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ABSTRACT

The palm oil industry in Indonesia plays a crucial role as a foreign exchange earner but
faces criticism for its environmental impacts, such as deforestation and carbon emissions. This
study aims to analyze global trends in the circular economy within the palm oil sector and explore
the potential of a green economy in Indonesia through a mixed-methods approach involving
bibliometric and ex-post facto analyses. The findings reveal fluctuating trends in scientific
publications, with Malaysia and Indonesia as the main contributors. There has been significant
growth in research on this topic, with an annual publication increase rate of 43.45% from 2017 to
2024. International collaboration is vital, with nearly 50% of publications involving cross-border
cooperation. Malaysia dominates global contributions with over 35% of total publications,
followed by Indonesia, which is also active in international partnerships. Global trends indicate
that although the volume of publications has stabilized, the topic of the circular economy is
transitioning from an exploratory phase to more advanced technological applications and
developments. Terms such as circular economy, sustainable development, and bioenergy are
increasingly prominent. Implementing a circular economy in Indonesia holds great potential for
transforming palm oil waste into renewable energy. Indonesia's high Crude Palm QOil (CPO)
production generates significant volumes of waste, such as empty fruit bunches (EFB) and palm
oil mill effluent (POME). Technologies like pyrolysis, which converts EFB into bioenergy and
anaerobic digestion to produce biogas from POME can reduce greenhouse gas emissions and
reduce reliance on fossil fuels. Adopting a circular economy approach could help Indonesia
achieve its greenhouse gas emission targets outlined in the Paris Agreement. Technological
support and collaboration are essential to empowering smallholder plantations, aiding the palm
oil industry's sustainability and fostering a green economy's growth.
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INTRODUCTION generating foreign exchange revenue

while expanding employment opportunities

Agriculture contributes greatly to food (Anggraeni & Hukom 2023). According to

security and economic growth (Firdaus et the Ministry of Agriculture (2024), in 2023,

al. 2024). The palm oil industry in Indonesia's palm oil exports amounted to

Indonesia plays a significant role in driving  38.23 million tons, contributing USD 25.61

economic growth and is crucial in billion in foreign exchange revenue. It
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solidifies Indonesia's position as the
world's largest palm oil exporter, comman-
ding a 52.55% share of the global palm oil
market (Kementan 2024). However, the
industry also brings detrimental environ-
mental impacts, such as deforestation,
which leads to ecosystem destruction and
a reduction in biodiversity (Enala et al.
2024). Forests are frequently converted
into palm oil plantations, disrupting habitats
and resulting in the loss of endemic flora
and fauna (Senaro et al. 2024).

Deforestation exacerbates carbon
emissions due to excessive logging,
aggravating global climate change
(Situmorang 2022). Palm oil often
produces hazardous chemical waste,
contaminating rivers and local water
sources (Pakpahan 2020). Additionally,
using pesticides and chemical fertilizers in
palm oil plantations contributes to soil
degradation (Hidayat et al. 2022). Water
and soil pollution from palm oil industries
threatens ecosystems' sustainability and
endangers public health, particularly for
communities relying on groundwater for
daily needs.

Inefficient management of palm oil
waste can have adverse environmental
consequences and diminish the potential
economic benefits derived from such
waste (Syamriati 2021). The inefficient
utilization of palm oil waste and resources
hampers the sector's potential to create a
sustainable green economy (Abogunrin-
Olafisoye et al. 2024). The United Nations
Environment Programme (UNEP) defines
a green economy as a sustainable
economic system that enhances human
well-being reduces social inequality and
does not compromise environmental
integrity or create resource scarcity for
future generations (Handoko & Widyasanti
2023).

Palm oil remains one of Indonesia's
largest foreign exchange commodities,
with 24.99 million tons exported in 2022
(BPS 2023). The rapid growth in palm oil
exports has accelerated the expansion of
palm oil processing facilities (Ziaulhaq
2022), converting a significant portion of
non-palm oil land into plantations. Despite
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Indonesia's strong presence in the global
palm oil market, international observers
have criticized its unsustainable plantation
management practices, which are seen as
environmentally damaging (Liana et al.
2023). The high volume of palm oil
production correlates with increased
waste, such as palm oil mill effluent,
mesocarp fibres, palm kernels, and empty
fruit bunches, which can disrupt
environmental equilibrium (Nurmilatinaa et
al. 2023). Therefore, interventions are
needed to address the negative
environmental impacts of palm oil
processing and promote sustainability
through green economy initiatives.

In response, adopting a circular
economy is viewed as a viable strategy to
minimize waste, reduce environmental
degradation, and support sustainable
development goals (Malihah 2022). A
circular economy aims to enhance
economic growth by maintaining the value
of resources while minimizing
environmental damage (Sari et al. 2023).
Its concept, which emphasizes recovery,
recycling, and reuse, is vital to reducing
carbon emissions and securing natural
resources (Nurmilatinaa et al. 2023).

