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	Abstract. The increase in the population of Indonesia is proportional to the increase in the amount of waste produced. Municipal solid waste (MSW) especially organic waste, can be used as solid fuel by means of the torefaction process. Torefaction is a thermo-chemical heat treatment method for biomass conversion that takes place at a temperature of 200oC to 300oC under conditions of atmospheric pressure and in the absence of oxygen. The purpose of this study was to determine the effect of moisture content on calorific, proximate and ultimate values of torefaction samples using municipal solid waste. Setting the water content in the mixed sample (30% rice + 70% wood) with variations in moisture content of 30%, 40%, and 50%; and rice and wood samples with variations in moisture content of 40% and 50%. The torefaction was carried out at a temperature of 300oC for one hour and  inert gas  N2. Torefaction products have been tested contain of the calorific value, proximate testing, and ultimate testing. The results obtained were the best calorific value in the rice sample, the moisture content of 40% was 6351.1 cal / g or equivalent to sub-bituminous coal. The proximate and ultimate results of the best heating value are rice samples with 40% moisture content, fixed carbon 62.95%, volatile matter 27.85%, moisture 7.06%, ash 2.14%, carbon 71.85%, hydrogen. 2.80%, nitrogen 3.17%, and sulfur 0.05%. The calorific value calculation method that is almost close to the test results is the Dulong method, with an average error percentage of 1.63%.
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INTRODUCTION

	1.1 Background

	Indonesia is one of the countries with the largest population in the world. When viewed from the order in the world, Indonesia is a country with the fourth population in the world. Based on data published by the Central Statistics Agency (BPS) in the year 2018 [1], the total population of Indonesia was 261,890,900 in 2017.

	Based on data from the Ministry of Environment and Forestry in 2019 [2], the increase in the population of Indonesia is also proportional to the increase in the amount of waste produced. Indonesia is still facing serious problems in terms of waste management where the national waste generation is 175,000 tonnes per day or the equivalent of 64 million tonnes per year if using the assumption that the waste generated per person per day is 0.7 kg.

	Dixon [3] mentioned that, Municipal waste originating from residential and non-residential areas is known as domestic waste, while non-domestic waste is waste or waste other than household waste, for example waste from industrial processes. Municipal solid waste (MSW) is a mixture of waste mainly from residential and commercial waste consisting of food scraps, garden waste, paper products, plastics, and wood.

	I Rosyadi,at all, 2013 [4] Tested MSW samples taken from the TPA in Cilegon City. It  showed that the sample waste contains water above 50%, while it is known that to become fuel for power plants the permissible moisture content is below 50%. Based on the Ternar triangle diagram, it is known that the composition of the proximate test content of waste to be able to burn without fuel is waste that has a water content (W) below 50%, an ash content (A) below 60% and a burning substance (C) above. 25% by mass.

	We need an appropriate method to manage organic waste that has a high moisture content so that it can become an alternative fuel source that can significantly reduce the amount of waste. One of the technologies that can be used to convert waste into solid fuel which has a high heating value is torefaction.

	Torefaction or light pyrolysis is a heat treatment process at temperatures of 200-300oC at atmospheric pressure in the absence of oxygen. The main products of the torefaction process are solids and gases. Waste torefaction can produce fuel equivalent to Sub-bituminous coal. The emission characteristics of torefaction-generated solid fuel combustion gases from municipal solid waste produce exhaust gases that are more environmentally friendly than direct combustion gases [5].

	Based on the background of the above problems, the researcher wanted to know the effect of increasing water content in the torefaction process on the calorific value of rice-based municipal solid waste (MSW) and wood pellets (organic waste). The second researcher wants to know the water content that has the best calorific value in municipal solid waste (MSW) torefaction products in order to obtain the heating value according to SNI and the proximate and ultimate.

	 

	1.2 Scope

	
		Raw materials used municipal solid waste (MSW), namely mixed samples (30% rice + 70% wood pellets), rice samples, and wood pellet samples.

		The water content of the mixed samples were 30%, 40%, and 50%; while the moisture content of the rice and wood pellets samples were 40% and 50%.

