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Abstract – This research investigated the influence of torrefaction temperature and duration on the physical 

characteristics of biomass pellets made from rice straw mixed with dolomite. This research examined the physical 

characteristics, pellet density, higher heating value, and hydrophobicity of the pellets. Dolomite was added at weight 

percentages of 0%, 3%, 5%, and 10%. The temperature of torrefaction process was conducted at 230°C, 250°C, and 

270°C for durations at 5, 10, and 15 minutes. The experimental results indicated that increasing the temperature and 

residence time increased both the higher heating value (HHV) and hydrophobicity of the pellets. The results 

indicated that increasing both temperature and duration can significantly enhance the HHV, while the density 

exhibited a slight decrease. However, the pellets containing dolomite showed a decrease in HHV compared to the 

control samples without dolomite. Therefore, the optimum conditions were at 270°C for 15 minutes and with a 

dolomite addition ratio of 3%, under which the heating value of the fuel increased by up to 17.52% compared to the 

raw biomass. 
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 1. INTRODUCTION 

Biomass energy has been considered an attractive 

renewable energy source because agricultural residues 

provide a clean, renewable, and sustainable energy source. 

Biomass fuels are widely used in power plants to replace 

fossil fuels. The benefits of biomass fuels include low 

pollution, affordability, and a wide range of available 

sources. Additionally, biomass energy can help reduce net 

carbon dioxide emissions, as well as emissions of sulfur 

and nitrogen oxides. [1]-[4]. As an agricultural country, 

Thailand has high-potential biomass sources, including 

rice straw, sugarcane bagasse, corn cobs, cassava 

rhizomes, rice husk, wood chips, and sawdust. In 2024, the 

average rice planting area is about 65 million rai, 20 per 

cent of the total area of country. Each production cycle has 

about 25.45 million tons of rice straw per year, and there is 

a remaining amount of rice stubble in the rice fields of 

16.9 million tons per year. It has the highest amount of rice 

straw and rice stubble compared to other crop residues. 

Therefore, rice straw has significant potential for being 

converted into biomass fuel. Additionally, The Thai 

government aims to achieve 30% renewable energy by 

2036. [5]-[7]. Biomass fuels are carbon-neutral and have 

a positive impact on the environment, which are 

alternative energy sources to fossil fuels in the future. 

Biomass raw materials, as a natural form for 

combustion, have limitations such as irregular shapes, 
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lower densities, higher moisture content, and 

hydrophilic properties, which decrease their heating 

value. All these parameters influence the higher costs 

for transportation and energy production process. In 

addition, the problem of slagging and fouling occurs in 

biomass combustion, affecting combustion efficiency. 

Therefore, many researchers have studied biomass 

conversion technology and performed it to prevent 

slagging [8]-[12]. One of the methods of improving fuel 

properties by conversion technology is pelletizing. 

Biomass pellets are typically cylindrical, with low 

moisture content and high density. The high density of 

biomass pellets guarantees economical transportation 

and storage [13]-[17]. However, biomass fuels have a 

lower calorific value than coal, impacting combustion 

efficiency. Therefore, increasing the calorific value of 

the fuel has received attention. One method that has 

focus is the torrefaction method. The torrefaction 

process significantly enhances the properties of biomass 

fuels, including high heating values and improved 

hydrophobicity. Moreover, this method to prevent 

slagging and fouling of biomass fuel combustion is the 

additive method. Adding additives can increase the 

melting temperature of ash, resulting in a reduced 

slagging and fouling formation tendency [18]-[24]. 

When using additives to reduce slag formation in 

biomass combustion, it is important to consider the 

potential decrease in calorific value. Therefore, this 

research aims to investigate the impact of temperature 

and short-term torrefaction duration affect the physical 

characteristics of rice straw pellets, using various 

amounts of dolomite as additives. The physical 

characteristics of biomass pellets focused on the study 

are moisture content, density, high heating values, and 

equilibrium moisture content. 
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2.  RESEARCH METHODOLOGY  

2.1 Raw Materials Preparation 

The rice straw was used as the main material. The 

additive as dolomite was used in pellet fuel production.  

The additive used in this research is dolomite, a mineral 

and sedimentary rock composed of calcium magnesium 

carbonate in powdered form, which was studied. The 

process utilizes the main material and dolomite, as 

illustrated in Figure 1. 

 

  
 

(a) rice straw 

 

(b) dolomite 

Fig. 1. The images of rice straw and dolomite. 

