and Biological Oxygen Demand (BOD)
levels, often exceeding 50,000 mg/L and 25,000
mg/L, which make untreated discharge an environ-
mental hazard [28]. However, this organic richness
also provides a strong foundation for bioconversion
processes if properly managed [29].

Conventional Uses and Limitations of POME Val-
orization

Historically, the majority of POME has been man-
aged via anaerobic ponding systems, resulting in par-
tial methane recovery and minimal energy yield [30].
Although this method is low-cost, it is land-intensive
and contributes to uncontrolled methane release if not
properly captured [31]. More recently, POME has
been utilized in biogas production through anaerobic
digestion and in biodiesel via transesterification of its
residual oil fraction [32]. However, these applications
remain limited in scale, often confined to pilot plants
or off-grid energy projects.

Challenges persist regarding the variability in POME
composition, pretreatment requirements, and low oil
recovery rates. These factors constrain the scalabil-
ity and consistency of energy conversion outcomes
[33]. Moreover, most POME-to-energy projects are
designed for electricity or heat generation rather than
liquid transportation fuels, especially jet fuels [34].

Pathways from POME to Sustainable Aviation
Fuel (SAF)

The transformation of POME into aviation-grade bi-
ofuel remains at a nascent stage. However, several
conversion pathways show promise. One approach
involves the separation of residual oils followed by
hydroprocessing to produce hydrocarbons aligned
with jet fuel specifications [35]. Alternatively, POME
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can be subjected to fermentation or gasification to
produce syngas, which is then converted into SAF
via Fischer-Tropsch synthesis [36].

Another avenue lies in integrating POME with hy-
drogen-rich co-feedstocks in hydrothermal liquefac-
tion (HTL) systems to improve energy yields and
fuel quality. The key technical bottlenecks include tar
formation, water management, and sulfur contami-
nation, all of which must be resolved to meet ASTM
D7566 and D1655 standards [37]. While laboratory
experiments have demonstrated the technical feasi-
bility of such processes, commercial deployment is
hindered by high capital costs and uncertain policy
incentives [38].

Policy and Regulatory Landscape

Regional policy frameworks for SAF vary consid-
erably. The European Union’s ReFuelEU Aviation
initiative, for example, obligates blending SAF into
aviation fuels by 2030, thereby encouraging the use
of innovative feedstocks like POME [39]. In a sim-
ilar vein, ICAO’s CORSIA program incentivizes
lowering lifecycle greenhouse gas emissions, a tar-
get that POME-based fuels might help achieve with
appropriate certification.

However, palm oil and its derivatives face complex
scrutiny in global markets due to concerns about de-
forestation and land-use change. It is therefore crit-
ical that POME, as a waste by-product rather than a
dedicated crop, be differentiated in sustainability cer-
tifications [40]. This distinction can open pathways
for POME inclusion in global SAF supply chains
while addressing environmental integrity concerns.

Research Gaps and Synthesis

Despite growing interest in SAF and bio-based waste
valorization, literature specifically addressing POME
as a SAF feedstock remains fragmented. Most stud-
ies have focused on biogas or biodiesel applications,
with only a limited number exploring its potential for
jet fuel production. Moreover, few studies examine
the entire lifecycle of POME-to-SAF conversion,
including feedstock logistics, pretreatment technolo-
gies, emissions performance, and economic viability
in an integrated manner.

The lack of unified frameworks and cross-sectoral
assessments inhibits strategic decision-making, both
in policy and investment. Furthermore, comparative
evaluations of POME against other SAF feedstocks
in terms of emissions, land-use neutrality, and cost-ef-
fectiveness are notably scarce.

Conceptual Position of the Present Study

In response to these gaps, this study provides a quali-
tative literature review to synthesize and evaluate the
technological pathways, sustainability potential, and
policy contexts associated with converting POME
into aviation-grade fuel. By drawing on academic
literature across waste management, bioenergy, and
aviation sectors, this review contributes an integrat-
ed understanding of how an abundant, underutilized
industrial effluent like POME could support aviation
decarbonization goals. This analysis will inform re-
searchers, policymakers, and industry stakeholders of
the strategic opportunities and challenges associated
with this waste-to-fuel transition.

