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Consumption of fossil energy continues to increase and therefore fossil energy reserves 
are decreasing, thus the switchover of using fossil energy into new and renewable energy 
is necessary. Biomass especially from oil palm empty fruit bunches is one of potential 
resource as new and renewable energy that can mixture with coal as fuel for power plant. 
However, biomass from oil palm empty fruit bunches has several weaknesses as fuel; it 
is containing of high potassium content and low heating value. Potassium content will 
react with oxygen and resulting potassium oxide (K2O) in the furnace of boiler and it can 
cause the fouling and slagging at the tubes and walls of boiler. Washing with flowing peat 
water is one of method that used to reduce potassium content in empty oil palm fruit 
bunches and torrefaction at 300C is a method is use to increase the heating value of 
biomass from empty oil palm fruit bunches. This research resulted the potassium, 
potassium oxide content is 5% and 3.7% respectively by flowing peat water at 5 lpm for 
60 minutes, and the heating value of biomass by torrefaction process at 300C for 30 
minute was obtain at 28742.17 kJ/kg. 
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1. Introduction 
 

Currently, the consumption of fossil energy continues to increase and therefore fossil energy 
reserves are decreasing, thus the switchover of using fossil energy into new and renewable energy is 
necessary. The switchover of energy fossil to new and renewable energy is necessary to maintain 
energy availability in the future [1]. Renewable energy such as geothermal, solar, wind, hydro and 
biomass are energy that comes from nature that can renew, where its utilization of renewable energy 
is divide into energy that has been develop but is limited, and that has been develop but is still at the 
research stage [2]. 

New energy such as hydrogen, coal bed methane and biocoal is an energy that were produce by 
new technology and has not been use in general, where that energy is comes from renewable or non-

 
* Corresponding author. 
E-mail address: awaludinmartin01@gmail.com 
 
https://doi.org/10.37934/arfmts.90.2.3241 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 90, Issue 2 (2022) 32-41 

33 
 

renewable energy. This energy is also often referred to as alternative energy in the hope that in the 
future it will reduce conventional energy that has been used [3,4,6]. 

The projection of primary energy supply in 2050 originating from new and renewable energy is 
31.2% and 12.3% of which is sourced from biomass, this increases quite significantly where in 2020 
the supply of primary energy from new and renewable energy is only 13, 44% [5]. Table 1 show the 
Indonesia's primary energy supply. 
 

Table 1 
Indonesia's Primary Energy Supply 2015-2050 [5] 
No. Type of Energy Million Tonnes Oil Equivalent (MTOE) 

2015 2016 2017 2018 2019 2020 2025 2030 2040 2050 

1 Crude oil 75.7 76.4 77.7 79.3 81.4 82.8 98.7 112.9 150.9 197.7 
2 Natural gas 43 45.9 49.4 53.1 56.5 61 89.5 109.1 171.6 242.9 
3 Coal 67.6 73.5 80.7 88.4 97.6 104.8 119.8 147.5 198.4 255.9 
4 Geothermal 2.6 3.5 4.4 5.5 6.8 8.9 21.8 28 42.7 58.8 
5 Water 6.9 6.9 7 7.3 7.5 7.8 24.9 29.3 39.7 55.3 
6 Micro hydro 0.3 0.3 0.5 0.8 1.1 1.6 5.2 6.2 8 10.2 
7 Biomass 10.4 11.9 13.3 15 16.8 19.1 33.8 49.8 83 124.2 
8 Solar 0.1 0.1 0.2 0.3 05 0.7 4.3 9.1 18.5 29.6 
9 Wind 0 0 0.1 0.2 03 0.5 1.8 6.7 16.4 27.6 
10 Other 

renewable 
energy 

0 0 0 0 0 0 0.5 1.3 4.3 9.9 

Total 206.6 218.5 233.3 249.9 268.5 287.2 400.3 499.9 733.5 1012.1 

 
To achieve the energy distribution target, Ministry of Energy and Mineral Resources continues to 

increase the use of new and renewable energy is through the co-firing method at power plants steam 
by utilizing biomass as a coal mixture [6]. The potential of biomass in Indonesia that can used as an 
energy source is very abundant, especially waste originating from plants that have the potential to 
be developed. Usually, the biomass that use for source of energy is biomass, which has low economic 
value or is a waste after the primary product is take [7]. 

