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ABSTRACT

Objectives: The study aims to address the disparity in pricing received by smallholder farmers
for their palm oil fresh fruit bunches (FFBs). It seeks to establish a fair pricing formula that
balances the interests of smallholder farmers and crude palm oil (CPO) mills, ensuring the
sustainability of smallholder farming practices and supporting the achievement of Sustainable
Development Goals (SDGs).

Methods: The research models the cost structures of palm oil smallholder farmers and CPO
mills over a 30-year investment horizon. Using profitability analyses and the constraint that the
Internal Rate of Return (IRR) for smallholder farmers is greater than or equal to the IRR of CPO
mills, the study derives a pricing formula. The proposed formula calculates the price of FFBs
(PFFB) as a function of the price of CPO (PCPO) and oil extraction yield (OER), supported by
statistical simulations.

Results: The study presents a pricing equation, PFFB = -2438.7971 + 0.1784 PCPO + 10219.2072
OER, which is transparent and based on significant parameters. The formula provides a practical
approach to determining a fair price for FFBs, ensuring equitable profit distribution between
smallholder farmers and CPO mills. This eliminates the need for prolonged negotiations while
fostering sustainability and financial stability for smallholder farmers.

Conclusion: The proposed pricing formula offers a straightforward and equitable method for
determining FFB prices, aligning the profitability of smallholder farmers and CPO mills. This
approach supports the palm oil industry's sustainability objectives and contributes to achieving
the SDGs by empowering smallholder farmers and promoting fair trade practices.

Keywords: disparity in pricing, smallholder farmers, palm oil, Sustainable Development Goals
(SDG).
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1 THE IMPORTANCE ROLE OF PALM OIL SMALLHOLDER FARMERS IN INDONESIA

Palm oil contributes significantly to local and national economic
development (Ashton-Butt et al., 2019; Purnomo et al., 2018). Smallholder
farmers play a crucial role in the palm oil sector in Indonesia (Raharja et al.,
2020). There are palm oil smallholder areas of about 4.6 million ha and produce
15.5 million tons of CPO accounting for around 34% of the country's palm oil
production. Their contributions are essential to meeting global demand for this
commodity (BPS Statistic Indonesia, 2023). Smallholder farmers are present in
Indonesia’s palm oil growing provinces, with all significant areas in at least 18
provinces (Glenday & Paoli, 2015). Smallholder farmers provide a significant
source of income for rural communities and help to reduce poverty levels
(Astuti et al., 2020). They also promote sustainable land use practices and help
to conserve biodiversity by maintaining forested areas on their land (Ngan et
al., 2022). Additionally, smallholder farmers contribute to the country's
economy by providing jobs and generating income by selling their products.
Smallholder farmers also provide employment opportunities and contribute to
the economic development of rural areas (Abazue, Er, Ferdous Alam, & Begum,
2015; Chrisendo, Siregar, & Qaim, 2022). However, they face challenges such
as limited access to finance, land tenure insecurity, market vulnerability, and
low crop yield or low productivity (Alwarritzi, Nanseki, & Chomei, 2015;
Sukiyono et al., 2017; Wissler, 2015). The government and private sector have
been implementing programs to address these challenges and improve the
livelihoods of smallholder farmers in the palm oil sector (Barlow, Zen, &
Gondowarsito, 2003; Wissler, 2015).

2 THE IMPORTANCE OF SMALLHOLDERS TO RECEIVE FAIR PRICES FOR THEIR
PALM OIL FRESH FRUIT BUNCH

Smallholders are farmers who own or manage small plots of land,
typically less than 25 hectares (according to Ministry of Agriculture criterion),
10 hectares (Jelsma, Woittiez, Ollivier, & Dharmawan, 2019), or using another

author 5 hectares or less. In 2021 there are at least 2.74 millions household
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smallholder farmers with areas less than 5 hectares (Radhianshah, 2021). Palm
oil is an important cash crop for smallholders in Indonesia and smallholder can
be portrayed as the Achilles heel for the oil palm sector’s sustainability (Jelsma
et al., 2019). Independent smallholders tend to receive lower and inadequate
prices (Nesti, Tan, Ridwan, & Ampuh Hadiguna, 2018) than large-scale farmers
or those smallholders associated with company-managed plantations (Voora,
Bermudez, Farrell, Larrea, & Luna, 2023). Crude palm oil mills should consider
smallholder palm oil fresh fruit bunches more as partners than as vendors. This
requires truly transparent pricing, reciprocal, and participatory processes to
ensure fair dealing between both parties (Jezeer, Singerland, Laan, &
Pasiecznik, 2020; Rijali, 2017).

