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ABSTRACT 

This paper presents the comparative analysis of combustion behavior of rice husk pellets with charcoal. Rice husk 

was selected because of its abundance and rich crude fiber content which is a good property for pellet production. 

The rice husk pellets were produced using wet process of densification technology at 0.6 MPa compaction pressure 

and different binder ratios with tamarind starch and cassava starch as binders. The results of the flame tests have 

shown that, rice husk pellets with binders have higher flame height of 6-10cm than that of charcoal with 1-2 cm. 

Emissions test was conducted on the rice husk pellets and charcoal and the toxic gases tested were CO, SO2, NO2 and 

H2S using portable gas analyzer). The results show that binder ratio have significant effect on the combustion 

behavior of the rice husk pellets. Results from the emissions tests show that, the rice husk pellets produced with 

tamarind starch and cassava starch have SO2 (0.3 ppm), H2S (0.2 ppm), CO (0.3 ppm) and NO2 (0.4 ppm) emissions 

of the harmful gases at 20% binder ratio while charcoal has SO2 (1.2 ppm), H2S (0.1 ppm), CO (4.2 ppm) and NO2 

(0.2 ppm ) emissions respectively. Rice husk pellets can be used as a substitute to charcoal considering it’s high 

temperature and less emission of toxic gases. The tamarind starch can serve as replacement to cassava starch for 

pellets production because it has exhibited good binding effect and better combustion characteristics. 

Keywords: Rice husk, Pellets, Tamarind Starch, Cassava Starch, Compaction Pressure, Charcoal. 

 

1. INTRODUCTION 

 

Since the development of human kind, we are on the 

cusp of an incredible global change and there has been 

a tremendous increase in energy consumption. 

Bioenergy provides about 10% of the world’s total 

energy supply (about 47.2 EJ of bioenergy out of 479 

EJ in 2005) and most of this bioenergy is used in the 

residential sector for cooking and heating (Bragamov, 

2010).   

It is a well-known fact that over two billion people 

worldwide dwell in rural areas and these rural people 

and many urban dwellers in developing countries, all 

rely on wood fuels as their main source of energy to 

either keep warm or cook their food (Saniet al., 2009). 

This heavy reliance on fire wood and charcoal for 

cooking, baking and space heating would not in any 

way solve our present energy crisis but rather it would 

lead to desertification or deforestation which lead to 

further scarcity of this forest resources (Oladeji, 2011; 

Salunkhe, et al., 2012). The large quantities of rice 

husks, which is a large portion of biomass produced in 

the rice growing regions has been lying waste at the 

rice mills in most parts of Nigeria and have 

traditionally constituted a disposal problem (Osadolor, 

2006;Yahaya and Ibrahim, 2012). This Agricultural 
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residue, if managed properly would offer many 

advantages, the most significant being renewable and 

sustainable feedstock for energy production. However, 

with the advancement in waste to energy scheme, 

some resources that have been classified as waste now 

form the basis for energy production (Mckendry, 

2002; Oladeji, 2011; Oladeji, 2012). One of the 

promising technologies by which these agricultural 

residues could be converted to energy is by the 

pelletizing or briquetting process (Lucas and Oladeji, 

2011). Pelletizing is the process that involves 

conversion of agricultural waste into uniformly 

shaped pellets with higher density that are easy to use, 

transport and store (Rajuet al., 2014). The pelletizing 

of biomass improves its handling characteristics, 

increases the volumetric calorific value, reduces 

transportation costs and makes it available for a 

variety of applications. Pellets are viewed as an 

advanced fuel because of its clean burning nature and 

the fact that it can be stored for longer periods of time 

without degradation (Rajuet al., 2014).  

Hence this study is focused on the production of rice 

husk pellets as an alternative to wood charcoal using 

locally abundant agricultural residue (rice husks) 

processed into pellets on a small scale using tamarind 

starch (non-edible starch) and cassava starch (edible 

starch) as binders. 

 

2.0 MATERIALS AND METHODS 

 

2.1 Materials 

The materials used for this research include:rice husk, 

tamarind flour, cassava flour, hydraulic pressing 

machine, Charcoal stove,hammer, steel rule, 

thermocouple, hammer and gas analyzer (Crowcon 

Gas Man) 

2.2  Methods 

2.2.1 Materials Preparation: The rice husks collected 

were screened to ensure that no contaminants such as 

nails and stones etc are present. The rice husks were 

hammer milled and sieved to 600 µm particle size (i.e. 

finer particle). The tamarind starch and cassava starch 

were locally prepared at National Research Institute 

for the Chemical Technology, Zaria (NARICT). The 

tamarind flour was prepared using the mechanical 

method. The mechanical method involves soaking the 

tamarind seeds for two to three weeks, then it husks 

were removed and dried for a day or two depending 

on the atmospheric conditions and thereafter, it was 

ground to powder using a grinding machine. Cassava 

flour was obtained from the extraction of cassava 

starch. The cassava starch was extracted from cassava 

root through washing and pulping, 

2.2.2  Preparation of Starch Binders: A paste was 

made from 153 g of tamarind flour with 0.02 litres of 

cold water and thereafter it was poured into 0.08 litres 

of boiling water at a temperature of 100°C.   The 

mixing was done to produce a good binder with more 

water and less stickiness. The final mixture was left 

for 10 minutes to allow water to disperse without any 

clumps of flour in accordance with Katimboet 

al.(2014). A similar method was followed to prepare 

the cassava starch (C.S) binder.  