Numerous studies have explored the
potential of a circular economy in the
agricultural sector. For instance, research
by Sari et al. (2023) highlights the
empowerment of  Aceh Tamiang
communities by using palm leaf waste to
produce broomsticks, thereby boosting the
local economy. Isnaeni & Arista (2022)
investigated the use of waste from the
indigo dye industry for compost and biogas
production, reducing water pollution and
increasing financial returns. Tsani et al.
(2023) explored circular economy efforts
by processing used cooking oil waste,
reducing waste and enhancing market
value. However, prior research on circular
economy in agriculture has been limited to
local use cases, with palm oil waste
management primarily focused on lighter
waste processing in Aceh.

A study by Abdul-Hamid et al. (2021)
explored the integration of circular
economy principles into the Malaysian



Int J Oil Palm

palm oil industry through IoT, big data, and
Al technologies, transforming palm oil
waste into high-value products. Rajakal's
(2023) research emphasized optimising
the palm oil sector by integrating various
industries to create economic circulation.
Abdul-Hamid et al. (2022) further empha-
sized the fusion of modern technologies
with circular economy principles to foster
sustainability in the palm oil industry. While
many studies have highlighted the
potential of a circular economy in the palm
oil sector, none specifically focus on the
industry in Indonesia.

MATERIALS AND METHODS

The research adopts a mixed-method
approach, incorporating both quantitative
and qualitative analyses. Two essential
analytical methods address the research
questions: bibliometric analysis and ex-
post facto analysis. The bibliometric
analysis draws from the Scopus database
to reflect global trends. At the same time,
data from Indonesia’s Central Bureau of
Statistics (BPS) is used to assess the
potential of the circular economy within
Indonesia's palm oil industry. The findings
from these analyses are integrated to
explore the opportunities for advancing a
green economy in Indonesia. The research

SCOPUS DATABASE
TITLE-ABS-KEY ("palm
oil" AND "Circular
conomy")

Green
Economy

Article
Keyword
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framework is illustrated in Figure 1.
Bibliometrics Analysis

Bibliometric analysis is a precise
statistical approach to explore and analyze
extensive  scientific data, revealing
variations and highlighting the develop-
ment within a particular field (Donthu et al.
2021). The purpose of employing
bibliometric analysis in Its research is to
identify global trends related to the circular
economy within the palm oil industry. The
bibliometric analysis follows three steps:

defining the objective, selecting the
sample, and conducting statistical
analysis.

Defining the Objective
Bibliometric analysis encompasses

several quantitative characteristics of
publications, including the number of
articles retrieved, citation frequency,

keyword usage, subject categories, and
contributing countries. The volume of
publications and citation frequency reflect
changes in scientific attention over a
specified time frame. Keyword frequency
illustrates the primary topics addressed in
the research. Subject categories and
contributing countries demonstrate the
breadth of research application across
various disciplines and regions.

Bibliometric Indicators:

e Descriptice Results

e Citation analysis

e Collaboration
networks

e Bibliometric coupling:
data clustering

Production Crude
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Fruit Bunches

\ 4
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T \ e Product Development
Indonesian Oil Palm
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Figure 1 Research framework design
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Selecting the Sample

The study utilizes documents from
the Scopus database, covering 2017-2024.
Sample selection involved searching the
article titles, abstracts, and keywords using
‘Palm Oil” AND “Circular Economy.” The
search yielded 121 research documents
between 2017 and 2024 without restriction
on publication years. The articles were
exported in BibTeX format; however, one
document failed to meet the bibliometric
metadata requirements and was excluded,
resulting in a final sample of 120 papers for
analysis.

Statistical Analysis

The research employs R Studio's
Biblioshiny software to conduct bibliometric
analysis. The integration of text mining with
a clustering approach enables the creation
of connections between various biblio-
metric needs, providing advanced visuali-
zation and interactive functions that make
it easier to access and explore bibliometric
data networks. These features offer a
significant advantage over other programs
(van Eck & Waltman 2010). The clustering
algorithm operates with adjustable y
parameters to fit specific requirements,
while the density and colour of clusters can
also be visualized within the software
(Leydesdorff & Rafols 2012).
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Ex-Post Facto

The ex-post facto method is a
research type that examines cause-and-
effect relationships from events that have
already occurred without manipulating
variables. The qualitative approach
employed in This study aims to gain deeper
insights by collecting and analyzing
descriptive data (Ary et al.2010). The
research sample consists of statistical data
on palm oil from Indonesia published by the
Indonesian Central Bureau of Statistics
(BPS). The data encompasses various
aspects of palm oil production, distribution,
and export in Indonesia, which are
processed and analyzed to support the
research objectives. The use of secondary
data, such as statistics from BPS, provides
a comprehensive and reliable overview of
the palm oil industry in Indonesia, enabling
researchers to draw conclusions based on
verified and accountable data.

