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Executive Summary: Strategic Overview of Palm Oil 
and Kernel Fractions 
Palm oil maintains its position as the world's highest-volume vegetable oil, essential to the 
global food, oleochemical, and energy industries. The successful production of high-quality 
palm products necessitates stringent adherence to highly efficient processing techniques and 
rigorous compliance with global sustainability criteria, such as the Roundtable on Sustainable 
Palm Oil (RSPO) and the Malaysian Sustainable Palm Oil (MSPO) schemes.1 

The manufacturing process fundamentally involves two distinct value streams derived from 
the Fresh Fruit Bunch (FFB): Crude Palm Oil (CPO) extracted from the mesocarp (flesh) and 
Crude Palm Kernel Oil (CPKO) extracted from the inner kernel. These two sources yield oils 
with fundamentally different chemical properties—CPO being rich in C16/C18 fatty acids 
(Palmitic/Oleic), and CPKO being dominated by C12/C14 fatty acids (Lauric/Myristic).3 

Downstream processing converts these crude oils into refined, bleached, and deodorized 
(RBD) products. The industry standard strongly favors Physical Refining over chemical 
methods due to the former’s superior production capacity, higher refining rate, reduced 
chemical consumption, and minimization of environmentally burdensome wastewater.5 
Post-refining, RBD Palm Oil is subjected to fractional crystallization, separating it into the 
low-melting point liquid RBD Palm Olein and the high-melting point solid RBD Palm Stearin, 
each with specialized market applications dictated by their distinct triglyceride and melting 
profiles.8 

 



Section 1: Fundamentals and Feedstock Quality 
1.1. Anatomy of the Oil Palm Fruit and Product Differentiation 
The primary raw material for the palm oil industry is the Fresh Fruit Bunch (FFB). The oil is 
partitioned into two distinct fractions based on its origin within the fruit. Crude Palm Oil (CPO) 
is derived from the outer, fleshy mesocarp, constituting the major product volume of the palm 
oil mill (POM). Crude Palm Kernel Oil (CPKO) is derived from the inner nut kernel, which is 
recovered as a byproduct of CPO production.10 

This separation is critical because the two resultant oils possess dramatically different 
chemical compositions, dictating their functional properties and downstream applications. 
CPO is characterized by a high proportion of saturated C16 (Palmitic acid) and 
monounsaturated C18 (Oleic acid) components. Conversely, CPKO is classified as a lauric oil, 
characterized by extremely high levels of saturated C12 (Lauric acid) and C14 (Myristic acid).3 

1.2. Quality Metrics for Crude Oils 
The quality of crude oil feedstock is paramount, as poor quality increases refining complexity 
and costs. Initial quality is predominantly evaluated by measuring the concentration of Free 
Fatty Acids (FFA) and the content of Moisture & Impurities (M&I). 

For Crude Palm Oil (CPO), industrial target specifications typically mandate a maximum of 5% 
FFA (calculated as Palmitic acid) and a maximum of 0.5% M&I.11 Similarly, Crude Palm Kernel 
Oil (CPKO) should not exceed 5% FFA (calculated as Lauric acid) and 0.5% M&I.11 High FFA 
levels are indicative of enzymatic degradation (lipolysis) which occurred prior to or during the 
extraction process. 

Beyond the glycerides and FFAs, CPO contains critical minor components. These include 
carotenoids, which are the source of the oil’s intense orange-red color, typically present at 
concentrations of 500–700 ppm. CPO also contains natural antioxidants, specifically 
Tocopherols and Tocotrienols (Vitamin E), at concentrations of 600–1000 ppm.3 These minor 
components are essential natural antioxidants in the crude oil. However, it is noteworthy that 
these valuable compounds, along with carotenoids, are either destroyed or removed during 
the high-heat, high-vacuum stages of the subsequent refining process (specifically bleaching 
and deodorization). Consequently, refined palm products (RBD oils) are largely devoid of color 
and retain significantly lower levels of these micronutrients.3 

Section 2: Upstream Manufacturing I: Crude Palm Oil 
(CPO) Extraction 
The production of CPO from the FFB is conducted in the palm oil mill and is a sequence of unit 



operations designed for efficient physical separation and oil recovery.10 

2.1. FFB Reception, Sterilization, and Threshing 
Upon arrival at the mill, the Fresh Fruit Bunches (FFBs) undergo Sterilization, a critical first 
step where they are subjected to high-temperature steam.13 This unit operation is functionally 
complex, serving three essential technical purposes 15: 

1.​ Enzyme Deactivation: The application of heat effectively halts the enzymatic spoilage 
process (lipolysis) that would otherwise rapidly generate high levels of Free Fatty Acids 
(FFA), thus preserving crude oil quality. 

