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Rice husk is biomass that can be utilized as fuel for biomass gasification as a 

renewable energy source. In this paper, thermochemical methods were used to determine 

the higher heating values, moisture content, bulk density, pellet density, microstructure, 

and elemental composition of Thai Rice Husk (Oryza Sativa Linn). The heating energy was 

analyzed using a bomb calorimeter, which showed a higher heating value of 15.46 MJ/kg. 

Determination of pellet density through rice husk powder pelletization exhibited a value 

of 1.028 g/cm3, while moisture content was 5.017 wt%. The heating value and moisture 

content revealed good agreement with the literature values, indicating the potentiality of 

rice hush for energy generation. Scanning electron microscopy (SEM) showed that the 

raw rice husk and its ash have similar porosity types but different bulk structure.  

Elemental analysis using energy dispersive X-ray (EDX) indicated that rice husk contains 

O, Si, C while O and C percentages were drastically decreased during combustion. The 

obtained heating value and moisture content proved that rice husk could be used as a 

bio-energy source in biomass gasification for power generation.  

 

Keywords: Bomb calorimeter; Elemental analysis; Higher Heating Value; Rice husk; SEM-EDX 

 

 

INTRODUCTION 

 

In the present time, biomass has 

become a potential energy resource in the 

science and engineering research sector 

(Hayati et al. 2019). It is a strong candidate 

that can be transformed into direct energy 

by its abundance (Reza et al. 2019). Rice 

husk is a residue from rice farming, which is 

about 20% of paddy by weight and has 

been a promising renewable and 

sustainable energy resource (Yoon et al. 

2012). Rice husk can be utilized as a 

resource for power generation, especially 

for small-scale output using direct 

combustion or gasification technologies 

(Rizkiana et al. 2018). In addition, activated 

carbon can be produced from rice husk for 

water purification (Ahiduzzaman et al. 

2016).  

Rice husk is available in rice-producing 

countries, e.g., India, China, Indonesia, 

Bangladesh, Thailand, Vietnam, Burma, 

Philippines, Cambodia, and Pakistan (the 



Nikdalila Radenahmad, Md Sumon Reza, Muhammad S. Abu Bakar, Abul K. Azad     185 

 

top 10 countries of rice produced in the 

world) (Radenahmad et al. 2018). The rice 

production capacity around the world has 

shown in Figure 1.  In this research, rice 

husk species Oryza Sativa L. from Yala, a 

province in southern Thailand, has been 

used to investigate its potentiality for 

energy production. Oryza sativa rice is not 

only originated in Thailand but also in India 

and south China as well. This rice species is 

currently planted in wet tropical, semi-

tropical, and warm temperate areas 

worldwide (Pranolo et al. 2010). 

Table 1 shows the biomass database of 

rice husk and some other biomass (e.g., 

palm kernel shell and rubberwood 

sawdust) from southern Thailand, 

produced and used completely 100% in 

energy production. In Thailand, rice husk is 

obtained as 21% of rice products. From this 

comparison, it is clear that rice husks have 

a high potentiality to be an alternative 

source of renewable energy.  

 

Table 1. The potential of biomass in 2013, southern Thailand. 

 

 

Biomass 
Biomass 

quantity (ton) 

Biomass used 

(ton) 

Biomass 

remained (ton) 

Biomass 

usage (%) 

In-season rice     

 - Rice straw  216,394.21 216,394.21 - 100.00 

 - Rice husk  92,740.37 92,740.37 - 100.00 

Off-season rice     

 - Rice straw  106,863.13 106,863.13 - 100.00 

 - Rice husk  45,798.48 45,798.48 - 100.00 

Oil palm product     

 - Palm leaves and 

petiole 
16,650,355.53 1,665,035.56 14,985,319.97 10.00 

 - Palm bunch 3,778,804.10 1,827,774.79 1,951,029.32 48.37 

 - Palm kernel Shell 472,350.51 472,350.51 - 100.00 

 - Palm fiber 2,243,664.98 2,243,664.98 - 100.00 

Oil palm trunk     

Palm trunk 1,740,059.52 - 1,740,059.52 - 

Rubber tree     

 - Root 943,130.00 188,626.00 754,504.00 20.00 

 - Sawdust 565,878.00 565,878.00 0.01 100.00 

 - Wooden Slab 2,263,511.99 2,263,511.98 0.02 99.99 

 - Wooden end 2,263,511.99 2,263,511.98 0.02 99.99 

Coconut     

 - Coconut shell 132,830.00 121,273.80 11,556.20 91.30 

 - Peel and spathe 175,335.61 173,406.92 1,928.69 98.90 

- Coconut blossom and 

clas 
154,082.79 29,892.07 124,190.73 19.40 

Cashew nut     

-Peel 2,959.94 - 2,959.94 - 
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Biomass can generate electrical energy, 

