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As the common crop residues in Vietnam, rice husks can potentially be a technically efficient, economically 

viable and environmentally sustainable bio-energy option, release a considerable heat for thermo-chemical 

conversion systems. The report provides a comprehensive evaluation in the nature, physico-chemical property, 

fuel characteristic, ash composition and transformation phenomena of this biofuel. Analysed results show sig-

nificant calorific value (16-17 MJ/kg), high ash and volatile contents, low S, Cl contents in the test pieces. Low 

alkali cations were reported in the ash compositions while the obtained Si value was relatively high. Ash sof-

tening and fusion processes were determined with heat generated continuously at constant rates (maintained 

at 550 ± 10 °C for 120 minutes, at 850 ± 10 °C for 240 minutes). First signs of deformation were recorded at 

temperature above 1450 °C, whereas volume expanding and bursting of internal gas bubbles were not pre-

sented. Further elemental determination of ash compositions explains the decomposition of ash-forming ele-

ments (Ca, Mg, Fe, Al, K, Na and P), by further oxidation (to higher oxidation states) and partial losses of 

volatile inorganic compounds. 
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1. Introduction 

In the global context, there is a growing interest in 

the diversification of biomass targeted to bio-energy pro-

duction, gradually replacing conventional energy 

sources. Among the agricultural residues, rice husks and 

straws are important biomass source for heat and electric-

ity generation due to their commodity vary widely [1, 2]. 

In Vietnam, large amount of rice husks and straws have 

been main field based residues of rice production for cen-

turies. Recently, the use of rice husks and straws is high-

lighted as a potential non-woody biomass resource [3]. 

More than 65 %  rice crops of which takes place in 

Vietnam, mainly in three dynamic harvests [4], starting 

from February to April (the winter-spring season), fol-

lowed by the summer-autumn harvest (June to August) 

and respectively from October to December (the autumn-

winter season). The total quantity of rice husks in Vi-

etnam was estimated at 7.5 million tons per year, of 

which 52.5 % was generated during the winter-spring 

season [5]. The availability of rice husks supply depends 

on the rice production, harvesting episode, proportion in 

a paddy and bio-energy use schedule. The proportion of 

rice husks and straws to rice is approximately one. Par-

ticularly, rice straw is generally placed in a field for dry-

ing 3-5 days remain used non-commercially in traditional 

applications (such as cooking stoves); when its moisture 

content could be around 10-12 %. 

Previous studies [6, 7] have summarized that the 

popular use of solid biofuel is direct combustion for heat, 

which is the most common technical option with the low 

efficiency. In practice, households use various fuels in 

combination not just one type of fuel, in which only 7 % 

of them use rice husks as a bio-energy. However, after 

pre-drying, rice husks and straws can be effectively 

burned with relatively weak environmental impacts. The 

use of rice husks for brick kiln (25 %) and other industrial 

purposes (10 %) is rapidly spread because of lower 

prices, local availability and reliability of supply. A 

higher efficiency alternative is using the gases synthe-

sized from rice husk in a gasification system, such as CO, 

H2 and volatile hydrocarbons for electricity generation 

followed by internal combustion engines and generators 

[8]. Pyrolysis is becoming more important with high po-

tential of energy recovery process which generates char, 

oil and gas products, all of which was applied at the in-

dustrial production scale [9]. Moreover, the utilization of 

rice husks and electrical production shifting increase the 

efficiency of energy saving, and hence secure power sup-

ply. 

Therefore, the thermo-chemical conversion of rice 

husks is an option to advance the eco-friendly and effi-

cient production of heat and power, as well as the gener-

ation of valuable products for the chemical industry 

based on renewable carbon sources. Several pre-feasibil-

ity studies and pilot projects were carried out to install 

power plants in the Mekong river delta [11, 12]. The co-

firing of rice husks in the combustion systems can be an 

innovative option with the aim of achieving more effec-

tive utilization. As the first relevant issue for all types of 

thermo-chemical conversion technologies, the physico-

chemical characterization of rice husks must be analyzed 

in order to evaluate their ash fusion. The obtained values 

define the behavior of the fuel during the pyrolysis, gas-

ification and combustion stages, and thus support the 

proper design and operation setting [13]. 
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2. Experimental 

2.1. Fuel analysis 

The nature and efficiency of any thermo-chemical 

conversion process depends strongly on fuel properties, 

and hence influences the end-use applications and further 

flue gas controlling options. In practice, the whole pro-

cess of biomass utilization including material supply, fuel 

analysis, application design, system testing, gaseous 

emissions, etc., strongly depends on the physical charac-

teristics and chemical composition. The medium and 

large scale systems are suitable to combust low-quality 

fuel, while the smaller combustion plant demands higher 

fuel quality concerning the homogeneity. 