2.​ Mesocarp Softening: The steam coagulates proteins and softens the fruitlets, increasing 
the permeability of cell walls and making the oil cells more accessible for subsequent 
extraction.13 

3.​ Nut Loosening: The thermal expansion and contraction facilitate the loosening of the 
fruitlets from the central spikelets of the bunch, simplifying the following threshing stage. 

The successful, rapid execution of the sterilization step is fundamentally linked to the resulting 
quality of the CPO. The level of FFA in the crude oil is the primary measure of quality, and its 
formation is catalyzed by lipolytic enzymes in the fruit. Sterilization is specifically engineered 
to deactivate these enzymes.15 The success of the mill in achieving CPO with low FFA directly 
reduces the processing complexity and reagent costs required in the downstream refining 
process. A failure or delay in this step yields high-FFA crude oil, which is more challenging to 
refine chemically but can be managed using physical refining methods, establishing a 
technical trade-off between mill efficiency and refinery operational flexibility.7 

Following sterilization, the bunches proceed to the Threshing stage, where the sterilized 
fruitlets are mechanically separated from the empty fruit bunches (EFBs).10 

2.2. Digestion and Mechanical Extraction (Pressing) 
The separated fruitlets are then conveyed to the Digester, where they are mashed and 
heated further using atmospheric pressure steam, typically at 95–100°C for approximately 20 
minutes.16 The purpose of digestion is to complete the rupture of the oil-bearing cells, 
promoting oil flow during extraction, while initiating the separation of the mesocarp fiber from 
the internal nut.13 

The industry overwhelmingly employs the Mechanical Pressing or 'dry' method for oil 
recovery.15 This stage utilizes high-efficiency continuous screw presses, which apply 
mechanical pressure to the digested mash to squeeze out the fluid palm oil.16 Modern, 
high-performance screw presses are engineered to maximize recovery, targeting a high oil 
yield of 92–95% from the FFB. The presses are designed to minimize residual oil content in the 
press cake (fiber and nuts), with targets typically falling below 7%.18 The efficiency of the 
pressing station is enhanced by the prior steps of cooking and mashing, which soften the pulp 



and damage the cell structure, destroying the emulsified state formed between oil and water, 
and reducing oil viscosity for easier extraction.16 

2.3. Clarification of Crude Palm Oil 
The output from the screw press is a mixture of CPO, moisture, and solid impurities. This 
material must be purified through the Oil Clarification section.15 Purification involves boiling 
the mixture with hot water to remove water-soluble gums and resins.15 This process typically 
involves screening, sedimentation in clarification tanks, and sometimes centrifugation to 
separate the Crude Palm Oil (CPO) from water and sludge.12 After purification, the CPO is 
ready for storage or immediate transfer to the refinery. 

A significant structural element of the mill operation is the efficient handling of the press cake 
output, which contains separated fiber and nuts.16 The fiber component is commonly burned 
in mill boilers to generate steam and power, making the CPO extraction process highly energy 
self-sufficient. Crucially, the nuts—containing the valuable kernel—are segregated from the 
de-oiled fiber through processes like fiber-nut separation.15 This integrated approach ensures 
complete resource recovery, minimizing waste streams and yielding two distinct oil products 
(CPO and CPKO) from a single FFB, fundamentally supporting the economic feasibility of the 
entire operation. 

Section 3: Upstream Manufacturing II: Palm Kernel Oil 
(CPKO) Extraction 
The extraction of CPKO is a secondary process that utilizes the palm nuts generated as a 
byproduct during CPO extraction. Due to the inherent hardness of the kernel, the 
manufacturing process requires specific handling and intensive pretreatment. 