RESULT AND DISCUSSION

Analysis of Global Trends in the
Circular Economy within the Palm Oil
Industry

The bibliometric analysis spans 2017
to 2024, reflecting the dynamics of growth
and collaboration in the research field.

Table 1 Completeness of bibliographic metadata

MD Description MD Missing % Status

AU Author 0 0.00 Excellent

DT Document Type 0 0.00 Excellent

SO Journal 0 0.00 Excellent

LA Language 0 0.00 Excellent

PY Publication Year 0 0.00 Excellent

TI Title 0 0.00 Excellent

TC Total Citation 0 0.00 Excellent

AB Abstract 3 0.21 Good

C1 Affiliation 4 0.28 Good

DI DOI 13 0.90 Good

rp  Corresponding 54 375 Good
Author

DE Keywords 133 9.24 Good

ID Keywords Plus 156 10.84 Acceptable

CR Cited References 1439 100.00 Completely missing

WC Science Categories 1439 100.00 Completely missing

MD: Metadata; MS: Missing Count
4
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The contributions to these publi-
cations were made by 553 authors, with 7
producing individual works. Collabo-ration
in research is also notably high, with an
average of 5.34 authors contributing to
each document. Furthermore, 49.17% of
these publications involved international
collaboration, highlighting the involve-ment
of researchers from various countries in
enriching the research.

Evolution of Publications and Globally
Most Cited Articles

A total of 436 keywords were
employed by the authors in these
publications, illustrating the diversity and
breadth of topics covered. The average
age of the documents analyzed is 2.03
years, indicating that most publications are
relatively recent and relevant to current
research contexts. Each document
received an average of 20.26 citations,
suggesting a substantial impact of these
studies. One of the initial steps in
identifying research trends is observing the
annual increase in publications, as shown
in Figure 2.
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Figure 2 Publication Evolution

Figure 2 illustrates a rapidly evolving
research trend over the past few years.
The trend developed slowly from 2017 to
2019, with minimal fluctuations. However,
the field under investigation only began to
gain substantial attention during This
period, attracting interest from scientists
and researchers. Although growth is
evident, the chart suggests that The topic
remains in its early stages of development
or exploration. A sharp increase occurred
in 2019, particularly during the 2019 to
2021 period. Its surge reflects a growing
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interest in the subject. In 2021 and 2022,
the trend peaked, with the number of
studies and publications in the field
reaching its highest point. Its rapid growth
can be attributed to the rising interest in
critical issues such as green technology,
digital transformation, and sustainability
challenges. These topics have not only
become trends but have also garnered
global attention among scientists and
researchers.

The trend begins to stabilize or
slightly decline in 2023 through 2024, as
the data collection cut-off was in October,
leaving room for further growth by
December. However, another analysis of
The phenomenon suggests that after
reaching the peak of innovation and
discoveries, the research focus may shift
towards developing and applying existing
theories or technologies. Its stabilization
may also indicate that the research topic
has reached a certain level of maturity,
leading to a decline in the intensity of new
research. Despite This, research in the
field continues to be less intensive than at
its previous peak. Several studies have
focused on how performance metrics
evolve. These studies often involve
analyzing vital factors, such as growth
rates, changing trends, and relationships
between performance indicators. Table 2
presents data related to several key
metrics from 2017 to 2024. Each column in
the It table provides critical information
about how different variables have
changed, offering insights into the
dynamics and trends during the It period.

The evolution of MTCA from 2017 to
2024 reveals significant variation. In 2018,
MTCA peaked at 92.50, indicating a
substantial increase compared to the
previous year. However, after 2018, there
was a gradual decline, with MTCA reaching
its lowest point in 2024 at 1.08. This
suggests the influence of external factors
contributing to the consistent decrease in
performance. The number of published
documents (N), reflecting the number of
cases, frequencies, or specific categories,
increased significantly each year. From
only 2 in 2017, it rose to 26 in 2022 and
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2023, maintaining a high level of 25 in
2024. The MTYC variable followed a
similar pattern to MTCA, peaking in 2018
(13.21) and gradually declining until 2024
(1.08). The correlation between the two
metrics suggests a close relationship.
Although the number of documents (N)
increased, the decrease in MTCA and
MTYC may indicate a decline in
effectiveness, productivity, or overall
performance. CY, which appears to be
related to a specific category, also
decreased from 8 in 2017 to 1 in 2024. It
indicates a significant shift in the category
or classification being analyzed, consistent
with the downward trend across other
metrics.

