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Abstract 

A 3 kW biomass pyrolyser was designed and fabricated. Casuarina wood and rice husk was 

used as the biomass material. The pyrolysis characteristicsof casuarina wood were compared 

against the properties of rice husk material. The experimental study was conducted at 

equivalence ratio of 0-0.1 and identical conditions were maintained. The feed material 

characterizationwere carried out using ASTM standards.  For each biomass material the yield of 

charcoal, tar and gas was investigated. Furthermore it was inferred that casuarina wood yielded 

higher charcoal and gas than rice husk.  
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1. Introduction 

The continuous depletion of fossil fuels and the overall environmental hazards generated 

by them has created enormous interest among researchers to focus on renewable sources of 

energy [1-5]. Among the several renewable sources of energy viz., solar, wind, hydel, tidal, fuel 

cells and OTEC energy, biomass finds enormous importance thanks to its abundant availability 

and cheap cost [6-10]. The usage of biomass materials is a renewable method, thereby utilizing 

the agricultural residues, forest waste and kitchen waste. By this the dependence on foreign 

countries for feed material is eliminated thereby reducing the losses to the exchequer. 

Furthermore the decentralized method of power generation is adopted catering to the energy 

needs of the rural community and unreachable hilly terrains [11-15]. The rural community in 

turn generates employment and the economic activities are spurred in their vicinity.  

Different biomass energy conversion methods are employed to convert biomass into useful 

products. The most common technologies adopted are biomass gasification and pyrolysis. The 

pyrolysis methods can cater to the needs of remote rural communities due to its low investment 

requirement and less labor intensive needs [16-20]. The pyrolysis is a thermo-chemical 

conversion route which converts biomass into useful products viz., charcoal, tar and gas.  
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The main objective of this experimental study is to conduct pyrolysis study on casuarina 

wood and rice husk feed material and to compare its product yields. 

2. Experimental and Instrumentation Setup 

A 3 kW biomass pyrolyser was designed and fabricated. The mild steel material was 

employed to fabricate the experimental set up. The 5mm mild steel sheets were rolled using 

rolling machine into cylindrical structure. The height of the cylindrical pyrolyser was fabricated 

for 1m. The pyrolyser was designed for 40 mm and accordingly fabricated. Several tests were 

conducted to ensure that there was nil leakage in the system. The leak tests were conducted using 

pneumatic and hydraulic methods to ensure nil leakage. Inert nitrogen under suitable pressure 

was filled in the pyrolysis setup to determine pressure drop. To check the pressure drop suitable 

pressure gauges were employed. The refractory cement casting was applied cylindrically inside 

the pyrolyser to minimize the heat transfer. Necessary provisions were provided to employ the 

instrumentation required. The ash was removed periodically from the pyrolyser. Temperatures 

were periodically recorded and logged on to the data logger. The K-type thermocouples were 

placed in regular intervals from the bottom of pyrolyser in gaps of 10 cm. The thermocouples 

were attached to a data logger to ensure that the temperatures were recorded.The temperatures 

(T1,T2,T3,T4)were noted at steady state conditions.  A weigh balance was employed to measure 

the ash and charcoal formed. ASiemens make gas analyzer was employed to measure the gas 

composition. The volumetric percentages of carbon Mon Oxide (CO), carbon di-oxide (CO2), 

hydrogen (H2), methane (CH4), Oxygen (O2) were recorded periodically. The gas flow rate was 

measured using the venturimeter. The pressure (P1-P4) in the system was estimated using U-

tubes. The tars formed in the system were estimated using the tar sampling and analysis setup. 