A fair price for palm oil fresh fruit bunch is crucial for smallholder
farmers’ economic, social, and environmental sustainability (Ngan et al., 2022).
There are some reasons why it is important for smallholders to receive a fair
price for their palm oil fresh fruit bunch in terms of poverty alleviation,
sustainability including certification and traceability (Falgenti & Hambali, 2022;
Ruml et al., 2022).

Smallholders are often poor and vulnerable to price fluctuations in the
market (Afrianto, Hutabarat, & Asminar, 2020; Arifin, Emalisa, & Salmiah,
2013). A fair price for their palm oil fresh fruit bunch can help them earn a
decent income and improve their standard of living (Ahmad, Osman, Omar,
Rahman, & Ishak, 2020; Ayompe, Nkongho, Masso, & Egoh, 2021).

Smallholders who receive a fair price for their palm oil fresh fruit bunch
are more likely to invest in sustainable practices, such as replanting and soil
conservation, which can improve the long-term productivity of their land
(Ogahara, Jespersen, Theilade, & Nielsen, 2022). Smallholders who receive a
fair price for their palm oil fresh fruit bunch are more likely to be able to afford
certification schemes, such as the Roundtable on Sustainable Palm Oil (RSPO),
which can help them access premium markets and improve their environmental
and social performance (Gallemore, Jespersen, & Olmsted, 2022). Smallholders
who receive a fair price for their palm oil fresh fruit bunches are more likely to

participate in traceability systems, which can help ensure their palm oil is
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produced sustainably and ethically (Witjaksono et al., 2023). Fair prices can
help smallholders afford certification schemes and encourage smallholders to
participate in traceability systems, such as the Roundtable on Sustainable Palm
Oil (RSPO), which can help them access premium markets and improve their
environmental and social performance because their palm oil fresh fruit
bunches are produced sustainably and ethically (Hutabarat, Slingerland,
Rietberg, & Dries, 2018).

3 BARGAINING POSITION OF SMALLHOLDER FARMERS

Smallholder farmers often have weaker bargaining positions than CPO
mills/processors when negotiating prices for their palm oil fresh fruit bunches.
This is due to several factors, such as the fragmented nature of smallholder
farming, limited access to market information, and low quality of fresh fruit
bunches production (Herdiansyah, Negoro, Rusdayanti, & Shara, 2020). They
are often seen as a weak point in the development of oil palm plantation
production (Februningsih, 2019; Mulyasari, Djarot, Sasongko, & Putra, 2023).
However, there are initiatives aimed at improving the bargaining position of
smallholder farmers, such as the development of farmer groups and
cooperatives, which can help to increase their collective bargaining power.
Policies that promote fair trade and sustainable palm oil production can also
help improve the bargaining position of smallholder farmers through
institutional strengthening activities (Armin, 2023; Erdi, 2017; Raharja et al.,
2020).

For several reasons, palm oil fresh fruit bunch smallholder farmers may
have a weaker bargaining position against crude palm oil mills, and they do not
hold any power to determine the price, particularly when the price slumps due
to market shocks (Jelsma, Giller, & Fairhurst, 2009; Novira, 2023). One reason
could be that the processors have greater market power and can set the price
of crude palm oil, which affects the price offered to farmers. Additionally,
smallholders' location is remote, and they may not have access to information
on market prices or be unable to negotiate prices effectively. They may also

lack the resources or economies of scale to compete with larger producers,
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which can limit their bargaining power (Wissler, 2015; Yee Chuok, 2021).
Because of low production volume, they tend to sell fresh fruit bunches to
intermediaries, creating a longer supply chain and causing a high risk of oil palm
fruit and increasing free fatty acid levels, eventually decreasing the quality
(Falgenti & Hambali, 2022; Mawardati, 2018; Sarkum, Mustamu, & Yanris,
2020). Smallholder farmers also tend to sell to intermediaries because of their

shark loan agreement (Jelliani, Maifianti, & Kriswanto, 2020).