 

 

Figure 1. Available sample size of 8-mm for rice husks 

pellets. 

The qualities of biomass pellets vary widely, influ-

enced mainly on the pre-treatment technologies applied. 

Figure 1 shows the use of 8 mm diameter pellets with the 

moisture content between 8-10 % (determined by oven 

dry method, CEN/TS 14774-2) is always the first step to 

reduce the bulky volume of raw materials during trans-

portation and increase the heat exchange efficiency. 

Physical parameters are particle dimensions, bulk and en-

ergy density, gross and net calorific value and moisture 

content. Depending on the fuel preparation process, the 

particle size distribution is normally homogeneous, ap-

propriate for small-scale fuel-feeding system and com-

bustion units. 

Table 1 summarizes the important values of investi-

gated fuel. Recorded calorific values (determined by 

CEN/TS 14918:2009) approximately 16 MJ/kg indicate 

a potential heat release and the influence the process con-

trol during combustion, gasification and pyrolysis. Pel-

lets moisture content specifies a considerable influence 

in the combustion behavior; the volume of flue gas pro-

duced and average residence drying time before gasifica-

tion takes place. 

Carbon and hydrogen, which are the main compo-

nents of solid biofuel, explain the low calorific value of 

rice husks, in comparison to other biofuel. High amount 

of volatile matter in rice husks caries between 68.5 % 

(determined by CEN/TS 15148:2009) indicates major 

part of this fuel is vaporized before homogeneous gas 

phase combustion reactions take place strongly influ-

ences the thermal decomposition and combustion behav-

ior [14]. 

 
Table 1. Physico-chemical properties of the tested rice 

husks. 

Parameter Value Unit 

wC (dry) 0,431 6 - 

wH (dry) 0,051 8 - 

wN (dry) 0,004 7 - 

wS (dry) 0,000 6 - 

wCl (dry) 0,000 9 - 

2H Ow  0,074 4 - 

wash 0,149 9 - 

wdaf 0,685 - 

gross calorific value (dry) 16929 kJ/kg 

net heating value (dry) 15791 kJ/kg 

 

Nitrogen oxides, HCl, Cl2, alkali chlorides for-

mation, gaseous compounds of SO2, SO3 and alkali sul-

phates released during the combustion process are im-

portant not only for emission control but also in corrosion 

processes [15]. Emission and environmental issues can 

be controlled with the adequate concentration of nitrogen 

(according to  CEN/TS 15104), chlorine and sulphur 

(specified in CEN/TS 15289) reported in the rice husks 

pellets. 

 

2.2. Ash melting behavior 

A number of researchers [16] reported that thermo-

chemical conversion technologies involve a number of 

physical and chemical aspects of high complexity. Par-

ticularly, ash transformation during combustion of bio-

mass is a very complex phenomenon, which can exhibit 

many essentially different scenarios [17]. The ash content 

value indicates a considerable influence on the technol-

ogy applied, de-ashing process, transport, storage, utili-

zation and disposal of the produced ash [18]. 

 

 

Figure 2. Ashing and conditioning of test portions in 

the different empirical conditions. 

0
100
200
300
400
500
600
700
800
900

0 60 120 180 240 300 360 420

T
em

p
er

at
u
re

 i
n
 °

C

Time in min



PALIVA 10 (2018), 3, S.: 85 - 88 Comprehensive evaluation of rice husks as a potential solid biofuel 

 

87 

Each sample of rice husks was analyzed at least 

twice at the standard condition 550 °C for 120 min (spec-

ified in CEN/TS 14775) and the average value of the ash 

content is presented in mass percentage referring to the 

dry sample. 

