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Abstract 
 
The present research, "Mathematical model to determine the mass transfer in 

the palm oil production process", also establishes the amount of palm oil in 

its extraction process. The industrialization of oil palm requires several 
stages in its production process: sterilization, fruit processing, digestion, 

pressing, sieving, sedimentation, and drying; from the raw material to 

obtaining, by mechanical extraction, crude oil palm oil; In its different 
stages, there is mass transfer and energy transfer. The proposed methodology 

was based on the development of mathematical algorithms that allowed the 

simulation of the oil palm production process, mathematically representing 

the physical operations and the chemical processes intrinsic to it; The 
algorithms used in the model are based on the Law of Conservation of Mass 

and the Law of Conservation of Energy. The results obtained in the 

experimentation ratified the calculations of the proposed mathematical model 
that determined for 111.11 Kg of raw material (RFF), 24.45 Kg of crude 

palm oil are obtained. 
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1 Introduction 
 

The oil palm (Elaeis guineensis) is native from West Africa. The oil was 

already being obtained 5,000 years ago, especially in West Guinea, from 

where it passed to America, introduced after the voyages of Christopher 
Columbus. The interest in the oil palm in Peru dates back to 1969 when a 

French Technical Mission evaluated its cultivation in our Amazon. A pilot 

plantation was created in 1973. [1] 

Today, the oil palm is one of the most important crops in Peru; it is the 
oil crop with the highest amount of oil produced per hectare; it can yield 3 to 

5 MT of crude palm oil per hectare. 

Palm oil, which is extracted from the fruit pulp of the fresh bunch of the 
oil palm, also known as "crude oil" or "red oil", has been used historically to 

produce various products, and more recently, produce biodiesel.  

The industrialization of the oil palm requires six stages in its production 
process. These have a consecutive sequence, requiring in all of them, mass 

transfer and energy transfer until finally obtaining the crude palm oil. [2] 

The transfer of mass is a function of the quantity of mass, starting from 

an optimum raw material: The Fresh Fruit Cluster (RFF) of the oil palm. The 
transfer of energy is a function of the temperature and pressure of the system 

and the mass of water used by the boiler to generate steam and transfer heat 

to the system. 
The complex process of industrialization of the oil palm makes it 

difficult to anticipate the amount of finished product to be obtained, 

considering the various mass transfers and energy transfers. Simulating the 

production process of palm oil will allow us to mathematically represent the 
physical operations and chemical processes intrinsic to it, using appropriate 

mathematical algorithms. [3] 

The use of mathematical algorithms will show the physical and chemical 
behavior in the whole system, starting from the raw material (oil palm RFF) 

to the finished product (crude palm oil). The mathematical model to be 

designed will make it possible to establish in advance the amount of palm oil 
obtained, and the mass and heat transfers at each stage of the production 

process. 

 

1.1 Description of the Oil Palm 
 

The oil palm is the oil crop that produces the greatest amount of oil per 

unit of area. With a fruit content of 50%, it can yield from 3,000 to 5,000 kg 
of palm oil per hectare, and more than 600 to 1,000 kg of palm kernel oil.  

Its origin is located along the Gulf of Guinea and extends up to 15° North 

and South latitude. The oil palm is a tropical plant typical of tropical 
climates; it grows up to 500 meters above sea level. Among the oilseed 

crops, it is the one that produces the greatest amount of oil per hectare. [4] 
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Figure 1: Oil palm plantations 

The oil palm is a monocotyledonous plant. As shown in figure 1, Its 
cultivation takes between 2 and 3 years to start producing fruit and can do so 

for 25 years or more. The palm is classified into varieties that are mainly 

characterized by shape, color, fruit composition, and leaf shape. 