3.1. Nut Recovery and Separation 
Following CPO extraction, the fiber and nut mixture is separated.15 The objective of the 
Fibre-Nut Separation stage is to cleanly and efficiently segregate the de-oiled fiber from the 
palm nuts.15 Industrial scale operations utilize specialized equipment such as inclined 
cylindrical revolving screens, air separation columns, or hydrocyclones.19 These systems 
achieve high separation rates, typically reaching 92–95% separation efficiency between the 
kernel and the shell.21 

The efficacy of this separation is highly dependent on the condition of the raw materials, 
particularly their moisture content and size uniformity.21 Research confirms that the 
separation efficiency is significantly higher when processing dry mixtures (reaching up to 
90.1%) compared to wet mixtures.22 This finding indicates that moisture content must be 
actively managed—often necessitating specialized drying steps—to ensure maximal 



separation efficiency before the cracking stage. High contamination of the kernel with shell 
fragments leads to increased abrasive wear on downstream crushing machinery and can 
compromise the quality of the crude oil, highlighting moisture control as a critical logistical 
and engineering parameter. 

3.2. CPKO Pretreatment and Conditioning 
The recovered palm nuts must undergo a series of pretreatment steps to prepare the hard 
kernels for efficient oil release.23 

The essential pre-treating steps include 23: 

1.​ Cleaning: Raw nuts are cleaned to remove impurities that could otherwise damage the 
screw press machinery. 

2.​ Husking and Cracking: The clean palm nut is cracked, and the kernel and shell are 
divided. 

3.​ Secondary Crushing: Due to the relatively large size and hardness of the kernels, they 
are often subjected to secondary crushing to further reduce particle size, which improves 
the overall oil yield. 

4.​ Flaking: Crushed kernels pass through rotating rolls to create thin flakes, maximizing the 
rupture of oil cells. 

5.​ Steamed Frying (Cooking/Conditioning): The flakes are heated and steamed in a 
frying pan to create "matured flakes." This thermal treatment serves to coagulate 
proteins and drastically reduce the viscosity of the oil, which is necessary for maximizing 
recovery in the subsequent pressing stage. This conditioning step also contributes to an 
improvement in crude oil quality.23 

The extraction of CPKO requires a substantial energy investment in mechanical work 
(cracking, crushing, flaking) and thermal energy (steamed frying/conditioning).23 The 
deliberate process of "steamed frying" is aimed explicitly at enhancing the quality of the 
rolled flakes, thereby increasing the final oil yield.23 These complex, energy-intensive 
pretreatment steps are an economically necessary measure, justified by the resultant higher 
recovery of CPKO, compensating for the inherent rigidity and structural toughness of the 
kernel compared to the easily mashed mesocarp pulp. 

3.3. CPKO Extraction Methods 
The conditioned palm kernel flakes are typically fed into mechanical oil expellers (screw 
presses) for extraction.23 This method is the established industrial standard. Alternatively, or in 
combination with pressing (extracting oil from the pressed cake), solvent extraction using 
agents like hexane may be employed to maximize the final yield of CPKO.23 The resulting crude 
oil requires clarification, typically via a filter press, before storage.24 



Section 4: Refining Technology: Transformation to RBD 
Oils 
Crude oils (CPO and CPKO) contain various non-glyceride impurities, including gums 
(phospholipids), color pigments (carotenoids), Free Fatty Acids (FFAs), and volatile odor 
compounds.26 The refining process is essential to remove these impurities to produce edible 
Refined, Bleached, and Deodorized (RBD) oils suitable for commercial application. 

4.1. The Strategic Choice: Physical vs. Chemical Refining 
Refining can be achieved through chemical or physical methods. While chemical refining uses 
alkaline neutralization to remove FFAs, Physical Refining has become the established 
industrial choice for palm oil and palm kernel oil due to its superior efficiency, cost profile, and 
minimized environmental impact.27 

Table 1 provides a comparative analysis of the two technologies: 

Table 1: Comparative Analysis of Chemical vs. Physical Refining for Palm Oil 

 

Parameter Chemical Refining Physical Refining 
(Recommended) 

Deacidification Method Alkaline Neutralization 
(NaOH) 

Steam Stripping (High 
Vacuum/Temperature) 7 

FFA Removal Stage Neutralization Deodorization 
(Simultaneous D&D) 7 

Waste By-Product Large quantity of 
Soapstock/Sludge Water 5 

Highly Pure Fatty Acid 
Distillates (PFAD/PKFAD) 6 

Neutral Oil Loss Higher (Due to 
saponification losses) 