4 EXISTING PRICING PRACTICE FOR FRESH FRUIT BUNCH PRODUCED BY
SMALLHOLDER FARMERS

In Indonesia, the price setting for palm oil fresh fruit bunches produced
by smallholder farmers is typically based on a combination of factors. One
common practice is using reference prices, which regional (provincial)
government agency determines based on the Ministry of Agriculture regulation
(MinistryofAgriculture, 2018). These reference prices are a benchmark for
procuring fresh fruit bunches from smallholder farmers by CPO mills. The
regulation only provides guidance for the purchase price of FFB and the
establishment of a Pricing Team in the region, but in real market situation, the
determination of the actual selling price remains under the dominance of CPO
mills because there is no other place to sell, hence it is not transparent because
the calculation of CPO mills largely determines it. There is no protection for
smallholders to receive better prices (Bachtiar, Dasrol, & Fitriani, 2020). The
price set by the government at the provincial level may not be effectively
implemented to the lower level (district or sub-district levels where the real
transaction happened) (Sitorus, Napitupulu, & Elwamendri, 2017). In addition,
actual prices may vary depending on marketing channels or role of
intermediaries, and other factors. In fact, smallholders are often selling their
fresh fruit bunches at poor prices to local mills (Barlow et al., 2003; Sarkum et
al., 2020). The worst case is when the price of palm oil fresh fruit bunches is
determined unilaterally by the CPO mill (Lukman, Ismail, -, & Budi, 2019; Nesti,
Tan, Ridwan, & Ampuh Hadiguna, 2018; Rahamawati, 2023). Prices set by CPO

mills are often unfair. Smallholders have no protection against such poor prices
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because of market competition and the diverse sources of fresh fruit bunches
from farmers or collectors (Bachtiar et al., 2020; Rahamawati, 2023).

The existing formula for fresh fruit bunches price contains a constant ‘K’
which is considered very questionable because it acts as a pressure factor to
lower the price of palm oil fresh fruit bunch. The decision to apply K as a
specified number is not transparent because it incorporates various components
not readily known by farmers such as processing costs, marketing costs,
depreciation costs, indirect operational costs, and overhead costs (Maryadi,
Yusuf, & Mulyana, 2004; Rahman, Malik, & Sinta, 2018). It is clear that
inefficiencies in CPO mills can be passed unfairly to the smallholders by
lowering the index K. Therefore, a new price formula must be developed with
transparent and easy-to-understand variables to avoid confusion and abusive
practices.

It's worth noting that there are ongoing efforts to improve price
transparency and fairness in the palm oil sector. Initiatives such as the
Indonesian Sustainable Palm Qil (ISPO) certification and the Roundtable on
Sustainable Palm Qil (RSPO) aim to promote sustainable practices and ensure
fair prices for smallholder farmers (de Vos, Suwarno, Slingerland, van der Meer,
& Lucey, 2023). These initiatives encourage greater transparency and
accountability in price negotiations, benefiting smallholder farmers in the long
run (Jezeer et al., 2020). There is also a proposal to use the fuzzy logic method
to determine palm oil fresh fruit bunches price (Amriana, Kasim, & Maghfirat,
2020) or another proposal to use Analytical Hierarchical Process(Prayudy &
Shilul Imaroh, 2019) or to use the Backpropagation Artificial Neural Network
method (Ismanto, Effendi, & Cynthia, 2018), but in our opinion, they are very
complex and very complicated to comprehend for smallholders, and we expect

to develop a simpler but more effective price formula.
5 THE IMPORTANCE OF FAIR PRICING FOR PALM OIL FRESH FRUIT BUNCH

Receiving a better price for their palm oil fresh fruit bunches is important
for Indonesia’s smallholder farmers to achieve several Sustainable Development
Goals (SDGs) (Chiriaco, Bellotta, Jusic, & Perugini, 2022; Purnomo et al., 2018).
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Firstly, a fair price can help to improve the economic well-being of
smallholder farmers and their families, which is essential for achieving SDG 1
(No Poverty). Fair prices can create economic development in local
communities by giving smallholders a decent income. Fair prices can help
smallholders reduce poverty and improve their living standards, which can
positively impact the local economy. This can lead to increased access to
education, healthcare, and other basic needs, contributing to SDG 3 (Good
Health and Well-being) and SDG 4 (Quality Education)(Situmorang, 2016; Elisa
Wildayana, Zahri, Mulyana, & Husin, 2011).