2.2 Biomass Pelletization Processes 

Biomass pelletization processes is an efficient process 

consisting of four essential steps: drying, grinding, 

pelletizing, and cooling. Each stage is crucial in 

transforming raw materials into a high-quality energy 

source. The initial step, the rice straw as main raw 

materials was passed the drying process. The particles of 

the rice straws were reduced to 5 mm, which were 

produced using a grinding machine. To prepare dolomite 

powder as an additive, the dolomite was dried at 105 °C 

for 24 hours. This research studied adding percentage of 

additive as dolomite at 3%, 5%, and 10%, respectively. In 

the preparation of pellets with additive. The flat-die pellet 

mill machine was utilized to produce pellet samples. The 

pellets diameter was 6.0mm. The pellet fuel samples were 

tested following the standards set by the Pellet Fuels 

Institute (PFI). 

2.3 Torrefaction process of rice straw pellets    

For the torrefaction process, a 10-gram pellet sample was 

introduced into a reactor cylinder made of stainless steel 

304. The flow rate of nitrogen was 100 ml/min in the 

controlled heating furnace, as specified. This study 

investigated temperatures of 230, 250, and 270 °C using a 

temperature controller. Afterward, hot nitrogen was 

introduced into the torrefaction reactor, while the 

residence times were regulated at 5, 10, and 15 minutes, 

respectively. Finally, the physical properties of the pellets 

were tested under all conditions. The diagram for the short 

torrefaction process is illustrated in Figure 2. Equipment of 

torrefaction reactor and reactor cylinder are illustrated in 

Figure 3 and Figure 4. 

 

 

Fig. 2. Diagram for the short torrefaction process of rice straw pellets samples. 
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Fig. 3. Torrefaction reactor for the torrefaction process. Fig. 4. The reactor cylinder contains a pellet sample. 

 

2.4 Pellet Fuel Qualities Testing   

Pellets physical properties include physical appearance, 

pellet density, higher heating value (HHV), and 

hydrophobic. The pellet density was tested to determine 

the density of the pellet. The pellet density was calculated 

as the mass of the pellet (m) divided by volume of the 

pellet (V), as shown in Equation (1). 

ρpellet = m/v     (1) 

When, ρpellet is pellets density (kg/m3), m is pellet mass 

(kg) and v is pellet volume (m3). 

The HHV of the pellet sample will be tested using 

a bomb calorimeter model 1341, following ASTM 

Standard D5865-07. 

The hydrophobic of pellets is the property that 

resists deformation due to contact with moisture or 

water. This physical behavior was observed though 

photography to monitor water absorption. Additionally, 

the equilibrium moisture content (EMC) of the pellet 

was tested using a drying method in a hot air oven. 

Afterward, the pellet sample was weighed, and the 

initial mass (mi) was recorded. Then, the pellet sample 

was placed in the humidity-controlled chamber at 90% 

RH and a temperature of 30°C. Every 30 minute, the 

sample will be weighed on a precision scale until its 

weight stabilizes. At that point, the final mass will be 

recorded. The equilibrium moisture content (EMC) can 

be determined using the Equation (2).  

  EMC = ((mf – mi) x 100 / mi))         (2)  

When, EMC is equilibrium moisture content (% db), mf is 

the final mass (g) and mi is the initial mass (g) 

3. RESULTS AND DISCUSSION 

3.1 Physical Characteristics of Pellets 

The physical characteristics of the samples with 

dolomite at varying ratios of 0% (without dolomite), 

3%, 5%, and 10% are illustrated in Figure 4. In this 

research, the biomass pellet samples with dolomite 

added at 0%, 3%, 5%, and 10% and which were 

torrefaction at 230 °C are referenced to as T230D0%, 

T230D3%, T230D5%, and T230D10%, respectively. 

Moreover, the pellets sample at torrefaction 

temperatures of 250°C and 270 °C with dolomite 

additions of 3%, 5%, and 10%, are designated as 

T250D0%, T250D3%, T250D5%, T250D10%, 

T270D0%, T270D3%, T270D5%, and T270D10%, 

respectively. The physical appearance of the rice straw 

pellets at different residence times is illustrated in Figure 

5 to Figure 7. The characteristics of pellet samples at 

temperatures of 230 °C and 250 °C exhibited similar 

trends. As the residence time increased, the physical 

appearance of the samples changed, with the colour and 

texture becoming darker and shinier. At a residence time 

of 5 minutes for torrefaction processes, the samples 

were dark brown. However, the colour at a residence 

time of 10 minutes was changed to black. When the 

residence time exceeded 10 minutes, a black colour and 

a drier texture were observed on the outer surface of the 

pellets. This dry surface indicated the decomposition of 

hemicellulose and cellulose, which increased the 

hydrophobicity of biomass pellets.  