Table 2 Average citations per year

Year MTCA N MTCY CY
2017  17.50 2 219 8
2018  92.50 4 13.21 7
2019  59.33 3 9.89 6
2020 62.50 10 12.50 5
2021 24.04 24  6.01 4
2022 14.08 26 4.69 3
2023 9.73 26 4.86 2
2024 1.08 25 1.08 1

MTCA: MeanTCperArt;
MTCY: MeanTCperYear; CY:CitableYears

Citation Source Analysis and Local
Impact

Several performance indicators are
used to evaluate academic publications
and journals. The h-index, g-index, and m-
index are metrics used to assess the
impact and quality of an author’s work or a
journal. Each indicator provides a different
perspective on the significance and citation
frequency of a single work or a body of
work. The h-index measures published
articles' productivity and citation impact;
the higher the value, the more articles with
high citations. The g-index assigns more
weight to highly cited articles compared to
the h-index. The m-index normalizes the h-
index based on the time since the first
publication, providing a more balanced
view of productivity over time. TC (Total
Citations) reflects the total number of
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citations a journal or article receives within
a certain period. NP (Number of
Publications) indicates the total number of
articles published. PY_start denotes the
starting year of publications in the analyzed
dataset. Various academic journals are
pivotal in sustainability, energy, and
environmental technology. Table 3
highlights that the Journal of Cleaner
Production has the highest h-index (6),
indicating that at least six articles from It
jouTheal have received at least six
citations. It demonstrates the journal’s
strong reputation in terms of quality and
scientific impact. The journal also boasts a
TC of 155, with six articles published since
2020, reflecting its consistent performance
over a relatively short period. Sustainability
(Switzerland), although it has a slightly
lower h-index and g-index (5), shows a
higher total citation count (227). It indicates
that despite having fewer articles and a
lower citation rate per article, the journal
has a broader overall impact within the

scientific community. Meanwhile, the
Journal of Oil Palm Research and
Renewable and Sustainable Energy

Reviews exhibit relatively high h-index and
g-index scores, accompanied by significant
total citations. The Journal of Oil Palm
Research, despite having a lower h-index
(4), holds an impressive total citation of
370, implying that several of its articles are
highly cited, lending substantial weight to
its impact index. It underscores the
journal’s importance in the context of palm
oil and renewable energy research, even
though its productivity is relatively limited,
with only five articles published since 2018.

Interestingly, journals such as
biomass conversion, biorefinery, and fuel
have lower total citations. Still, their m-
index values suggest that their articles are
relatively recent and show early signs of
significant academic impact because the
m-index, which normalizes the h-index
over time, assigns higher values to journals
that have demonstrated high productivity
over a short period. biomass conversion
and biorefinery, which began in 2022, is
already showing of increasing productivity.
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Collaboration Analysis: Countries and
Authors

The distribution of country
contributions to scientific publications is
detailed in Table 4, which provides insights
into articles published by various countries,

along with key metrics related to
collaboration and the level of each
country's  contribution. Several Vvital

variables are used here, including Atk (the
number of articles published by that
country), Atk % (the percentage of articles
contributed to the total publications), SCP
(Single Country Publication), which refers
to the number of articles published by
researchers from a single country without
international collaboration, MCP (Multiple
Country Publication), which represents the
number of articles involving international

Firdaus and Alifiyah

percentage of articles involving
international partnership relative to the
total articles published by that country).
Malaysia has the highest
contribution of articles (43), accounting for
35.8% of the total publications.
Interestingly, more than half of Malaysia’s
articles (51.2%) were published through
international collaborations, indicating that
Malaysia is heavily engaged in global
research partnerships. In contrast, with 11
articles (9.2% of the total), Indonesia also
demonstrates a reasonably high rate of
international collaboration, with 45.5% of
its articles resulting from joint efforts with
other countries. It highlights how Indonesia
is becoming increasingly active in
participating in international research
networks, although its total number of

collaboration where researchers from other articles remains lower than that of
countries contributed, and MCP % (the Malaysia.
Table 3 Source local impact
Source h_index g index m_index TC NP PY start
Journal Of Cleaner Production 6 6 1,2 155 6 2020
Sustainability (Switzerland) 5 5 1 227 5 2020
Journal Of Oil Palm Research 4 5 0,571 370 5 2018
Renewable And Sustainable
Energy Reviews 3 3 0429 310 3 2018
Science Of The Total Environment 3 3 0,75 155 3 2021
Biomass Conversion And
Biorefinery 2 3 0,667 29 3 2022
Bioresource Technology 2 2 0,5 72 2 2021
Chemical Engineering
Transactions 2 3 0,5 13 3 2021
Fuel 2 2 0,667 26 2 2022
Acs Sustainable Chemistry And
Engineering 1 1 0,143 31 1 2018
Table 4 Country of correspondence of author
Country Atk Atk % SCP MCP MCP %
Malaysia 43 35.8 21 22 51.2
Indonesia 11 9.2 6 5 455
China 6 5.0 0 6 100.0
Thailand 6 5.0 5 1 16.7
Brazil 5 4.2 3 2 40.0
Hungary 3 2.5 0 3 100.0
Italy 3 25 2 1 33.3
United Kingdom 3 25 2 1 33.3
Colombia 2 1.7 0 2 100.0
Ecuador 2 1.7 1 1 50.0
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China and Hungary display an
intriguing pattern, with 100% of their
articles published through international
collaboration. China has six articles, all
published through collaborations with other
nations, suggesting a firm reliance on
international partnerships in its
publications. The same applies to Hungary,
although its total article count is lower (3
articles). Conversely, Thailand exhibits a
different trend, where 5 6 articles were
published independently without inter-
national collaboration (83.3% SCP). It
suggests that Thailand tends to conduct
more internal research and is less
dependent on cross-country collabo-
rations. Other countries, such as Brazil,
Italy, the United Kingdom, Colombia, and
Ecuador, display diverse international
collaborations and independent public-
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cations. Brazil balances SCP and MCP,
with 60% of its articles published
independently  and 40% through
cooperation. Italy and the United Kingdom
also exhibit similar patterns, slightly
preferring independent publications over
international collaboration.