Ash softening and fusion processes were determined 

by optical standard lab-scale testing method according to 

DIN 51730. Different sets of ashes were conditioned 

(maintained constantly at 550 ± 10 °C for 120 minutes 

and practically at 850 ± 10 °C for 240 minutes) as showed 

in Figure 2. Test pieces were pressed to the small geo-

metric bodies depicted in Figure 3. The heat was gener-

ated continuously at the constant rates, then the changes 

in shapes were simultaneously recorded by the optical 

system. 

 

 

Figure 3. Test pieces observed (from left to right) in in-

itial, shrinkage and deforming states 

Beside the standard analyses methods to biofuels, 

the X-ray spectrometry on samples of conditioned ashes 

was applied for major and minor element analyses (ac-

cording to CEN/TS 15290 and CEN/TS 15297).  

 

3. Results and discussion 

The recorded value 14.99 % in ash content of rice 

husks samples indicates a considerable influence on the 

combustion technology applied, de-ashing process, 

transport, storage, utilization and disposal of the pro-

duced ash. This high value usually lead to higher partic-

ulate matter emission, as an influence on the heat ex-

changer design, cleaning system and dust control tech-

nology. 

Figure 4 shows the remarkable changes in ash char-

acteristic and melting tendency between tested materials. 

The observed volume shrinking at 1000 °C only in the 

test specimens conditioned at 550 ± 10 °C for 120 min 

can be explained by the decomposition of major ash-

forming elements (Fe, Mn, Ca, K, Cl, S, P, Al, Mg, Na 

and especially Si), by further oxidation (to higher oxida-

tion states) and partial losses of volatile inorganic com-

pounds. This phenomena practically recovered in the fly 

ash, and the decomposition of carbonates forming CO2 

mainly be released with other gaseous compounds. 

 

Figure 4. Observed difference in ash melting tendency 

Rice husks specimens showed first signs of ash de-

formation at temperature above 1450 °C which is higher 

than the critical values of solid biofuel capable for the 

classic combustion or gasification processes in a fluid-

ized bed. This high ash-melting point characterize rice 

husks as good solid biofuel for the modern combus-

tion/gasification technologies, in terms of avoiding the 

sintering factors, decrease emission, minimize corrosion, 

maintain the operational safety control. 

Volume expanding and bursting of internal gas bub-

bles were not presented in the test pieces. High concen-

tration of major cations and ash-forming elements espe-

cially Si, Ca, Mg, K, Na and P were determined. Figure 

5 shows the significant low alkali contents in the ash 

compositions while the obtained Si value was relatively 

high. The low alkali content is responsible for the high 

ash softening temperature, which in practical avoids the 

agglomeration of bed materials, minimize the risk of 

breakdown of the fluidized bed system and stop a com-

bustion/gasification test at an early stage. 

 

 

Figure 5. Ash elemental compositions in the tested 

specimens conditioned at 550 ± 10 °C for 120 min 

4. Conclusions 

The paper provides a comprehensive evaluation in 

nature, physico-chemical property, fuel characteristic, 

ash composition and transformation phenomena of rice 
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husks. As a common source of biomass in the Vietnam, 

one of the world leading countries in rice production, 

they can be qualified as solid biofuels for energetic use. 

Significant calorific values provide a potential heat 

release for industries, utilities, communities and house-

holds if appropriate bio-energy technologies applied. 

This biofuel shows high ash softening temperature, 

which is the advantage to avoid the technical issues in the 

thermo-chemical conversion systems. Specific elemental 

determination in the compositions of ashes is further rec-

ommended to avoid consequences related to slag for-

mation and corrosion in the equipment. 

Comparative analyzed results outlined an extensive 

principal baseline for further empirical investigation, co-

firing of rice husks and other biofuel, innovative combus-

tion technology, better efficiency performance. The shift 

to modern application using these biofuels should be per-

formed corresponding to emission characteristic of solid 

and gaseous pollutants. Highlighting the benefits of 

greenhouse gas (GHG) reduction, rice husks can be a 

technically efficient, economically viable, and environ-

mentally sustainable option, partly replaces conventional 

fuel. 
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