Oil palm empty fruit bunches is one of the largest sources of biomass where the oil palm area in 
Indonesia was increase every year. The area of oil palm plantations in Indonesia is around 14.32 
million hectares where the large plantations is 8.51 million hectares with oil palm production of 26.57 
million tons and the people's oil palm plantation area of 5.81 million hectares with a production of 
13.99 million tons. Riau is the province with the largest oil palm plantation area in Indonesia is about 
2.74 million hectares in 2018 [8]. Every 1 hectare of oil palm plantations will produce about 1.5 tons 
of empty oil palm bunches [9]. The large amount of availability of empty oil palm fruit bunches as 
biomass so it is very suitable if this biomass is converted into biocoal. 

Utilization of biomass as a fuel is limited by its characteristics such as low bulk density, high 
moisture content, inconsistent particle size, heterogeneous chemical composition, hydrophilicity, 
fibrous nature and relatively low calorific value. One of the conversion technologies that can be 
applied to improve the properties of biomass is torrefaction. The torrefaction of biomass will change 
its physical and thermal properties [10]. 

Biocoal from biomass is produced by processing dry biomass in an inert environment (without 
oxygen) at high temperatures and the conversion of biomass into biocoal is depend on the 
characteristics of the source material [11]. Torrefaction is typically performed in an inert environment 
with mild (200-250℃) or severe (250-300℃) torrefaction conditions. In addition, sufficiently high 
amount of energy obtained from severe reaction has been reported to be suitable for energy 
production sector. Based on the advantages as mentioned above, solid products obtained from 
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torrefaction have potential to be used as coal replacement [12]. Torrefaction treatment on many 
species showed significant improvement of the biomass quality such as low volatile matters, high 
carbon content and importantly high calorific value and emit less carbon monoxide gas which is very 
good for thermal energy conversion process. [13]. 

However, biomass from oil palm empty fruit bunches has several weaknesses as fuel; it is 
contained of high potassium content and low heating value. Potassium content will react with oxygen 
and resulting potassium oxide (K2O) in the furnace of boiler and it can cause the fouling and slagging 
at the tubes and walls of boiler [14]. 

The aim of this research is to increasing the heating value of biocoal through a torrefaction 
process and a washing process with flowing peat water to reduce potassium content. 
 
2. Methodology 
2.1 Material  
2.1.1 Oil palm empty bunches 
 

The materials used in this analysis are empty fruit bunch (EFB) as shown in Figure 1, which can be 
found in oil palm mills abundantly. Proximate data of EFB consist of moisture 9.38%, ash 5.38%, 
volatile matter 68.47%, and fixed carbon 16.77%; then calorific value 4,469 cal/g. Thereafter, 
ultimate data comprise of carbon 46.5%, hydrogen 7.13%, nitrogen 0.89%, total sulphur 0.21% and 
oxygen 39.89% (all the data are in the air dry basis) [15]. Oil palm empty fruit bunches were knowing 
to contain a very high moisture content of around 60%-65%, and contain potassium (K) which reaches 
2.4% [16]. In addition, the empty fruit bunches fibers have several disadvantages include high oil 
content, contains waxy layer on the fiber surface, have alkaline pH and of oil palm are known to 
contain chlorine (Cl). The corrosion effect will increase with increasing Cl content, and elemental 
potassium can play a role in the formation of deposits in the super-heater that can interfere with the 
heat transfer process in the furnace [16,17]. 
 

 
Fig. 1. Biocoal raw material 

 
Indonesia is one of the largest palm oil producing countries in the world. In 2018, the area of oil 

palm plantations in Indonesia was recorded at 14,326,350 hectares, in 2019 the area of oil palm 
plantations reached 14,724,420 hectares and in 2020 it reached 14,996,010 hectares. From statistical 
data, the widest distribution of oil palm plantation area is on Sumatra Island and Kalimantan Island. 
This makes the two regions the largest producers of crude palm oil in Indonesia [18]. 
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2.1.2 Peat water 
 

The degree of acidity (pH) of peat water is low, namely 3-5, because the main content of peat 
water is humic acid, fulvic acid and humin, which are coloring agents in peat water and the 
measurement of pH of peat water is show in Figure 2 [19,20]. Peat water is used to reduce potassium 
levels in empty oil palm fruit bunches because peat water is acidic (humic acid and fulvic acid) which 
has the nature of adsorption of minerals, so peat water can effectively dissolve potassium and its 
ability to dissolve is higher than ordinary water [21]. 
 

 
Fig. 2. Peat Water pH Level 

 
2.2 Experiment Set Up 
2.2.1 Experiment preparation 
 

Washing of empty oil palm fruit bunches samples was carried out in Pambang Baru Village, Bantan 
District, Bengkalis Regency, Riau Province. The pH level (degree of acidity) of the peat water used for 
the washing process is 4.8. 