Lower (FFA removed 
without major 
saponification) 7 

Wastewater Generation High 5 Significantly Low (No 
washing needed) 6 

The core operational advantage of physical refining is the elimination of the alkaline 
neutralization step. This step in chemical refining inherently generates large volumes of 
difficult-to-treat soapstock effluent.5 By avoiding this, physical refining addresses two critical 



modern industrial pressures: reducing operational expenditure (by negating the need for 
expensive chemical reagents and extensive washing) and significantly minimizing the 
environmental burden through low wastewater production.28 Furthermore, the FFAs are 
recovered as high-value Palm Fatty Acid Distillate (PFAD) or Palm Kernel Fatty Acid Distillate 
(PKFAD), positioning physical refining as a crucial profit and sustainability lever.6 

4.2. Physical Refining Process Flow 
Industrial refining plants operate based on capacity, ranging from batch types (1–20 TPD) to 
semi-continuous (20–50 TPD), and fully continuous systems (50–1000 TPD).8 The physical 
refining flow comprises three major steps: 

4.2.1. Degumming and Neutralization Pre-treatment (Acid) 

Crude oil is heated and subjected to acid degumming. Phosphoric acid, typically 0.02% to 
0.5%, is added at temperatures between 60°C and 90°C to hydrate and precipitate gums, 
phospholipids, and colloids.23 This pre-treatment prepares the oil, but the physical refining 
process omits the subsequent chemical neutralization step.27 

4.2.2. Bleaching (Decolorization) 

The objective of bleaching is to remove color pigments (primarily carotenoids), residual soaps, 
trace metals, and peroxides, thus improving the oil's stability and final appearance.26 The oil is 
heated to approximately 100–120°C under a vacuum.27 Bleaching earth (activated clay, such 
as bentonite calcium) and sometimes activated carbon are introduced to adsorb these 
impurities and pigments.26 After a required retention time with agitation, the spent earth is 
separated via filtration.27 

4.2.3. Deodorization and Deacidification (D&D) 

This final stage aims to produce a neutral, bland-tasting oil by removing volatile odor and 
flavor compounds, along with the remaining Free Fatty Acids (FFAs) that were retained in the 
physical refining process.27 The oil is subjected to extreme conditions: heating to a very high 
temperature, typically between 240°C and 260°C, under a high vacuum (2–6 mbar).26 
Stripping steam is injected through the oil, which carries away the volatile substances and 
FFAs. The removal of FFAs through steam distillation is the defining characteristic and 
mechanism of the physical refining process.7 

The high temperature used in D&D is necessary for efficient stripping, but it introduces 
thermal stress, which can potentially degrade beneficial minor components. The utilization of 
a high vacuum (2–6 mbar) is an essential engineering control measure; it drastically lowers 
the boiling points of the volatile components, allowing them to be stripped efficiently at the 
minimum necessary temperature. This mitigation strategy minimizes quality loss (such as 
degradation of residual antioxidants) and ensures superior stability and shelf life of the final 



RBD oil.27 

4.3. Refining CPKO (RBDPKO) 
The refining of Crude Palm Kernel Oil (CPKO) generally follows the same fundamental steps: 
degumming, decolorization, and deodorization.26 As with CPO, physical refining is suitable for 
CPKO.6 The final RBDPKO product undergoes filtration to remove any fine particulate matter, 
resulting in a cleaner, first-class product oil suitable for sale or further processing.29 

Section 5: Fractional Crystallization: Production of 
Palm Olein and Palm Stearin 
Refined, Bleached, and Deodorized Palm Oil (RBDPO) is a semi-solid fat at room temperature 
in temperate climates. To broaden its utility, it is separated into liquid and solid fractions via 
Dry Fractionation, yielding RBD Palm Olein and RBD Palm Stearin.8 

5.1. Principles of Dry Fractionation 
Fractional crystallization is a physical separation process that exploits the difference in 
melting points of the oil’s constituent triglycerides.30 The process involves the controlled 
cooling of the oil, which induces a partial crystallization of the higher-melting point saturated 
triglycerides, forming the solid fraction (stearin).30 This solid fraction is then mechanically 
separated from the remaining liquid oil, the olein. 