It is crucial to observe how
distribution influences scientific networks
across different regions to understand
essential factors in the context of research
distribution or global collaboration. The
map in Figure 3 provides a visual
representation of the countries involved in
international research networks, shown
through colour distribution based on their
level of engagement. Countries with darker
shades generally have higher involvement
in collaboration, article contributions, or
impact in scientific publications.

\ £

Figure 3 Country participation in research

illustrates the
involved in

The world map
distribution of countries
international  scientific  research  or
collaboration. Several Southeast Asian
countries, such as Malaysia, stand out with
darker shades, indicating a high level of
engagement in global partnerships. It
aligns with earlier data, showing that
Malaysia has significant contributions to
scientific publications and international
collaborations, as reflected by the high
MCP (Multiple Country Publications) in
various studies. In addition to Malaysia,
other Asian countries such as Indonesia,
Thailand, and China are depicted on it,
although with varying intensities of colour.

8

Reflects the differing levels of contribution
and collaboration among these countries.
China, which exclusively participates in
international collaborations, as shown in
the previous table, is highlighted on the
map, underscoring its crucial role in global
research networks despite its limited
independent contributions.

Beyond Asia, the map also displays
the involvement of countries in South
America, such as Brazil and Colombia, as
well as several European countries like
Italy and the United Kingdom. These
regions exhibit diverse participation in
scientific research networks, with some
countries, like Brazil and ltaly, striking a
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balance between independent publications
and international collaborations. Countries
in Africa and Oceania are also
represented, although their engagement is
more limited than those in Asia and
Europe. The map illustrates that while
these regions are involved in global
research networks, their contributions are
smaller regarding the number of articles or
scientific collaborations compared to more
dominant countries on the map.

Darker shades indicate countries with
significant roles in international scientific
networks, whereas lighter shades
represent smaller contributions or more
limited involvement. The image highlights
the importance of international cooperation
in research, where countries with high
levels of collaboration tend to achieve a
more significant impact within the global
academic community.

Development of Research Issues on
Circular Economy in the Palm Oil
Industry

The word cloud illustrates various
keywords or topics frequently discussed in
a specific context, with the majority closely
related to research or discourse on palm
oil, circular economy, and sustainable
development. The word cloud displays
words in varying sizes, where the size of
each word reflects its frequency or
significance within the context being
analyzed. Its visual representation helps to
highlight the most prominent topics in the
research field, providing insight into the
critical areas of focus in the study of
circular economy within the palm oil
industry.
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Figure 4 Word cloud
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The word "palm oil" appears in the
largest font, signifying that the primary
topic of discussion revolves around the
palm oil industry. The term likely
encompasses various aspects of palm ail,
from production and processing to
environmental impacts. These have
become a central focus in the global
discourse on sustainability and the green
economy. Other prominent words, such as
"circular economy" and “sustainable
development,” also stand out, indicating
that discussions or research on palm oil are
frequently associated with the concepts of
circular economy and sustainable
development. It suggests that research on
palm oil is not solely focused on its
production but also explores how the
industry can support more environmentally
friendly and sustainable economic
systems. In the It context, palm oil is a
critical sector that can be integrated into
green economic strategies, particularly in
regions that rely heavily on Its commodity.

Other significant topics include
"biomass," "effluents," and "anaerobic
digestion," all of which pertain to waste

management and the use of green
technologies in palm oil production
processes. It indicates that a significant
aspect of the discussion centres on how
palm oil industry waste, such as residues
and effluents, can be processed and
repurposed through bioenergy techno-
logies or anaerobic digestion processes,
aligning with the circular economy concept.
Terms such as "biogas," "biodiesel," and
"bioenergy" are also featured in the word
cloud, highlighting that renewable energy
is another crucial topic in the discussion. It
reflects how palm oil by-products such as
biogas or biodiesel can generate energy,
contributing to green energy development
strategies.