 

2 Methodology 
 

Two statistical variables are available for this research: "mass of 

product" determined at each stage of oil palm industrialization and "system 

temperature" determined at each stage of oil palm industrialization. The 

statistical variables "mass of product" and "system temperature" can only be 
measured with a balance in units of kg and a thermometer in units of °C, and 

are therefore considered as quantitative variables. Since this research is 

experimental, both "product mass" and "system temperature" are considered 
continuous variables. In the experiment itself, it could be that, for mass, the 

value of 'product mass' can be set as 15.25; 15.30; 15.28; 15.25; etc.; in units 

of kg; and for temperature, the value of 'system temperature' can be set as 

95.25; 96.05; 95.75; 96.35; etc.; in units of °C. 
Finally, we do not have a finite population because we do not have a 

limited amount of elements of the statistical variables. On the contrary, the 

population will be the result of the number of repetitions of the experimental 
tests; that is, we face an infinite population; in other words, the value of the 

population can be assumed by the researcher. The sample is a significant 

representation of the characteristics of a population, which under the 
assumption of an error (usually between 5 % - 6 %), we study the 

characteristics of a much smaller population set than the overall population. 

[5] 
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The sample size for the present investigation is calculated with the 

equation: 

 
Where: n = sample size. 

Z = [1,88] confidence level, for C = 94 %. 

d = [6 %] level of absolute precision, referring to the width of the confidence 
interval desired in the determination of the mean value. 

p = [0.98] approximate proportion of the phenomenon understudy in the 

reference population. 

q = [0.02] proportion of the reference population not presenting the study 
phenomenon. 

Replacing: 

 
For the present investigation, a sample size of 20 experimental trials is 

considered. 

 

3 Results 
  

3.1 Calculations of Thermodynamic Properties 
 

The saturation pressure of the water is a function of the saturation 

temperature of the water. 
Table 1: Water saturation pressure, as a function of temperature (Own source) 

°C bar 

92 0.77 

93 0.80 

94 0.83 

95 0.86 

96 0.89 

97 0.93 

98 0.96 

99 1.00 

100 1.03 

101 1.07 

102 1.11 

103 1.15 

104 1.19 

105 1.23 

106 1.28 

107 1.32 

108 1.37 
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Table 1 will allow, if necessary, to correct the variables of the boiler, to 

be able to generate water steam at the temperature of saturation of the water. 

 

3.2 Mass Balance (MB) Calculations 
 

Preliminary tests carried out allowed us to diagnose and determine the 

fundamental characteristics that the raw material, the Fresh Fruit Cluster 
(FFC), must comply with to obtain an adequate final product, palm oil, 

through the production process. Next, the mass balance will be made in each 

of the stages of the productive process of palm oil. [6] 
 

3.2.1 B.M. at the RFF Reception 
 

It is assumed in an initial way, a 2,000 Ha oil palm plantation in the 

Peruvian jungle. In coherence with its agricultural productivity, 40,000 

MT/year of Fresh Fruit Cluster (RFF) of oil palm would be obtained. 

Similarly, it is assumed that the oil palm processing plant works 30 days a 
month, 12 months a year. With the data from the previous paragraphs, the 

amount of Fresh Fruit Cluster (FFC) as raw material that would enter the 

production process is calculated. 
The quantity of RFF, at the entrance of the productive process, is: 

RFF= 40.000 TM/year * (1 year)/ (12 months) * (1 month)/(30 days) 

RFF= 111.11 TMD   

Basis of analysis: for pragmatic effects in the experimental part 
(availability of raw material and equipment with maneuverable dimensions), 

"1 day" is taken as the basis of analysis, in the same way, "kg" is taken as the 

unit of mass, obtaining: 
RFF= 111,11 kg   

 

3.2.2 B.E. in Drying 
 

Initial mass: in this stage of the process, enters 26.76 kg of clarified oil 

from the clarification stage.  

Initial temperature: in this stage of the process, the digested fruit enters 
at 50 °C. 

Initial heat of the system: due to the fact that the clarified oil enters this 

stage of the process at a temperature of 50 °C, i.e., it is entering with an 
initial heat, and this heat is no more than the difference between the heat 

gained and the heat lost by the clarified oil in the clarification stage, using the 

equation. 