Secondly, a fair price can also help to promote sustainable practices in
the palm oil sector, contributing to SDG 12 (Responsible Consumption and
Production) and SDG 13 (Climate Action). Farmers in Indonesia suffer from
incentive-incompatible pricing practices limiting the extent to which farmers
increase productivity and reduce environmental effects (Degli Innocenti &
Oosterveer, 2020). By receiving a fair price, smallholder farmers are
incentivized to adopt sustainable practices such as reducing waste, using less
harmful pesticides, and protecting biodiversity through certification (Eggen et
al., 2024; Fadilah, Dewi, & Hutabarat, 2018; Chye Ing Lim & Biswas, 2019).

Finally, a fair price can help to promote partnerships between
smallholder farmers and CPO processors, contributing to SDG 17 (Partnerships
for the Goals) (Napitupulu, Ernawati, Elwamendri, Yanita, & Fauzia, 2019b).
This can lead to greater partnership, collaboration, and knowledge-sharing,
ultimately strengthening transactional and organizational models, benefiting
both parties and contributing to the long-term sustainability of the palm oil
sector (Ekine & Onu, 2009; Glenday & Paoli, 2015). Partnership model between
smallholders and oil palm companies that focus on improving sustainable palm
oil governance should be strengthened (Ichsan, Saputra, & Permatasari, 2021).
The palm oil industry can create employment opportunities for local people,
which can help stimulate the local economy. Fair prices can help maintain local
stability and social sustainability by reducing the risk of social unrest and
conflict caused by poverty and inequality (Amriana et al., 2020; Dahniar & Difa,
2021; Ngan et al., 2022).
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6 INCREASING BARGAINING POSITION OF PALM OIL FRESH FRUIT BUNCH
SMALLHOLDERS

Increasing the bargaining position of palm oil smallholders to receive
higher prices for their fresh fruit bunches can be challenging. There are some
strategies that can help, for instance, using collective action, direct sales,
certification, government support, market transparency, and the use of
technology, particularly to meet and comply with sustainability standards and
access the market (Candra, Hadi, Dewi, & Anggraini, 2021; Dar, Sarkum,
Nasution, & Mustamu, 2018).

Smallholders can form cooperatives or associations to increase their
bargaining power and negotiate better prices with intermediaries (Afrino,
Syahza, Suwondo, & Heriyanto, 2024; Sarkum et al., 2020). Smallholders can
sell their fresh fruit bunches directly to mills or processors, bypassing or
shortening intermediaries and potentially receiving higher prices or margins
(Hutajulu, Chalil, & Sembiring, 2019).

There are opportunities for sustainable palm oil practices by smallholder
farmers (Manurung et al., 2021). Smallholders can obtain certification, such as
the Roundtable on Sustainable Palm Oil (RSPO), which can help them access
premium markets and receive higher prices for their fresh fruit bunches.

Governments can provide support to smallholders, such as access to
credit, technical assistance, and infrastructure, which can help increase their
bargaining power and improve their livelihoods, produce better fresh fruit
bunches, and negotiate better prices with intermediaries so that they can meet
and comply with the sustainability standards (Abideen, Sundram, & Sorooshian,
2023; Candra et al., 2021). The use of technology, such as mobile phones and
online platforms, can help smallholders access market information (for
instance, daily FFB price for reference) and connect with buyers, which can
help increase their bargaining power because of a more transparent FFB
marketing system (Nordin, Chandramohan, Basiron, & Venugopal, 2001).