Additionally, the words "recycling"
and "waste management" emphasize the
importance of waste management in the
context of the palm oil industry. Effective
waste management reduces environ-
mental impacts and enhances resource
efficiency through recycling and reusing
materials generated from production

9
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processes. The word cloud presents a
holistic view of the palm oil industry's
discourse, focusing on how the It sector
can contribute to circular economy goals
and sustainable development. Topics such
as waste management, bioenergy, and
green technological innovation are critical
in mitigating its industry's environmental
impact and establishing a more
sustainable system. The concepts of palm
oil, circular economy, and sustainable
development can be further analyzed
through a more in-depth approach using a

ay = o
v circular é%wmvelopmem
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concept map visualization. Its visualization
illustrates how various topics interconnect
within the context of research related to
palm oil, environmental management, and
renewable energy. In Figure 5, each node
represents a topic or concept, while the

lines connecting them indicate
relationships or linkages between these
concepts. Topics more frequently

discussed or central to the discourse are
displayed in larger fonts, with different
colours grouping themes or categories of
topics.

v}

Figure 5 The trend of topics correlates with co-occurrence in research

Palm oil remains at the centre of Its
visualization, depicted in a larger size,
indicating that Its topic is the core of many
discussions. Circular economy and
sustainable development are also strongly
linked to palm oil, as evidenced by the thick
lines connecting them. It reflects that
discussions about palm oil cannot be
separated from how the industry
contributes to achieving circular economy
and sustainable development goals.

At the top of the image, a cluster of
topics more related to economics and
industry (coloured red), such as economic
and social impact, oil industry, and
economic analysis, are shown to be closely
connected with palm oil. It highlights that
the financial aspects of the palm oil
industry, including its impact on various
industrial sectors and society, are vital
components in research about palm oil.
Issues like industrial waste, effluents, and
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palm fruit waste also appear, underscoring
the importance of waste management
within The industry.

At the bottom of the image is a cluster
of concepts related to renewable energy
and green technologies (coloured blue).
Concepts like biomass, biogas, and
biodiesel are strongly associated with palm
oil and the circular economy. It illustrates
that waste from the palm oil industry can be
harnessed for renewable  energy
production, aligning with circular economy
principles. Other concepts, such as waste
management and recycling, are closely
related to biomass, reflecting the
importance of recycling and reusing waste
in creating a more sustainable production
system.

Moreover, a strong link exists
between climate change and the bioenergy
sector, lignin, and greenhouse gas
emissions. This indicates that producing
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renewable energy from palm oil and other
biomass materials is part of the broader
effort to mitigate climate change. Waste
management and reducing greenhouse
gas emissions are critical aspects of the
discourse surrounding palm oil and its
impact on the global environment.

Its visualization provides deep
insights into how palm oil sits at the centre
of many discussions on waste
management, circular economy, and
renewable energy. The interconnect-
tedness of these topics highlights the
complexity facing the palm oil industry,
where success in achieving circular
economy and sustainability goals requires
an integrated approach that spans multiple
sectors, from economics to environmental
management.
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The Potential of Circular Economy in
Indonesia's Palm Oil Industry

Crude Palm Qil (CPO) production in
Indonesia has significantly increased over
the past two decades, as illustrated in
Figure 6, with production volumes rising
from 8.39 million tons in 2001 to over 45.7
million tons in 2021. This trend has
positioned Indonesia as one of the largest
palm oil producers in the world. However,
alongside the increase in production,
challenges have emerged regarding
managing waste generated by the palm oil
industry, such as Empty Fruit Bunches,
Palm Oil Mill Effluent (POME), and palm
shells. Implementing a circular economy
can transform waste into valuable
resources while  mitigating  harmful
environmental impacts (Duan et al. 2022).

2000 2005 2010

2015 2020

Year

Figure 6 Total production of CPO in Indonesia 2001-2022

The potential of the circular economy
in palm oil waste management includes the
utilization of Empty Fruit Bunches (EFB) as
fuel and fertilizer, the production of biogas
from Palm Oil Mill Effluent (POME), and the
development of value-added byproducts.
EFB is one of the primary waste products
in the CPO production process. EFB can
be harnessed as biomass fuel to generate
electricity or heat through processes like
pyrolysis or gasification (Khoo 2011).
Additionally, EFB can be processed into
organic fertilizer through composting,
reducing reliance on chemical fertilizers
and enhancing soil fertility. Furthermore,
POME, the liquid waste from palm oil mills,

is an organic waste with a high potential for
biogas production through anaerobic
digestion. In the context of the circular
economy, POME management can
significantly reduce greenhouse gas
emissions from the palm oil industry (Chin
et al. 2013). Beyond bioenergy, palm oil
byproducts like lignocellulosic residues can
be used as raw materials or bio-materials
for the chemical industry. It reduces waste
and opens opportunities for product
diversification within the palm oil industry
(Goh et al. 2010).

