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ABSTRACT

In the Papua region, the expansion of the palm oil industry increased by up to 71%
from 2011 to 2019, with the largest affected area located in Merauke regency. The
objective of this research is to develop policy strategies with impact simulations
related to economic, socio-cultural, and environmental issues for the sustainability
of the palm oil industry with or without a moratorium on further expansion of land
area. This study employs a system dynamics approach. The dynamic system is
carried out through conceptual development, model specification, model
verification, scenario development, and validity testing by measuring the absolute
percentage error (MAPE). Model development and validation were carried out
using PowerSim v.7 software. The policy scenario is simulated from the palm oil
expansion policy beguan in 2018, until the research year ends in 2030. The
validated results, forming the basis for simulations, exhibit high accuracy with a
MAPE of less than 5%. The percentage deviations of 4.21% for production and
0.28% for land area is observed based on actual data from 2018 to 2022. The
simulation of a 20% expansion scenario shows a significant increase in production
to 1 million metric tons per year but also a 1.3% rise in waste generation, with an
average waste volume of 350,000 tons per year. The expanded area will
experience a 50% increase in the labor force to meet the higher production
demand. The proposed comprehensive strategy includes regional contract
regulations, diligent monitoring of land clearing, community empowerment, and
indigenous peoples' involvement. It also promotes smallholder plantations, the
utilization of waste for energy, and alternative markets for crude palm oil (CPO).
Conversely, the dynamic model scenario with a moratorium on land expansion
resulted in a production output of 600,000 metric tons, slower job market growth,
and a 1.3% increase in waste generation, with an average waste volume of
195,000 tons per year. The strategy proposed uses proper waste processing,
production adjustments, regulation of community rights and boundaries, resource
development, and involvement of local palm farmers. These simulations offer
valuable insights for sustainable decision-making, emphasizing the need to
balance economic growth, environmental protection, and community well-being in
the development of the palm oil industry.

Key words: dynamical system, moratorium, palm oil, scenario strategy,
sustainability
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INTRODUCTION

Investing in the plantation sector has the potential to provide benefits to investors
and have a positive impact on economic growth and the well-being of the
community. This investment can create numerous job opportunities, open up broad
business prospects and develop remote or isolated areas by providing the
necessary education and healthcare facilities [1]. By investing in selected regions,
the proposed expansion project will build and develop the required infrastructure
according to the needs. This will yield long-term benefits for the local community,
as it improves access to education and healthcare services. Additionally, this
investment will also drive economic growth by increasing plantation production and
stimulating other related sectors. One of the plantations that exists in Indonesia
and has a significant impact is palm oil.

The presence of the palm oil industry in Indonesia has both positive and negative
impacts. Positive impacts of the palm oil industry include the creation of additional
livelihood options for the communities surrounding the plantations, which ultimately
contributes to the overall economic growth of rural communities[2—4] . It also helps
reduce poverty among farming and non-farming households [5]. However, there
are also negative impacts associated with the palm oil industry. These include land
grabbing, conflicts, low income among communities living near the industry and
poverty [6,7]. The fertilizer application of palm oil can have a negative effect on the
soil, and the land clearing methods, such as burning forests, can destroy habitats
for animals, wildlife, and microorganisms in the area [3,8]. The palm oil industry
can cause damage and pollution to the surrounding residential environment,
affecting conditions such as roads, drainage and clean water [7,9]. In addition, land
conversion or the shift in land use for industrial purposes can trigger conflicts.

Expansion of palm oil plantations in Indonesia has a tendency to shift to forest
areas that are still large, namely in the Papua region [10,11] which has a potential
area of 316,553.07 km?, with the widest area being Merauke regency, 47,406. 90
km?2 [12]. Rich in timber forests, the Papua region experienced a 29% increase in
deforestation that occurred from 2001 to 2010, and increased to 71% from 2011 to
2019, so that the average deforestation that occurs is approximately 34,918
Hectares annually, as shown in Figure 1.Therefore, deforestation an important
concern for the palm oil industry which cannot be separated from its negative
effects [13].
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Figure 1: Annual Deforestation in the Papua Region

The Merauke Regency itself is home to the largest palm oil industry with foreign
direct investment status, mainly from Korindo Group and Daewoo International
Corporation. These companies have subsidiaries engaged in palm oil plantations
and processing mills for Crude Palm Qil (CPO) located in various districts within
Merauke Regency. According to the report from the Central Bureau of Statistics
(BPS) in 2018, the total area of land opened for cultivation from 2017 to 2018 was
38,149.10 hectares. This land is distributed across the districts of Ngguti
(11,631.05 hectares), Jagebob (403 hectares), Muting (15,672.05 hectares), and
Ulilin (10,443 hectares)[14]. The expansion of palm oil plantations in the context of
developing the palm oil industry in Merauke Regency has impact on the economy,
socio-culture, and environment [15,16]. Economic improvements also come with
environmental consequences, including reduced water quality [15], animal
populations [17], and increased waste produced by the palm oil industry.

However, this can have positive impact if there is cooperation between the
government, the private sector and the community in implementing plantation
management policies that are economically, socio-culturally and environmentally
sustainable. This research attempts to simulate the impacts related to economic,
socio-cultural and environmental issues on the sustainability of the palm oil
industry in Merauke Regency following the implementation of a moratorium in
2018. The moratorium was in accordance with the instruction of the President of
the Republic of Indonesia, No. 8 of 2018, which aimed to postpone and evaluate
permits for new oil palm plantations and enhance the productivity of the existing
palm oil plantations.
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MATERIALS AND METHODS

In this study, a dynamic system was used to determine the factors that have an
influence on the internal and external aspects of the palm oil industry and by
conducting simulations on these factors to get the best or optimal policy [18]. A
system thinking approach was used to understand economic, socio-cultural and
environmental relationships that have an impact using a causal loop diagram [19].

The dynamic system was carried out through conceptual development,
specification model, model verification, and scenario development [20]. Policies
were formulated based on general rules, which were derived from information
comprising four aspects: current conditions, projected conditions, responsiveness
speed and corrective actions. These policy scenarios aim to address influential
factors within a specific timeframe, considering their impact on the palm oil industry
[21,22].

The policy scenario was simulated from the oil palm expansion policy which began
in 2018, until the research year end in 2030. This was done by focusing on the
variables that are very influential in the palm oil industry to modelling an industry
path that is economically and socio-culturally sustainable, centred on local wisdom
and culture, and also takes account of ecological problems that affect local
communities as well as the extent of their impact on the people of Merauke
Regency.