2.2.3 Mixing Process: Different ratios of the 

ground rice husks (R.H) and the prepared binders 

were obtained by weighing the raw materials (i.e. 

90:10, 80:20 and 70:30 by weight of the rice husk and 

the starch gel respectively) using a digital weighing 

balance of 0.0001 g precision.  After, the mixtures 

were thoroughly mixed together for even distribution 
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of the binder prior to loading of the mixtures into a 

pelletizer for the densification process. 

2.2.4  Production of Rice Husk Pellets: The mixture 

(90:10) was loaded into a pelletizer and compressed at 

0.6 MPa using a hydraulic press with digital read out, 

to read the pressure of compaction. Eighteen samples 

were produced for each binder ratio, at a dwell time of 

20 seconds. The pellets were then extruded from the 

pelletizer.  The same procedure was followed to 

produce the remaining samples with 80:20 and 70:30 

proportions. 

2.2.5 Combustion Behaviour of Rice Husk Pellets 

and Charcoal Fuel: Forty gram (40 g) of the pellets 

and charcoal samples were each weighed and burnt in 

a local charcoal stove. The combustion was initiated 

by the addition of little kerosene and it was allowed to 

completely burn before readings were taken.  The 

temperature of the burning samples was taken at every 

one minute interval for twenty minutes and then 

allowed to completely burn. Theresults are shown in 

Figures 1-3. 

In carrying out the flame test the flame height and 

flame temperature were determined. The flame height 

was measured using a steel rule and a flashlight to cast 

a shadow of the flame on the steel rule after the flame 

had been stabilized. The test was replicated three 

times and the average of the three recorded readings 

was taken. A thermocouple with a digital read out was 

used to measure the flame temperature. The 

thermocouple was placed directly on the flame and the 

temperature was observed until it attained a maximum 

value.  

2.2.6  Emissions Test of Pellets and Charcoal: The 

pellets and charcoal emissiontests were determined by 

a portable gas analyzer (Crowcon Gasman) at the 

pollution and Control laboratory, Kano state ministry 

of environment. Emissions from burning the pellets 

and charcoal were tested using a local charcoal stove. 

The toxic gases tested were CO, NO2, SO2 and H2S. 

As the pellets and charcoal were burning, the gas 

analyzerwas placed on the burning stove for two to 

five minutes. The readings from the gas analyzer were 

recordedat different intervals.The same procedure was 

followed for the remaining fuel samples and the 

results are presented in Figure.4 -7. 

 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Results 

The results of the combustion tests and emissions 

analysis for binder ratio of 10%, 20% and 30% at 

compaction pressure of 0.6 MPa and particle size of 

600 µm are presented on Figures 1 – 3, Table 1 and 

Figures 4 - 7 respectively. 

 

 

 

 

 

 

Table 1: Flame Tests 

 

Flame 

properties 

 

 

Units 

Fuels 

 

R.H + 

T.S 

 

R.H + C.S 

 

Charcoal 

 

Flame height 

 

cm 

 

6-10 

 

6-10 

 

1-2 

 

Temperature 

 

°C 

 

176-562 

 

159-602 

 

312-373 
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Figure 1: Temperature against Time for Combustion of 40g 

Rice Husks Pellets at 10% Binder Ratio and Charcoal 

 

 

Figure 2: Temperature against Time for Combustion of 40g 

Rice Husks Pellets at 20% Binder Ratio and Charcoal 

 

Figure 3: Temperature against Time for Combustion of 40g 

Rice Husks Pellets at 30% Binder Ratio and Charcoal 

 

Figure 4: Emissions of CO in ppm 

 

 

 

 

Figure 5: Emissions of SO2 in ppm 

 

 

Figure 6: Emissions of H2S in ppm 
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Figure 7: Emissions of NO2 in ppm 

 

3.2 Discussion of Results 

3.2.1. Combustion Tests of Rice Husk Pellets and 

Charcoal: Figure 1 shows the result of combustion test 

of 40 g rice husk pellets at 10% binder ratios and 

charcoal. The rice husk pellets with T.S as binder 

attained a maximum temperature of 576°C in 2 

minutes, then it started decreasing gradually to 226°C 

in 20 minutes and that of the rice husk pellets with 

C.S as binder attained a maximum temperature of 

539°C in 3 minutes and a minimum temperature of 

190°C in 20 minutes, while that of the charcoal 

reached a maximum temperature of 373°C in 2 

minutes and gradually decreased to 307°C in 20 

minutes. The results show that rice husk pellets with 

T.S as binder generate moreheat than rice husks 

pellets with C.S and charcoal. 

