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ABSTRACT 
This study aims to optimize Fresh Fruit Bunch (FFB) procurement based on quality to 
maximize profit and support green economy practices in a palm oil mill. A linear 
programming model was developed using operational data from PT. Porman Anugerah 
Sejati, Jambi Province, Indonesia, during 2025. The model incorporated Oil Extraction Rate 
(OER), Kernel Extraction Rate (KER), and Shell Extraction Rate (SER) as quality indicators 
from three supplier categories: independent, estate, and contract suppliers. The optimization 
results showed that contract suppliers generated the highest profit contribution at Rp304.791 
per ton, followed by estate suppliers at Rp181.181 per ton and independent suppliers at 
Rp64.417. The optimal procurement composition utilized 439.8 tons/day of FFB, while 
approximately 100 tons/day of processing capacity remained idle. Shadow price analysis 
indicated that supply constraints were more critical than processing capacity constraints. The 
findings demonstrate that integrating quality parameters into procurement decisions 
improves economic efficiency and supports resource-efficient production aligned with green 
economy principles. 
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The palm oil industry is one of the most strategic agro-industrial sectors in Indonesia, 
contributing significantly to export earnings, employment generation, regional development, 
and national economic growth. Indonesia remains the world’s largest producer and exporter 
of crude palm oil (CPO), where the sustainability and efficiency of palm oil mills become 
increasingly important in maintaining competitiveness in global markets (OECD, 2022). In 
addition, the implementation of sustainability standards and green economy policies has 
encouraged palm oil companies to improve operational efficiency and optimize resource 
utilization. 

Fresh Fruit Bunch (FFB) quality is one of the most important determinants of palm oil 
mill performance because it directly affects extraction efficiency and product yield. The 
quality of FFB is generally represented by Oil Extraction Rate (OER), Kernel Extraction Rate 
(KER), and Shell Extraction Rate (SER). Higher OER reflects greater crude palm oil recovery 
per unit of raw material processed, which ultimately increases profitability and resource 
efficiency. In practice, however, FFB procurement decisions in many palm oil mills are still 
largely based on volume availability and purchase prices, while the heterogeneity of raw 
material quality is often insufficiently incorporated into managerial decision-making. 

Several previous studies have discussed optimization approaches in agricultural and 
agro-industrial systems using linear programming models. Linear programming has been 
widely applied in crop allocation optimization, feed formulation, transportation planning, and 
production management because of its ability to maximize profits under limited resource 
conditions (Taha, 2017; Hillier & Lieberman, 2021). Previous studies also demonstrated that 
linear programming significantly improves resource allocation efficiency and farm profitability. 
Majeke et al. (2013) reported that the application of linear programming in small-scale 
farming systems increased farmers’ income and improved production efficiency under limited 
resource conditions. Similarly, Igwe et al. (2011) applied linear programming to optimize 
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enterprise combinations in semi-commercial agricultural systems and found that optimal 
resource allocation improved operational efficiency and profitability. In the palm oil industry, 
optimization models are generally focused on production scheduling, logistics efficiency, and 
supply chain management. In manufacturing industries, linear programming has also been 
effectively used for product mix optimization to maximize profits under production constraints 
(Yahya et al., 2012). However, most studies still assume homogeneous raw materials and 
rarely integrate quality variability among supplier categories into the optimization framework. 

Recent studies have increasingly emphasized the importance of integrating 
sustainability and operational efficiency within agro-industrial supply chains (Ahmad et al., 
2024; Chen et al., 2023). From a production economics perspective, differences in raw 
material quality create different marginal product values and economic contributions. 
According to microeconomic production theory, higher input quality increases output 
productivity and improves production efficiency (Nicholson & Snyder, 2017). Therefore, 
integrating quality parameters into procurement optimization becomes important to improve 
operational decision-making and maximize profitability. 

In addition to economic considerations, resource efficiency has become a major issue 
within the green economy framework. UNEP (2011) defines green economy as an economic 
system that improves human well-being while significantly reducing environmental risks and 
ecological scarcity. In the palm oil industry, higher extraction efficiency implies lower raw 
material requirements per unit of output, thereby supporting sustainable resource utilization 
and reducing waste generation. Consequently, optimizing FFB procurement based on quality 
not only improves profitability but also contributes to sustainable industrial practices. 

