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Abstract. Biochar has been used as a soil fertility 

improvement. It is a stable carbon-rich solid product 

obtained from the thermal pyrolysis of organic matter. This 

work aims to evaluate the temperature distribution in 

biochar kiln characterized by the pyrolysis feedstocks. The 

biochar yield was used to identify the potential of the 

pyrolysis feedstocks for biochar production. The different 

pyrolysis feedstock types (i.e., corncob, rice husk, and dry 

longan leaf) were investigated in this study. The biochar kiln 

with a dimension of 500 mm × 380 mm (height × diameter) 

consisting of the core with diameter of 115 mm and puncture 

diameter of 6.35 mm was developed. The computer 

simulation was applied and the simulation results were 

compared with the experimental results in order to validate 

the model. The simulation results illustrated that the highest 

temperature was found at the core and transversely 

decreased in radial direction to the kiln wall. The 

temperature averagely over the radial and longitudinal 

positions inside the kiln was found to be equal to 293.3 ± 

176.7 °C, 363.4 ± 270.9 °C, and 369.6 ± 277.1 °C and 

biochar yield was found to be equal to 15.7 wt.%, 24.3 wt.%, 

and 11.4 wt.% for corncob, rice husk, and dry longan leaf, 

respectively. These findings indicated that the kiln 

parameters could be properly developed to satisfy the 

feedstock types since their temperature distribution could 

affect the biochar yield. 
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1. Introduction 

Biomass has been known as a renewable source. The 

carbonization along with the thermal stabilization of 

biomass can produce an organic matter called biochar. It is 

a stable carbon-rich product and has been used as a soil 

fertility improvement. The biomass is heated to temperature 

varying between 400 to 1,250 °C under limited or no oxygen 

with time duration varying between 1 s to 3 h, depending on 

the conversion process [1]. The slow pyrolysis can produce 

more biochar than the intermediate pyrolysis and fast 

pyrolysis, respectively [2].  

In this study, the temperature distributions were 

investigated under the slow pyrolysis process condition. As 

such, the biomass is expectedly heated under the low to 

moderate temperature ranging from 400 to 500 °C for a long 

time span varying between 30 min to 3 h. The pyrolysis 

temperature, heating time, heat rate, and particle size have 

been reported to influence the yield and properties of 

biochar, including the alkalinity and surface area of biochar 

[3-9]. The alkalinity of biochar is useful to acidic sandy soil, 

which helps to neutralize the soil acidity, increase the soil 

pH and improve the nitrification [7, 10]. The pores of 

biochar help to improve the soil structure. The high surface 

area contributed by the pores can increase the water holding 

capacity of soil and sustain the soil nutrients, which is 

favorable to the microorganism habitation and activity [7]. 

The other biochar properties, i.e., total organic carbon, fixed 

carbon, and mineral elements of biochar, were found to be 

most affected by the feedstock properties [8]. The design 

information and the discussion of the effect of process 

parameters on the temperature distribution, productivity, 

and quality obtained from the small-scale biochar 

production were provided in the previous studies [11]. In the 

present study, the temperature distribution inside the biochar 

kiln was estimated and biochar kiln was modeled using the 

simplified equations of heat transfer, i.e., conduction, 

convection, and radiation. The computer simulation was 

applied to assess the temperature distribution inside the kiln 

with different feedstock types (i.e., corncob, rice husk, and 

dry longan leaf). The effect of the feedstock types on the 

temperature distribution along with the weight percent of 

yields for each feedstock type was also investigated.  

2. Materials and Method    

The biochar kiln was made of carbon steel with a 

dimension of 500 mm × 380 mm (height × diameter) and had 

a unit capacity of 50 L. The lid and the bottom of the kiln 

were cut at its center with the diameter of 115 mm (Fig. 1).  
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Fig. 1: Biochar kiln (dimension displayed in millimeters) 

 

The core of the biochar kiln was located at the center 

of the kiln. The core was made of carbon steel pipe with 

thickness of 2.5 mm, inner diameter of 115 mm, height of 

470 mm, and core puncture diameter of 6.35 mm. The 

dimension of the core and the locations of the core puncture 

were detailed in Fig. 2. 

Seven K-type thermocouple probes with the 

temperature range of 0 to 1,000 °C were set up inside the 

kiln in radial and longitudinal positions (radial positions at 

49 mm, 123 mm, and 182 mm from the kiln center and 

longitudinal positions at 80 mm, 261 mm, and 385 mm from 

the bottom of the kiln) (Fig. 3). Three probes at longitudinal 

positions of 261 mm were set up at radial positions of 49 

mm, 123 mm, and 182 mm. The longitudinal positions of 80 

mm and 385 mm were attached by two probes each at radial 

positions of 49 mm and 182 mm. 

