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Abstract. It is necessary to enhance the usage of renewable energy sources in the form of 

biofuels. Given that the demand for fossil fuels is increasing every year and the fuel is finite and 

expensive, it supports research and development aimed at obtaining renewable, environmentally 

friendly fuels at a lower cost. Rice husks, considered industrial waste, have not been 

appropriately utilized and frequently contribute to environmental contamination. Therefore, 

efforts must be made to transform rice husk waste into a more valuable commodity. Carbon from 

rice hulls has the potential to be transformed into biopellets for use as fuel. These biopellets are 

created by crushing raw materials and combining them with plant-based adhesives. In the co- 

firing process of the boiler, each biopellet will be combined with coal in proportions of 

100%:0%, 99%:1%, 97%:3%, and 96%:4%. The boiler's performance is determined by testing 

the quality of the bottom ash using both ultimate and proximate analyses. The boiler's energy 

output is maximized by decreasing its coal consumption. 

 
 

1. Introduction 

Along with the country's and the world's rapid economic growth, the use of coal as the primary energy 

source is expanding in various countries, particularly as a fuel in power plants. Following government 

policy, particularly on conserving countermeasures and stages for environmentally friendly coal, 

ecologically sound co-firing technology applies to the energy sector's sustainable development. The 

Ministry of Energy and Mineral Resources (ESDM) recorded a nationwide energy consumption of 

245,518.57 GWh at the end of 2019. The installed capacity of power plants in Indonesia increased to 

69,678.85 MW from 64,924.80 MW in 2018. 

Plan initiatives linked to decreasing GHG emissions from coal-fired power plants include a 

moratorium on coal-fired power plant construction, the phase-out of coal-fired power plants by 2050, 

and the installation of low-carbon technology to increase the efficiency of coal-fired power plants. The 

adoption of co-firing is the quickest to implement of the three alternatives. Currently, a subsidiary of PT 

PLN, PT PJB (Java Bali Power Plant), operates the Paiton (2x400 MW) PLTU with co-firing, using a 

biomass fuel ratio of 1% of the coal energy supply. PT IP (Indonesia Power) operates the Jeranjang 

power plant using organic waste pellets and other biomass waste for a co-firing mixture of up to 3% of 

the coal energy supply. 

Another benefit of biomass is its ability to minimize greenhouse gas emissions, making it one of the 

answers to global warming. Biomass has a low bulk density and calorific value when burned directly 

mailto:rusdianasari@polsri.ac.id
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without processing and high amounts of pollutant emissions. To achieve optimal results when 

processing biomass, you must consider the components influencing the combustion aspect. The raw 

material composition has a significant impact on the combustion properties of biomass. 

Numerous researchers focus on the conversion of organic and inorganic waste into fuel. Generally, 

the distance between biomass production sites, such as forests and agricultural land, and industrial sites 

or residential areas is considerable, necessitating skilled logistics for delivery and storage. Therefore, 

pelletization is an improved way of effective and efficient biomass energy consumption. 

To attain the national energy mix by 2025, it must accelerate capacity growth in new and renewable 

energy, including biomass co-firing development. Co-firing is the combustion of biomass in the boiler 

furnace of a PLTU. Co-firing is an effective means of decreasing emissions without sacrificing 

efficiency. This study examines the energy analysis of co-firing subbituminous coal and rice husk 

biopellets in power plants. The standard parameters for biopellets used in power plants are displayed in 

Table 1. 

 

Table 1. Standard specification of biomass pellets for power plants (SNI 8951:2020) 
 

Test Parameters 
Unit    

min/max 

 Quality   

Premium Standard Utility 

Moisture Content %wt, max 9,5 10 12 

Ash Content %wt, max 1,3 3 4 

Volatile Content %, max 72 71 70 

Fixed Carbon %, min 17 16 14 

Color Value Kcal/kg, min 4.300 4.300 4.040 

 
 

2. Research Methodology 

The raw materials used in this study were sub-bituminous coal and rice husk biopellets with ratios of 

100:0, 99:1, 97:3, and 96:4, respectively. Coal raw materials are obtained from PTBA, and rice husks 

from collecting agricultural waste in the Muara Enim District of South Sumatra. 

 

2.1. Research Procedure 

The research procedure starts with preparing the raw materials and tools used in the study, including 

preparing rice husks that have been dried in advance to be ground. Rice husks are smoothed through a 

pulverizer machine up to a size of 50 mesh which is then carried out ultima and proximate testing first 

before making biopellets 

Fig. 1. Preparation of ultimate and proximate testing of rice husks (A) Rice husks material, (B) 

Pulverizer (C) Sifting (D) Rice husks size reduction 
 

2.2. The analysis method 

The analysis method carried out is a proximate analysis of water content (BS / ISO 11722: 2013), ash 

content (BS / ISO 11711: 2010), volatile content (BS / ISO 562: 2010), and fixed carbon content (By 

A    B C    D  
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Difference). For the ultimate analysis, namely carbon (ASTM D 5373-21), Hydrogen (ASTM D 5373- 

21), Nitrogen (ASTM 5373-21), and sulfur values based on BS / (ISO 19579: 2006). 
 

3. Result and Discussion 

 

3.1. Experimental setup 

This investigation began with the choice of raw materials for rice husks and coal. Utilizing rice husks 

as raw material, a drying process is conducted. The raw materials for rice husks are dried in the sun for 

eight hours to minimize the moisture in the rice husks' raw material before being crushed to reduce the 

particle size. The following phase involves producing rice husk biopellets using a pelletizing machine, 

followed by ultimate and proximate testing to determine the quality of the biopellets. 