especially biomass gasification integrated 

combined heat and power (CHP) has got 

attention from the researcher. The 

cogeneration process is also able to 

produce electricity and heat in unique 

technology. Biomass gasification 

technology may cut the expense compared 

to gas turbines in power cogeneration. The 

applications of renewable energy sources 

in the CHP system have the potentiality of 

greenhouse gas emission reduction, which 

is very important for economic and 

environmental sustainability (Radenahmad 

et al. 2020). Pantaleo et al. demonstrated 

that the low scale CHP system (100 kWe to 

1 MWe size) has consisted of two 

processes: firstly, biomass conversion 

through pyrolysis or gasification with the 

internal combustion engine and micro gas 

turbine; secondly, the combustion 

integration of boilers (fluidized bed) to 

drive micro gas turbine Stirling engines, 

steam turbines or Organic Rankine Cycle 

(Pantaleo et al. 2015). In biomass 

gasification integrated CHP, the gasifier 

transforms the feedstock into syngas 

(mainly CH4, H2, CO, CO2), which serves  

CHP to produce heat and power 

(Radenahmad et al. 2018, Radenahmad et 

al. 2019).  

Biofuel technology can reduce the 

emission of CO2 and greenhouse gas 

produced by fossil fuels burning. The 

mitigation process to minimize the excess 

CO2 from the environment is more 

important than decreasing emission. 

Cellulosic biofuel can reduce fossil fuel 

consumption by developing energy and 

food security (Reza et al. 2020a). 

The rice husks have tough, abrasive, 

low nutritious, and high ash content 

properties. For that is why it has minor 

usage in agricultural areas. As rice husks 

contain high silicon, its utilizations have 

increased significantly in recent periods. 

The rice husk is the source of silicon-based 

materials; like, silica, silicon carbide, silicon 

tetrachloride, silicon nitride, and zeolite 

(Sun et al. 2001). 

 

 

Fig. 1: Worldwide rice production. 

 

The potential evaluation from the result 

shown in Table 2 reveals that 138,985.84 

tons of rice husk can produce 13.18 MW of 

power in 1 year if the power plant runs 24 

hours/day and 330 days/year. This 

electricity quantity was not for full 

operation, but only when 20% of power 

plant efficiency was considered.  

For rice husk utilization, the primary 

stage is to conduct the studies on material 

characterizations as there is not enough 

research done with the Thai Rice Husk. This 

paper has reported higher heating value 

analysis, moisture content study, pellet and 

bulk density measurement, scanning 

electron microscopy (SEM) and energy 

dispersive X-ray (EDX) analysis, and the 

potential evaluation for power generation 

of rice husk as a renewable energy 

resource. 

197,257,175 
112,229,157 
50,879,828 
13,209,1
88 2 

Rice Production 

in tonnes 
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Table 2. Rice husk potential evaluation 

from the database in Thailand. 

Properties Value 

Biomass Rice husk 

Heating value (MJ/kg) 13.52 

Biomass incurred (tons) 8,145,269.20 

Biomass used (tons) 8,006,283.36 

Biomass remained (tons) 138,985.84 

Heating value (TJ) 1,879.09 

Crude oil equivalent 

(ktoe) 
44.61 

Equivalent to electricity 

(GW-h) in 20% power 

plant efficiency 

104.39 

Installed capacity of 

power plant (MW/year) 

*Power plant operates 24 

hours/day and 330 

days/year 

13.18 

*1 ktoe = 42,120,000 MJ = 11,700,000 k-Wh 

 

 

MATERIALS AND METHODS 

 

Material Preparation 

Oryza Sativa L. (a type of rice husk, 

species from Yala, Thailand) was used for 

the experiments. The rice husk was made 

into powders, as shown in Figure 2, passed 

through a regular sieve number 60 to 

obtain powders in an average particle size 

of 0.250 mm. The rice husk powder was 

then pelletized (without binder) to obtain 1 

g pellet of 10 mm diameter for a higher 

heating value experiment. In pellet 

preparation, the sample was pressed by a 

manual hand pelletizer through the human, 

mechanical force in the clockwise direction. 

 

 

 

Fig. 2: Rice husk sample passed through 

sieve number 60 with a pellet and manual 

pelletizer. 