 

 

Fig. 5. Physical characteristics of the pellets with dolomite 

at 230 oC. 
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Fig. 6. Physical characteristics of the pellets with dolomite 

at 250 oC. 

 

 

 

Fig. 7. Physical characteristics of the pellets with dolomite 

at 270 oC. 

 

Furthermore, at a torrefaction temperature of 

270°C, all dolomite addition ratios and residence time 

resulted in a darker and drier texture on the surface of 

the pellets. Thus, the results demonstrated that 

increasing the residence time at all tested conditions led 

to a deeper dark colour and a drier texture on the surface 

of the pellets.  

3.2 Effect of Dolomite Addition on Pellets Properties 

The impact of dolomite addition on pellet properties was 

examined with addition ratios of 0%, 3%, 5%, and 10%, as 

shown in Figure 8. The results obtained from the addition 

of non-torrefied served as a reference for torrefied pellets 

samples. The study results showed that adding more 

dolomite decreases pellet density. The pellet samples with 

dolomite addition ratios at 0%, 3%, 5%, and 10% were 

measured with densities recorded as 100866.54 kg/m3, 

103883.13 kg/m3 ,106252.43 kg/m3, and 106223.06 

kg/m3, respectively. It was indicated that higher levels of 

dolomite addition correlate with reduced pellet density. In 

addition, the addition of dolomite as an additive has an 

impact on the HHV of rice straw pellets. The pellets 

with dolomite addition ratios of 0%, 3%, 5%, and 10% 

were 180.27 MJ/kg, 160.30 MJ/kg, 150.28 MJ/kg, 

and 140.35 MJ/kg. It was illustrated that adding 

dolomite reduced the HHV. 

 

 
Fig. 8. The relationship between dolomite addition and 

pellets density and higher heating value (HHV). 

 

3.3 Density of Torrefied Pellets 

The density of rice straw pellet was tested with different 

proportions of dolomite: 0%, 3%, 5%, and 10%. These 

were evaluated during a short torrefaction process with 

residence times of 5, 10, and 15 minutes, respectively. The 

result of pellet density of rice straw with addition ratios of 

0%, 3%, 5%, and 10%, as illustrated in Figure 9 to Figure 

12. The experimental results indicated that the density of 

non-torrefied pellets was higher than that of torrefied 

pellets. Additionally, it was noted that increasing the 

torrefaction temperature led to a reduction in pellet density 

for the same amount of dolomite added. Additionally, 

longer residence times led to a decreased density of rice 

straw pellets containing dolomite at the same torrefaction 

temperature. Both the torrefaction temperature and 

residence time significantly affect the density of rice straw 

pellets containing dolomite. 

 

 
Fig. 9. The effect of the time on density of the pellets 

without additives at 0%. 
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Fig. 10. The effect of the time on density of the pellets 

without additives at 3%. 

 

 

 
Fig. 11. The effect of the time on density of the pellets 

without additives at 5%. 

 

 

Fig. 12. The effect of the time on density of the pellets 

without additives at 10% 
 

3.4 Higher Heating Values (HHV) of Torrefied 

Pellets 

The HHV of rice straw was assessed after the addition of 

dolomite at ratios of 0%, 3%, 5%, and 10% through the 

torrefaction process. For each dolomite addition ratio, the 

torrefaction temperatures were set at 230°C, 250°C, and 

270°C. Additionally, the residence time for each dolomite 

ratio was varied to 5, 10, and 15 minutes, respectively. The 

results for the HHV of rice straw with the different 

dolomite at 0%, 3%, 5%, and 10% are illustrated in Figure 

13 to Figure 16. The experimental results indicated that the 

HHV of the non-torrefied sample was the lowest among 

all case studies. Thus, torrefaction significantly enhances 

the HHV. Increasing the torrefaction temperature 

significantly raised the HHV. However, there was no 

significant difference in HHV between the temperatures of 

230°C and 250°C. In this study, the maximum of HHV 

was illustrated at 270°C across all ratios of dolomite 

addition. Additionally, extending the residence time also 

contributed to an increase in HHV due to this longer 

residence time impacts the processes of dehydroxylation, 

decarboxylation, and decaronylation [19]-[21]. Moreover, 

extending the residence time during torrefaction increases 

the carbon content in relation to the fuel, leading to a 

higher calorific value. 

Fig. 13. The effect of the temperature on HHV for pellets 

without the additive (for 0%). 

 

 

Fig. 14. The effect of the temperature on HHV for the 

pellets with the additive of dolomite at 3% 
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Fig. 15. The effect of the temperature on HHV for the 

pellets with the additive of dolomite at 5%. 