 

 

Fig. 2: Core of the biochar kiln (dimension displayed in millimeters) 

 

 

 

Fig. 3. Thermocouple attachment at different longitudinal and  

  radial positions (h1 = 80 mm, h2 = 261 mm,  
  h3 = 385 mm, r1 = 49 mm, r2 = 123 mm,  

  and r3 = 182 mm) 

 

The temperatures were acquired in real time and were 

stored in a computer using data logger (Wisco Online 

Datalogger OD04). The desired pyrolysis temperature was 

controlled by fuel filling rate. The different feedstock types 

(i.e., corncob, rice husk, and dry longan leaf) were applied 

to characterize the temperature distribution. 

2.1 Experimental Procedure  

Th e  ex p e r imen ta l  p ro ced u re  i s  a s  f o l lo ws : 

▪ The moisture content of feedstocks used was 

less than or equal to 10% wb.  

 

▪ Seven kilograms of feedstock were loaded in 

the biochar kiln around the core for each 

experiment.  
 

▪ The lid was tightly closed and the 

thermocouples were set. The biochar kiln was 

placed on the sieve platform before fuel was 

loaded in the core.  

 

▪ The three kilograms of fuel were used. Fuel 

was divided into three equal portions and was 

slowly filled for each hour.   

 

▪ The fuel was ignited from the top of the core. 

The combustion of fuel continued for 3 h. 

 

▪  Following the process of slow pyrolysis, the 

feedstock was thermo-chemically decomposed 

and transformed into biochar.  

 

▪ After the process finished, the outputs (i.e., 

biochar, nonbiochar, and ash) were sorted out 

and weighed using digital weighing scale with 

accuracy ±0.1 g, while gas quantity was 

calculated using mass balance. 

 

 

h1 

h2 

h3 

r1 r2 r3 

rr3 
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2.2 Simulation Analysis   

In this study, the temperature distributions in the 

biochar kiln with different feedstock types (i.e., corncob, 

rice husk, and dry longan leaf) were simulated using 

computer software program in order to reveal the thermal 

characteristics inside the biochar kiln. The governing, initial 

and boundary equations under specified conditions were 

numerically solved using finite element method. The heat 

transfer formulations were applied [12]. The axisymmetric 

heat transfer was determined in order to simplify the 

problem. The three-dimensional temperature distribution in 

biochar kiln was therefore illustrated in two dimensions. 

Furthermore, the assumptions of simulation were detailed as 

follows. The model was considered in steady-state heat 

transfer at specified time. The heat transfer of core from 

inner core surface to outer core surface was conduction. The 

heat transfers inside the kiln from outer core surface to inner 

kiln wall were conduction, convection, and radiation. The 

heat transfer of the kiln from outer kiln wall to surroundings 

was free convection. 

The effect of feedstock types on the temperature 

distribution was investigated on the present specific-

designed biochar kiln. The simulation results for each 

feedstock type were compared with the experimental results 

in order to verify the accuracy of the model.  

3. Results and Discussion 
 

3.1 The comparison of temperature 

distribution of simulation results with the 

experimental results 

The simulation results were validated with the 

experimental results in order to verify the accuracy of the 

model. The comparison of the temperature distribution of 

simulation results with the experimental results along radial 

distance of biochar kiln at various longitudinal positions 

(i.e., base (h1 = 80 mm), middle (h2 = 261 mm), and top (h3 

= 385 mm) of the kiln) and feedstock types (i.e., corncob, 

rice husk, and dry longan leaf) are displayed in Figs. 4-6. 

Percent error between simulation and experimental 

results of temperature at any radial location of biochar kiln 

with different feedstock types are shown in Table. 1. 

It can be noted that the simulation results of the rice 

husk were in most agreement with the experimental results 

since the thermal conductivity of rice husk was consistent 

with the heat transfer parameters of the model. The average 

error of temperature for each feedstock type was found to be 

equal to 10.8 ± 16.8%, 7.0 ± 9.1%, and 11.7 ± 18.0% for 

corncob, rice husk, and dry longan leaf, respectively. The 

considerably inconsistent numbers between the simulation 

and experimental results were the result of the model 

assumptions and numerical scheme used. The temperature 

distributions were most accurately predicted at the height of 

80 mm (base) of the kiln for all feedstock types. The 

minimum errors of the temperature averagely over three 

radial locations were found to be equal to 0.4 ± 0.1%, 0.9 ± 

0.6%, and 1.2 ± 0.4% for corncob, rice husk, and dry longan 

leaf, respectively. 