 

Higher Heating Value (HHV) Analysis 

A pellet sample was used for each 

experiment and engaged in a bomb 

calorimeter C-200 (P.A. HILTON LIMITED) to 

investigate the heat in biomass as heating 

value (Reza et al. 2019). The heating value 

is a significant property of biomass, which 

is also called the heat of combustion. In the 

ignition stage of the bomb calorimeter, the 

fire was introduced to biomass by 

intermediates of cotton thread and 

nichrome wire. Before placing it in the 

calorimeter, the weight of the biomass 

pellet, cotton thread, and nichrome wire 

was recorded in order to obtain the initial 

total mass. The temperature was recorded 

every 30 seconds manually after firing the 

biomass in the calorimeter. The raised 

temperature was calculated from the 

difference of firing point and ending point 

after the temperature was stable. Oxygen 

was used in the system at around 25 bars 

pressure for combustion purposes. Other 

constant parameters, such as the heat 

equivalent of the calorimeter and heating 

value of cotton fiber and nichrome cord, 

were taken from the calorimeter’s 

calibration. The higher heating value was 
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analyzed at constant volume employing 

equation (1). 

HHV =  
ԑ × θ − mc × qc − mw × qw

mf
 (1) 

Where HHV is higher hating value (kJ/kg), ԑ 

is the heat equivalent of the bomb (J/K), θ 

is temperature rise (K), mc is cotton mass 

(g), qc is heating value of cotton (J/g), mw is 

nichrome cord mass (g), qw is the nichrome 

cord heating values (J/g), and mf is the 

sample weight (g). The HHV is the energy 

content of any biofuel, which is tipically 

calculated per unit of solid mass (MJ/kg) 

and per unit liquid volume (MJ/l), and per 

unit gas volume (MJ/Nm3) (Reza et al. 

2020a).  

 

Moisture Content (MC) Analysis 

Moisture content was examined using 

oven drying. The crucible was weighed as 

wc. Biomass was kept in a ceramic container 

and measured as wi,. Then, the crucible was 

transferred in the oven and left at 105 C 

for 3 hours to remove the moisture. The 

final weight was collected after the oven 

operation as wf. The MC values were 

calculated as equation (2) (Ahmed et al. 

2018), 

MCwb =  
wi − wf

wi − wc 
× 100 (2) 

Where MCwb is the moisture content 

(wt.%), wc is crucible weight (g), wi is the 

initial weight of crucible and sample before 

drying (g), and wf is the final weight of 

crucible and sample after drying (g). 

 

Density Analysis 

About one gram of rice husk powder 

was pressed into a pellet and measured 

diameter, thickness, and weight. The 

density was calculated using equation (3) 

(Hossain et al. 2019), while bulk density was 

measured using a measuring cylinder. 

d =  
m

v
 (3) 

Where d is the bulk density (g/cm3), m is 

the mass of the pellet (g), and v is the 

volume of the pellet (cm3). 

 

Scanning Electron Microscopy (SEM) 

and Energy Dispersive X-ray (EDX) 

The surface morphology of the rice 

husk and ash was examined by scanning 

electron microscope (SEM) of JEOL JSM-

7610F to observe the material’s micro-scale 

feature. The solid materials were placed on 

the sample holder and conducted carefully 

to the analyzing chamber that was 

controlled the pressure in JEOL. The device 

employed electron dispersion to perform 

an SEM image on a computer screen 

connected. A device to identify the 

element’s distribution is an energy 

dispersive X-ray (EDX) analyzer that reveals 

the elements in percentage. The EDX 

utilizes an effective X-ray to detect the 

chemical compositions of the sample.   

 

RESULTS AND DISCUSSION 

 

The biomass’s main characteristics such 

as the higher heating value, the moisture 

content, the pellet density, and the bulk 

density, are listed in Table 3. The heating 

value is the indicator of the amount of heat 

released from biomass through complete 

combustion. The biomass compositions, 

moisture content, and ash content are the 

key parameters for influencing the calorific 

values (Sotelo et al. 2011). 

It was achieved that the heating value 

http://www.intertek.com/analysis/microscopy/edx/
http://www.intertek.com/analysis/microscopy/edx/
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and moisture contents were in good 

agreement with values from literature as 

compared in Table 4. Erol and Ku showed 

heating values of 20 different biomass 

types were in the range 15.41–19.52 MJ/kg 

(Erol et al. 2010). It revealed that the 

obtained heating value of rice husk was in 

the close range with other biomasses. The 

heating value of cultivated residue is one 

parameter that presenting the residues that 

can be transformed into bio-energy (Biswas 

et al. 2017). The heating value also varies by 

carbon level, where the value is high in high 

carbon level and low in high ash level (Reza 

et al. 2020b). 