Dry oil palm empty bunches that have become fine fibers are first wash using peat water to 
reduce potassium (K) levels. Washing was carried out for 60 minutes with water flow rates of 2 lpm, 
3 lpm, 4 lpm and 5 lpm. Samples of empty palm oil bunches to be wash were weighed as much as 
100 grams per wash. After the washing process, the empty oil palm fruit bunches were dry again 
under the sun. 
 
2.2.2 Torrefaction method 
 

Torrefaction is a mild pyrolysis that usually the imposition temperature is around 200 - 300℃. 
This process will remove the moisture in the biomass sample and alters the lignocellulosic 
composition. Torrefaction treatment on many species showed significant improvement of the 
biomass quality such as low volatile matters, high carbon content and importantly high calorific value 
[13]. The torrefaction product will be easier to reduce in size so that the energy consumption to 
reduce the size decreases. The increase in heating value obtained is directly proportional to the 
increase in temperature and torrefaction time. Meanwhile, the effect of increasing particle size 
actually decreases the heating value obtained [21]. The quality of the torrefaction product is largely 
determined by the characteristics of the biomass, temperature and duration of the torrefaction 
process. The longer of torrefaction process can cause the energy components to be lost so that the 
energy content will decrease [11]. 

The torrefaction process was carried out at the Energy Conversion Laboratory, Department of 
Mechanical Engineering, Faculty of Engineering, and University of Riau and the scematic of 
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experiment set up as show in Figure 3. This torrefaction process uses a reactor made of stainless steel 
and a ceramic band heater to heat the sample. 

The experiment procedure for oil palm empty fruit bunches in the torrefaction process were; 
i. All of torrefaction test equipment were Install, and ensure that the components and 

measuring instruments are functioning properly. 
ii. Dry palm empty bunches that have gone through the washing process using peat water are 

put into the reactor tube as much as 100 grams for each test. 
iii. The reactor were Close tightly using a wrench. 
iv. The heater is turned on, the heating level on the temperature controller is set to 300°C. 
v. After reaching the required process temperature, the sample was torrefaction for 30 minutes. 

vi. When finished the heater is turned off. 
vii. The reactor was allowed to cool to ambient temperature, after which samples were taken. 

viii. The torrefaction sample was weighed again and stored in an airtight container. 
 

 
Fig. 3. Torrefaction Process Schematic; 1. Power source; 2. Miniatur circuit breaker (MCB); 3. 
Temperature controller; 4. Solid state relay (SSR); 5. Ball valve; 6 & 7 Thermocouple 1&2; 8. 
Heater; 9. Reactor; 10. Laptop; 11. Data logger 

 
2.3 Data Collection 
2.3.1 Heating value 
 

Heating value is one of the important parameters in fuel quality because heating value is the 
amount of energy released when a fuel is completely burn in a steady flow process. High heating 
value is the calorific value obtained experimentally using a bomb calorimeter as shown in Figure 4. 
Calorific value is the most important parameter of any biomass to be listed as potential energy crop. 
Then, the value continues to increase after the temperature was increased. This result is accordingly 
with the carbon content and volatile matters result. The value of carbon content and volatile matters 
is interrelated even though the relationship is complex. Biomass with low volatile matters, usually 
contain higher amount of carbon and will also has high calorific value [13]. 
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Fig. 4. Bomb Calorimeter 

 
Furthermore, to calculate the heating value of the biocoal sample, it can be calculate using the 

following equation 
 

𝑞 =  
(𝜀 × 𝜃) − 𝑄𝑓𝑢𝑠𝑒 − 𝑄𝑖𝑔𝑛

𝑚𝑓
 

 
where, 
q = heating value (kJ/kg) 
ε = value for bomb (11214.34 J) 
θ = calorimeter temperature rise (°C) 
Qfuse = Value for cotton yarn (1487.21 J) 
Qign = Value for nichrome wire (56.1 J) 
mf = Mass of fuel sample (gr) 
 
2.3.2 Potassium and potassium oxide content 
 

The burning process of empty palm oil bunches will cause the potassium contained to change to 
form K2O compounds (potassium oxide) so that it can cause the risk of fouling and slagging. Slagging 
and fouling are phenomena of sticking and accumulating fused fuel ash on the heat exchanger tube 
or boiler wall. The impact can cause problems such as heat transfer, decreased boiler efficiency, pipe 
blockages, and pipe damage [14]. 

