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Dear, 

I/We wish to submit an original research article entitled “Production of Bio-coal Based on Empty Fruit Bunches by Torrefaction Method with Fixed Bed and Tubular Continuous Reactors” for consideration by SINERGI. 
We confirm that this work is original and has not been published elsewhere, nor is it currently under consideration for publication elsewhere. We promise not to withdraw this article after it has been processed by the Editorial Team. If there is a withdrawal, we are willing to pay a penalty of USD 150 (IDR 2000K) to the SINERGI Editorial Team.
In this paper, I/we report on / show that: 
	Field
	:
	Utilization of renewable energy from biomass waste as fuel to reduce the use of fossil energy

	Topic
	:
	Increased production of bio-coal from empty fruit bunches as co-firing fuels for steam power plants

	Brief Background
	:
	Fossil energy use generates greenhouse gas emissions, such as carbon dioxide (CO2), which is caused by the rising concentration of CO2 in the atmosphere due to increased burning of oil, gas and coal, thus leading to global warming. Efforts to find energy sources other than fossil fuels which are commonly known as alternative or renewable energy must be continued. Renewable energy refers to energy derived from sources that are constantly available and will never be depleted. Biomass is a renewable energy source that can generate environmentally friendly energy without causing harm to the environment. Utilization of biomass, especially from empty fruit bunches (EFB) waste, is very possible to use as new renewable energy because the amount is very abundant. Empty fruit bunches are processed into a solid fuel called bio-coal by the torrefaction method. Torrefaction was carried out using fixed bed and continuous tubular reactors.

	Research Problem
	:
	Empty fruit bunches can be used as fuel, but their utilization has not been optimized due to their low calorific value and high chlorine and potassium contents, which can interfere with the combustion process. During combustion in furnaces and superheaters, potassium converts into potassium oxide (K2O). The remaining potassium oxide ash from combustion can adhere to the walls, reducing the efficiency of the boiler. The use of various types of biomass as boiler fuel poses risks of contamination and damage to boiler heating equipment, including slagging, fouling, corrosion, agglomeration, and sintering. The chlorine content present in EFB can cause corrosion in the boiler during combustion.

	Overview of Method
	:
	In this study peat water is utilized as a medium for reducing the potassium and chlorine contents in EFB through washing. Peat water is acidic due to the presence of humic acid and fulvic acid. As a result, peat water is effective in dissolving potassium and chlorine because humic acid has the ability to adsorb minerals, making it more efficient in dissolving these elements compared to regular water. Torrefaction is a treatment to improve the quality of EFB. Torrefaction is a mild pyrolysis that usually the imposition temperature is around 200 - 300°C. Temperature in the torrefaction process is important in increasing the energy content of the EFB. In this process, the carbon content remains high, while the volatile matter is lost, resulting in an increase in the quality of the biomass. The process produces a uniform solid product with reduced moisture content and higher energy content compared to raw biomass.

	Significant finding
	:
	Based on the results of the study it can be analyzed that the washing process with peat water can reduce the potassium, chlorine and potassium oxide content in EFB, while the torrefaction process can increase the heating value. Bio-coal produced at different flow rates showed the lowest K, Cl, and K2O content at a peat water flow rate of 40 lpm resulted in respective content values of 8.31%, 0.42%, and 3.96%, with a heating value of 20,878 kJ/kg. Furthermore, the bio-coal produced using a fixed bed reactor outperforms a continuous tubular reactor in terms of heating value. Specifically for the fixed bed reactor with mass variation, achieved a heating value of 26,166 kJ/kg and for the continuous tubular reactor, a heating value of 21,720 kJ/kg. 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 moisture content and volatile matter to decrease. The heating value of bio-coal 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 EFB resulting in a high heating value of bio-coal.
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