Methodology

This study employs a qualitative research method
with a descriptive and analytical literature review
approach. This approach was chosen to systemat-
ically examine, synthesize, and critically evaluate
existing scientific literature concerning the prospect
of Palm Oil Mill Effluent (POME) being employed
as a low-emission, sustainable fuel for aviation. Em-
ploying a non-empirical approach, the study depends
exclusively on secondary information sources like
peer-reviewed articles, scientific reports, books, and
relevant policy texts, with no primary data or field-
work conducted. The primary instrument of this study
is a conceptual framework designed to guide the se-
lection and analysis of literature, focusing on techno-
logical, environmental, and policy aspects related to
POME and sustainable aviation fuels. Data collection
was conducted systematically by searching reputable
academic databases such as Scopus, Web of Science,
and Google Scholar using predefined keywords relat-
ed to POME, biofuel, sustainable aviation fuel, and
carbon emissions. Selected literature was critically
appraised for its relevance, credibility, and contribu-
tion to understanding the use of palm oil by-products
as a source for biofuel production. The collected data
were analyzed thematically through coding and cat-
egorization processes aimed at identifying patterns,
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economic, and policy dimensions of POME’s po-
tential as an aviation fuel to produce a comprehen-
sive and integrative understanding. By employing
this method, the study offers an in-depth conceptu-
al synthesis without conducting field interventions
or primary data gathering, ensuring the validity of
findings through reliance on credible, peer-reviewed
academic sources. This qualitative literature review
approach enables the generation of insights that can
serve as a foundation for advancing environmentally
friendly alternative fuel technologies and sustainable
energy policies in the aviation sector.

Results

Data Collection Overview

Data for the research were obtained exclusively from
secondary literature through structured database
searches in Scopus, Web of Science, and Google
Scholar, employing keywords including ‘Palm Oil
Mill Effluent (POME),” “biofuel,” “sustainable avi-
ation fuel,” “low emission fuel,” and “aviation bio-
fuel” were used to gather relevant peer-reviewed ar-
ticles, reports, and policy documents. A total of 120
articles were initially identified. After screening for
relevance, duplication, and quality, 80 articles were
selected for in-depth analysis, ensuring a compre-
hensive coverage of technological, environmental,
and economic aspects of POME valorization. The
distribution of sources spanned publications from
2015 to 2025, highlighting the recent increase in ac-
ademic focus on this topic [41, 42].

Characteristics and Composition of POME Rele-
vant to Biofuel Production

Analysis of the collected literature reveals that
POME contains approximately 95-96% water, 2—4%
suspended solids, and 0.6—0.7% residual oil content,
which can be converted into various biofuels [43].
The average Chemical Oxygen Demand (COD) of
POME ranges between 40,000 to 60,000 mg/L, with
a Biological Oxygen Demand (BOD) of 25,000 to
30,000 mg/L, indicating a high organic load favora-
ble for bioconversion processes [44]. These charac-
teristics make POME a potent substrate for anaer-
obic digestion, fermentation, and hydroprocessing
pathways.

Data shows that producing one ton of crude palm oil
leads to the generation of 2.5 to 3.0 tons of POME,

which equates to nearly 7.5 million tons per year in
Indonesia, the top palm oil producing country world-
wide [45]. The magnitude of this waste highlights a
significant chance for sustainable fuel production if
effective conversion strategies are utilized.

Potential of POME as a Low-Emission Fuel for
Aviation

Evidence indicates that biofuels derived from POME
may achieve a 60% to 85% reduction in lifecycle
greenhouse gas emissions compared to conventional
Jet-A fuel. [46, 47]. This is attributed to the waste na-
ture of POME, which avoids land-use change emis-
sions commonly associated with dedicated energy
crops. The net energy ratio of POME-based biofuel is
estimated at 3.5 to 4.2, indicating a favorable energy
return on energy invested (EROEI) [48].

Furthermore, hydroprocessing of residual oils in
POME yields a hydrocarbon product with an energy
density of approximately 43 MJ/kg, comparable to
fossil jet fuel standards [49]. Fuel stability tests under
ASTM D7566 certification parameters confirm that
POME-derived synthetic paraffinic kerosene meets
key jet fuel requirements, including freezing point
(-47°C), flash point (above 38°C), and sulfur content
(below 15 ppm) [50].

Technological Pathways for POME Conversion
From the literature, three primary technological path-
ways for converting POME to sustainable aviation
fuel (SAF) emerge: anaerobic digestion for biogas
production, transesterification of residual oils into
biodiesel, and thermochemical conversion to hydro-
carbons suitable for jet fuel [51].

Anaerobic digestion of POME yields biogas with
methane content between 60% and 70%, with bi-
ogas production rates ranging from 20 to 30 m? per
ton of POME [52]. Biogas is mostly applied for heat
and power generation, but enhancing it to biomethane
and then transforming it into synthetic fuels via Fis-
cher-Tropsch synthesis is an emerging and promising
pathway [53].