〖Q 〗_initial= 〖Q 〗_gained- 〖Q 〗_lost [kcal] 

〖Q 〗_21= 3,674-3,524=150 kcal 

The equation determines the heat with which the system has started, due to 

the caloric contribution of the clarified oil. [6,7] 
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Heating of the fruits: in this stage of the process, the vacuum dryer 

operates between 70 - 80 °C. There, the oil moisture is evaporated using a 

vacuum of about 27.5 inches of the mercury column. 
 Amount of steam required: in the drying process, water steam is 

required to generate heat, assuming an amount of water steam of 70% of the 

amount required in the sterilization stage, concerning the clarified oil 
entering this stage, that is, 70% * (180.0 kg of steam / MT of clarified oil), 

that is, 10.8% of the amount of clarified oil. The following expression gives 

this: water vapour = (〖aceie 〗_clarified) * ((126,0)/(1.000)) kg 

The equation determines the amount of water required by the boiler to 

change the water from the liquid state to the steam state and to be able to 

generate the heat required for this stage of the production process. 
water vapor = 26.76*(126/ (1,000)) = 3.37 kg 

 Heat gained by the oil in the drying process, water vapor is generated by 

the boiler. The mass of water vapor is the same mass of water, only it has 
changed from a physical state, from a liquid state to a gaseous state. 

As there is a change of state: it is required to calculate the heat 

generated by the water (sensible heat) and the heat generated by the water 

vapor (latent heat). The heat generated by the mass of water is as follows, 
sensible heat (25 °C to 55 °C) at a pressure of 101,32 kPa and latent heat [of 

vaporization] of 55 °C (15,8 kPa, 566,1 kcal/kg) at 75 °C (38,6 kPa, 554,4 

kcal/kg), thermodynamic tables. Sensitive heat, using the equation: 

Q= m_water*〖ce〗_water* 〖(t〗_2-t_1) [kcal] 

〖Q 〗_22= 3.37*1*(55-50) = 101 kcal 

The equation determines the amount of heat required by the 3.37 kg of water 

(liquid state) to raise its temperature from 25 °C to 55 °C. 

 Changing the state of the water: the 3,37 kg water mass, at the 
temperature of 55 °C and a pressure of 15,8 kPa changes its physical state 

from liquid water to steam water. Latent heat, using the equation 

Q= m_vapour*〖cv〗_vapour [kcal] 

〖Q 〗_23= (3.37) * 566.1= 1,909 kcal 

The equation determines the amount of heat required by the 3.37 kg of water 
(steam state) to raise its temperature from 55 °C to 75 °C. Heat transferred 

from water to the system obtained: 

〖Q 〗_total= 〖Q 〗_sensible+ 〖Q 〗_latente [kcal] 

〖Q 〗_24=101+1,909=2,010 kcal 

The equation determines the amount of heat that has been transferred to the 
system (evaporator). 

Cooling of the system: the palm oil obtained must be cooled for 

immediate packaging; in that sense, the system will be cooled to the ambient 
temperature, from 75 °C to 25 °C. Heat loss by water (latent heat), using the 

equation: 

Q= m_steam*〖cv〗_steam [kcal] 
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〖Q 〗_25=-(3.37) * 566.1=-1,909 kcal 

The equation determines the amount of heat that has been transferred 

from the system (evaporator) to the environment. The system temperature 
has fallen from 75 °C to 55 °C. 

Heat loss to water (sensible heat): using the equation: 

Q= m_water*〖ce〗_water* 〖(t〗_2-t_1) [kcal] 

〖Q 〗_26= 3.37*1*(25-55) = - 101 kcal 

The equation determines the amount of molecular heat in the water, 
which has been transferred to the environment. The molecular temperature of 

the water has fallen from 75 °C to 25 °C. 

Heat loss from the clarified oil (Sensitive heat): the heat that the 
clarified oil has lost at this stage is the same heat that it gained at its 

respective processing stage: 

〖Q 〗_27= -Q_21=-151 kcal 

The negative sign in the equation should be interpreted as heat loss from 

the system (transferred to the environment).  