The conceptual development was based on variables obtained through the primary
data collection, which was specifically through in-depth interviews with industry
management representatives and local government agencies responsible for palm
oil development (such as the Department of Agriculture and Horticulture, the
Department of Social Affairs, the Department of Trade, the Department of
Environment, Ulilin District, the Department of Capital Investment and the
Integrated One-Stop Service Agency). In addition, input from local non-
governmental organizations, customary community institutions in Merauke
Regency, and 16 heads of families representing a total of 27 households in Ulilin
District. It also considered the nearest area to the industry. Purposive sampling
[23] is used to select the household heads who posses informative knowladge or
experience in the development of palm oil industry in Merauke Regency and those
directly living in the industrial area itself. A questionnaire was used consisting of
open-ended questions and closed-ended statements, utilizing a Likert scale for
measurement with levels ranging from 1 = not influential to 5 = highly influential.
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Secondary data were obtained through information from government agencies
related to palm oil industry policies and general data information at the Central
Statistics Agency, as well as through literature reviews that were tailored to
research needs in the form of reports, databases and information obtained from
the official website of the palm oil industry in Merauke Regency [24]. The
development and validity of the model were carried out using the PowerSim v.7
software [25,26] and checking for deviations from the real system by comparing
the graphical and statistical data results generated by the simulation model for the
years 2018 to 2030. Policy scenarios were generated based on theory and testing
for the most influential factors in the palm oil industry system.

Validity testing of the model can be done by using simple statistics to measure the
relative mean error of the absolute percentage error (MAPE). This statistical test
has a relative error measure value within a tolerance of 5-10%. Therefore, the test
can be used to assess the suitability of actual data against simulations. Mean
Absolute Percentage Error (MAPE) is expressed as a percentage and provides an
understanding of how [26] well the predictions align with the actual values. A lower
MAPE indicates a more accurate forecasting model, while a higher MAPE indicates
a greater deviation between predicted and actual values [27].

MAPE = - Y1 X
with :

n = Number of observations
Xt = Actual Data

Fi = Forecast/Simulated data value

X 100% ..ooovvrrerreeee (1)

The policy model was implemented under the assumption of a 20% increase in
land area or available land resources, in the absence of a government moratorium
on land expansion. This allows for the evaluation of land intensification efforts,
which can have a direct impact on the productivity of Crude Palm Qil (CPO)
production. Additionally, the model considers changes in livelihood patterns and
consumption habits, as well as factors such as clean water availability and
agriculture. Each of these factors is interconnected and contributes to the overall
economic, socio-cultural, and environmental sustainability of the palm oil industry.

RESULTS AND DISCUSSION

Palm oil industry, government and community systems in relation to economy,
socio-cultural and environment issues
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The problem identification process requires a comprehensive analysis of the
complex relationships and interactions between the palm oil industry and the local
communities. It also involves a thorough evaluation of the impacts resulting from
industry investments considering government regulations. This assessment places
specific emphasis on various critical aspects, including the economic ramifications
[28,29], socio-cultural dynamics [30-32], and the importance of ecological and
environmental sustainability [33]. These considerations were restricted to the
geographical boundaries of the Merauke regency area, with a special focus on the
context of investing in oil palm plantations and encouraging the establishment of a
sustainable palm oil industry.

The expansion of the palm oil industry in the Merauke regency area brings about
significant agrarian changes that have far-reaching socio-economic and
environmental consequences [11]. To gain a comprehensive understanding of
these linkages and impacts, the application of causal loop analysis proves
invaluable. Using this analytical approach, the complex interconnections and
causal relationships resulting from the palm oil industry can be unravelled and
visualized.

Palm industry
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Figure 2: Causal Loop Diagram between the Palm Qil Industry, Government
and Society and the Impact on Economic, Socio-Cultural and
Ecological (Environmental) Aspects [33]
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Figure 2 provides a visual representation of the interconnections between the
impacts generated by industrial development and their associations with key
components. Specifically, the diagram illustrates a causal loop that encompasses
the interrelationships among industry, government, and society. The results of
interviews and research conducted by Khatun et al. [33] serve as a frame of
reference for factors affecting the sustainability of the palm oil industry, which can
be developed using a causal approach. These factors include aspects such as the
presence of the industry involved in the production of crude palm oil (CPO), the
area of land allocated for the production of fresh fruit bunches (FFB), the amount of
FFB supplied, the labor employed by the company, and the waste generated as a
by-product of the industry.

The government plays a vital role in shaping policies and regulations related to the
palm oil industry, investment facilitation and land allocation for palm oil cultivation
[34]. At the same time, the involvement of local communities with industry has
significant implications for their welfare, both through the utilization of natural and
human resources, especially in the context of their particular community[35]. In
addition, the government is responsible for monitoring companies' adherence to
established en vironmental and social standards, resolving land conflicts between
the palm oil industry and local communities, and promoting social inclusion and
empowerment through policies supporting sustainable palm oil industry
development.

The impact of the palm oil industry on the local community extends beyond
economic factors and has profound social and cultural consequences. While palm
oil development can generate employment opportunities, increase income, and
enhance access to infrastructure and public services, it can also trigger changes in
values, consumption patterns and social dynamics within the local community.
Moreover, the utilization of natural resources and the local workforce in the palm oil
industry hold critical significance in the pursuit of sustainable development.

Therefore, a comprehensive understanding of the complex interactions between
the palm oil industry, government and local communities is essential to formulate
balanced and sustainable policies. The policy should seek to optimize economic
benefits, environmental sustainability and improve social welfare for all
stakeholders involved. Achieving this goal requires in-depth research and careful
consideration of the relationship between the palm oil industry, government
agencies and local communities.
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System dynamics scenarios for palm oil industry

The analysis of the impact and its connection to the challenges faced by the palm
oil industry in the Merauke regency area utilized a dynamic system model
approach. This approach aimed to construct a model for the development of a
sustainable palm oil industry that encompasses economic, socio-cultural and
ecological or environmental aspects. To model and understand the system, a
simulation system was employed, utilizing scenario activities or processes for
sensitive variables that can influence the system (with main variables considered
as stock flow).

A flowchart was created to illustrate the relationships among three key elements:
(1) the sustainable palm oil industry development system, (2) the government's
regulations regarding the palm oil industry at the local government level, and (3)
the community's welfare level, considering its relationship to the economy, socio-
cultural dynamics and environmental sustainability. This flowchart provides a visual
representation of how these elements are interconnected.

By employing a system approach, the simulation was able to examine the complex
dynamics and interdependencies within the palm oil industry. It considered various
activities and processes associated with sensitive variables that have the potential
to impact the system's functioning. The use of main variables as stock flow further
enhanced the understanding of how changes in these variables can influence the
overall system dynamics. Overall, this analysis and simulation approach provide
valuable insights into developing a sustainable palm oil industry in the Merauke
regency area, considering its economic viability, socio-cultural implications, and
ecological or environmental sustainability.