Implementing a circular economy in
the palm oil industry offers economic
benefits and reduces environmental
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impact. Technologies such as pyrolysis for
EFB, anaerobic digestion for POME, and
using bioenergy from palm shells can
reduce factory energy costs while
generating additional revenue from the
sale of renewable energy (Nasution et
al.2018). Globally, the circular economy
has proven to be an effective strategy for
reducing waste and improving resource
efficiency (Khoo, 2009). In Indonesia,
applying the circular economy to the palm
oil industry can help transition the industry
toward a more sustainable system while
contributing to achieving greenhouse gas
emission targets outlined in the Paris
Agreement (2015). The potential of the
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circular economy in Indonesia can also be
analyzed based on export and import data
for Crude Palm Oil (CPO) and palm kernels
from 2001 to 2022, as shown in Figure 7.
Indonesia has demonstrated remarkable
growth in palm oil export volumes to
international markets. In 2001, CPO
exports were recorded at around 4.9
million tons, and they surged to a peak in
2020 with a volume of 35.9 million tons.
Despite a slight decline in 2022, export
volumes remained highly significant at
approximately 24.9 million tons. These
figures underscore Indonesia’s crucial role
as one of the world's primary CPO
suppliers.

0.0} —Mw

2000 2005

2010
Year

2015 2020

Figure 7 Export and Import Volumes of CPO and Palm Kernel 2001-2022

The volume of CPO imports to
Indonesia is relatively small, especially
compared to exports. The peak of imports
occurred in 2010, with approximately
46,720 tons, but overall, the import volume
remains minimal each year. It indicates that
most of Indonesia's CPO production is
allocated for export, with little reliance on
imports to meet domestic demand. The
data is significant in the circular economy
because the large production volume
offers opportunities to utilize the waste
generated from the production process
before palm oil products are exported. The
circular economy in the palm oil industry
aims to optimize resource use by reusing
waste and byproducts from the production
process. Managing palm oil waste, such as
Empty Fruit Bunches (EFB) and Palm OQil
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Mill Effluent (POME), can serve as
renewable energy sources and raw
materials for other value-added products.
The EFB waste produced during palm
oil production can be processed into
bioenergy through pyrolysis or gasification.
Khoo (2009) states that EFB holds great
potential as a feedstock for renewable
energy production. Its waste can be
converted into electricity, used as fuel for
other industries, or processed into organic
fertilizer through composting. Such
potential can be harnessed domestically
before palm oil products are exported,
adding value to the products and reducing
their environmental footprint. In addition to
EFB, the liquid effluent from palm oil
processing, known as POME, can also be
processed into biogas through anaerobic
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digestion. The biogas produced from
POME can replace fossil fuels and help
reduce greenhouse gas emissions
associated with palm oil production.
Processing POME domestically reduces
waste disposal and provides a sustainable
source of green energy.

Other palm oil byproducts, such as
shells and fibres, can be processed into
raw materials for bioenergy or bio-based
products. Shuit et al. (2009) identified that
these byproducts can produce biodiesel
and bioethanol, sustainable fuels in high
demand in international markets. By
processing Its waste before exporting the
products, Indonesia can increase the value
of palm oil while reducing environmental
impacts. With high export volumes, the
opportunity to utilize palm oil waste before
exporting becomes increasingly essential.
Chin et al. (2013) emphasized that waste
processing before export can enhance the
overall sustainability of the palm oll
industry. Implementing circular economy
technologies, such as energy production
from biomass waste and processing liquid
waste into renewable energy, can have
positive  environmental impacts and
strengthen Indonesia's position in the
international market as a sustainable palm
oil producer.

The export and import data of CPO
and Palm Kernel highlight Indonesia's
critical role in the global palm oil market.
Large export volumes create opportunities
for Indonesia to leverage the circular
economy better, mainly by processing
waste before export. Utilizing palm oil
waste, such as EFB and POME, for
bioenergy and other byproducts can
increase the value of exported products
while reducing the environmental impact of
the palm oil industry. With improved waste
management, Indonesia can continue to
develop a sustainable and environmentally
friendly industrial model aligned with the
circular economy's goals.

Opportunities for a Green Economy in
the Indonesian Palm Qil Industry

The palm oil industry in Indonesia is
one of the most vital economic sectors,

Firdaus and Alifiyah

both in terms of its contribution to the
national GDP and capacity for job creation.
However, the industry is frequently
associated with environmental issues such
as deforestation, greenhouse gas
emissions, and biodiversity  loss.
Therefore, to achieve long-term sustain-
ability, integrating a green economy
approach incorporating circular economy
principles is crucial. In this context, green
economy refers to efforts to minimize the
environmental impact of palm oil
production while creating added value from
the waste generated.