The tar sampling setup comprises of thimble filter, vacuum pump, flow meter. The tar analysis 

set up included a conical flask, heating set up, water circulation cooling setup, micro weigh 

balance. Once the steady state was reached the experimental readings were recorded. The 

characterization of casuarina wood and rice husk were conducted using a mass balance, muffle 

furnace, crucible and the proximate and ultimate analysis were performed. The weigh balance 

was used to measure the feed material in order of one kg. The measured feed material was placed 

closer to the pyrolyser to avoid hassle free operation. The raw charcoal was measured and placed 

near the pyrolyser. The pyrolysis process was initiated by dropping the raw charcoal into the 

pyrolyser. The measured oil was poured into the pyrolyser.  
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3.Results and Discussion 

 Initially the feed material was characterized using the proximate and ultimate analysis. The 

moisture, volatile matter, ash, and fixed carbon were calculated in the proximate analysis. The 

results of the proximate analysis are tabulated in Table 1. 

Table1. Proximate analysis of feed stocks (Wt. %) 

Feed Stock Moisture Volatile matter Ash Fixed Carbon 

Casuarina wood 12 75 2 11 

Rice husk 16 76 4 4 

The ultimate analysis yielded the percentages of carbon, hydrogen, nitrogen and oxygen. In 

addition the bulk density and calorific value of thefeed stock were also determined. The results 

of Ultimate analysis of the feed stocks are tabulated in Table 2. 

Table2. Ultimate analysis of feed stocks (Wt %) 

Feed Stock Carbon Hydrogen Nitrogen Oxygen 

Casuarina wood 40 6 4 50 

Rice husk 31 4 11 54 

 The moisture content of ricehusk is comparatively more than that of casuarina wood. The 

excess amount of moisture available in rice husk will lower the rate of pyrolysis reaction. So it is 

expected that the yieldof charcoal.  In addition the volatile matter in rice husk is more than 

casuarina wood. So formation of tar is expected to be more in rice husk than casuarina wood. 

The ash content in rice husk is comparatively more in rice husk. So the ash handling 

requirements are required. From the ultimate analysis it is inferred that the carbon content and 

hydrogen content of rice husk is less than casuarina wood. The experiments were conducted in 

absence of air under identical conditions.  During the experimentation the parameters viz 

temperature were measured. After the experimentation is completed the yields of charcoal, ash 

and unburned biomass were weighed and noted.  

The experimental results of casuarina wood are tabulated in Table 3. 
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Table3.Pyrolysis products of Casuarina wood (Wt.%) 

Products 400ºC 450ºC 500ºC 550ºC 

Charcoal 25 26 29 31 

Tar 15 13 11 10 

Gas 15 17 18 19 

 

The experimental results of rice husk are tabulated in Table 4. 

Table 4. Pyrolysis products of rice husk (Wt. %) 

Products 400ºC 450ºC 500ºC 550ºC 

Charcoal 18 22 24 25 

Tar 19 17 16 15 

Gas 10 12 13 14 

 

The experimental results were measured at four different temperatures ranging from 

400ºC-550ºC, in steps of 50ºC. From the experiments it is inferred that the product yield of 

casuarina wood is more than rice husk. The volatile matter in rice husk was comparatively more 

than casuarina wood, which enhanced the formation of more tar. In addition it is inferred that the 

tar content reduced with increasing temperature. So the increment in temperature aided the 

mitigation of tar. The gas content in casuraina wood was higher than rice husk. Furthermore it is 

inferred that the gas content increased with increment in temperature. The Product yield of 

charcoal is more for charcoal, than rice husk. This may be due to the hydroforming reactions, 

water gas reactions, water shift reactions and boudard reaction. So it is concluded that casuarina 

wood exhibited better performance than rice husk. 

 

4.Conclusions 

From the above experimental studies the following conclusions were drawn. 

(i)  A 3 kW biomass pyrolyser was designed and fabricated. 

(ii) The casuarina wood and rice husk feed material characterizations indicated more moisture 

in rice husk. 

(iii)The product yield of rice husk was lesser than casuarina wood. 

(iv) The tar content of both the feed stock decreased with increasing temperature. 
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(v) The charcoal yield from casuarina wood washigher than rice husk. 

(vi) The gas yield from rice husk was lesser than casuarina wood. 

(vii) From the experimentation it is inferred that the casuarina wood performed better than rice 

husk under identical conditions. 
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