To facilitate the simulation, the flow diagram is converted into a cause-and-effect
diagram using Powersim v.7 software. This diagram is structured into three distinct
aspects that exert influence on the sustainable palm oil industry. The first aspect is
the production aspect, which is primarily carried out by the palm oil industry. It
encompasses crucial components such as the production of Crude Palm Oil
(CPO), which significantly impacts the overall dynamics of the industry. The
second aspect is the land area aspect, which considers the influence of investment
permits granted by the government for palm oil production. This component plays a
pivotal role in determining the available land area allocated for palm oil cultivation
and development. The third aspect focuses on community well-being, considering
the influential component of the local workforce. The welfare and livelihoods of the
community, particularly those directly involved in or affected by the palm oil
industry, are assessed to gauge the overall well-being within the community.
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In addition, the environmental aspect is also considered in the simulation. It
highlights the essential component of the local community's need for clean water
within the context of the palm oil industry in the Merauke Regency. This
component carries substantial influence in assessing the sustainability of the
industry from an environmental perspective. The simulation commenced in 2018
and extends until 2030, aligning with the productive lifespan of oil palm trees.
Throughout the simulation, the focus remains on sustainable palm oil production
and the land area dedicated to production. This comprehensive approach enables
a more holistic understanding of the interplay between these aspects and their
implications for the sustainable development of the palm oil industry in the
Merauke Regency.

By using the quantification of variables and assumptions for the initial data values
in 2020 or earlier, using the available data, the assumptions used were as follows:

1. The area of oil palm plantations is 80,201 ha, based on data from BPS
(Central Statistics Agency) Merauke Regency 2020

2. Deforestation rate of 1,355% from 8,455 ha to 114,594 ha from 2011 to 2020,
or approximately the last 10 years

3. The number of workers was 119,908 (in 2018) from the estimated total
workforce in the palm oil industry in Merauke Regency

The total population of Merauke Regency in 2018 was 223,389 people

The level of consumption of cooking oil based on the average consumption
per capita per week according to the national socio-economic survey was 0.9
tonnes/individu/year (data from Central Bureau of Statistics for 2020-2021)

6. The crude palm oil (CPO) production is 9 tonnes/ha/year for the average
production of private oil palm plantation companies

7. The production process of processing fresh palm fruit bunches in the modern
palm oil industry generally involves efficient extraction, resulting in solid waste
of approximately 35%—-40%. [36]

8. The government's moratorium entails the postponement and evaluation of
permits and allocations for smallholder plantations in the conversion of forests
for palm oil plantations that have not yet been implemented, amounting to 20%
in the Merauke district area

9. Forest area experiencing deforestation of 123,049 ha (in 2021) based on the
Indonesian coalition monitoring Papua's forest policy.
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Model Validity

The simulation model's accuracy has been extensively evaluated using actual data
from the Central Statistics Agency of Merauke Regency, covering a period of five
years,from 2018-2022. The test results demonstrate a high level of accuracy, with
a Mean Absolute Percentage Error (MAPE) of less than 5%. Specifically, the
MAPE values for production and land area expansion are 4.21% and 0.29%,
respectively. These values indicate that the simulation model closely depicts or
accurately represents the real conditions, as per the criteria of the MAPE test
model. Where the MAPE value is less than 5%, it indicates that the simulation
model for the research period from 2018 to 2030 provides an accurate
representation of actual conditions. Integration of actual data into the model
strengthens its validity and increases its usefulness in forecasting and scenario
analysis related to the palm oil industry in the Merauke Regency area [37].

Flowchart of simulation model of palm oil industry, government, and community of
Merauke regency linkages between economy, socio-culture and environment

The stock flow diagram was constructed to analyse the complex dynamics among
the industry, government, and society, considering economic, socio-cultural and
environmental factors, within the timeframe of 2018-2030. This diagram serves as
a predictive tool to assess various scenarios and policies for the sustainable
development of the palm oil industry in the Merauke regency. Examining the stock
flow diagram reveals the interconnectedness of population dynamics and the
demand for cooking oil and/or crude palm oil (CPO). These factors influence the
need for CPO inventory and the expansion of palm oil plantations, aligning with
Indonesia's objective of meeting domestic CPO demand for processing industries
like food products, oleochemicals and bioenergy, while also catering to export
markets. These interrelationships have direct implications for land and workforce
requirements in the plantation and palm oil industry sectors of the Merauke district
[38]. By comprehending the intricate links depicted in the stock flow diagram,
stakeholders can gain valuable insights into the long-term sustainability and
development of the palm oil industry, enabling informed decision-making and
policy formulation to maximize economic benefits, preserve socio-cultural integrity
and ensure environmental responsibility.

The interconnected stock flow diagram reveals that the development of the palm oil
industry has implications beyond economic factors. It also influences the Human
Development Index (HDI), which serves as a vital indicator of the population's
overall well-being and life expectancy. The HDI provides insights into the health,
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social and economic conditions within the palm oil industry area in Merauke district.
Factors such as healthcare infrastructure, conflicts, poverty, limited access to
healthcare and the prevalence of diseases contribute to changes in the HDI. It is
crucial to consider these socio-economic aspects alongside the ecological impact
resulting from the expansion of palm oil plantations to meet the increasing demand
for fresh fruit bunches and palm oil production (CPO) [39].

The simulation takes into account a 12-year period starting from 2018, assuming
that the oil palms reach their maximum productivity in terms of fresh fruit bunches
(FFB) yield per hectare [40]. This timeframe allows for an assessment of the
potential outcomes and impacts associated with the development of the palm oil
industry in Merauke district. By considering both the socio-economic factors
reflected in the HDI and the ecological consequences of palm oil plantation
expansion, stakeholders can gain a comprehensive understanding of the complex
dynamics and make informed decisions to promote sustainable development in the
region.
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Figure 3: Dynamic Model Formulation

Mortality rate

Due to the moratorium pressure since 2018, the palm oil industry is facing
challenges in postponing expansion or adding new production areas. It can be said
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that companies have not fully met the potential and opportunities for empowering
the local community through the implementation of a 20% smallholder plantation
scheme. Consequently, full ownership of palm oil land remains in the hands of the
companies, and the involvement of the local community is limited to temporary or
contractual daily labor rather than being part of the smallholder farmer community
within the core plantation.

The negative aspects of the expansion of oil palm plantations carried out by
companies trigger agrarian conflicts and forest fires in traditional land clearing
using local labour, which results in haze, which has an impact on the issuance of
government regulations in the form of a moratorium on oil palm plantation permits
for both companies and oil palm farmers [41].