		The temperature is 300oC with a time of 1 hour. This torefaction process uses N2 gas (Nitrogen) to minimize oxygen in the reactor.

		The tests carried out were testing the calorific, proximate, and ultimate values of torefaction-based municipal solid waste (MSW) and wood pellet products.



	 

	1.3 Research Objectives

	
		The objectives to be achieved from this research are:

		Knowing the effect of increasing water content on the calorific value of torefaction samples using rice-based municipal solid waste (MSW) and wood pellets (organic waste).

		Looking for water content that has the best calorific value in the product of city solid waste torefaction (MSW) based on rice and wood pellets.

		Obtained proximate and ultimate test results on torefaction of municipal solid waste (MSW) products based on rice and wood pellets which have the best calorific value.

		Get a method of calculating the calorific value from researchers that is almost close to the test results.



	 

	Literature Study

	2.1 Biomass

	MSW is a heterogeneous raw material, a combination of organic and inorganic waste containing unsorted materials of various sizes, shapes and different chemical compositions. If MSW is used as raw material for waste-to-energy processing plants, there will be variability and instability in operating conditions, which can cause fluctuations in the quality of the final product [6].

	Kadir et al [7] mension that currently, waste processing can be done through thermochemical and biological methods. Thermochemical processes include incineration, pyrolys [8],  and gasification  by Arena [9]. Meanwhile, a common biological method for organic waste is anaerobic process , Silva and Naik, 2007 [10].  The problem with the biological method is the presence of impurities such as plastic that cannot be recycled so that it affects the product gas produced , Jank et al., 2015 [11]. Incineration technology is the controlled combustion of biomass by utilizing heat to generate power through a steam turbine. Chen P, e.l., 2016 [8] said, however, emissions from incinerators can produce various pollutants such as heavy metals, dioxins and furans which are detrimental to human health. Meanwhile, gasification is a partial combustion or oxidation of biomass to produce synthesis gas (Syngas) and ash at high temperatures (> 800 ° C). 

	Utilization of MSW using gasification will significantly reduce the amount of waste, reduce problems in the landfill and be an alternative for advanced thermal treatment applications , Kuo P- C, 2014 [12] .  Municipal solid waste contains high moisture content between 40 - 80, low carbon content (high O / C ratio) and relatively low heating value. So the consequence is that high energy is needed to remove high water content. In addition, due to the low carbon content (high O / C ratio) and low heating value, the amount of synthesis gas production, especially hydrogen gas, is relatively low.

	 

	2.2 Cilegon City Municipal Solid Waste  

	In 2018 the amount of waste generation in Cilegon City was 1,345.05 m3 / day. It is known that the amount of waste generation is directly proportional to the population. Each sub-district in Cilegon City has a different waste generation. It is predicted that the amount of waste generation will continue to increase every year, in line with the population growth. If it is assumed that the waste generation per person per day is 3.25 liters, then the projection of waste generation in Cilegon City in 2019 2025 is as follows.
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	Figure 1. Projection of Cilegon City's Daily Waste Generation 2019-2025

	 

	2.3 Torefaction

	The torefaction process is a relatively mild thermochemical process which involves heating the feedstock to a temperature of 250-350 oC under inert atmospheric conditions. At such temperatures, there is a decrease in water content; The various components of biomass with low calorific value are removed, J. Koppejan, e.l [13] in years 2012. The heating process of biomass using torefaction can improve the characteristics of biomass as a solid fuel, as evidenced by the increasing calorific value, high energy value, hydrophobia and low water content. The torefaction process produces products in the form of solid, liquid, and a little gas, but what is applied to the torefaction process, the desired product is solid fuel.
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	Figure 2. Mechanism of Torefaction

	 

	2.4 Characteristics of Solid Fuels

	The characteristics of the fuel can be determined using two types of analysis, namely proximate analysis and ultimate analysis. 

	
		Ultimate 



	The ultimate analysis is an analysis used to determine the composition of hydrocarbon fuels in the form of basic elements such as carbon (C), hydrogen (H), nitrogen (N), and sulfur (S), and oxygen (O).