Transesterification of residual oil fractions can pro-
duce biodiesel with cetane numbers of 48 to 55
and oxidative stability exceeding 8 hours, mak-
ing it a viable blendstock for jet fuel after further
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hydroprocessing [54]. However, the oil content in
POME is relatively low, often less than 1%, limiting
the biodiesel yield unless integrated with other feed-
stocks.

Techniques such as HTL and gasification coupled
with Fischer-Tropsch synthesis are highlighted as ef-
fective routes for creating drop-in jet fuels adhering
to international quality benchmarks [55]. Yields of
liquid hydrocarbons from HTL of POME are report-
ed between 25% to 35% by weight, with energy re-
covery efficiencies up to 65% [56].

Environmental Impact and Emission Reductions
Studies consistently report significant environmental
benefits from POME-derived aviation fuels. Accord-
ing to lifecycle assessments, GHG emissions may be
lowered by approximately 70% when compared to
conventional fossil jet fuels, primarily due to avoided
methane emissions from untreated POME discharge
[57]. Methane emissions from conventional POME
treatment ponds are estimated at 0.25 to 0.35 kg CHa
per m* of untreated effluent, contributing to potent
global warming potential [58].

Moreover, the utilization of POME for fuel produc-
tion supports circular economy principles by trans-
forming waste into value-added products, thus re-
ducing environmental pollution and eutrophication
risks associated with POME discharge [59]. The net
water footprint of POME-based biofuel is also low-
er than that of other biofuel feedstocks, given that
POME is an industrial waste rather than a water-in-
tensive crop [60].

Economic Feasibility and Scalability

Economic analyses in the reviewed literature sug-
gest that POME-based aviation fuel production can
achieve competitive costs, ranging from USD 0.8 to
1.2 per liter, depending on scale and technology used
[61]. Integration with existing palm oil mill infra-
structure reduces feedstock transportation and pro-
cessing costs significantly.

Barriers continue to exist because of capital-inten-
sive upgrading processes, regulatory complexities,
and a shortage of large-scale pilot plants. Making
these fuels financially viable compared to standard
jet fuel requires policy support through mechanisms

like carbon pricing, renewable fuel mandates, and
subsidy programs [62].

Overall, the comprehensive assessment of 80 studies
confirms POME’s strong potential as an eco-friendly,
low-emission feedstock for aviation fuels. The high
organic content and large volume of POME generate
ample raw material for biofuel production with sig-
nificant GHG reduction potential. Technological ad-
vances in hydroprocessing and thermochemical con-
version provide pathways for producing jet fuels that
meet international standards. While environmental
and economic benefits are promising, scaling up pro-
duction requires supportive policies and further tech-
nological optimization.

Discussion

The findings from the comprehensive qualitative lit-
erature review clearly indicate that Palm Oil Mill
Effluent (POME) holds significant promise as a sus-
tainable and low-emission feedstock for aviation fuel
production. Consistent with the research objectives,
this section discusses the technological feasibility, en-
vironmental benefits, and economic implications of
utilizing POME, integrating relevant data extracted
from the literature.

Firstly, the chemical composition and high organic
content of POME make it an excellent substrate for
biofuel generation through various biochemical and
thermochemical processes [63]. The presence of sub-
stantial residual oil fractions and elevated Chemical
Oxygen Demand (COD) levels provides the neces-
sary raw materials for effective bioconversion into
hydrocarbons that satisfy jet fuel quality standards
[63]. The technological pathways identified, anaer-
obic digestion, transesterification, and hydrothermal
liquefaction, each demonstrate unique advantages.
Anaerobic digestion contributes to biogas production
with methane concentrations ranging from 60 to 70%,
which could be further upgraded for fuel use [64].
Meanwhile, hydrothermal liquefaction has shown lig-
uid hydrocarbon yields of up to 35% by weight, in-
dicating considerable efficiency in converting POME
into drop-in aviation fuel [65].

Secondly, environmental analyses from multiple life-
cycle studies support that POME-based aviation fuels
can lower greenhouse gas emissions by roughly 70%

J.of Sci Eng Advances

Vol:1.1, Pg:6



Review Article Open Access

when compared to conventional jet fuels [66]. This
substantial reduction stems from mitigating methane
emissions otherwise released from untreated effluent
ponds, as well as utilizing a waste by-product rather
than dedicated crops, which avoids land-use change
impacts [67]. The data also reveal that POME bio-
fuels possess favorable properties such as low sul-
fur content and high energy density, ensuring com-
pliance with ASTM standards and supporting clean
combustion [68].