Even though the palm oil industry in Merauke Regency has not implemented a
smallholder core plantation, the issues faced by the community in the palm oil
industrial areas still have a dual impact on the regional economy, particularly in
terms of employment opportunities and the dispersion of the local population. This
affects both local palm oil farmers outside the companies in terms of income
enhancement and the purchasing power of the community. These factors have
significant macroeconomic implications for the national economy and also
influence the social and economic well-being of the communities surrounding the
palm oil companies [42].

Community members impacted by the concession were relocated by the palm oil
industry company to a new area, where they joined other indigenous communities.
This resettlement has presented difficulties for household production, specifically in
terms of accessing sago, a crucial staple food for the local Papuan community. As
a result, conflicts have emerged between the original residents of the resettled
area, and the migrants displaced by the new plantations. In addition, the issue of
taking land with inappropriate compensation or making decisions that do not
involve local governments and families (not involving women in the family) has an
impact on social conflict in the future [31].

The entry of the palm oil industry has also resulted in the loss of some of the
potential that the region has, including: pollution of rivers by palm oil plantation
industry waste, which has an impact on the reduced use of rivers as a source of
drinking water, cooking, washing, and fishing; changes in the loss of forest
functions for hunting, medicinal plants, and sacred places; and loss of local food
such as sago due to the land being used as oil palm plantations. So socio-
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culturally, there is the loss of ethnic identity and the preservation of local customary
values [43].

Expansion rate scenario assuming no additional palm oil expansion of 20% for
smallholder core plantations or plantation land against industry adaptation resulting
in CPO production.

In the simulation results for the expansion rate without the addition of 20% of land
due to the moratorium, the industry is assumed to only use the industrial land that
has been permitted by the government. From the simulation, industrial adaptation
can be carried out by taking into account several impacts that arise, as mentioned
below.

Economic Impact

The simulation results show that with the expansion rate of the palm oil industry
without additional land permits, there will be an increase in total production for the
next 12 years, coupled with population growth, which affects the amount of
domestic CPO consumption. It was found that the industry was able to meet and
have sufficient supply of CPO and was even still able to meet demand outside of
domestic demand.
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Figure 4: Expansion rate without 20% addition to palm oil industry at
Merauke Regency
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Socio-cultural impact

As without the expansion of the palm oil cultivation land area, there will be no
increase in employment opportunities. Industry can only maintain the number of
workers who have met the needs in accordance with the area of land and industry
for the next 12 years. This affects the absorption of the number of local and non-
local productive workers which includes gender equality in the use of labour in the
palm oil industry. Because the addition of labour depends on increasing the area of
palm oil plantation, that is, one hectare can only add at least one worker. With a
workforce of 119,908 employees in the palm oil industry sector in Merauke
Regency in 2018, there was not much increase due to the absence of palm oil
plantation expansion (Figure 4.c).

Ecological/environmental impact

This increase in waste is in line with the continued increase in CPO production,
which means that the deforestation rate will continue and generate waste from
industry and plantations with an average increase of 1.3% per licensed land
expansion before the 2017 moratorium. The assumption is the increase in land
area and the amount of hazardous waste produced annually for a production
period of 12 years (the productive age of oil palm), the rate can be seen in Figure
4.a.

Expansion Rate Scenario: assuming a 20% increase in oil palm expansion for
smallholder core plantations or plantation land, resulting in CPO production 20%
land expansion, or no moratorium, allows the palm oil industry (as a monoculture
sector) to increase CPO production. With the associated economic benefits,
community welfare, and socio-cultural and environmental (socio-ecological)
impacts [44], the industry needs to consider the following impacts:

Economic impact

By conducting a simulation, a significant increase in CPO production and
expansion of land allows for a high availability of CPO. From the simulation results,
it can be seen in comparison, the increase in CPO production is above 900
thousand tons/year, it could even reach more than 1 million tons/year in the 12th
year. This is the potential for the development of the palm oil industry in the Papua
region which still has land potential. The amount of production is still far behind in
the central areas of the palm oil industry, such as Sumatra and Kalimantan, with an
average production of 5-8 million tons annually [45].
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Figure 5: Expansion Rate with 20% Addition policy to CPO Production,
Waste, and Demand in Merauke Regency

Socio-cultural impact

The increase in the expansion area of palm oil plantations allow for an increase in
the absorption of local and non-local workers, as can be seen in Figure 5.c, an
increase of up to 50%. However, there is a need for policies to control and pay
attention to the relationship between labour and work safety, family involvement as
workers, wage labour [1] and making efforts to avoid negative effects of non-local
workforce in order to empower local communities to avoid protracted conflicts in
the palm oil industry. The involvement of both the government and the industry is
crucial to acquiring high-quality human resources that meet the standards of palm
oil companies in the Merauke Regency area.

Ecological/environmental impact

Expanding palm oil plantations by 20% poses a risk of increasing waste
generation. This is primarily due to the elevated production levels expected over
the 12-year productive lifespan of palm oil trees during the expansion simulation.
To address this issue, effective waste management practices must be established
and enforced by both the government and the palm oil industry. Long-term waste
neutralization processes are crucial in this regard [46]. These processes should
include the implementation of waste reduction standards, appropriate waste
treatment methods, and rigorous monitoring of compliance verification through
inspections and third-party inspections. Community participation should also be
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encouraged as an independent oversight mechanism to ensure transparency and
accountability in waste management practices. Additionally, the industry must take
responsibility for waste control by maximizing waste utilization, adopting
environmentally friendly practices, and investing in liquid waste treatment
technologies to minimize adverse environmental impacts. Countries like Malaysia
have demonstrated the efficacy of technological efficiency changes in
transportation and production to reduce greenhouse gas emissions from biomass
industries sourced from renewable palm oil [47]. Therefore, by adopting
comprehensive waste management strategies, the palm oil industry can mitigate
the potential negative consequences associated with waste generation and
promote sustainable practices that safeguard the environment and the well-being
of local communities.

Policy strategies in sustainable palm oil industry adaptation planning in
Merauke Regency

The development of the palm oil industry is closely linked to land expansion for
plantations and the waste generated from this industry. For instance, in the
production forests of Sanggau regency, West Kalimantan, the expansion of palm
oil plantations is closely tied to decentralized regional decision-making regarding
permits for plantation expansion [48]. Therefore, in an adapted scenario for the
palm oil industry that accommodates a 20% increase in plantation area, it
encourages stakeholders in the industry to improve waste management practices
and implement regulations for managing palm oil industry waste.

On the other hand, the need for labour along with the increase in land area, allows
the addition or absorption of labour, whose arrangements need to be overseen
from both the community and the government in increasing the use of local human
resources.