 

Table 3. The higher heating value, moisture 

content, pellet density, and bulk density of 

the rice husk 

Calorific 

value 

(MJ/kg) 

Moisture 

content 

(wt.%) 

Pellet 

density 

(g/cm3) 

Bulk 

density 

(g/cm3) 

15.46 5.017 1.028 0.4187 

 

Ash level has a direct impact on heating 

value. The low content of volatile matter 

also affects the heating value reduction 

(Reza et al. 2020a). Although ash created 

from the combustion of rice husk can be 

utilized, it is not a desirable substance 

because of the clogging problem in 

energy-generating operation. A way to 

reduce ash is pre-treatment of rice husk by 

alkali (Bazargan et al. 2015). The higher 

heating value of biomass is advantageous 

in the reducing of heat supply that saves 

transportation expense (Tabakaev et al. 

2017). With the heating value, the moisture 

content, density, and other properties are 

also important factors for considering 

biomass applications.  

 

Table 4. The comparison of heating value 

and moisture content of rice husk from 

various resources. 

Heating 

value 

(MJ/kg) 

Moisture 

content 

(wt.%) 

Resource Reference 

15.46 5.017 Thailand Present study 

17.9 6.7 Malaysia (Balasundram et 

al. 2018) 

12.87 10.89 India (Biswas et al. 

2017) 

16.08 9.2 USA (Yank et al. 2016) 

16.53 11.33 Brazil (Brand et al. 2017) 

16.29 8.54 Bangladesh (Hossain et al. 

2017) 

17.34 8.43 Brunei (Abu Bakar et al. 

2013) 

 

For the moisture content analysis, the 

moisture evaporation mechanism is when 

biomass is dried, the deposited moisture in 

material equilibrates with the environment 

relative humidity (Younis et al. 2018). The 

low moisture content (lower than 10 wt.%) 

is expected for dry biomass as feedstock 

that improves heating value and 

combustion rate (Ahmed et al. 2018). By the 

advantages of low moisture content and 

uniform particle size in rice husk, the pre-

treatments (drying and grinding) are not 

required like wood products (Yoon et al. 

2012). The moisture content achieved for 

this rice husk is 5.017%, which is 

comparable with different rice husks 

(Alhinai et al. 2018). The plant's age, 

location, and preparation procedure are 

the main reasons for these differences 

(Reza et al. 2019). As the moisture content 

of this rice husk is low, it can be a suitable 

source for bioenergy production. Although 

rice husk has high ash content, it has 
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advantages in low moisture, low sulfur, 

high basic density, and high fixed carbon 

level in the direct burning process (Brand et 

al. 2017). The lower MC of biomass was 

found to increase the heating value. High 

MC and ash levels have adverse effects on 

ignition and combustion (Radenahmad et 

al. 2020). 

 

(a)                 (b) 

Fig. 3: SEM images of (a) rice husk and (b) 

rice husk ash after combustion in the bomb 

calorimeter. 

 

The obtained bulk density of rice husk 

is 0.4187 g/cm3. Usually, rice husk was 

found to have a low bulk density, generally 

below 200 kg/m3 (0.2 g/cm3). It makes the 

challenge in the densification of biomass 

(into pellet or briquettes). The densification 

of biomass can enhance volumetric energy 

density, storage and transportation, 

combustion, and decrease particulate 

emissions and volatility (Yank et al. 2016). 

The ash was produced from rice husk at 

the incinerating temperature of 550 to 

700 °C by transforming the silica into an 

amorphous stage (Jaya et al. 2013). 

Scanning electron microscopy (SEM) and 

the energy-dispersive X-ray (EDX) is one of 

the acceptable technology to estimate the 

morphological images and the elemental 

properties for biomass and ash (Ma et al. 

2016). Raw rice husk and rice husk ash were 

examined by SEM to know the porosity and 

bulk microstructure, as shown in Figure 3. 

Rice husk samples were obtained in 

powder, and rice husk ash samples were 

achieved after combustion in bomb 

calorimeter from heating value analysis. It 

is observed that ash is a porous material 

because the new pores and cracks were 

formed with the increasing of temperature. 

The rice husk ash can be used as the 

catalysis in the pyrolysis process to 

upgrade biofuel quality.  The biomass with 

high ash is required to include the ash 

removal system in the thermochemical 

conversion procedure (Ahmed et al. 2018).  