	C + N + H + S + O + ASH + M = 100 %........(1)

	Where C, N, H, S, and O are the percentage mass fractions of carbon, nitrogen, hydrogen, sulfur and oxygen in solid fuels.

	
		Proximate



	Proximate analysis is an analysis used to determine compositions such as fixed carbon (FC), volatile matter (VM), ash content, and moisture content (M) of fuel.

	
		Fixed Carbon (FC)



	Fix carbon is solid carbon in the fuel that is left behind after the devolatization process or after the volatile matter is released. The fixed carbon component provides the highest heating value in a solid fuel.

	
		Volatile Matter (VM)



	Volatile matter is a condensable and non-condensable vapor component that is released when the fuel is heated. The amount of volatile matter depends on the heating level and heating temperature used.

	
		Ash



	Ash is an inorganic solid residue that remains after the fuel burns out. Ash components that contain alkali metals can cause dirt, buildup, and corrosion in the gasifier or boiler.

	
		Moisture Content (MC)



	There are two forms of water content in biomass, namely surface moisture and inherent moisture. Surface moisture is the water content in solid biomass that is outside the cell wall of the biomass. Whereas inherent moisture is the water content that is bound in the cell wall of the biomass.

	2.5 Calorific Value

	The calorific value is a measure of the heat energy in the fuel which is used as an indicator in determining the fuel energy content of each fuel. The heating value of combustion is divided into 2 types, namely:

	a. Gross Calorific Value (GCV)

	Gross calorific value is defined as the amount of heat released by the unit mass or volume after the fuel is burned. GCV includes latent heat from evaporation / evaporation of water. GCV is also commonly called Higher Heating Value (HHV). GCV can be obtained using a bomb calorimeter in a laboratory at room temperature.

	b. Net Calorific Value (NCV)

	Net calorific value is defined as the amount of heat released from complete combustion minus the heat of water evaporation in the combustion product. NCV is also commonly called Lower Heating Value (LHV). NCV is produced from the combustion process in water conditions from combustion products in the gas phase. 

	 

	METODOLOGY

	This research was conducted using literature study methods and experimental methods. Conducting literature studies from both text books and journals that have been published and are still relevant in this research. This research was conducted at the Laboratory of Basic Mechanical Phenomena, Department of Mechanical Engineering, Sultan Ageng Tirtayasa University and the Coal Laboratory of PT. Indonesia Power UP Suralaya.

	3.1 Research Flowchart

	1.       Start

	Start Research

	2.       Literature Study

	Collect references related to this research.

	3.       Sample Collection

	The sample used was freshly cooked rice with a percentage of bran and water, namely 1: 2, and using wood pellets derived from Dutch teak.

	4.       Sample Preparation

	Leftover rice and wood pellets generally contain 64% and 22% water content, respectively. To make the standard, the sample is dried at 105oC.
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	Figure 3. Research Flowchart

	5. Testing the Water Content of the Sample

	Tests are carried out to get the results of moisture content (moisture). It was found that the water content of the dried rice and wood pellet samples were 17.49% and 5.72%, respectively.

	 

	6. Setting the Water Content in the Sample Adjustment of moisture content in rice and wood pellet samples with variations in water content of 30%, 40%, and 50%.

	7. Torefaction Process

	The torefaction carried out in this study used a temperature of 300oC with N2 (Nitrogen) gas flow and a rate of 1 L / minute.

	 

	8. Screening of the torefaction results

	The sample was mashed and filtered using a 60 mesh sieve, so that the sample became homogeneous.

	 

	9. Calorific Value Testing, Proximate & Ultimate

	Tests are carried out to determine the calorific value and characteristics of solid fuel.

	 

	10. Result , analysis and Conclusion.

	3.2  Research Variabel 

	The fixed (dependent) variables were time, type of biomass, size, and temperature, while the independent variable was moisture content.

	The fixed (dependent) variables were the type of biomass used based on rice and wood, the torefaction time was set at 1 hour, and the torefaction temperature was 300oC. While the independent variable, namely the water content of the sample varied 30%, 40%, and 50% for the mixed sample and the water content was 40%, and 50% for samples of rice and wood pellets.