 

Rice Husks Chopping Sieving Sifting Results 

 

 

 
Biopellets products Pelletization Stirring 

 
Fig. 2. Experimental setup 

 
Figure 2 shows the stages of the biopellets manufacturing process from the beginning of the raw 

material preparation to the stage of the biopellets manufacturing process and the quality analysis of the 

biopellets produced from the rice husk biomass raw material. The biopellets produced after analysis of 

the chemical composition of raw materials The first selection process, the calorific value of the raw 

materials tested using a calorimeter bomb. 
 

3.2. Result and Discussion 
 

3.2.1. Rice Husk Proximate Analysis 

Proximate analysis is carried out to determine the characteristics of the rice husk raw materials, including 

moisture content, ash content, and volatile matter. Figure 3 shows that the rice husks used in this study 

have a moisture content of 7.47%. 
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Fig. 3. Rice Husk Proximate Analysis Results 

 
This product has a high moisture content. This is due to the inefficient drying of rice husks. Because 

of the water content in the raw material, high water content might impede the combustion process and 

diminish the calorific value of the fuel. In this investigation, rice husks had a high ash concentration of 

20.38%. Ash can produce rust in the combustion process, making it an impediment when burning in the 

boiler. Meanwhile, the content of Volatile Matter / flying substances in rice husks was 58.61% in this 

study, and the carbon content value in rice husks was 13.56%. A high ash content might also accelerate 

the filling of the furnace. As a result, when utilizing rice husk biopellets as fuel, the boiler's operation 

must be adjusted. 
 

3.2.2. Rice Husk Ultimat Analysis 

The ultimate analysis is carried out to determine the characteristics of the content of rice husk raw 

materials, which include carbon, hydrogen, and nitrogen. 
 
 

 

 
Fig. 4. Rice Husk Ultimate Analysis Results 

 
Rice husks have a Carbon content of 34.76 percent, a Hydrogen content of 5.59 percent, and a 

Nitrogen content of 0.3 percent, as depicted in Figure 4 of the final test findings. This demonstrates that 

rice husks containing C, H, and N can be used as biopellets feedstock. The low sulfur content of rice 

husk is a positive value for this biomass since it has no negative influence on the environment or the 

subsequent exhaust emissions when utilized as a co-firing raw material. 
 

3.2.3. Comparison of Proximate Analysis of Coal and Rice Husk Biomass 
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One of the data needed is the test results of the characteristics of coal fuel and rice husks. Both samples 

were tested in the laboratory. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Comparison of Characteristics of Coal and Rice Husks 

 

Figure 5 shows that, characteristically, rice husks have a lower calorific and moisture content compared 

to coal. Meanwhile, rice husks' ash content and volatile matter are much higher than coal. 

 
 

3.2.4. Proximate Analysis of Rice Husk Biopellets 

 

Biopellets are biomass fuels in the form of pellets with uniformity in size, shape, humidity, and 

energy content. The biopellets characteristics of rice husks with variations in powder size composition 

and the addition of adhesives affect the quality of the biopellets produced. Figure 6 depicts that the rice 

husk biopellets utilized in this study had a moisture content that was 7.08 percent lower than the rice 

husk previous to its transformation into the biopellets. This is because rice husks are turned into 

biopellets by extensive drying. The amount of ash contained in rice husk biopellets was 10.93%. The 

characteristics of biopellets produced from rice husks, such as powder size composition and the inclusion 

of adhesives, influence the quality of the biopellets produced. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

 

 

 

 

 

 

 

 

 

60 
58.61 

50 
40.30 

40 
38.61 

30 
20.38 

20 

 

10 

14.29 

7.47 

13.56 

6.80 

0 

Moisture Ash Content Volatile Matter Fixed Carbon 

Coal Biomass 

%
 



98 
 

  

 

 

3.2.5. Comparison of Characteristics of Coal and Rice Husk Biopellets 

The homogeneous mixing of fuels has a crucial influence on combustion quality. In addition, because 

there are distinct variances between coal and rice husk biopellets, it is vital to pay close attention to the 

co-firing percentage ratio to ensure the plant's safety. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Comparison of Characteristics of Sub-Bituminous Coal and Rice Husk Biopellets 

Figure 7 compares the characteristics of sub-bituminous coal and rice husk biopellets. The moisture 

content value of rice husks after becoming biopellets is lower than the moisture content value of coal.  

In contrast, rice husk biopellets is higher than the ash content of sub-bituminous coal. This will enhance 

the flow rate of particles in the exhaust stream, increasing the work of the Electrostatic Precipitator 

(ESP) system. ESP is a technique that captures ash from the co-firing process by applying an electric 

charge to the ESP chamber. The ESP's principle is to apply a negative charge to the ashes enclosed in 

the ESP chamber through numerous electrodes. The ash is then transported through a column 

constructed of positively charged plates. The plates will draw the ash, then the ash will fall and escape 

the ESP system. 
 

4. Conclusion 

Based on the study's findings, it can be concluded that rice husks can be used as biopellets in coal-fired 

power plants as raw materials. Rice husk biomass has significant potential as a raw material for 

producing biopellets for co-firing, as it has a lower approximate analytical content value than the initial 

raw material for rice husk biomass. In addition to the ultimate analysis, all test parameters yielded 

improved findings. Biopellet moisture (moisture content) significantly impacts the calorific value. The 

greater the water content of biopellets, the lower their calorific value. Rice husk biomass has a high 

potential for availability in its early stages of development. In addition to the features of rice husk before 

it is converted into biopellet, it has a greater ash content and volatile matter. In terms of emissions, the 

beneficial environmental impact of cofiring coal and rice husk biopellets has reduced. 
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