 

 

 
Fig. 16. The effect of the temperature on HHV for the 

pellets with the additive of dolomite at 10%. 

 

3.5 Equilibrium Moisture Content of Torrefied 

Pellets 

The effects of temperatures and residence time of rice 

straw pellets with dolomite on equilibrium moisture 

content (EMC) are examined in this study. The 

torrefaction temperatures were established at 230°C, 

250°C, and 270°C. Additionally, the residence time for 

each dolomite ratio was tested for 5, 10, and 15 minutes. 

The results for the EMC of pellet with the different 

dolomite addition ratios of 0%, 3%, 5%, and 10% are 

illustrated in Figure 17 to Figure 20. The results of the 

EMC for pellets with varying dolomite addition ratios 

showed that increasing the time and temperature 

resulted in a decrease in EMC. 

 

Fig. 17. The effect of the temperature on EMC for the 

pellets without the additive (for 0%). 

 

 

Fig. 18. The effect of the temperature on EMC for the 

pellets with dolomite at 3%. 

 

 

Fig. 19. The effect of the temperature on EMC for the 

pellets with dolomite at 5%. 
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Fig. 20. The effect of the temperature on EMC for the 

pellets with dolomite at 10%. 

4. CONCLUSIONS 

Research results showed that higher temperatures and 

longer residence times resulted in a darker colour and a 

drier texture on the pellet surface. Furthermore, raising 

the torrefaction temperature decreased pellet density for 

the same dolomite ratio. Moreover, a longer residence 

time resulted in a reduced density of rice straw pellets 

that contained dolomite at the same torrefaction 

temperature. It is evident that both the torrefaction 

temperature and residence time have a significant 

impact on the density of rice straw pellets containing 

dolomite. In this study, the maximum of HHV was 

illustrated at a torrefaction temperature of 270 °C. In 

addition, increasing the residence time also resulted in a 

higher of HHV. In summary, both higher temperatures 

and longer residence times can enhance the HHV. 

Additionally, it was observed that as the ratio of 

dolomite added increased, the HHV decreased in all 

cases. Furthermore, the results regarding the EMC of 

rice straw pellets with varying dolomite addition ratios 

indicated that higher torrefaction temperatures and 

longer residence times significantly reduced the EMC. 

ACKNOWLEDGEMENT 

This research is funded by the Silpakorn University 

Research, Innovation and Creative Fund and 

Department of Mechanical Engineering, Faculty of 

Engineering and Industrial Technology, Silpakorn 

University, Thailand. 

REFERENCES 

[1] Ostergaard P.A., Duic N., Noorllahi Y., and 

Kalogirou S., 2020. Latest progress in sustainable 

development using renewable energy technology. 

Renewable Energy 162: 1554-1562. 

[2] Intagun W. and A. Maden., 2020. Effect of mixing 

ratios on physical properties and energy 

consumption of Leucaena pellets by using 

fermented cassava-rhizome. Science, Engineering 

and Health Studies 14: 193-202. 

[3] Rajput S.P., Jadhav S.V., and Thorat B.N.., 2020. 

Methods to improve properties of fuel pellets 

obtained from different biomass sources: Effect of 

biomass blends and binders. Fuel Processing 

Technology 199:1-12. 

[4] Dhyani V. and T. Bhaskar., 2018. A 

comprehensive review on the pyrolysis of 

lignocellulosic biomass. Renewable Energy 

129(Part B): 695-716. 

[5] Unchaisri T., Fukuda S., Phongphiphat A., Saetia 

S., and Sajjakulnukit B., 2019. Experimental study 

on combustion characteristics in a CFB during Co-

firing of coal with biomass pellets in Thailand. 

International Energy Journal 19: 101-114. 

[6] Kongchouy P., Tia W., Nathakaranakule A., and 

Soponronnarit S., 2021. Assessment of seasonal 

availability and spatial distribution of bio-

feedstock for power generation in Thailand. 

BioEenergy Research 1-21. 

[7] Kumar I., Feng K., Sun L., and Bandaru V., 2022. 

Adoption of biomass for electricity generation in 

Thailand: Implications for energy security, 

employment, environment, and land use change, 

Renewable Energy 195: 145-1467. 

[8] Carroll J.P., and J.M. Finnan. 2015. The use of 

additives and fuel blending of reduce emission 

from the combustion of agricultural fuels in small 

scale boilers. Biosystems Engineering 129:127-

133. 

[9] Mlonka-Medrala A., Magdziarz A., Gajek M., 

Nowinska K., and Nowak W., 2019. Alkali metals 

association in biomass and their impact on ash 

melting behaviour. Fuel 261:1-17. 