	3.3 Research Scheme

	The figure 4 is a schematic of the research process carried out. The research started from entering the sample into the torefaction reactor, closing the reactor, adjusting the torefaction temperature to 300oC, adding 1 l / minute of N2 gas, after 1 hour turning off the heater, opening the reactor lid, and finally taking samples from the reactor..
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	Figure 4. Research Scheme

	Information :

	1. Nitrogen Gas (N2)       6. Glass Wool

	2. Flow Meter             7. Thermocouple

	3. N2 Gas Inlet             8. Thermostat

	4. Sample Holder       9. Outlet

	5. Heater

	 

	RESULT AND DISCUSION

	 

	4.1 Moisture Content

	Testing of moisture content in samples of leftover rice and wood wood pellets was carried out using the Leco brand TGA-801 at a temperature of 107oC. This water content test used the ASTM D7582 method. Based on the test results, the water content in rice that had been dried for 2.5 hours was 17.49%, while the moisture content in wood pellets that had been dried for 1.5 hours was 5.72%.

	Based on the calculation, the mass of water added to achieve the moisture content of 30%, 40%, and 50% in the rice sample were respectively 14.30 gr; 30.01 gr; and 52.02 gr. While the mass of water added to achieve a moisture content of 30%, 40%, and 50% in the wood pellet samples were 27.75 gr respectively; 45.71 gr; and 70.85 gr. 

	 

	4.2 Caloric Value 

	Table 1.Data of Calorific Value of Torefaction Product

	 

	 

	 

	
		
				Sampel

				Caloric Value (kal/gr)
Moisture
30%               40%              50%  

		

		
				Mixed
(30% Rice + 70% Wood)

				   5457,8

				5500,1

				5530,5

		

		
				Nasi

				-

				6351,1

				6186,6

		

		
				Wood

				-

				4655,1

				5246,2

		

	

	 

	The best results for the rice sample, the water content was 40%, which was 6351.1 cal / gr and the lowest was the wood pellet sample with 40% moisture content, which was 4655.1 cal / gr.

	From the calorific value , it can be analyzed the effect of water content in the torefaction process, especially the mixture and wood pellet samples resulting in an increase in heating value, while the rice sample results in a decrease in calorific value. The higher the water content value in the mixture and wood pellet sample, the higher the calorific value of the torefaction results. In contrast to the rice sample, the higher the water content value, the lower the calorific value of the torefaction results. 

	4.3 Proximate Analysis

	

	Figure 5. Graph of Mixed Sample Proximate Value on moisture content

	

	Figure 6. Graph of Proximate Test Results of Rice Samples on moisture content

	

	Figure 7. Graph of Proximate Value  of Wood Pellet Samples on moisture content

	Based on Figure 5, Figure 6 & Figure 7, the shape of the graph of the proximate test results for all samples is almost the same, namely the highest, namely fix carbon, then volatile matter, moisture, and finally ash. However, there is a difference in the graph proximate test results of wood pellet samples with 40% moisture content, namely the percentage of ash is higher than moisture. Anomaly occurs because the length of time for drying the sample after the torefaction process varies depending on the weather, temperature, and environmental humidity.

	          The value of fix carbon in the torefaction sample is directly proportional to the calorific value, the greater the value of the fix carbon, the greater the calorific value of the torefaction sample. Volatile matter affects the value of the fix carbon, the greater the volatile matter value, the smaller the value of the fix carbon and the smaller the calorific value.

	 

	4.4 Ultimate Analysis

	Based on Figure 8, Figure 9, Figure 10, in the graph of the ultimate test results of the three samples, it is found that the carbon element content ranges from 64-71%. The content of the element carbon is much higher than the element hydrogen and nitrogen which is only around 2-3%. The sulfur content has a very small percentage which only ranges from 0.05-0.15%.

	

	Figure 8. Graph of the Ultimate Value  for Mixed Samples on water content

	

	Figure 9. Graph of Ultimate Value of Rice Samples on moisture content.