This study focuses on formulating a simple and more transparent price
formula for pricing palm oil fresh fruit bunches of smallholder farmers as an

integral part of improving their bargaining position toward CPO mills.
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7 FACTORS THAT DETERMINE THE PRICE OF PALM OIL FRESH FRUIT BUNCHES

Several factors determine the price of palm oil, including the quality of
the fresh fruit bunches, the price of CPO in the market, and the role of
intermediaries (Bankole, Ojo, Olutumise, Garba, & Abdulgadir, 2018; Lifianthi,
Rosana, & Thirtawati, 2022; Sarkum et al., 2020).The most profitable for the
smallholder farmers is when they deal with the shortest marketing channel
(Hutajulu et al., 2019). The price of CPO in the market reflects the demand for
palm oil in the global market, which eventually can affect the price of palm oil
fresh fruit bunches. Intermediaries, such as FFB traders, can affect the price of
palm oil by setting the price they are willing to pay smallholders (Sarkum et
al., 2020). In this study, it is assumed that smallholder farmers can sell their
fresh fruit bunches directly to CPO mills without any intermediaries so that they
receive the price of fresh fruit bunches as formulated here. They can receive
the price about 43.7% higher than selling through intermediaries (Moneka,
Alamsyah, & Saputra, 2021).

The quality of the FFBs, including their ripeness, size, and oil content,
can affect the price of palm oil. Smallholders can improve the quality of their
FFBs by using good agricultural practices, such as proper use of sufficient and
balanced nutrient inputs such as fertilizers, integrated pest management, and
soil conservation, harvesting, and handling techniques, which can help them
receive higher prices from crude palm oil processors (Ya Li Lim et al., 2023;
Marimin et al., 2020; Sugianto et al., 2023). In this study, the quality of fresh
fruit bunches is represented by the oil extraction rate (OER) which determines
the quantity of CPO produced by CPO mills.

8 FORMULATING A FAIR PRICE FOR PALM OIL FRESH FRUIT BUNCHES

While oil palm plantation seems to be very profitable, but selling price
of fresh fruit bunches is very sensitive to yield than other investment cost and
recurrent costs (Svatonova, Herak, & Kabutey, 2015). Formulating a fair price
for palm oil fresh fruit bunches (FFBs) produced by smallholders can be

complex. Many factors can affect the price of FFBs, including the cost of
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production, market demand, and global prices. Some companies that have
partnerships with farmers have taken steps to support independent
smallholders by purchasing FFBs above the market rate. This can help alleviate
declining prices’ impact on smallholder livelihoods (Hasan, Fadhil, Fahmid, &
Ahmad, 2022).

In addition to market factors, there are also initiatives aimed at
improving the sustainability of palm oil production by smallholders. For
example, the Roundtable on Sustainable Palm Oil (RSPO) has a program to
certify FFB production by independent smallholders. Certified FFBs can
command a higher price in the market, which can help to improve smallholder
incomes (Candra et al., 2021).

Ultimately, a fair price for FFBs produced by smallholders would need to
take into account the quality of production and market demand. In fact, its
implementation may also be influenced by government policies and initiatives
aimed at supporting smallholder livelihoods by determining fair prices for
smallholder fresh fruit bunches(Purba, Nasution, Amalia, & Wahyono, 2015)
because of the role of risk and uncertainty involved in the process (Papenfus,
2005).

It is important for the government and all stakeholders in the palm oil
industry to work together to ensure that smallholders receive a fair price for
their produce if sustainability initiatives and objectives are expected to be
implemented by smallholder farmers (Nesti, Tan, Ridwan, & Hadiguna, 2018;
E. Wildayana, 2016).

9 INCOME ANALYSIS USING COST STRUCTURE OF PALM OIL FRESH FRUIT
BUNCH PRODUCTION

The cost structure for producing palm oil fresh fruit bunches can vary
depending on several factors, such as the size of the plantation, location, direct
labor costs, and direct material/input costs and overhead costs. The typical
costs involved in producing palm oil fresh fruit bunches, namely, land
preparation and planting, fertilizers and pesticides application, labor costs,

transportation, maintenance/upkeep, harvesting and overhead costs. Land
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preparation and planting include clearing land, preparing soil, and planting
seedlings. Fertilizers and pesticides are used to maintain palm oil plant health
and productivity. Labor costs include hiring workers for harvesting, pruning,
and other tasks (Sembiring, Sarma Sinaga, Wahyuni, Budiman, & Rumenda,
2017). Transportation costs include transporting fresh fruit bunches from the
plantation to the processing mill (Suswatiningsih, Yulistiana, Ayiek, & Sayekti,
2021). Maintenance and upkeep include the cost of maintaining equipment and
repairing any damage caused by pests or weather conditions. Overhead costs
include administrative costs such as permits and taxes (Ismail, Arif, Noor, &
Bidin, 2003; Masyarah, 2022). This study classified them as total variable costs
(TVC) and total fixed costs (TFC).