Previous studies related to palm oil optimization have mainly emphasized production 
volume and supply availability, while limited attention has been given to the integration of 
heterogeneous FFB quality into linear programming models. This study addresses this gap 
by incorporating OER, KER, and SER into the objective function and procurement decision 
variables. The novelty of this study lies in integrating quality-based procurement optimization 
with green economy principles in a palm oil mill context. Unlike previous studies that mainly 
focused on production volume optimization, this study explicitly incorporates heterogeneous 
FFB quality parameters into the procurement decision model while simultaneously linking 
operational efficiency with green economy principles. Although this research uses a single 
palm oil mill as the unit of analysis, the developed model is generalizable and may be applied 
to other mills with parameter adjustments. The use of a case study approach allows a more 
in-depth operational analysis while maintaining parameter consistency within the optimization 
model. 
 

METHODS OF RESEARCH 
 

The study utilized secondary operational data obtained from PT. Porman Anugerah 
Sejati, Kabupaten Tebo, Jambi Province, Indonesia. The dataset covered the period from 
January to December 2025 and included daily records of FFB procurement volume, supplier 
categories, Oil Extraction Rate (OER), Kernel Extraction Rate (KER), Shell Extraction Rate 
(SER), processing capacity, product prices, and procurement costs. The data were 
aggregated and averaged to obtain representative operational parameters for the linear 
programming model. 
 

RESULTS AND DISCUSSION 
 

The model results show that the optimal procurement composition is influenced by both 
price and quality parameters. Suppliers with higher OER tend to contribute more significantly 
to profit. The quality parameters of FFB varied across supplier types. Contract suppliers 
showed the highest average Oil Extraction Rate (OER) at 21.41%, followed by estate 
suppliers at 19.90% and independent suppliers at 18.53%. This indicates that contract FFB 
generated a higher crude palm oil yield per ton of FFB processed. Meanwhile, Kernel 
Extraction Rate (KER) was relatively stable across supplier types, ranging from 4.71% to 
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4.89%. Shell Extraction Rate (SER) was highest for independent suppliers at 12.75%, while 
contract suppliers recorded the lowest SER at 10.88%. These differences confirm that FFB 
quality heterogeneity should be incorporated into the linear programming model because 
each supplier type provides different economic contributions. 
 

Table 1 – FFB Quality Parameters by Supplier Type in 2025 
 

Supplier Type OER (%) KER (%) SER/Shell (%) Interpretation 

Independent 18.53 4.89 12.75 Medium oil yield, higher shell recovery 

Estate 19.90 4.77 11.15 Better and more stable extraction quality 

Contract 21.41 4.71 10.88 Highest oil extraction performance 
 

Source: Processed operational data, 2025. 

 

 
 

Figure 1 – Comparison of FFB Quality Parameters across Supplier Types 
(Source: Processed operational data, 2025) 

 
Figure 1 shows that contract suppliers have the highest OER, indicating better oil 

extraction performance. Independent suppliers show higher SER, while KER remains 
relatively stable across supplier types. This confirms that FFB quality differs across suppliers 
and should be incorporated into the optimization model. 

The results demonstrate that FFB quality has a substantial effect on profit generation in 
palm oil mill operations. Contract suppliers generated the highest profit contribution because 
they recorded the highest Oil Extraction Rate (OER), indicating superior crude palm oil 
recovery efficiency. Higher OER increases the quantity of CPO produced per ton of FFB 
processed, thereby increasing marginal revenue and operational profitability. 
 

Table 2 – Optimal Procurement Composition 
 

Supplier Optimal Volume (ton/day) Profit Contribution (Rp/ton) 

Independent 271.39 64.417 

Estate 119.37 181.181 

Contract 49.02 304.791 

Total 439.79  
 

Source: LINDO optimization results, 2025. 

 
This finding is consistent with production economics theory, where higher input quality 

improves output productivity and economic efficiency (Nicholson & Snyder, 2017). In 
practical terms, the use of higher-quality FFB enables palm oil mills to maximize product 
output without proportionally increasing raw material consumption. Consequently, 
procurement decisions should consider not only purchase prices and supply volume but also 
extraction quality parameters. 
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Meanwhile, Kernel Extraction Rate (KER) showed relatively small variation among 
supplier categories, indicating relatively stable kernel productivity across suppliers. However, 
Shell Extraction Rate (SER) varied considerably, especially among independent suppliers, 
suggesting differences in fruit maturity, harvesting standards, and raw material handling 
practices. 

The optimal solution indicates that all available FFB supplies were utilized in the model. 
Contract suppliers generated the highest profit contribution due to superior quality 
performance. 
 

 
 

Figure 2 – Profit Contribution by Supplier Type 
(Source: Authors’ calculation based on operational data, 2025) 

 
The shadow price analysis indicates that production capacity was not a binding 

constraint because the mill still had approximately 100 tons/day of idle processing capacity. 
This condition implies that additional processing capacity would not significantly increase 
profitability under current supply conditions. 