	

	Figure 10. Graph of Ultimate Value  of Wood Pellet Samples on moisture content

	 

	4.5 Correlation of Calorific Value based on Ultimate Value

	The experimental method using a bomb calorimeter in the laboratory is the most accurate way to determine the calorific value of a solid fuel. However, if the conditions are inadequate, the empirical relationship between ultimate value and heating value (HHV) can be used as another option to find the calorific value of the fuel. In this calculation using the calorific value correlation of Dulong (1880), Vondrecek (1927), and Boie (1953).

	Before calculating the heating value in the correlation formula, first look for the percentage of oxygen (O) in the sample, because the ultimate test does not look for the percentage of oxygen.

	The formula for the percentage of oxygen in the sample.

	 

	 

	a. Correlation of Calorific Value from Dulong

	 

	Calculation for mixed sample moisture content 30%

	 

	 

	 

	r

	 

	b. Correlation of Vondrecek's Calorific Value

	 

	 

	Calculation for mixed sample moisture content 30%

	 

	 

	 

	 

	r

	 

	c. Correlation of Boie's Calorific Value

	 

	 

	Calculation for mixed sample moisture content 30%

	 

	 

	 

	r 

	 

	Table 2. Data of Calorific Value from varian methods
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	From the calculation of the calorific value based on the correlation of the ultimate value, the average percent error in the Dulong Method is 1.63%, the Vondrecek Method is 7.29%, and the Boie Method is 6.84%. From the calculation of the three methods, the average percent error is below 8%. The calorific value calculation method that is almost close to the test results is the Dulong method, with an average error percentage of 1.63%. After being calculated, a comparison graph is made between the calorific value of the test results and the results of the calculation of several methods, the Dulong Method calculation graph is almost the same as the test results.

	4.6 Mass Yield and Energy Yield

	In the torefaction process, the mass yield of biomass in solid form and mass yield occurs from the sample before torefaction. Mass yield is the initial mass fraction of the biomass which will remain in the torefaction product. Energy yield is the fraction of the initial energy of biomass that is retained after torefaction. After torefaction, the energy-rich components will remain in the biomass. This results in a loss of energy (energy yield) of biomass as a whole, even though there is an increase in energy. 

	

	Figure 12. Graph of Mass Yield to moisture content

	

	Figure 13. Graph of Energy Yield to moisture content

	Based on the percentage loss of mass (mass yield) of the torefaction sample, the percentage of mass yield from the mixture and wood pellet samples was obtained, the higher the moisture content, the higher the mass yield percentage. In the food rice sample, the higher the moisture content, the mass yield percentage decreased.

	Based on the percentage of energy loss (energy yield) of the torefaction sample, the percentage of energy yield from the mixed sample and wood pellet sample is obtained, the higher the water content value, the higher the energy yield percentage. In the food rice sample, the higher the water content, the lower the energy yield percentage. The percentage of energy yield is directly proportional to the percentage of mass yield.

	From the graph, it was found that the highest mass yield was in the food sample, the moisture content was 40%, which was 27.75% and the lowest mass yield was found in the mixed sample, the water content was 30%, which was 18.75%. The highest energy yield was also obtained in the food rice sample, the water content was 40%, which was 84.52% and the lowest energy yield was found in the wood pellet sample with 40% moisture content, namely 25%.. 

	 

	 

	5. CONCLUSION

	The conclusions obtained from the research that have been done are:

	1. The effect of increasing the water content of the sample torefaction results of the mixed sample and wood pellet sample resulted in an increase in calorific value, while the rice sample resulted in a decrease in calorific value.

	2. The best calorific value is the rice sample with 40% moisture content of 6351.1 cal / g or equivalent to sub-bituminous coal.

	3. The proximate and ultimate results of the best heating value are rice samples with 40% moisture content, fixed carbon 62.95%, volatile matter 27.85%, moisture 7.06%, ash 2.14%, carbon 71.85% , hydrogen 2.80%, nitrogen 3.17%, and sulfur 0.05%.

	4. The method of calculating the calorific value that is almost close to the test results is the Dulong method, with an average error percentage of 1.63%.
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