Economically, although the initial investment for
conversion technologies remains high, the integra-
tion of POME valorization within existing palm oil
mill infrastructure presents a cost-effective approach.
Studies indicate production costs ranging between
USD 0.8 and 1.2 per liter, which is competitive under
supportive policy frameworks like carbon pricing
and renewable fuel incentives [69]. The findings un-
derscore the feasibility of POME-based fuels within
the expanding sustainable aviation fuel sector [70].

Despite these promising outcomes, challenges remain
in scaling up technologies from laboratory and pilot
stages to commercial operation. Barriers include the
variability of POME composition across mills, tech-
nological complexity of upgrading processes, and
regulatory hurdles in certifying alternative aviation
fuels [71]. Furthermore, comprehensive assessments
of the long-term sustainability, including water foot-
print and social acceptance, require further investi-
gation [72]. From a strategic standpoint, repurposing
POME as a biofuel source supports circular economy
goals by turning a waste product with significant pol-
lution potential into useful energy and mitigating the
palm oil industry’s environmental footprint [73]. By
addressing both waste disposal challenges and cli-
mate goals, this approach supports the aviation sec-
tor’s ongoing efforts to find effective decarbonization
pathways [74].

The synthesis of findings underscores the impor-
tance of multidisciplinary approaches combining en-
gineering innovations, environmental assessments,
and policy frameworks to maximize the benefits of
POME utilization. For instance, coupling anaero-
bic digestion with downstream upgrading technol-
ogies can enhance fuel yield and quality while en-
suring environmental compliance [75]. Additionally,

strengthening cooperation between industry stake-
holders, government bodies, and academic institu-
tions is vital for accelerating the adoption of technol-
ogies and increasing market penetration [76].

In conclusion, this literature review demonstrates that
POME represents a valuable and largely untapped
resource for producing low-emission aviation fuels.
The comprehensive data analysis supports the po-
tential for significant greenhouse gas reductions and
economic feasibility under appropriate technological
and policy conditions. Future research should focus
on pilot-scale demonstrations, life cycle impact as-
sessments incorporating broader sustainability indica-
tors, and exploring hybrid conversion technologies to
improve fuel yields and reduce costs [77], [78]. Ad-
ditionally, the investigation into regional adaptation
strategies considering local palm oil industry charac-
teristics could enhance the scalability and acceptance
of POME-derived aviation fuels [79].

Implications of this study are profound, suggesting
that integrating POME valorization into palm oil mills
can transform an environmental liability into an eco-
nomic and environmental asset, contributing directly
to sustainable aviation objectives. It also emphasiz-
es the need for supportive regulatory environments
and investment in R&D to bridge the gap between
research findings and commercial reality [80]. Policy-
makers and industry leaders should prioritize facilitat-
ing technology transfer, establishing fuel certification
pathways, and providing incentives for renewable
fuel manufacturing to maximize POME’s role as a
strategic resource in reducing aviation emissions [81].

Conclusion

Due to its vast availability and rich organic composi-
tion, Palm Oil Mill Effluent (POME) is emerging as a
highly attractive feedstock for generating low-emis-
sion aviation fuels. Reviewed studies repeatedly em-
phasize that technologies such as anaerobic digestion,
hydrothermal liquefaction, and transesterification can
efficiently transform POME into biofuels meeting rig-
orous aviation fuel standards, optimizing fuel output
and substantially cutting greenhouse gas emissions
compared to fossil-derived jet fuels.

Environmental assessments demonstrate that utilizing
POME as a biofuel source contributes to substantial
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mitigation of methane emissions typically generated
from untreated effluent. Such an approach encour-
ages environmentally responsible waste handling
within the palm oil industry, turning an environmen-
tal liability into a valuable resource. Moreover, the
integration of POME valorization within existing
palm oil mill infrastructures enhances the econom-
ic feasibility of biofuel production, especially under
supportive policy frameworks.

Despite these advantages, several challenges must
be addressed to realize large-scale implementation.
Variability in POME characteristics, technological
complexities, and regulatory certification processes
requires continued research and development. Addi-
tionally, fully understanding the environmental, eco-
nomic, and social implications is crucial for ensuring
enduring sustainability and acceptance in the market.

Collectively, the research supports the idea that
POME-derived aviation fuels can meaningfully
contribute to lowering carbon footprints in avia-
tion, consistent with global environmental and cli-
mate commitments. Strengthening interdisciplinary
collaboration and policy support will be essential
to advance technological maturity and facilitate the
transition from pilot studies to commercial-scale ap-
plications.
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