In contrast, all FFB supply constraints were binding, particularly for contract suppliers 
that generated the highest marginal contribution. Economically, this finding indicates that 
increasing the availability of high-quality FFB would provide greater profitability improvement 
than expanding physical processing capacity. Therefore, managerial strategies should 
prioritize strengthening relationships with high-quality suppliers, improving procurement 
contracts, and enhancing supplier quality management systems. In practice, palm oil mills 
should prioritize long-term procurement arrangements with high-quality suppliers rather than 
focusing solely on expanding installed processing capacity. This result also reflects the 
importance of efficient resource allocation in agro-industrial operations. According to 
operations research principles, optimal allocation occurs when scarce resources are directed 
toward activities with the highest marginal contribution (Taha, 2017). 
 

Table 3 – Constraint Status and Shadow Price Analysis 
 

Constraint Shadow Price (Rp/ton) Interpretation 

Capacity 0 Additional capacity does not increase profit 

Independent Supply 64.417 Moderate additional contribution 

Estate Supply 181.181 High additional contribution 

Contract Supply 304.791 Highest marginal contribution 
 

Source: LINDO optimization results, 2025. 

 
The shadow price analysis revealed that production capacity was not a binding 

constraint because the mill still had approximately 100 tons/day of idle capacity. In contrast, 
all FFB supply constraints were binding. This finding indicates that increasing high-quality 
FFB supply is more beneficial than expanding mill processing capacity. Previous operational 
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research studies also emphasized that linear programming provides not only optimal 
allocation solutions but also sensitivity and shadow price information that supports strategic 
managerial decision-making (Grubišić et al., 2019). 
 

 
 

Figure 3 – Shadow Price Analysis (Source: LINDO optimization results, 2025) 

 
Sensitivity analysis showed that moderate changes in CPO prices and procurement 

costs did not alter the optimal procurement composition. However, substantial declines in 
OER values or increases in FFB procurement prices significantly reduced profit contribution, 
particularly for independent suppliers. These findings indicate that raw material quality 
parameters, especially OER, have a strong influence on profitability and procurement 
decisions in palm oil mill operations. 

The results also indicate that the model is relatively robust under normal market 
fluctuations, as the optimal solution remains stable within a certain range of parameter 
changes. This suggests that the optimization model has a sufficient level of reliability in 
representing operational conditions. Nevertheless, maintaining consistent FFB quality 
remains essential to sustain operational efficiency and maximize economic performance 
within the palm oil mill supply chain. 

The integration of FFB quality into the optimization model supports green economy 
principles through improved resource efficiency. Higher extraction rates enable the palm oil 
mill to produce more output from the same quantity of raw materials, thereby reducing 
resource intensity per unit of production. This finding is consistent with recent studies 
highlighting that resource-efficient procurement systems contribute to both environmental 
sustainability and economic performance in agro-industrial sectors (Fitriani et al., 2024; 
Kurniawan et al., 2025). 

Therefore, the implementation of quality-based procurement optimization not only 
improves economic performance but also supports sustainable industrial development within 
the palm oil sector. 

This study has several limitations. The model assumes constant selling prices, 
proportional production relationships, and deterministic supply availability. Market volatility, 
stochastic supply uncertainty, and dynamic pricing behavior were not incorporated into the 
optimization framework. 
 

CONCLUSION 
 

This study successfully developed a linear programming model to optimize Fresh Fruit 
Bunch (FFB) procurement by integrating quality parameters, namely Oil Extraction Rate 
(OER), Kernel Extraction Rate (KER), and Shell Extraction Rate (SER), into the decision-
making framework. The results indicate that FFB quality significantly affects profitability, 
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where contract suppliers generated the highest profit contribution due to superior extraction 
performance. 

The analysis also revealed that production capacity was not the primary operational 
constraint because the mill still possessed idle processing capacity. Instead, the availability 
of high-quality FFB became the most critical factor influencing profitability improvement. 
Therefore, procurement strategies should prioritize quality-oriented supplier management 
rather than focusing solely on procurement volume. These findings may support managerial 
and policy decisions aimed at strengthening quality-oriented procurement systems in palm oil 
mill operations. 

From a green economy perspective, the integration of quality into the optimization 
model supports resource efficiency because higher extraction rates enable greater output 
generation without proportionally increasing raw material consumption. This finding 
demonstrates that operational optimization can simultaneously improve economic 
performance and support sustainable industrial practices. 

Future research should incorporate dynamic pricing, stochastic supply conditions, and 
multi-period optimization models to improve the robustness and applicability of procurement 
optimization in the palm oil industry. The integration of more dynamic and uncertain 
operational conditions is expected to provide a more comprehensive representation of real 
industrial environments and support more adaptive managerial decision-making. 
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