The pore of the material can be developed 

by zinc activation to enhance the porous 

structure. The porous carbon material is 

promising to be utilized as activated carbon 

(Reza et al. 2020c). The growth of the pores 

is enriched for the crystallinity of the 

minerals and the aromaticity of the ashes 

(Kim et al. 2012).  Higher ash contents in the 

biomass are considered the higher 

availability of the mineral substances 

(Hidayat et al. 2018). Lower ash contents 

are appropriate for the production of 

activated carbon in water treatment. Rice 

husk ash also has catalytic activity for 

improved production in the 

thermochemical process (Reza et al. 

2020d). 

In XRD analysis, the X-ray is spotted by 

the energy-dispersive detector. The signal 

reveals a number X-ray count rate (y-axis) 

against X-ray energy (x-axis). The energy of 

X-ray makes the chemical elements formed 

to be detected, and the intensity of X-ray 

makes the concentration of chemical 

elements counted. Figure 4 confirmed the 

distribution of the elements detected by 
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EDX. Rice husk has a higher content of 

carbon (C) and oxygen (O), while other 

metals like silicon (Si), calcium (Ca), 

magnesium (Mg), sodium (Na), aluminum 

(Al), phosphorous (P), sulfur (S), iron (Fe) 

and potassium (K) were higher in rice husk 

ash.  Ca and Si's degradation rates are 

generally greater at higher temperatures 

than K and Cl  (Parr et al. 2005). Mg and 

sodium (Na) can form bonds (ionic and 

covalent) with the organic molecules, and 

vaporization occurs at a higher 

temperature. S and Al are relatively stable 

and form complex organic compounds at 

lower temperatures  (Schnitzer et al. 2007). 

Silicon dioxide (SiO2) and aluminum oxide 

(Al2O3) from silicon and aluminum were 

found in the ash surface as white dots (Parr 

et al. 2005). The pyrolytic volatiles 

breakdown into lower molecular organics 

and gases increased the proportion of ash 

(Thangalazhy-Gopakumar et al. 2010). 

After rice husk combusted in the 

heating value experiment, the remaining 

ash contains much lower C and O. The 

reduction of oxygen is related to dryness 

reactions (Ahmad et al. 2012). The O/C ratio 

has found 0.48 for rice husk, which is lower 

than the ash’s value, 0.99. It is because the 

lower the ratios have, the higher the energy 

content. The O/C ratio indicaties of the 

energy in the biomass based on oxygen-

carbon (O-C) bonds. A lower O/C ratio is 

necessary to use it as solid fuel with higher 

energy content (McKendry 2002). The O/C 

ratios are used to measure the level of the 

aromaticity and polarity of the feedstock. If 

the temperature increase, the aromaticity  

 

was increased, and the polarity was 

decreased in the sample (Reza et al. 2020b). 

The O/C ratio, which has been measured by 

EDX, was incredibly connected with the 

results of elemental analysis. The CHNS 

analyzer does not analyze oxygen content, 

whereas EDX can calculate it easily by 

elemental analysis (Budai et al. 2014).  

 

  

Fig. 4: The weight percentage of chemical 

elements detected from rice husk and rice 

husk ash. 

 

In the rice husk combustion process, 

organic compounds, notably carbon, 

decreased while silica persists as it is the 

main component of rice husk. Rice husk 

generally contains lingo-cellulose and 

silica, especially in its ash, which has silica 

of 95% of the components (Yoon et al. 

2012). The ash can be used in cement and 

steel production. A study revealed that 

silica derived from rice husk ash could 

improve the mechanical strength of 

refractory ceramics in substituting kaolin 

clay by 10% and 20% (Stochero et al 2017). 

In addition, rice husk ash has been utilized 

to enhance the mechanical performance of 

alloys (Tiwari et al. 2017).  

 

CONCLUSION 

 

The Thai Rice Husk species Oryza sativa 
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Linn was characterized by higher heating 

value analysis, moisture content analysis, 

pellet density, bulk density, scanning 

electron microscopy, and energy dispersive 

X-ray. The heating value and moisture 

content are in better agreement for the 

energy production related to the literature 

values. The heating value showed that this 

rice husk is potential biomass to discharge 

heat energy that can be used as the 

feedstock for power generation. The low 

moisture content is the advantage of rice 

husk to overcome the high ash level of 

natural rice husk, especially low moisture 

content that can enhance the heating value 

in terms of heat released from combustion. 

The EDX reveals that rice husk and rice husk 

ash contain notable O, C, and especially Si 

is the main structure after combustion. The 

O/C ratio represents the strong oxygen-

carbon bonds of the rice husk and ash. Rice 

husk also shows the simplicity in terms of 

sample preparations as its benefit in fuel 

transportation and management for small 

scale power generation. These properties 

revealed that rice husk could be a 

promising resource for power generation, 

especially in biomass gasification with 

combined heat and power generation 

processes. 
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