Therefore, the company's strategy is needed in the development of land area due
to the government moratorium as follows:

1. Establish regulations with the government for the use of land area contracts
with local communities and the use of local labour in increasing oil palm FFB
production that benefits both the community and the company [49].

2. Conduct joint monitoring of socio-political rights, ownership rights and land
boundaries, workers' rights and the environment in managing the oil palm
industry [50]. A joint supervision with the government and the community as
well as support from community organizations on the impact of deforestation
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or the transfer of community land used in the development of oil palm
plantations by companies.

3. Involve indigenous communities and the government in industrial
management, especially in the gradual land use according to investment
permits granted by the government [51].

4. Implement smallholder plantations with company support, which involves
purchasing fresh fruit bunches (FFB) under mutually beneficial contracts, to
ensure economic, social, cultural and environmental benefits for companies,
communities and the government.[52].

5. The crude palm oil (CPO) marketing alternatives and maximum utilization of
waste for renewable energy such as bio-diesel which has a promising global
market share [53].

‘ Policy Scenario 20% Land Increase

\

e Regulation of Area Contracts by government,
community and company

¢  Empowerment of local human resources

e Supervision by government, community

organizations and communities

Indigenous community involvement

Implementation of community nucleus plantations

Alternative marketing of biodiesel energy CPO

Waste utilization

Sustainable Palm Qil Industry
Economic, socio-cultural, and
ecological/environmental

i

¢ (PO demand adjustment

e  Solid and liquid waste utilization

e Designing regulations with the government for
Industrial development related to rights and
boundaries

s  Use of local labor and local farmers

e Skill development of local human resources

20% Land Restriction Policy
Scenario (Moratorium)

Figure 6: Adaptation Strategy of palm oil industry in Merauke Regency
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However, such measures will also have consequences on production of crude
palm oil (CPQ), as there is less growth in amounts available for export. From a
socio-cultural perspective, the land restriction approach can result in reduced job
opportunities available due to limited job opportunities, but reduced forced
resettlement of populations into other areas. This will result in no expansion of
demand for labourers on the plantation, and require less forced resettlement of
subsistence farmers into areas with existing farmer populations

Therefore, a company strategy is needed in development if land area development
is not enforced due to a government moratorium as follows:

1. The palm oil industry demonstrates flexibility in adjusting its demand for Crude
Palm Qil (CPO) based on the processing capacity of the industry and the
available land area for production. This dynamic approach allows the industry
to adapt the level of CPO consumption to meet the demands of both domestic
and international markets. The role of demand management is crucial to
maintaining the industry's competitiveness and meeting the global demand for
palm oil products. By closely monitoring and carefully analyzing market
demands, the industry can optimize its production and distribution strategies,
ensuring efficient resource allocation while meeting the diverse needs of
consumers both locally and internationally [54].

2. Carry out production by maximizing FFB and CPO production and utilizing
solid and liquid waste for renewable energy and environmental preservation
[55].

3. Utilizing local farmers and local workers as well as working with local
governments to maximize resources and encourage increased skill capabilities
in the palm oil industry which supports the growth of the industry and industrial
areas [7].

4. Collaborating with local governments to design regulations that can guarantee
the implementation of company activities and safeguard the rights of local
communities or local customs, especially with issues of land use and territorial
boundaries to reduce prolonged conflicts that affect the sustainability of oil
palm in Merauke regency [30].
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CONCLUSION, AND RECOMMENDATIONS FOR DEVELOPMENT

The choice of adding or not adding 20% of oil palm land in Merauke Regency has
risks from an economic, socio-cultural, and environmental perspective. Without
expansion, there will be challenges to meet domestic and export demand for crude
palm oil (CPQO), considering the production capacity is approximately 600,000 tons
per year. Utilization of local resources can help optimize the availability of labour
and raw materials. Implementing a waste management and processing system to
utilize palm shells as soil fertilizer for the palm oil industry and local farmers, as
well as promoting initiatives to utilize palm oil waste as a source of renewable
energy, is an important consideration.

On the other hand, implementing a 20% additional land policy can significantly
increase production and employment. However, this requires strict regulations and
responsible land clearing agreements. The increase in industrial waste is estimated
to be around 1.3% of the remaining land expansion and can be efficiently treated in
accordance with government waste management regulations under the supervision
of industry, government, and society. Empowering local resources, implementing
smallholder plantations, and addressing the impact on the environment and
deforestation are of utmost importance. Government oversight and involvement of
indigenous communities are also essential in implementing the Smallholder Core
Plantations (SCP) concept to meet the land expansion needs of the industry while
supporting local farmers and communities and to mitigate potential impacts on the
economy, socio-cultural aspects, and the environment.

Policy recommendations include implementing strict government regulations and
contractual agreements for responsible land clearing to minimize negative impacts.
It is essential to have government oversight and involve indigenous communities in
the decision-making process. Empowering local human resources and prioritizing
long-term human resource development are crucial steps. Implementing the
Smallholder Core Plants (SCP) concept can fulfill 20% of the industrial land
expansion needs that have been granted permits before the moratorium, thereby
supporting smallholder farmers and local communities. Developing efficient waste
management and treatment systems, promoting initiatives to utilize palm oil waste
as a renewable energy source, exploring alternative markets for palm oil, and
reducing dependence on domestic and export demand are also important aspects
to be considered.
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Table 1: Results of simulation model validation test
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Production (Tons)

Oil Palm Land (Ha)

Years Simulation Actual Data Simulation
Actual Data (Xt)
Data (Ft) (Xt) Data (Ft)

2018 56063 500320 75928 55591
2019 78211 509734 80200 56637
2020 78211 519271 80200 57969
2021 170461419 528932 80200 58770
2022 170461419 538719 80200 59857
MAPE 4.21 % 0.29 %

Source : Data Processing (2022)

Table 2: Economic Statement for the Community

Statement 2 3 4 5

The palm oil industry affects the economy of the people in the

Merauke Regency area

The palm oil industry affects the availability of facilities and

infrastructure in the Merauke Regency area

Industry influences production behavior in the Merauke Regency

area

Regency area Industry is very influential on human resources

(labor and education level) in the Merauke Regency area

1 = not influential to 5 = highly influential

Table 3: Cultural and Social Statement for the Community

Statement 1 2 3 4 S

The palm oil industry affects the level of poverty in society

Industry influences cultural patterns in people's livelihoods

Industry influences the cultural and social patterns of people in

local communities

The palm oil industry affects local community

Employment opportunities and gender (especially women in local

communities)

Industry affects community land ownership

1 = not influential to 5 = highly influential
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Table 4: Environmental Statement for the Community

Statement 1 2 3 4 S
Industry affects the degradation of clean water sources in industrial
areas

Industry affects the fulfillment of irrigation access on production
land in industrial areas