The Potential of Circular Economy in
the Palm Oil Industry

A key concept within the green
economy is the circular economy, which
aims to reduce, reuse, and recycle
resources to create a more efficient and
environmentally friendly production
system. Waste from the palm oil industry,
such as Empty Fruit Bunches (EFB) and
Palm Oil Mill Effluent (POME), holds
significant potential for use in bioenergy
production and organic fertilizers. These
wastes can be further processed into
renewable energy through pyrolysis or
anaerobic digestion.

Provinces with large palm oll
plantation areas, such as North Sumatra,
Riau, and West Kalimantan, statistically
have substantial potential to adopt a
circular economy approach. The large
volume of CPO production in these
provinces indicates that the waste
generated will also be significant, making
its management key to reducing
environmental impact and increasing
economic value. Khoo (2009) also noted
that EFB can be used as biomass fuel,
which is highly needed in the renewable
energy industry, and can reduce reliance
on fossil fuels.

Opportunities and Potential Waste
Management in Smallholder Plantations

Smallholder plantations in Indonesia
play a significant role in the palm oil
industry, though they often face limited
resources and technology for effective
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waste management. In this context,
adopting circular economy principles can
provide excellent opportunities for
improving productivity and sustainability.
Data shows that smallholder plantations,
such as those in North Sumatra and Riau,
contribute substantially to CPO production,
although productivity per hectare could be
improved. Waste generated from
smallholder plantations, such as EFB and
POME, can be processed into more
valuable products like bioenergy or organic
fertilizers.

Chin et al. (2013) highlighted that the
main challenge in smallholder plantations
is the lack of access to technology and
infrastructure to utilize waste efficiently.
Therefore, collaboration between the
government and industry is essential to
provide appropriate technologies and
training to small farmers to adopt circular
economy principles more effectively. One
of the significant opportunities arising from
the green economy approach in the palm
oil industry is the potential for bioenergy
production. Palm oil waste, such as EFB
and POME, can be converted into
renewable energy through biogas techno-
logy or biomass combustion. POME has
significant potential to be processed into
biogas, which can be used to generate
electricity and reduce greenhouse gas
emissions.

Developing bioenergy from palm oil
waste can also support the Indonesian
government’s target of  reducing
dependency on fossil fuels and increasing
the share of renewable energy in the
national energy mix. Given the enormous
volume of waste generated from CPO
production in crucial provinces like Riau
and West Kalimantan, the opportunity to
develop bioenergy infrastructure in these
regions is substantial.

The green economy potential in the
palm oil sector requires the implementation
of sustainable technologies that can
efficiently process waste and produce
value-added products. It necessitates
investment in waste recycling technologies
and the development of bioenergy
processing facilities across central palm
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oil-producing provinces. Policies that
encourage companies to adopt sustainable
practices must be strengthened. It is
crucial to emphasize waste recycling and
utilization throughout the entire lifecycle of
palm  oil production to  reduce
environmental impacts and increase
resource efficiency (Chin et al. 2013).

The palm oil industry in Indonesia has
great potential to become more
sustainable by adopting green economy
principles. Utilizing palm oil waste, such as
EFB and POME, within the framework of a
circular economy can help reduce
environmental impacts, improve resource
efficiency, and create added value through
new products such as bioenergy and
organic fertilizers. The government and
industry must collaborate to ensure the
necessary technology and infrastructure
are available,

CONCLUSION

The research on the circular economy
in the palm oil industry has grown
significantly, with a 43.45% increase in
publications from 2017 to 2024. This shows
rising global interest in green technologies,
digital transformation, and sustainability.
Almost 50% of these studies involve
international collaborations, with Malaysia
leading the way, contributing over 35% of
the total publications, followed by
Indonesia. Although the number of
publications has stabilized, the circular
economy is moving from early research
stages to more practical applications. Key
research topics include managing palm oil
waste like Empty Fruit Bunches (EFB) and
Palm Oil Mill Effluent (POME) and
developing renewable energy sources
such as biogas and biodiesel. This
highlights the significant potential for palm
oil waste to support the circular economy,
reduce greenhouse gas emissions, and
help fight climate change.

In Indonesia, the circular economy
in the palm oil industry could bring
significant environmental and economic
benefits. The country’s high Crude Palm
Oil (CPO) production generates a lot of
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waste, which can be turned into bioenergy,
organic fertilizer, and other valuable
products. Technologies like pyrolysis for
EFB and anaerobic digestion for POME
can reduce greenhouse gas emissions and
reliance on fossil fuels. These efforts can
also help Indonesia meet its climate goals
under the Paris Agreement. Small farmers
play an essential role but need better
access to technology and infrastructure.
Government  support and  industry
collaboration are crucial to helping them
adopt  these methods, promoting
sustainability and green economic growth.
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