If the plantation is managed in accordance with the rule and
requirements, it will significantly improve the productivity and quality of oil
palm fruit fresh bunches (Salmiyati, Heryansyah, Idayu, & Supriyanto, 2014).
Smallholder farmers may face additional challenges, such as limited access to
financing and higher input costs due to smaller economies of scale to fulfill
necessary requirements (Wissler, 2015).

The income analysis using the above-mentioned cost structure in general
for smallholder farmers is wriiitten as follows (Khoirunnisa, Riswani, & Lifianthi,

2023; Napitupulu, Ernawati, Elwamendri, Yanita, & Fauzia, 2019a):

Mi= TRf - TCs (1)

where:

TR = Prre X Qrrs

TC¢= TVCs + TFCs

M;: income of smallholder farmers (Rp)

TRs: total revenue of smallholder farmers (Rp)

TCs. total costs of smallholder farmers (Rp)

Perg: price of fresh fruit bunch (Rp)

Qrre: quantity of fresh fruit bunch (ton/year)

TVC;: total variable costs of smallholder farmers (Rp)

TFC;: total fixed costs of smallholder farmers (Rp)
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10 INCOME ANALYSIS USING COST STRUCTURE OF PALM OIL PROCESSING

Palm oil processing is not only a profitable enterprise, it is also possesses
great potentials for poverty alleviation and rural transformation in the
surrounding area (Ilwala OS, 2009; Nze, Nzeakor, & Egbosionu, 2017).

Costs for processing palm oil from palm oil fresh fruit bunches can also
vary depending on several factors, such as the size of the processing mill,
location, labor costs, and input costs, and rely on oil extraction yield (Biodiin,
Akinlabi, Okokpujie, & Fayomi, 2021; Rijali, 2017). There are some of the
typical costs involved in processing palm oil, namely labor costs, energy costs,
chemicals, packaging and transportation, and overhead costs. Labor costs
include hiring workers for operating machinery, maintenance, laboratory
analyst and other tasks. Production cost for CPO can be grouped according to
mill operating cost, overhead cost, depreciation and other cost (Dahniar & Difa,
2021; Man & Baharum, 2011). In this study, they are then classified as total
variable costs (TVC) and total fixed costs (TFC).

The income analysis using above mentioned cost structure in general is

written as follows (Ernawati et al., 2021; Napitupulu et al., 2019a):
rlp= TRp - TCp (2)

where:

Rp = Pcro X Qepo

TC, = TVC, + TFC,

Mp: income of CPO mill (Rp)

TR,: total revenue of CPO mill (Rp)

TC,. total costs of CPO mill (Rp)

Pcpo: price of CPO produced (Rp/kg)

Qcpo: quantity of CPO produced (kg/year)
TVC,: total variable costs of CPO mill (Rp)
TFC,: total fixed costs of CPO mill (Rp)

Energy costs include the cost of electricity, fuel, and other energy

sources used in the processing mill. Chemicals are used in the refining process
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to remove impurities and improve the quality of the final product. Packaging
and transportation include the cost of packaging the final product and
transporting it to customers. Overhead costs include administrative costs such
as taxes, permits, and insurance.

It's worth noting that the cost structure can vary significantly depending
on the sustainability level of processing involved and the quality of input in
terms of oil extraction ratio (OER). OER affects the production cost of CPO
where OER is directly proportionate to production capacity and inversely
proportionate to CPO production cost (Dahniar & Difa, 2021; Man & Baharum,
2011). Mills that apply sustainable practices and certifications,f such as RSPO

may have higher costs due to additional compliance requirements.
11 SIMULATION PROCESS

This study models the cost structure of palm oil farmers and the cost
structure of CPO mills to generate a simple pricing formula in the form of Prrs
= Bo + B4 Pcpo + B2 OER (the price of palm oil fresh fruit bunches (Prrs) as a
function of CPO price (Pcro) and the palm oil fresh fruit bunches oil extraction
yield (OER)), where Prrg is the price of palm oil fresh fruit bunches; Bo, B1, B4
are constants, Pcpo is the price of Crude Palm Oil (CPO); and OER is the oil
extraction rate of fresh fruit bunch.