Figure 2 above shows the result of combustion test of 

40 g rice husk pellets with two binders at 20% binder 

ratios with charcoal. The pellets with T.S as binder 

attained a maximum temperature of 562°C in 3 

minutes and a minimum temperature of 193°C in 20 

minutes. Likewise, pellets with C.S as binder attained 

a maximum temperature of 602°C in 3 minutes and a 

minimum temperature of 176°C at 20mins but the 

flame temperature of charcoal remains constant 

373°C. This shows that, the temperature of pellets 

with T.S as binder decreases while that of pellets with 

cassava as binder increases in 3 minutes. 

Figure 3 shows the result of combustion test of 40g 

rice husk pellets at 30% binder ratio for T.S, C.S and 

charcoal. In these cases the rice husk pellet with T.S 

generated a temperature of 558°C in 5minutes, which 

gradually reduces to 176°C after 20 minutes while rice 

husk pellets with C.S generated a temperature of 

520°C. This dropped gradually to 159°C in 20 

minutes. The high temperatures (602°C) recorded for 

the produced rice husk pellets in this research were in 

conformity with the findings of Kyauta (2007). The 

high temperature recorded in rice husk pellets is an 

indication that it can be used as a substitute to 

charcoal fuel and by implication it would reduce the 

over reliance on the forest for energy, disposal 

difficulty of rice husk from rice mills, flooding  as 

well as creating an employment opportunities. 

The results obtained from flame tests (Table 1) show 

that, the flame height of the pellets were between 6 

and 10 cm and that of the charcoal was 1-2 cm 

depending on the quantity of the fuel and burning 

conditions.  The fuel samples started burning with a 

slight faint yellow flame due to incomplete 

combustion, but changed to blue flame (i.e resulting 

from the complete combustion of the fuel) as the 

combustion stabilized. 

3.2.2 Emissions Tests of Rice Husk Pellets and 

Charcoal: The results presented in Figures 4 – 7 show 

gasses emitted from burning of rice husk pellets and 

charcoal. The result in figure 4 shows that the 

emission of carbon monoxide (CO) in pellets was 

between (0.2-0.4 ppm) while that of the charcoal was 

4.2 ppm.Therefore, it is advisable to use rice husk 

pellets which has lower CO emissions and lesser 

environmental effects. Comparing CO emissions of 

the two binders, they have the same values at 20% and 
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30% binder ratios except at 10%, where the emission 

varies. The results in Figure 5 show that, charcoal has 

higher content of SO2 followed by rice husk pellets 

with C.S and T.S respectively. It was observed that as 

the percentage of binder ratio increases, the emission 

also increases, (i.e. the emissions was directly 

proportional to the binder ratio). From the results 

obtained in Figure 6, it was shown that pellets with 

C.S emitted higher amount of H2S than pellets with 

T.S and charcoal. 

Figure 7 shows that, pellets with C.S have higher CO 

NO2 content then followed by pellets with T.S as 

compared with that of charcoal. This clearly shows 

that, the gases emitted from the rice husk pellets 

depended largely on the composition and the type of 

binder used. The toxic gases emitted (especially CO) 

by charcoal causes air pollution and also have effects 

on humans health and thus hazardous to people 

involved in cooking with it. 

 

4. CONCLUSION 

 

From the experimental results, rice husk pellets 

exhibited good combustion behaviour as compared 

with that of charcoal. The pelletization of rice husk 

into solid biofuels could help keep the environment 

clean and also reduce deforestation by felling of 

trees for charcoal and firewood. 

In general,  the rice husk pellets could be a good 

substitute to charcoal since it shows superior 

combustion behavior and less emissions of CO (0.3 

ppm), and SO2 (0.5 ppm) over charcoal which has 

CO emissions of 4.2 ppm and SO2 emissions of 1.2 

ppm.  

The binder ratio has a significant effect on the 

emissions of toxic gases. The emission of toxic 

gases increases with an increased in the binder 

ratio. The study revealed that tamarind seed (non-

edible seed) can be used as binder having exhibited 

good binding effect and combustion 

characteristics. 

The high temperature recorded in rice husk pellets 

is an indication that it can be used as a substitute to 

charcoal fuel. It is hoped that the use of rice husk 

pellets as fuel would eventually reduce the level of 

over reliance on the forest for energy in the form of 

charcoal and firewood and also provide a solution 

to the disposal difficulties of rice husks from rice 

milled which block water ways thereby causing a 

lot of havoc to the environment. It would also 

create an employment opportunities tomany 

Nigerians. 
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