 

Fig. 4: Temperature simulation compared with experiment along  

radial direction in biochar kiln at base (h1 = 80 mm), 

middle (h2 = 261 mm), and top (h3 = 385 mm) of the kiln 
with corncob as feedstock 

 

Fig. 5: Temperature simulation compared with experiment along  
radial direction in biochar kiln at base (h1 = 80 mm), 

middle (h2 = 261 mm), and top (h3 = 385 mm) of the kiln 

with rice husk as feedstock 

 

Fig. 6: Temperature simulation compared with experiment along  
radial direction in biochar kiln at base (h1 = 80 mm), 

middle (h2 = 261 mm), and top (h3 = 385 mm) of the kiln 

with dry longan leaf as feedstock 
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Location 

Radial 

distance 

(cm) 

Error (%) 

Corncob 
Rice 

husk 

Longan 

leaf 

Base 

(h1 = 80 

mm) 

4.9 0.5 1.3 1.4 

12.3 - - - 

18.2 0.3 0.4 0.9 

Middle 

(h2 = 

261 mm) 

4.9 0.1 0.1 0.1 

12.3 46.6 25.8 49.5 

18.2 6.5 10.1 17.7 

Top 

(h3 = 

385 mm) 

4.9 5.6 6.6 0.5 

12.3 - - - 

18.2 16.3 4.5 11.8 

Table. 1: Percent error between simulation and experimental results  

of temperature at any radial location of biochar kiln with       

different feedstock types 

3.2 The effect of feedstock types on the 

temperature distribution 

The temperature distributions for any feedstock type 

were simulated corresponding to the variations of 

temperature and radial distance as shown in Figs. 4-6. It can 

be observed that: 

▪ The temperature distributions inside the biochar 

kiln with different feedstock types had similar 

trend.  

 

▪ When the fuel was ignited, the heat was transferred 

through the core wall by conduction and continued 

inside the kiln by conduction, convection, and 

radiation.  

 

▪ The highest temperature was therefore found at the 

core and transversely decreased in radial direction 

to the kiln wall.  

 

▪ The highest temperature in longitudinal position 

was found at the height of 264 mm (middle), 385 

mm (top), and 80 mm (base) from the bottom of the 

kiln, respectively.  

 

The temperature averagely over the radial and 

longitudinal positions inside the kiln for each feedstock type 

was found to be equal to 293.3 ± 176.7 °C, 363.4 ± 270.9 

°C, and 369.6 ± 277.1 °C for corncob, rice husk, and dry 

longan leaf, respectively. The kiln with the corncob as 

feedstock was more uniform in temperature distribution than 

that with rice husk and dry longan leaf as feedstock, 

respectively. Even though, the temperature distributions 

were different from the previous report [11], they were in the 

range values obtained from the slow pyrolysis process 

aforementioned earlier. 

 
Fig. 7: Temperature distribution in biochar kiln with corncob as  

feedstock 

 
Fig. 8: Temperature distribution in biochar kiln with rice husk as  

feedstock 

 

 
Fig. 9: Temperature distribution in biochar kiln with dry longan  

            leaf as feedstock 

3.3 The effect of feedstock types on the biochar 

yield 

Fig. 10 summarized the weight percent of yields for 

each feedstock type. Rice husk was greater in biochar yield 

than corncob and dry longan leaf, i.e., 24.3 wt.%, 15.7 wt.%, 

and 11.4 wt.% for rice husk, corncob, and dry longan leaf, 

respectively. The order of the biochar yield was in 

agreement with the previous report [13]. The increase in the 

biochar yield was attributed to the decrease in the heating 

rate and temperature. However, the equal portions of fuel 
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were slowly filled for each hour. The heating rate was 

therefore not considered in this study. It can be noted that 

the temperature inside the biochar kiln significantly affected 

the yields. Additionally, since lignin and cellulose mainly 

caused the biochar production [14, 15], the high percentage 

of biochar yield of rice husk was probably due to the high 

lignin and cellulose contents compare with corncob and dry 

longan leaf.  

 

Fig. 10: The weight percent of yields for each feedstock type 

 

 The pyrolysis temperature has been reported to be a 

key factor in controlling thermal stability of biochar. The 

feedstocks were rapidly thermo-chemically decomposed 

in the present temperature range of slow pyrolysis and 

transformed into vapor with complex organic compounds 

and gases. Furthermore, above temperature of 250 °C, 

carbon presumably converted to CO2, CO, and CH4, 

resulting in weight loss during the process [16]. Fig. 10 

distinctly shows that the percentage of gas yield was 

inversely relative with the biochar yield (i.e., 58.9 wt.%, 

35.1 wt.%, and 32.9 wt.% for dry longan leaf, corncob, and 

rice husk, respectively). Since, the calorific value of dry 

longan leaf was respectively higher than that of corncob 

and rice husk [13, 17], the nonbiochar amount obtained 

from the biochar production of dry longan leaf was small 

compare with the other feedstocks. By comparing the 

biochar yield of three feedstock types, it could be 

suggested that all feedstocks were suitable to be converted 

via the slow pyrolysis process, following the decreasing 

order: rice husk > corncob > dry longan leaf.  

4. Conclusions 

 The temperature distributions in biochar kiln with 

different feedstock types were successfully simulated in 

this study. The simplified equations of heat transfer were 

used to model the thermal characteristics inside the biochar 

kiln. The simulation results of three feedstock types were 

in agreement with the experimental results, following the 

order: rice husk > corncob > dry longan leaf. The feedstock 

type affected the temperature distribution and the biochar 

yield. The biochar yield of the feedstocks followed the 

order: rice husk > corncob > dry longan leaf.   
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