In order to generate the price equation, it is developed the method using
basic steps as follows:

1. To perform income analysis of farmers using hypothetical standard costs
representing the most efficient practice of good agricultural practices,
and then to perform profitability analysis using a 30-year investment
horizon to generate IRR of farmers (IRRf) based on their level of
productivity;

2. To perform income analysis of CPO mills using hypothetical standard
costs representing the most efficient of good manufacturing practices,
and then to perform profitability analysis using a 30-year investment
horizon to generate IRR of CPO mills based on the input level of CPO

price (Pcro) and oil extraction rate (OER);
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3. To find out at what level of CPO price and OER, when the condition IRRF
and IRRp will be equal based on comparison on the table generated from
the step 1 and 2. Whenever necessary it is applied intrapolation as the
exact number may not appear on the referred table;

4. To compile the data collected from the step 3 and to perform curve
fitting using regression analysis to generate the price equation formula
(Prrs = Bo + B1 Pcpo + B2 OER).

Assumptions applicable in this study:

a. Palm Kernel Qil as output process from palm oil fresh fruit bunch for the
sake of simplicity is not incorporated in this early stage of development;

b. Investment horizon both for palm oil plantations and CPO mills is set at
the same period of 30 years;

c. Income analysis for both palm oil plantation and CPO mills are using a
hypothetical standard cost representing the most efficient costs
applicable;

d. The most efficient hypothetical standard costs is applicable to encourage
efficient practices both for farming and CPO manufacturing so that there

is no inefficiencies burden remaining in the pricing formula.
12 RESULTS

The result of step 1 is shown on the Table 1 below.

Table 1
IRRF(%) on Various Levels of Prrs (Rp/kg) and Productivity (FFB ton/ha)
Daftar IRR, Analisa Kelayakan Kebun datam Constrain Yield dan Harga TBS
PHib b Yield (Vha)
Ap/kg) 1 14 16 1 0 4 26 30 3
800 1 . 1
1.000 ! 4.8 6.7 8.5 10.1¢
1,200 y 2 54 7.9% 101 12.0 13.9 15.69 17.2
1,400 5.4 = 1.1 3.4% 1 17.¢ 18.5 N . 9%
1,600 2 ¢ 10.1 13 156 8.0% 20 22,3 4 26 .94
1,60 & 1 13.9 16 19.5 1.5% 24 26.4 8.4 30.4 2.3%
D00 101 1 17.2%  202% @ 2 2.9 5.5% 9 301 34.4 6.3%
13 16.8 0 3 26.1 " 33.6% 8. 40.0%

Source: Prepared by Authors
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The example result of step 2 is shown on the Table 2 as represented on

the condition that Pees is Rp2,400/kg.

Table 2

IRRp(%) on Various Levels of Pcro (Rp/kg) and OER (%) given that Prrs is

Rp2,400/ kg

Pffo

Pcpo - 77”058(‘3*7')77‘” , -
(Rp/kg) 14 [ 16 18 I 20 [ 22 24 ] 26 28
8,000
9,000 (16
10,000 (8.1%) 2.6%
11,000 (5.0% 5.3% 12.8%
12,000 (4.6%) 6.3% 14.2% 20.9%
13,000 .9%) 5.8% 14.4% 21.6% 27.9%
14,000 (12.7%) 3.5% 13.4% 21.2% 28.1% 34.3%
15,000 (0.6%) 10.9% 19.8% 27.3% 34.0% 40.2%
16,000 (8.7%) 7.1% 17.1% 25.5% 32.8% 39.5% 45.8%
17,000 13.2% 22.5% 30.7% 38.0% 44 8% 51.1%

0.7%

Source: Prepared by Authors

The example result of step 3 is shown on the Table 3 as represented on

some conditions of Prrs (Rp/kg), Pcro (Rp/kg), and OER (%) that meet criteria
IRRp (%)=IRRF (%).