Industry affects the fulfilment of clean water in industrial areas
1 = not influential to 5 = highly influential

Lmr” https://doi.org/10.18697/ajfand.123.23370 24339



https://doi.org/10.18697/ajfand.123.23370

FUISHEDEY A EDIC AN ISSN 1684 5374

AFRICAN hl_.‘ljlﬁl:::?::_:lu AGRICULTURE V0|ume 23 NO 8 %cCHI{ElNAELE

NLUTRITION AND DEVELOPMENT August 2023 Tﬁ‘b’s‘-]-
REFERENCES
1. Paul M, Jr T, Molua EL, Alberto M, Mkong CJ, Kiven Venesa and Atem

Venant Oil palm production , income gains , and off-farm employment
among independent producers in Cameroon. Ecol Econ 2023;208:1-9.
https://doi.org/10.1016/j.ecolecon.2023.107817

Helviani H, Kasmin MO, Juliatmaja AW, Nursalam N and H Syahrir
Persepsi Masyarakat terhadap Dampak Perkebunan Kelapa Sawit PT.
Damai Jaya Lestari di Kecamatan Tanggetada Kabupaten Kolaka, Sulawesi
Tenggara, Indonesia. Agro Bali Agric J 2021; 4:467-79.
https://doi.org/10.37637/ab.v4i3.773

Lisdayani E and A Ameliyani Dampak Industri Perkebunan Kelapa Sawit
Terhadap Lingkungan Di Desa Paya Kulbi, Aceh Tamiang. Semin Nas
Peningkatan Mutu Pendidik 2021; 2:101-5.

Siradjuddin | Dampak Perkebunan Kelapa Sawit Terhadap Perekonomian
Wilayah Di Kabupaten Rokan Hulu. J Agroteknologi 2015; 5:7.
https://doi.org/10.24014/ja.v5i2.1349

Qaim M, Sibhatu KT, Siregar H and | Grass Environmental, economic, and
social consequences of the oil palm boom. Annu Rev Resour Econ 2020;
12:321-44. https://doi.org/10.1146/annurev-resource-110119-024922

Arkanudin and Rupita Etnografi Konflik Masyarakat Batu Daya dengan
Perusahaan PT . Swadaya Mukti Prakarsa di Simpang Dua , Ketapang ,
Kalimantan Barat Arkanudin Fakultas llmu Sosial dan llmu Politik ,
Universitas Tanjungpura. J Dakwah Dan Sos 2020;3:18-34.

Ayompe LM, Schaafsma M and BN Egoh Towards sustainable palm oil
production: The positive and negative impacts on ecosystem services and
human wellbeing. J Clean Prod 2021; 278:123914.
https://doi.org/10.1016/}.jclepro.2020.123914

Rafli M and | Buchori Impact of Land Expansion Into Oil Palm Plantation on
Environmental Services Condition in Riau Province Open Access. J
Pembang Wil Dan Kota 2022; 18:98-111.
https://doi.org/10.14710/pwk.v18i2.21229

Lm” https://doi.org/10.18697/ajfand.123.23370 24340



https://doi.org/10.18697/ajfand.123.23370
https://doi.org/10.1016/j.ecolecon.2023.107817
https://doi.org/10.37637/ab.v4i3.773
https://doi.org/10.24014/ja.v5i2.1349
https://doi.org/10.1146/annurev-resource-110119-024922
https://doi.org/10.1016/j.jclepro.2020.123914
https://doi.org/10.14710/pwk.v18i2.21229

10.

11.

12.
13.

14,

15.

16.

17.

18.

SCHOLARL PUBLISHED BY
REVIEWED AFRICAN ISSN 1684 5374
S SCHOLARLY

AFRICAN JOURNAL OF FOOD, AGRICULTURE V0| e 23 NO' 8 S(:',,IEI\_!(;_?
NUTRITION AND DEVELOPMENT Aug ust 2023 T R U ST

Ziaulhaq W Keberadaan Industri Kelapa Sawit terhadap Lingkungan
Masyarakat. Indones J Agric Environ Anal 2022; 1:1-12.
https://doi.org/10.55927 /ijaea.v1i1.724

Austin KG, Mosnier A, Pirker J, McCallum |, Fritz S and PS Kasibhatla
Shifting patterns of oil palm driven deforestation in Indonesia and
implications for zero-deforestation commitments. Land Use Policy 2017;
69:41-8. https://doi.org/10.1016/|.landusepol.2017.08.036

Krishna V'V and C Kubitza Impact of oil palm expansion on the provision of
private and community goods in rural Indonesia. Ecol Econ 2021;
179:106829. https://doi.org/10.1016/j.ecolecon.2020.106829

Papua BP Papua Dalam Angka 2017. Papua: 2017: 1-3322.

Degli Innocenti E and P Oosterveer Opportunities and bottlenecks for
upstream learning within RSPO certified palm oil value chains: A
comparative analysis between Indonesia and Thailand. J Rural Stud 2020;
78:426-37. https://doi.org/10.1016/].jrurstud.2020.07.004

Merauke BPS Kabupaten Merauke Dalam Angka Tahun 2018. Merauke:
2018 : 1-396.

Utami R, Kumala Putri El and M Ekayani Economy and Environmental
Impact of Oil Palm Palm Plantation Expansion (Case Study: Panyabungan
Village, Merlung Sub-District, West Tanjung Jabung Barat District, Jambi). J
llmu Pertan Indones 2017; 22:115-26. hitps://doi.org/10.18343/jipi.22.2.115

Hospes O, Kroeze C, Oosterveer P, Schouten G and M Slingerland New
generation of knowledge: Towards an inter- and transdisciplinary framework
for sustainable pathways of palm oil production. NJAS - Wageningen J Life
Sci2017; 80:75-84. https://doi.org/10.1016/].njas.2017.01.001

Jaroenkietkajorn U, Gheewala SH and L Scherer Species loss from land
use of oil palm plantations in Thailand. Ecol Indic 2021; 133:108444.
https://doi.org/10.1016/.ecolind.2021.108444

Muhammad Kholil DD Model Simulasi Pengembangan Industri Perikanan
Di Konawea Selatan Dengan Pendekatan Sistem Dinamik. Arsip Artik
Bulettin Th 2005-2008 2008:1-23.