Palm stearin, the solid fraction, is chemically rich in saturated triglycerides, most notably 
tripalmitin (glyceryl tripalmitate), and typically contains up to 50% palmitic acid.31 Conversely, 
the liquid olein fraction retains a higher concentration of monounsaturated (Oleic) and 
polyunsaturated (Linoleic) fatty acids.3 

5.2. The Fractionation Process Stages 
5.2.1. Crystallization Stage (Controlled Cooling) 

This stage is the most sensitive engineering component of the process. RBDPO is cooled 
within agitated crystallizers under precise thermal control. The objective is to manage the 
kinetics of crystallization to promote the growth of uniform, separable crystal structures, 
known as spherulitic crystals.30 Key control parameters essential for success include 33: 

●​ Cooling Rate: This must be strictly controlled (e.g., between 0.05 and 3.0°C/min) to 
prevent the formation of defective crystal structures which trap liquid oil. 

●​ Agitation Speed: Consistent stirring is required to maintain the crystal suspension and 
prevent clumping or agglomeration of the solid phase. 

●​ End Crystallization Temperature: This variable determines the final Solid Fat Content 
(SFC) and, consequently, the yield and quality characteristics of the resulting olein and 



stearin fractions.33 

The quality of the final fractions and the economic viability of the plant are highly dependent 
on maximizing the recovery of the liquid olein while preserving the quality of the solid stearin. 
This is achieved through the precise engineering control of the cooling profile.34 If the cooling 
rate is too fast or agitation is inadequate, non-uniform crystal structures form, which 
physically trap the valuable liquid olein within the solid stearin matrix. This trapped olein 
cannot be efficiently expelled during the separation phase.30 Therefore, successful 
fractionation is achieved by expertly manipulating the physical chemistry of triglyceride 
alignment through highly controlled thermal and mechanical engineering parameters.33 

5.2.2. Separation Stage 

Once the controlled crystallization phase is complete, the resulting slurry (solid crystals 
suspended in liquid oil) is separated. Industrial operations primarily utilize advanced filtration 
systems, particularly the Membrane Press Filter.30 These sophisticated presses apply high 
pressure, sometimes up to 16 barg, to compress the solid cake (stearin) and mechanically 
squeeze out the liquid olein.30 

Separation efficiency is directly linked to product yield. Optimized systems utilizing membrane 
pressing can achieve Olein yields of approximately 82%, with the resulting stearin filter cake 
possessing a solid content of 30%-32%.30 

The economic feasibility of sophisticated processing often relies on multistage fractionation. 
The objective is to ensure that the sum of the value of all fractions produced exceeds the cost 
of the feedstock and processing.30 For example, the initial stearin fraction can be 
re-fractionated, and the olein can be winterized (further cooled) to yield high-quality fractions 
like Palm Superolein (PSO). The ability to generate these specialized functional fats (e.g., 
confectionery fats or high-stability cooking oils) drives the implementation of multi-stage 
separation assemblies, which are increasingly adopted to enhance product identity and 
quality characteristics.30 

Section 6: Product Profiles, Specifications, and 
Industrial Applications 
The market profile of refined palm products is defined by rigorous technical specifications, 
primarily Free Fatty Acid (FFA) content, Iodine Value (IV), and Melting Point (MP). 

6.1. Technical Specifications of Refined Oils and Fractions 
The following table summarizes the key physical parameters defining the market grade of RBD 
oils and their fractions.9 



Table 2: Key Technical Specifications for Refined Palm Oil Fractions and Palm Kernel Oil 

Product Appearance 
(Ambient) 

Melting Point 
(MP) (∘C) 

Iodine Value 
(IV) 

FFA (Max %) 

RBD Palm Oil 
(RBDPO) 

Semi-Solid 33 – 39 50 – 55 0.1 

RBD Palm 
Olein (RBDPL) 

Clear Liquid 17 – 24 56 Min (to 63) 0.1 

RBD Palm 
Stearin 
(RBDPS) 

White to 
Yellowish Solid 

44 Min (to 55) 32 – 48 0.2 

RBD Palm 
Kernel Oil 
(RBDPKO) 

Light Yellow 
Liquid 

24 – 28 16 – 19 0.1 

The FFA content serves as a direct indicator of refining success, with edible grade oils 
requiring a maximum FFA of 0.1%.9 The Iodine Value (IV) quantifies the degree of unsaturation, 
defined as the weight of iodine absorbed by 100 parts by weight of the fat.36 A higher IV 
signifies a greater number of double bonds, resulting in increased liquid stability and a lower 
melting point.36 

The data clearly illustrates a fundamental inverse relationship between IV and MP: RBD Palm 
Olein exhibits the highest IV (56 Min) and the lowest MP (17–24 0C), while RBD Palm Stearin 
shows the lowest IV (32–48) and the highest MP (44 0C Min).9 This strong correlation is a 
direct measure of the thermodynamic property that the fractionation process successfully 
exploits. Increased unsaturation (higher IV) inherently reduces molecular packing efficiency, 
leading to a lower MP, thereby validating the engineered separation of the fractions. 