Table 3

Examples of Various Condition of Prrs (Rp/kg), Pcro (Rp/kg), and OER (%)
when IRRp (%)=IRRF (%)

IRR Pffb Pcpo OER
13.0% 1,600 10,316 20.0%
16.8% 1,800 11,832 20.0%
20.2% 2,000 13,360 20.0%
23.2% 2,200 14,900 20.0%
26.1% 2,400 16,451 20.0%
28.7% 2,600 18,011 20.0%

Source: Prepared by Authors
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After compiling the conditions of Pers, Pcro, and OER that meet the

criteria IRRF=IRRp from the previous step (it is graphically represented as the

Figure 1), it is performed curve-fitting using regression analysis.

Figure 1

Graphical Representation of Combination of Prrs, Pcro, and OER that Meet the

Criteria IRRF=IRRp

3D Scatterplot of Pffb vs OER vs Pcpo

OER

Source: Prepared by Authors

In this study, it is found that the regression equation is:

Prra= -2438.7971 + 0.1784 Pcpo + 10219.2072 OER (3)

Regression analysis result is shown in Table 3. In this regards, it is

satisfying because it shows significant goodness of fit as shown by their

significant levels of the parameters tested.
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Table 3
Summary Output of Regression Analysis

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.9965
R Square 0.9931
Adjusted R Squ 0.9929
Standard Error 45.1018
Observations 111
ANOVA

df SS MS F Significance F
Regression 2 31415309 15707654.69 7721.8897 0.000000
Residual 108 219691 2034.1724
Total 110 31635000

Coefficients Standard Error t Stat P-value

Intercept -2438.79711 62.2605 -39.1709 0.000000
Pcpo 0.17835 0.0014 124.2730 0.000000
OER 10219.20721 274.7437 37.1954 0.000000

Source: Prepared by Authors

13 CONCLUSION

The role of smallholder farmers is very important in palm oil industry,
particularly to ensure that sustainability initiatives and objectives, including
Sustainable Development Goals can be implemented and achieved. The fact
that smallholder farmers often receive lower selling prices for their palm oil
fresh fruit bunches must be addressed. Besides the problem of intermediaries,
it is argued that the price for palm oil fresh fruit bunches must be formulated
fairly to balance the interests of smallholder farmers and CPO mills to help and
support palm oil smallholder farmers. This study models the cost structure of
palm oil farmers and the cost structure of CPO mills, then uses a 30-year
investment horizon to analyze the profitability of both palm oil farmers and
CPO mills, applying necessary assumptions to make it workable. By maximizing
profit for both smallholder farmers and CPO mills with the constraints that IRR
of smallholder farmers is greater than or equal to IRR of CPO mills, it is

expected that this study would generate the formula for the price of palm oil
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fresh fruit bunches (Prrg) as a function of CPO price (Pcpo) and the palm oil fresh
fruit bunches oil extraction yield ratio (OER). Using Prrs = Bo + B1 Pcpo + B2
OER as the model, after curve fitting using regression, the price of palm oil
fresh fruit bunches becomes Prrs= -2438.7971 + 0.1784 Pcpo + 10219.2072 OER.
As all parameters are found significantly, this simple equation, as a result, can
help determine fairly the price of palm oil fresh fruit bunches transparently
without any difficulty in developing lengthy and difficult negotiation processes
between smallholder farmers and CPO mills.

There are several subsequent research for consideration. Firstly, it will
be performed using actual data based on the best actual standard cost approach
both for farmers and CPO mills to keep efficiency standard on the pricing.
Secondly, it will be conducted to test against the actual price of palm oil fresh
fruit bunches in various locations to identify whether the model is realistic
enough and whether the actual price is underpriced, fair enough, or even
overpriced compared to the price as suggested by applying this fair price model.
Thirdly, it will be refined by relaxing some assumptions, for instance, by
incorporating the price of palm kernel oil (PKO) as part of the equation so that
there will be four independent variables to determine the price of palm oil
fresh fruit bunches namely, the price of CPO (Pcpo), the crude palm oil
extraction rate (OERcro), the price of PKO (Prko), and the palm kernel oil
extraction rate (OERpko). Fourthly, the simulation process can be improved by
developing and re-arranging the components of the equation so that all
calculations can be conducted in the worksheet without additional manual work

outside the worksheet.
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