Lm” https://doi.org/10.18697/ajfand.123.23370 24341



https://doi.org/10.18697/ajfand.123.23370
https://doi.org/10.55927/ijaea.v1i1.724
https://doi.org/10.1016/j.landusepol.2017.08.036
https://doi.org/10.1016/j.ecolecon.2020.106829
https://doi.org/10.1016/j.jrurstud.2020.07.004
https://doi.org/10.18343/jipi.22.2.115
https://doi.org/10.1016/j.njas.2017.01.001
https://doi.org/10.1016/j.ecolind.2021.108444

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

PUBLISHED BY A
* AFRICAN ISSN 1684 5374
st it SCHOLARLY

AFRICAN JOURNAL OF FOOD, AGRICULTURE VOIume 23 NO' 8 S(;.;IEI\.!CF
NUTRITION AND DEVELOPMENT Aug ust 2023 T R U S‘T

Fertier A, Montarnal A, Truptil S and F Bénaben Exploring the complexity
of highways infrastructure programmes in the United Kingdom through
systems thinking. Decis Support Syst 2020:113260.
https://doi.org/10.1016/}.plas.2023.100081

Jakeman AJ, Letcher RA and JP Norton Ten iterative steps in
development and evaluation of environmental models 2006; 21:602-14.
https://doi.org/10.1016/j.envsoft.2006.01.004

Forrester JW The beginings of System Dynamics. Banq Talk Int Meet Syst
Dyn Soc July 13, 1989 : 1-18.

Forrester JW System dynamics - The next fifty years. Syst Dyn Rev 2007.
https://doi.org/10.1002/sdr.381

Etikan | Comparison of Convenience Sampling and Purposive Sampling. Am
J Theor Appl Stat 2016; 5:1. https://doi.org/10.11648/].ajtas.20160501.11

Hsieh HF and SE Shannon Three approaches to qualitative content
analysis. Qual Health Res 2005; 15:1277-88.
https://doi.org/10.1177/1049732305276687

Lane DC, Richardson G and AL Pugh lll Introduction to System Dynamics
Modeling with DYNAMO. J Oper Res Soc 1997.
https://doi.org/10.2307/3010312

Walters JP, Archer DW, Sassenrath GF, Hendrickson JR, Hanson JD,
Halloran Jhon M, Vadas, Peter Alarcon and J Vladimir Exploring
agricultural production systems and their fundamental components with
system dynamics modelling. Ecol Modell 2016; 333:51-65.
https://doi.org/10.1016/j.ecolmodel.2016.04.015

Makridakis S and M Hibon Exponential smoothing: The effect of initial
values and loss functions on post-sample forecasting accuracy. Int J
Forecast 1991; 7:317-30. https://doi.org/10.1016/0169-2070(91)90005-G

Moreno-Peiaranda R, Gasparatos A, Stromberg P, Suwa A,
Pandyaswargo AH and JA Puppim de Oliveira Sustainable production
and consumption of palm oil in Indonesia: What can stakeholder perceptions
offer to the debate? Sustain Prod Consum 2015; 4:16-35.
https://doi.org/10.1016/j.spc.2015.10.002

Lm” https://doi.org/10.18697/ajfand.123.23370 24342



https://doi.org/10.18697/ajfand.123.23370
https://doi.org/10.1016/j.plas.2023.100081
https://doi.org/10.1016/j.envsoft.2006.01.004
https://doi.org/10.1002/sdr.381
https://doi.org/10.11648/j.ajtas.20160501.11
https://doi.org/10.1177/1049732305276687
https://doi.org/10.2307/3010312
https://doi.org/10.1016/j.ecolmodel.2016.04.015
https://doi.org/10.1016/0169-2070(91)90005-G
https://doi.org/10.1016/j.spc.2015.10.002

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

PUBLISHED BY
SCHOLAAL REVIEWED AFRICAN ISSN 1684 5374
S SCHOLARLY

AFRICAN JOURNAL OF FOOD, AGRICULT 1_:Hi:_vo| b 23 NO' 8 SE,IEI\_!(;NE
NUTRITION AND DEVELOPMENT Aug ust 20 2 3 T R U ST

Liu Y, Yang R, Sun M, Zhang L, Li X, Meng L, Wang Yizhuo and Liu
Qiang Regional sustainable development strategy based on the coordination
between ecology and economy: A case study of Sichuan Province, China.
Ecol Indic 2022; 134:108445. https://doi.org/10.1016/j.ecolind.2021.108445

Berenschot W, Dhiaulhaq A, Afrizal, Hospes O, Adriana R and E Poetry
Anti-Corporate Activism and Collusion: The Contentious Politics of Palm Oil
Expansion in Indonesia. Geoforum 2022; 131:39-49.
https://doi.org/10.1016/j.geoforum.2022.03.002

Mehraban N, Debela BL, Kalsum U and M Qaim What about her? Oil palm
cultivation and intra-household gender roles. Food Policy 2022; 110:102276.
https://doi.org/10.1016/}.foodpol.2022.102276

Rowland D, Zanello G, Waliyo E and A Ickowitz Oil palm and gendered
time use: A mixed-methods case study from West Kalimantan, Indonesia.
For Policy Econ 2022; 137:102682.
https://doi.org/10.1016/j.forpol.2021.102682

Khatun R, Reza MIH, Moniruzzaman M and Z Yaakob Sustainable oil palm
industry: The possibilities. Renew Sustain Energy Rev 2017; 76:608-19.
https://doi.org/10.1016/j.rser.2017.03.077

Abby F Sengketa Pertanahan Hak Masyarakat Adat Dengan Hak Guna
Usaha (Hgu) Perkebunan Sawit Di Kalimantan Selatan. Al-Adl 2016;
8:225070.

Castellanos-navarrete A, Tobar-tomas W V and CE Lopez-monzén
Development without change : Oil palm labour regimes , development
narratives , and disputed moral economies in Mesoamerica. J Rural Stud
2018:1-12. https://doi.org/10.1016/}.jrurstud.2018.08.011

Susanto JP, Santoso AD and N Suwedi Perhitungan Potensi Limbah
Padat Kelapa Sawit untuk Sumber Energi Terbaharukan dengan Metode
LCA. J Teknol Lingkung 2017; 18:165. https://doi.org/10.29122/itl.v18i2.2046

Supriatna A and R Thahir Analisis Sistem Dinamik Ketersediaan Beras Di
Merauke Dalam Rangka Menuju Lumbung Padi Bagi Kawasan Timur
Indonesia. Bul Teknol Pascapanen Pertan 2007; 3:28-36.

Setiawan |, Zulfikar A, Nurfaizah R and ZA Akbar Palm Oil Cultivation
(Elaeis guineensis Jacq) And Economic Analysis For Indonesia 2020:1-26.

meJ: https://doi.org/10.18697/ajfand.123.23370 24343



https://doi.org/10.18697/ajfand.123.23370
https://doi.org/10.1016/j.ecolind.2021.108445
https://doi.org/10.1016/j.geoforum.2022.03.002
https://doi.org/10.1016/j.foodpol.2022.102276
https://doi.org/10.1016/j.forpol.2021.102682
https://doi.org/10.1016/j.rser.2017.03.077
https://doi.org/10.1016/j.jrurstud.2018.08.011
https://doi.org/10.29122/jtl.v18i2.2046

39.