Heat transferred from the system to the environment: 

〖Q 〗_total= 〖Q 〗_steam+〖Q 〗_water+ 〖Q 〗_(act clarif) [kcal] 

〖Q 〗_28=-1.909-101-151=-2.160 kcal 

Analysis of the E.B. in the evaporator: the calculations made up to the 

previous paragraph allow the heat flows within this system to be sketched 

out. 
 

 
Figure 2: Energy balance in the evaporator (Own source) 

 

Figure 2 outlines the energy balance produced in the evaporator, the inlet 

flow, and the outlet flow. It also shows that the system has "generated" heat, 
but, according to the process explained, this does not happen. The apparent 

heat generated is explained in the following way: the oil clarified in the 

clarifier, leaves to a temperature of 50 °C, and is transferred to the evaporator 
to the same temperature, that is to say, enters to the evaporator to 50 °C, with 

its respective intrinsic heat. [8] 
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Table 2: Temperature recording on evaporation (°C) (Own source) 

.45 T 1 (°C) T 2 (°C) T 3 (°C) T 4 (°C) 

1 50,1 55,4 75,4 25,3 

2 50,5 55,7 75,2 25,4 

3 49,3 54,7 74,4 26,0 

4 49,5 55,2 74,9 24,5 

5 51,0 55,3 75,8 25,4 

6 50,4 55,5 75,3 23,8 

7 50,3 54,8 75,7 25,3 

8 50,7 54,3 75,3 23,6 

9 49,5 55,8 74,3 24,3 

10 49,6 55,3 74,6 25,3 

11 50,4 55,8 74,8 23,7 

12 50,3 55,0 75,3 25,8 

13 50,5 54,4 74,4 24,5 

14 50,6 54,8 74,8 24,2 

15 49,3 54,3 74,3 25,7 

16 49,4 55,7 75,4 25,2 

17 49,9 55,3 75,3 23,3 

18 49,5 55,2 75,8 24,1 

19 51,5 54,7 74,6 23,1 

20 51,4 55,1 75,0 24,3 

average 50,19 55,12 75,03 24,64 

In the experimental part: the temperatures in the drying stage were read, 

making the following record shown in table 2. 
Table 3: Water required to generate heat in the evaporator (°C) (Own source) 

TEST OIL CLARIFIC (kg) 
(1)

 H20 (kg) 
(2)

 

1 22,10 2,8 

2 23,30 2,9 

3 26,20 3,3 

4 23,10 2,9 

5 25,40 3,2 

6 23,40 2,9 

7 24,20 3,0 

8 25,20 3,2 

9 23,80 3,0 

10 22,90 2,9 

11 25,60 3,2 

12 23,10 2,9 

13 24,30 3,1 

14 23,80 3,0 

15 25,20 3,2 
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16 23,00 2,9 

17 22,80 2,9 

18 22,90 2,9 

19 24,70 3,1 

20 24,80 3,1 

average 23,99 3,02 

Calculation of the amount of water required by the boiler: to generate the 
necessary heat in the evaporation stage, according to the proposed 

methodology, we have in Table 3: 

Calculation of the Standard Deviation: from the results obtained 
experimentally, the following record of R is made: 

 
Table 4: Standard deviation of R obtained in the evaporator (kcal/kg) (Own source) 

TEST R = Xi 
(1)

  (Xi-Xaver) (Xi-Xaver)
2
 

1 72,00 0,05 0,00 

2 71,98 0,03 0,00 

3 72,01 0,06 0,00 

4 72,05 0,10 0,01 

5 71,87 -0,08 0,01 

6 71,97 0,02 0,00 

7 71,90 -0,05 0,00 

8 71,78 -0,17 0,03 

9 72,12 0,17 0,03 

10 72,.05 0,10 0,01 

11 72,01 0,06 0,00 

12 71,92 -0,03 0,00 

13 71,82 -0,13 0,02 

14 71,86 -0,09 0,01 

15 71,96 0,01 0,00 

16 72,12 0,17 0,03 

17 72,01 0,06 0,00 

18 72,05 0,10 0,01 

19 71,73 -0,22 0,05 

20 71,79 -0,15 0.02 

average  0,000 0,01 

  σ 0,01 

  σ
2
 0,11 

(2)
 