6.2. Detailed Fatty Acid Composition 
The distinct applications of these products are derived directly from their fatty acid profiles: 

Table 3: Comparative Fatty Acid Composition (Major Components) 

 

Fatty Acid Chain/Saturation Typical Palm Oil Typical Palm 
Kernel Oil 



(CPO/RBDPO) (CPKO/RBDPKO) 

Capric (C10:0) Saturated - 0.8 – 2.6% 

Lauric (C12:0) Saturated <0.4% 29 – 55% (Avg. 
48%) 

Myristic (C14:0) Saturated 0.2 – 2% 6 – 26% (Avg. 16%) 

Palmitic (C16:0) Saturated 39.8–43.9% (Avg. 
43.7%) 

4 –10% 

Stearic (C18:0) Saturated 4.4% 1 – 3% 

Oleic (C18:1) Monounsaturated 39.9 – 41.5% 12 – 26% 

Linoleic (C18:2) Polyunsaturated 10.3 – 10.7% 1– 8% 

 

6.3. Functional Applications Based on Fraction Properties 
The differentiation in composition leads to highly specialized industrial applications: 

●​ RBD Palm Olein (RBDPL): The low melting point (17–24 0C) and high liquid stability 
render Olein ideal for use as an all-purpose cooking oil, frying fat, and salad oil, 
particularly in regions with temperate climates where it remains a clear liquid.9 

●​ RBD Palm Stearin (RBDPS): The high melting point (440C Min) and concentrated 
palmitic acid content make Stearin a hard fat. It is extensively utilized in the formulation of 
industrial products such as shortenings, margarines, specific confectionery fats (e.g., 
cocoa butter equivalents), and as a feedstock for the oleochemical industry.9 

●​ RBD Palm Kernel Oil (RBDPKO): The dominance of lauric acid provides a sharp melting 
curve and exceptional oxidative stability. These characteristics are highly valued in the 
production of specialty fats for confectionery (e.g., melting mouthfeel coatings), ice 
cream, and in the manufacturing of soaps and detergents due to its excellent foaming 
properties.3 

The fractionation process, while generating high-value products, creates fractions with 
polarizing characteristics. Stearin, in particular, is extremely high in saturated fat (Palmitic 
acid).32 Certain studies have linked high consumption of Palmitic acid concentrations to 
potential adverse health outcomes, such as cardiac dysfunction induced by inflammation.32 



Consequently, processors and food manufacturers must carefully blend these fractions to 
achieve balanced nutritional profiles, acknowledging that the engineered concentration of 
specific fatty acids requires responsible application planning. 

Section 7: Sustainability, Waste Management, and 
Technological Advancement 
The industrial scale of palm oil production mandates robust strategies for managing 
environmental impact and adopting sustainability best practices across the value chain. 

7.1. Waste Management: Palm Oil Mill Effluent (POME) 
A significant challenge in the upstream milling process is the management of Palm Oil Mill 
Effluent (POME), a high-volume wastewater stream discharged during fruit digestion and 
pressing.38 POME is characterized by an extremely high organic load, with Chemical Oxygen 
Demand (COD) concentrations frequently exceeding 50,000 mg/L and Biological Oxygen 
Demand (BOD) around 30,000 mg/L.38 Untreated POME is highly polluting. 

Value Recovery through Anaerobic Digestion 

The preferred modern method for sustainable POME treatment involves Anaerobic 
Digestion.39 This is recognized as a cost-effective and environmentally favorable stabilization 
method.40 Anaerobic microorganisms digest the dense organic pollutants, leading to a 
significant reduction in effluent BOD (removal rates can reach 99%).38 

A major benefit of this technological approach is the generation of biogas, which consists 
primarily of Methane (CH4).40 Since POME is highly rich in organic carbon 40, treating it 
anaerobically transforms a polluting byproduct into a reliable source of renewable energy. If 
POME were discharged untreated or managed without methane capture, the organic carbon 
would release potent greenhouse gases into the atmosphere. By capturing and utilizing the 
methane for energy generation (biogas/electricity), the mill implements a critical strategy for 
mitigating its environmental footprint and transitioning toward a circular economy model, 
increasing overall process efficiency.2 Following anaerobic treatment, the effluent is often 
processed further through aerobic treatment stages (e.g., air flotation and biological 
treatment) to meet national wastewater quality standards before being used as liquid fertilizer 
or safely discharged.38 