40.

41,

42.

43.

44,

45,

46.

47.

ml m ,’ PUBLISHED BY
s AFRICAN ISSN 1684 5374
SCESEs SCHOLARLY

AFRICAN JOURNAL OF FOOD, AGRICULT 1_:|1'E:.\'(0| ume 23 NO' 8 SE,IEH(;_F
NUTRITION AND DEVELOPMENT Aug ust 20 2 3 T R U ST

Badan Pusat Statistik. Indeks Pembangunan Manusia dan Analisis Situasi
Pembangunan Manusia Kabupaten Merauke 2020: 54.

Chemura A, van Duren | and LM van Leeuwen Determination of the age of
oil palm from crown projection area detected from WorldView-2 multispectral
remote sensing data: The case of Ejisu-Juaben district, Ghana. ISPRS J
Photogramm Remote Sens 2015; 100:118-27.
https://doi.org/10.1016/}.isprsjprs.2014.07.013

Ishak A, Kinseng RA, Sunito S and DS Damanhuri Ekspansi Perkebunan
Kelapa Sawit dan Perlunya Perbaikan Kebijakan Penataan Ruang.
Perspektif 2017; 16:14-23.

Said H, Yunus, Lukman and WO Yusria Pengaruh Keberadaan
Perkebunan Kelapa Sawit (PT. Tani Prima Makmur) Terhadap Kondisi
SOsial Ekonomi Karyawan Di Desa Mendikon Kecamatan Amonggedo
Kabupaten Konawe 2018:91-100.

Cahyono E, Lutfi A, Syatori A, Budino, Wibowo A, Mahrus MA and F
Ahsani Ekspansi Perkebunan Sawit, Korupsi Struktural Dan Penghancuran
Ruang Hidup Di Tanah Papua. Indonesia: 2020.

Santika T, Wilson KA, Meijaard E, Budiharta S, Law EE, Sabri M,
Matthew S, Marc A and P Tun-min Land Use Policy Changing landscapes ,
livelihoods and village welfare in the context of oil palm development. Land
Use Policy 2019; 87:104073.
https://doi.org/10.1016/j.landusepol.2019.104073

Kementan. Renstra Kementrian Pertanian Pertanian Tahun 2015 - 2019.
Hari Aids Sedunia 2014 2014:1-339.

Aliyu Yaro NS, Sutanto MH, Habib NZ, Napiah M, Usman A, Jagaba AH
and M Al-Sabaeei Abdulnaser Application and circular economy prospects
of palm oil waste for eco-friendly asphalt pavement industry: A review. J
Road Eng 2022; 2:309-31. https://doi.org/10.1016/].jreng.2022.10.001

Zahraee SM, Golroudbary SR, Shiwakoti N, Kraslawski A and P
Stasinopoulos An investigation of the environmental sustainability of palm
biomass supply chains via dynamic simulation modeling: A case of Malaysia.
J Clean Prod 2019:117740. https://doi.org/10.1016/}.jclepro.2019.117740

meJ: https://doi.org/10.18697/ajfand.123.23370 24344



https://doi.org/10.18697/ajfand.123.23370
https://doi.org/10.1016/j.isprsjprs.2014.07.013
https://doi.org/10.1016/j.landusepol.2019.104073
https://doi.org/10.1016/j.jreng.2022.10.001
https://doi.org/10.1016/j.jclepro.2019.117740

48.

49.

50.

51.

52.

53.

54.

95.

PUBLISHED BY A
* AFRICAN ISSN 1684 5374
st it SCHOLARLY

AFRICAN JOURNAL OF FOOD, AGRICULTURE VOIume 23 NO' 8 S(;.;IEI\.!CF
NUTRITION AND DEVELOPMENT Aug ust 2023 T R U S‘T

Prabowo D, Maryudi A and MA Imron Forest Policy and Economics
Conversion of forests into oil palm plantations in West Kalimantan ,
Indonesia : Insights from actors ' power and its dynamics. For Policy Econ
2017; 78:32-9. https://doi.org/10.1016/].forpol.2017.01.004

Ruml A, Chrisendo D, Iddrisu AM, Karakara AA, Nuryartono N,
Osabuohien E and Jann Lay Smallholders in agro-industrial production:
Lessons for rural development from a comparative analysis of Ghana’s and
Indonesia’s oil palm sectors. Land Use Policy 2022; 119:106196.
https://doi.org/10.1016/j.landusepol.2022.106196

Abrams J, Selfa T and C Diana Current Research in Environmental
Sustainability Achieving Palm Oil Sustainability Under Contract : Roundtable
on Sustainable Palm Qil and Family Farmers in the Brazilian Amazon 2022;
4. https://doi.org/10.1016/j.crsust.2022.100160

Ogahara Z, Jespersen K, Theilade | and MR Nielsen Review of
smallholder palm oil sustainability reveals limited positive impacts and
identifies key implementation and knowledge gaps. Land Use Policy 2022;
120. https://doi.org/10.1016/].landusepol.2022.106258

Chrisendo D, Siregar H and M Qaim Oil palm cultivation improves living
standards and human capital formation in smallholder farm households.
World Dev 2022; 159:106034.
https://doi.org/10.1016/j.worlddev.2022.106034

Anyaoha KE and DL Zhang Transition from fossil-fuel to renewable-energy-
based smallholder bioeconomy: Techno-economic analyses of two oil palm
production systems. Chem Eng J Adv 2022; 10:100270.
https://doi.org/10.1016/j.ceja.2022.100270

Afriyanti D, Kroeze C and A Saad Indonesia palm oil production without
deforestation and peat conversion by 2050. Sci Total Environ 2016;557-
558:562-70. https://doi.org/10.1016/].scitotenv.2016.03.032

Saad MS, Wirzal MDH and ZA Putra Review on current approach for
treatment of palm oil mill effluent: Integrated system. J Environ Manage
2021; 286:112209. https://doi.org/10.1016/].jlenvman.2021.112209

Lm” https://doi.org/10.18697/ajfand.123.23370 24345



https://doi.org/10.18697/ajfand.123.23370
https://doi.org/10.1016/j.forpol.2017.01.004
https://doi.org/10.1016/j.landusepol.2022.106196
https://doi.org/10.1016/j.crsust.2022.100160
https://doi.org/10.1016/j.landusepol.2022.106258
https://doi.org/10.1016/j.worlddev.2022.106034
https://doi.org/10.1016/j.ceja.2022.100270
https://doi.org/10.1016/j.scitotenv.2016.03.032
https://doi.org/10.1016/j.jenvman.2021.112209