Table 4 shows that for calculating the sensible heat of water, latent heat 

of the water, and total heat transferred to the system, there is a dispersion of 
0.11 kcal of heat transferred for each kg of clarified oil entering the 

evaporator. This value, which is close to zero, allows us to conclude the 

effectiveness of the equations used in this stage of the production process.  
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4 Discussion 
 

As mentioned, no preliminary research has been found regarding the 

design of a mathematical model or the situation of the oil palm production 

process, and consequently, the results are unprecedented. 
 

4.1 Industrial Process 
 

The process of industrialization of the oil palm is carried out through 
systematic development that involves a series of orderly or organized steps, 

which are carried out after successive productive stages, which are closely 

related to each other and whose only purpose is to obtain the final product. 
 

4.2 Raw Material and Final Product 
 

Starting from the Fresh Fruit Cluster (RFF) of the oil palm, and after a 

series of physical operations and chemical processes, the crude (red) palm oil 

is obtained for human consumption. 

 

4.3 Material and Energy Transfer 
 

Obtaining crude palm oil requires several physical operations and 
chemical processes, carried out in its various stages of productive operation, 

which demand innumerable mass transfer and heat transfer. 

 

4.4 Quantification of the Final Product 
 

The complex industrial process for processing oil palm makes it difficult 

to anticipate the amount of finished product obtained. 
 

4.5 Previous Studies 
 

The author of the present research, in the preliminary investigation 

carried out, has not found any studies related to mathematical modeling that 

would allow determining in advance, the obtaining of palm oil from the 

industrial processing of the oil palm bunch. 
 

4.6 Mathematical Modeling 
 

By applying the equations, for the mass balance and energy balance, 

respectively, in the experimental tests, the result was the simulation of the 

production process, and that, through the algorithms used, allowed the design 
of a mathematical model to determine in advance the amount of palm oil in 

its production process. 
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4.7 Validation of the Mathematical Model 
 

The mathematical model developed in the present research has been used 
in the experimental tests carried out. Being their respective standard 

deviations close to zero, they validate the developed model mathematically. 

 

4.8 Results of the Mathematical Model 
 

Applying the developed mathematical model to the production process of 

the oil palm, it is possible to calculate as shows in figure 3.  

 
Figure 3: Mass and heat transfer in the production process (Own source) 

Figure 3 shows the process of the mass transfer sequence and its 

respective results [8]. 

 

5 Conclusions 
 

The mathematical model designed establishes in advance the amount of 
palm oil through its extraction process. To do this, the amount of raw 

material (Fresh Fruit Cluster of oil palm) must be introduced obtaining. As a 

result, the amount of final product (palm oil). As it is evident that in the 
industrial process of the oil palm, only heat is used to extract the palm oil, it 

is proven that it is a virgin oil.  

The mathematical model designed determines the amount of mass 

obtained at each stage of the industrial process of the oil palm. To do this, the 
amount of material in the initial stage must be introduced, and the result is 

automatically the amount of product obtained in each stage.  
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At any stage of the process, the model allows you to enter a new mass 

value. As it is evident that the industrial process of the oil palm is carried out 

in a closed system, the compliance with the Law of Conservation of Mass is 
checked (∑m input = ∑m output). 

The mathematical model designed establishes the amount of heat 

transferred at each stage of the industrial process of the oil palm. To do this, 
the value of the temperature in the initial stage must be entered, and the 

amount of heat transferred in each stage is automatically obtained as a result. 

At any stage of the process, the model allows a new temperature value to be 
entered. It is evident that in the industrial process of oil palm, it is developed 

in a thermodynamically stable system.  
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