7.2. Certification and Regulatory Frameworks 
The global palm oil industry is governed by specialized certification schemes aimed at 
verifying sustainable practices: 

●​ RSPO (Roundtable on Sustainable Palm Oil): This is a global certification system that 
ensures members producing or handling certified sustainable palm oil (CSPO) comply 



with established sustainability requirements. Certification involves a thorough and 
continuous verification process, including systematic annual audits.1 

●​ MSPO (Malaysian Sustainable Palm Oil): This is Malaysia's authoritative national 
standard, covering the entire supply chain from smallholders to refiners. MSPO mandates 
traceability, robust environmental protection, fair labor practices, and the integration of 
circular economy principles.2 

While certification has been shown to significantly reduce deforestation rates in participating 
plantations, studies indicate that adoption often occurred in older plantations that already 
contained little residual forest, limiting the total conservation impact.42 Moreover, certification 
has not consistently demonstrated a causal impact on mitigating forest loss in peatlands or 
reducing fire detection rates.42 This reveals a critical gap between compliance on existing 
cultivated lands and actual comprehensive environmental protection. To maximize 
conservation benefit, certification must see broader adoption across high-risk, forested 
regions and, crucially, be coupled with positive financial incentives, such as price premiums, 
that are directly linked to verifiable conservation efforts and forest preservation.42 

7.3. Technological Advancements for Process Optimization 
Continuous improvement in operational efficiency is driven by technological innovation: 

●​ Digitalization and AI Integration: Modern processing plants are increasingly 
incorporating digital monitoring tools, smart automation, and AI-driven data analytics. 
These technologies facilitate real-time monitoring of operations, leading to waste 
reduction, optimized energy consumption, and streamlined production efficiency across 
the mill and the refinery.14 

●​ Harvesting Optimization: Data gathering and tracking technologies, often using 
handheld devices, are now employed to monitor yield and, importantly, optimize the 
harvesting of Fresh Fruit Bunches (FFBs). Ensuring optimal ripeness is achieved during 
harvest is critical, as fruit ripeness directly influences the quantity and quality of oil that 
can be successfully extracted.43 

●​ Advanced Extraction: Continuous advancements in mechanical pressing and 
specialized kernel processing (e.g., highly efficient nut-fiber separation equipment) 
contribute directly to maximizing oil recovery (e.g., 92–95% oil yield in CPO pressing) 
while minimizing energy waste and wear on machinery.18 

Conclusions and Recommendations 
The palm oil and palm kernel oil manufacturing value chain is characterized by two distinct, 
highly integrated production streams that rely on sophisticated chemical engineering 
processes for refinement and fractionation. 

1.​ Process Efficiency and Environmental Strategy: The industrial preference for 
Physical Refining is a cornerstone of modern palm oil processing. This technique offers 



quantifiable economic advantages—higher yield and lower operational costs—while 
simultaneously acting as a primary environmental mitigation strategy by significantly 
reducing the generation of high-volume, toxic wastewater (soapstock) associated with 
chemical refining.5 

2.​ Fractionation Precision: The successful separation of RBD Palm Oil into Olein and 
Stearin is a direct result of precise thermal and mechanical control during the Dry 
Fractionation process. The strict control over the cooling profile and agitation speed 
dictates the crystal structure, which in turn determines the separation efficiency and the 
ultimate yield of high-value Olein.33 

3.​ Waste as a Resource: POME management has evolved from a pollutant disposal 
challenge to an integrated resource recovery strategy. The capture and combustion of 
methane generated through anaerobic digestion represent a critical, measurable means 
of lowering the industry’s carbon footprint and providing self-generated renewable 
energy, aligning operational efficiency with environmental responsibility.40 

4.​ Sustainability Accountability: While certification schemes (RSPO, MSPO) provide 
necessary governance, their long-term effectiveness hinges on broader adoption and 
the integration of market mechanisms that financially reward conservation efforts. A 
regulatory framework that connects price premiums directly to stringent forest and 
peatland preservation standards is required to drive maximal environmental benefit 
beyond baseline compliance.42 
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