Potassium oxide (K2O) levels in biocoal samples were test by using XRF as shown in Figure 5. XRF 
(X-Ray Fluorescence) is a method to be able to analyze the elemental composition in a sample quickly. 
The principle used is the determination of the elemental composition based on the interaction of X-
rays with matter. Samples analyzed can be in the form of powder or lumps, weighing at least 5 grams. 
 

 
Fig. 5. X-Ray Fluorescence 
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3. Results and Discussion 
 

Biocoal samples from oil palm empty fruit bunches resulting from the washing process using peat 
water and the torrefaction process will be test for potassium oxide (K2O) content and heating value. 
Test of potassium oxide (K2O) content was conduct at the Chemistry Laboratory, Padang State 
University by using X-Ray Fluorescence (XRF) device. The heating value test was using a bomb 
calorimeter and it was conduct at the Energy Conversion Laboratory. 

Table 2 shows the torrefaction process on empty oil palm fruit bunches without washing as a 
biocoal material can increasing the heating value of the sample. The heating value of oil palm empty 
fruit bunches was only 7333.40 kJ/kg without torrefaction process and as shown in Table 2, the 
heating value of the sample increases with the increasing in the temperature of the torrefaction 
process. The increasing of heating value with the torrefaction process is due to the higher 
temperature of the torrefaction process causing the carbon content to increase and the water 
content and volatile matter content to decrease. 
 

Table 2 
Torrefaction Process Observation Data 
�̇� (lpm) Ttor (°C) m1 m2 q (kJ/kg) 

0 0 0 0 7333.40 
0 200 100 76 16630.43 
0 250 100 60 19613.75 
0 300 100 43 25458.91 

 
Biocoal production by washing process using peat water and the torrefaction process on empty 

oil palm fruit bunches has proven to increasing the heating value. The highest heating value of biocoal 
was obtain 28,524. 4 kJ/kg in the washing process by flowing peat water of 5 lpm and the torrefaction 
process at temperature of 300°C for 30 minutes. As shown in Figure 6 the heating value of biocoal 
also increases with the increasing the flow rate of water, thus it can be concluded that the washing 
process will remove the ash content in empty oil palm fruit bunches, resulting in a high heating value 
of biocoal, there are an increasing in heating value about 12%. 
 

 
Fig. 6. Heating value with variant of flow rate 

 
The result of this study was compared with other research and resulting the heating value of this 

research has higher than some previous research. Biocoal production from empty oil palm fruit 
bunches by torrefaction process at 275°C for 45 minutes resulted the heating value is 20697.13 kJ/kg 
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[22]. Biocoal production from palm shells by torrefaction process at 350°C for 20 minutes and by 
flowing of nitrogen at 300 ml/minute resulted the heating value is 28,200 kJ/kg [23].  
 

 
Fig. 7. Graph of Discharge vs Potassium and Potassium Oxide (K2O) 

 
Washing process on empty oil palm fruit bunches using peat water has proven to reduce 

potassium (K) and potassium oxide (K2O) and it can be seen in Figure 7. The unwashed initial sample 
has 66.9% potassium and 62.6% potassium dioxide contents. The content of potassium and 
potassium oxide (K2O) were decreases with increasing water flow and resulted the reducing of 
potassium content at 5 lpm water flow with the remaining potassium and potassium oxide (K2O) 
content of 5 and 3.7% respectively. The decreasing of potassium (K) content in empty oil palm fruit 
bunches was due to the ash content consisting of potassium and minerals dissolved and carried away 
by flowing water during the washing process. 
 

 
Fig. 8. Comparison of Potassium Content with previous research 

 
The washing process with peat water on empty oil palm fruit bunches as a biocoal material has 

proven to reduce the potassium and potassium dioxide content in biocoal by decreasing up to 5% 
and 3.7%, respectively. In previous research, where empty palm oil bunches were washed using only 
with ordinary water, the remaining potassium in the material only reached 42.5% with a water flow 
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rate of 5 lpm and the comparison between this research with the previous research can be saw in 
Figure 8 [14]. 
 
4. Conclusion  
 

This research has been carried out on the production of biocoal from empty oil palm fruit 
bunches, which were previously washed using peat water to reduce potassium content by varying 
the water flow rate by 2 lpm, 3 lpm, 4 lpm and 5 lpm. This research resulted the highest heating value 
of biocoal is 28742.17kJ/kg with 5 lpm flow peat water in washing process for 60 minute and at 300°C 
in torrefaction process for 30 minute. 

In this study, it was also found that the washing process with peat water on empty oil palm fruit 
bunches as a biocoal material has proven to reduce the potassium and potassium dioxide content in 
biocoal with a decrease of up to 5% and 3.7%, respectively. 
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