[10] Toscano G., Feliciangli G., Rossini G., Fabrizi S., 

Pedretti E.F., and Duca D., 2019. Engineered solid 

biofuel from herbaceous biomass mixed with 

inorganic additive. Fuel 256:1-10. 

[11] Liu Y., Yan T., An Y., Zhang W., and Dong Y., 

2021. Influence of water leaching on alkali-

induced slagging properties of biomass straw. 

Journal of Fuel Chemistry and Technology 

49:1839-1849. 

[12] Lachman J., Balas M., Lisy M., Milcak P., and Elbl 

P., 2021. An overview of slagging and fouling 

indicators and their applicability to biomass fuels. 

Fuel Processing Technology 217:1-10. 

[13] Zhu Z., Qingbo Y., Xie H., Wang K., Liu S., Yang 

F., Qin Q., and Qi Z., 2018. Mechanical and 

reduction characteristics of cold-pressed copper 

slag pellets composited within biomass and lignite. 

Renewable Energy 125: 206-224. 

[14] Kanoksilapatham W., Ogawa M., and Intagun W., 

2020. Effects of clay and temperature on the slag 

formation of two biomass fuels: Wood from 

Acacia mangium and rhizome residual from 

Manihot esculenta. Renewable Energy 156: 213-

219. 

[15] Chen C., Bi Y., Huang Y., and Huang H., 2021. 

Review on slagging evaluation methods of biomass 

fuel combustion. Journal of Analytical and Applied 

Pyrolysis 155: 105082.  

[16] Intagun W., Sonponpongpipat N., and 

Kanoksilapatham W., 2023. Fermented cassava-

http://www.rericjournal.ait.ac.th/


Intagun W. and P. Comsawang / International Energy Journal 25 (2025) Special Issue 3A (455 – 462)  

©2025. Published by RERIC in International Energy Journal (IEJ), selection and/or peer-reviewed under the responsibility of the Organizers of the “17th International 

Conference on Science, Technology and Innovation for Sustainable Well-Being (STISWB 2025)” and the Guest Editor: Prof. Pradit Terdtoon of Chiang Mai 

University, Chiang Mai, Thailand. 

www.rericjournal.ait.ac.th 

462 

rhizome residue as a biomass pellet binding 

additive influenced by multi-bacterial biofilm. 

International Energy Journal 23(4): 219-228.  

[17] Chen W. and P. Kuo. Y., 2011. Torrefaction and 

co-torrefaction characterization of hemicellulose, 

cellulose and lignin as well as torrefaction of some 

basic constituents in biomass. Energy 36(2): 803-

811.  

[18] Ribeiro J.M.C., Godina R., Matias J., and Nunes 

L.J.R., 2018. Future perspectives of biomass 

torrefaction: review of the current state-of-the-art 

and research development. Sustainability 10(7): 

2323. 

[19] Sarker T.R., Azargohar R., Stobb J., Karunakaran 

C., Meda V., and Dalai A.K., 2022. 

Complementary effects of torrefaction and 

pelletization for the production of fuel pellets from 

agricultural residues: A comparative study. 

Industrial Crops and Products, 114740. 

[20] Bi D., Li B., Liu S., Yi W., Jiang M., and Lin Z., 

2019. Influence of pyrolysis and torrefaction 

Pretreatment Temperature on the pyrolysis product 

distribution. BioResources 14: 1185-1197. 

[21] Zhang Y., Chen F., Chen D., Cen K., Zhang J., and 

Cao X., 2022. Upgrading of biomass pellets by 

torrefaction and its influence on the 

hydrophobicity, mechanical property, and fuel 

quality. Biomass Conversion and Biorefinery 12: 

2061-2070. 

[22] Yang X., Zhao Z., Zhao, Y., Xu L., Feng S., Wang 

Z., Zhang L., and Shen B., 2023. Effects of 

torrefaction pretreatment on fuel quality and 

combustion characteristics of biomass: A review. 

Fuel 358(PartB): 130314 

[23] Ali A.M., Waheed A., Shahbaz M., Mirani A.A., 

Shahzad K., Zahrani A.A., Nawaz A.M., and 

Mahpudz A.B., 2023. Synergistic evaluation of co-

torrefaction performance of rice husk and coffee 

bean ground blends for biosolid production for 

industrial fuel sustainability. Fuel 343: 127891. 

[24] Jezerska L., Sassmanova V., Prokes R., and Gelnar 

D., 2023. The pelletization and torrefaction of 

coffee grounds, garden chaff and rapeseed straw. 

Renewable Energy 210: 346-354. 

 

 

 

 

http://www.rericjournal.ait.ac.th/

